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Objectives and Summary of Results of the IBP International 

Woodlands Workshop in . Göttingen 1973 

by B, Ulrich 

Folloving a proposal of the IBP Woodlands Working Group during 

the meeting in Oak Ridge in August 1972 the German National 

Committee for IBP and the Deutsche Forschungsgemeinschaft agreed 

to hold a Workshop on Data Analysis and Data Synthesis of the 

IBP Woodland Projects in Göttingen in autumn 1973. 

The Organizing Committee of the Workshop, consisting of 

H. ELLENBERG, H. HELLER, R. MAYER and B. ULRICH, vorked out 

Data sheets vhich vere sent out to the representatives of 

national IBP voodland projects in order to collect the data. 

The data arriving in Göttingen before opening of the vorkshop 

vere stored by computer in a data handling system developed 

at the Institute of Soil Science and Forest Nutrition by D.L. 

De ANGELIS. Computer outprints of the data vere handed out 

to the participants at the beginning of the vorkshop. 

For the first part of the Workshop (September 24- September 28), 

the folloving vorking groups have been set up by the Organizing 

Committee. For each group tvo of the participants have been 

asked to act as Coordinators. One Coordinator represents 

projects and participants taking part in the Oak Ridge Work

shop in 19 73 ; the other represents projects and participants 

joining in the voodlands synthesis activities for the first 

time at this Workshop. 

Working Group 

Energy and Water Balance 

Biomass 

Consumption of Living Organic Matter 

Decomposition of Dead Organic Matter 

Mineral Cycling 

Coordinators 

Murphy 
Galoux (energy) 
Lossaint (water) 

Attiwill 

Thamdrup, Funke 

Satchell, Domsch 

Tamm, Rapp 



- 2 -

The following objectives have been assigned to the working 

groups in the Provisional Program: 

1, Report of the participants regarding the state of modelling 

development and data evaluation. 

2. Development of flow diagrams and compartment models of 

different resolutions. 

J, Discussion of methodological questions in relation to 

precision and variability of data. 

4. Discussion of data requirements for models of different 

resolutions. 

5. Description of seasonal variations, in graphical or mathe

matical form, as far a s measurements are available, 

6, Drafting - in the form of written reports - of the results 

achieved in the individual working grou p s. These written 

reports will be distributed to the participants after the 

Workshop. 

One additional working group has been planned: 

Warking Group 

General Site Camparisan 

Coo rdina tors 

Ellenb e rg, Loucks 

The objectives suggested for thi s working g rou p in the Provisional 

Program are: 

1. Discussion of the data necessary for a site comparison of the 

IBP Projects . 

2. Combining of sites wit h common cha racteristics wi t hin one 

group. 

This working group was i n tended to p r epare the basic guidelines 

for setting up the ec osystem - oriented work ing g rou ps acti ng 

during the second part of the Works hop. 

The objectives of these ecosystem-oriented working g r oups 

have been defined as fol lows: 
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a) Discussion of the relative importance of process chains in 

different ecosystem types, 

b) Discuasion of the utility of compartment models as a basis 

for comparison of data from different ecosystems with 

emphasis on finding similarities and differences among 

different ecosystems. 

c) Diseuseion of the abillty of compartment models to illustrate 

the usefulness of ecosystems to society and the implications 

of this for the mathematical modelling to be done at the 

next IBP Woodlands Werking Group Workshop in 1974. 

The workshop was confronted with some problems, which influenced 

the werk as well as the results achieved to a great extent: 

1, Incompleteness of IBP woodland pro,lects r 'epresented at the 

workshop, It was felt that in a world wide synthesis all 

IBP woodland projects should be included in order to reflect 

the world's most important forests as well as IBP activities. 

The working group on General Site Camparisen compiled a list 

of 84 known IBP woodland projects and summarized the site 

conditions for each project. Furtheran the wo~king group 

suggested contacting arrangements for completing the list 

of data sets available for synthesis, As contact pers ans 

BULLOCK, CRAGG, ELLENBERG, LOSSAINT, LOUCKS, MALAISSE and 

REICHLE were nominated (see LOUCKS and ELLENBERG, this volume). 

2. Insufficient definitions. In several of the working groups 

unclear, insufficient definitions of compartment contents, 

increments and fluxes were founrl to affect data comjarisons 

to a great extent. Part of the werk was in these cases 

directed towards clarification of definitions (see chapter 

on data sheets) as well as of the data sets presented at 

the meeting. According to these activities the data sets 

represented i n this volume are ex p ected to be comparable 

with the exception of increments (see note proceeding the 

com puter outprints!). The project r epresentatives a re kindly 



- 4 -

requested to reexamine their dat a sets , especially the 

increments,and to inform De ANGELIS or any errors as 

soon as possible. 

). Incomplete data sets. Especially rar the purpose or modelling 

and the application or systems theory rar int e rsite com parison 

the incom pleteness or data sets was round to be a considerable 

drawback. The participants felt that a further attempt should 

be made in order to complete data sets as rar as possible. 

The workine groups developed therefore data sheets in order 

to collect missing data rrom projects already r epresented 

as well as complete data sets rrom mi ssing projects. The 

data sheets are part or this volume and the project re presen

tatives are kindly requested to fill them out and to send 

them either to Oak Ridge or to GHttingen. 

4. Difficulties i n systems comparisons. The working groups put 

a great deal or work into camparis a ns or the data available 

at the workshop. Probably everybody realized the great 

difficulties encountered in intersite cam pari sans or eco

systems. The biomass grou p calculated some parameters listed 

in table 1 for charact e rizing the ecosystems. The same 

principle was follow e d by the min eral cyclin g group (s e e 

contri bution or KllANNA). Cornparisons betwe e n s i tes using 

these parameters did yield useful information but showed 

also the limitations or such a "clas si cal" approach. It 

became evident that c o mparison or rorest ecosystems should 

also be based on systems theory and / or thermodynamic consi

derations. The state or discussion is represented in this 

volume by papers of SCHÜTT (proposal for intersite comparison 

on th e ground or systems theory ) a nd GALOUX (entropy flow 

and entropy production in the oak r o rest or Virelles). 

5 . Besides the problems or d a ta comparisons as prereq uisite 

for data synthesis the WOrkshop had to deal with th e proposed 

IBP synthese volumes. The chapt e r out lines have been d iscu ssed 

in detail and chapter editors s elected (er . REICHLE, this vo lu~ 



- 5 -

Table 1: Parameters for characterization of ·ecosystems 

selected by the biomass working group 

1. total leaves 14. 5 in % of AGB 

2 . fruits, flowers 15. 5 in % of TB 

J. total branches 16. annual production (AP) 

4. total stems 17. AP/ TB 

5 · total roots 18. AP/AGB 

6. above ground biomass (A.G.B.) 19. leaf area index (LAI) 

1· total biomass (T, B.) 20. soil top organic (STO) 

8. in % of AGB 21. total litterfall (TLF) 

9. in % of TB 22. TLF/(TLF + STO) 

10. J in % of AGB 23. AP/LAI 

11. J in % of TB 24. AP/1 

12. 4 in % of AGB 25. increment stems (Is) 

1). 4 in % of TB 26. IS/ AP 

6. During the workshop the participant s had the opportunity to 

develop mathematical models from their own data using either 

a general code for ecosystem models as described by De ANGELIS 

in Göttinger Boden kundliehe Berichte Vol.29 (197J)(where also 

models of mineral cycling for Na, K, Ca, Mg, Al, N and P 

developed in the Solling project are described), or the 

simulation language CSMP (IBM). The reports of PETERSEN and 

WEIDEMANN in this volume represent these modeling activities. 

The report of VAN DER PLOEG describes the possibilities of 

modeling water flow through soil. 

7. In continuation of the data handling system developed for 

the workshop the participants agreed that the data sets are 

collected on punch cards or magnetic tape and exchanged between 

Göttingen and Oak Ridge. H. SHUGART from Oak Ridge offered 

the possibility of statistical data processing on request. 

Contributors to the synthesis may contact SHUGART for 

detailed information. 
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8. Excursions were performed to the Harz mountains (zona tion 

of vegetation and man's influence), to the IBP project in 

the Solling and to the Austrian IBP project in the Alps 

near Innsbruck. The last excursion gave also the opportunity 

of introducing the participants to some widespread vegetation 

formations in Central Europe as well as of showing some 

cultural places. 
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General Site Deecription 

Participant/Author · Project Site Foreat Type 

year: ......... . ... . annual averagea and auma (one aheet per year) 

aize a-r aiudy area: ............ . 

age stand: ••••••••••••••• yeare 

atocking density: • • •••••• atema/ha 

stand height: ••.••••••••••• • ••• m 

basal area: . . . . . . . . • . . . . . . . m2 /ha 

bas al area increment: ...... m2/ha 

etanding crop:_ 

aboveground • • • • • . • • • • • • • gjm2 

belowground ••••• • ••••••• gjm2 

productivity (annual net)-biomass: 

aboveground •.••••••••••• g/m2/yr 

bel owground • • • • • • • • • • . • • gjm2 /yr 

lear area index (LAI) •••••••••••••• 

0 

Main Species 

( overatorey) •••••• • ••••••••• 

(euhatorey) ••••••••••••••••• 

........................... ... 
(Cield layer) •••••••••••• .••• 

(other) ••••••••••••••••••••• 

longitude: lati tude: 

altitude : m above aea level 

alope: ............ . ..• 
0 

aspect: ................ . 

For mean annual . values please state the origin ot the given 

data (check the appropriate line) 

0 measured an the site 

D near the site (indicate distance and vegetation type) 

[] othera (specify the location and distance) 

0 



incident global radiation: 

reflected global radiation: 

net radiation: 

temperature: air: 

(height 

soil: 

(depth 

precipitation : 

m) 

m) 

inc,idont global radiation: 

(growing season) 

reflected global radiation: 

(growing ~eason) 
net radiation: 

(growing season) 

temperature 

air (growing season): 

(height ••••••• m) 

soil (growing season): 

(depth ...• • .•• m) 

pr.ecipitation: 
(growing season) 
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for study year(s) mean annual 

••••••••••• (cal/cm2 ) 

••••••••••• (cal/cm2
) 

••••••••••• ( cal/cm2 ) 

••••••••••• oe 

••••••••••• oe 

•••••••• · ~ •• mm 

•••••••••.. (cal/cm2
) 

••••••••••• (cal/cm
2

) 

••••••••••• (cal/cm
2

) 

••••••••.•• oe 

........... oc 

••••••••••• mm 

length of growing season: ............•... days 

def'inition of' grol-Jing season : ................................. . 

potential evaporation: ..•.•......... mm 

method of' estimation: ••••••••••••• •••• •• • • · ~ ··· · •··············· 

throughfall: 

atemf'lo\i: 

mm 

mm 

soil type: .••..•••.•.•.•••••...•.•••.•••...•.....•••••••••••••• 

geology/potrology: .••••.•.•••••..••••••••••.•..•••••.•••••••••• 

soil drainage: ..•.•.••••••••.••.••..••••••••••••.•••••. • ••••••• 

depth of rooting zone: ............ cm 

depth of chemically investigated rooting zone: •••••••••••••• cm 

aoil dopth to in1permeablo layer: ......••......• em 
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8oil te~ture (by horizan. iC neceasary): ........••.......• 

bulk denwity of A horizon: ••••••••• B horizon: 

organic matter for A horizon: •••••• B horizon: 

exchange capacity for A horizon: •• B horizon: 

rang• of pH values in precipitation (above canopy or in open 

throughfall: ••••••• • •• 

etemflow: ••••••••••••• 

range of pH valuee in 

Kci extracts A horizon: 

H2o extracts A horizon: 

vater content (9) at 

PF" 1: 

PP' " 2 • .5: 
PF 4.2: 

(by horizon if available) 

.... . ... i-i~ici); .. . .......... ;;.; .. 

··········· B horizon: 

B horizon: 
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Explanation of Checklist for Methods 

Column 1: Enter here all compartment sizes, fluxas, and 

driving variables used for model constn1ction, but 

not derived entities such as C/N or turnover rates. 

Column 2: Note duration of investigation (years) and 

fre quency of samplings ( e. g . monthl y; ~:arch t h rough 

October; weekly; continuous, for sing le measurements 

date) 

Column 3: Give r e ference(s) as detailed a s possible 

(where appropriate a lso ; ~ ge and /o r chapter) . 

Column 4: Information is needed here whenever modif ications 

have been made of me thods i n Col . 3. 

Column 5: Note "s . d." f or standarct d e viation or "conf. 

int.'' for confide n ce interval . Xote ''(s . d . )'' nr 

"(conf. int.)", when a p p lic a bility of c a lculated 

statistical pa r amet e r s may be •1 uestioned (<>. r; ., in 

case of skew distribution). 

Co lumns 6- 8 : cf. Colntnns 3- 5 . 

Column 9 : Add here or on separat e she et further comments 

on assumptions 1nade or combinations of met l! ods not 

covered in previous co lurnn s . 



,.;neck/ist forMethods 

I Sampling or ot.rvation m~ th'od Othu M~thods 
\ (Ch~mical analvsis.I?(Jt?SSion calculations ~tc. J 

I. 2. 3. '· 5. 6. 7. a. 9. 
MMScnntfnt P~r i od Litrrotur~ IJVr unpc/Jiisllftf Not• if Lit~raturr For unpublish~d Not• ifcor/. CommMts on 

lr~qu~ncy R•l•r•nc• lm«h Ol'modi(KXtion. conlid•nc. r•l•r•nc• ,.".th. nam• r•s- int•rval m•thods 
narrr r•sp. p.rson ntpryd Qlf1Ha ponsibl• ~rson availabl• 

' 

-.J 

.. 

·-
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-jt 
CLI!1ATOLOGY : EiiJ;.clGY, v!ATJ::.cl , CA1mOH DIOXIDE i>ACHAHGC:S . 

1 . Climatol ogical analysis . 

Classification of sites by climate . 

f rediction of process r ates as af fected by climat e~ 

Climatologic a l an d meteoro logic al dat a . 

2 . Energy and matt er exc hange processes . 

1 . !Ltmospheric wnter 

rla i n i n the open 

Canopy dr i p and thr uuc:hfall 

.->ter.~ f low 

2 • .::>o il \'later 

3 . ;:c.cl i at ion 

tt· . I~_ eat 3.n d vapour 

j . Car bon dioxide . 

11.ssnmption 

~ ensitivity analysis 

r ., hürirE1 , C • .G . 
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1. Climatological Analysis.+ 

I. The clasaification of aites by climate. 

A. Atmoapheric climate can be dealt with through the 

use of four parameters for the climatological 

scale of resolution: 

1. The global radiation as an index of the energy 

available to the system; 

2. Frecipitation as an index of the water available 

to the aystem; 

3. Potential evaporation aa an index of water uae 

under the atmoapheric climatic regime. Precipi 

tation leaa potential evaporation could be uaed 

to eatimate the potential severity and length 

of water streaa; 

4. Temperature has a ereat effect on many physiolo

gical processea important to the ecoaystem. 

B. In order to understand the remaining variability 

after climatological effecta have been taken into 

account it is necessary to remember that ecosyatem 

dynamics are related to other factors : 

1 . Mineral nutrition; 

2. Plant and ecosystem maturity; 

3. ~l ater availabili ty in particular will be in

fluenced by other aspects of the water balance. 

Only water entering the soil and remaining 

+ Prepared by NUriPHY, C.E. 
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chere f or a sufficient time is available to 

the }? l ant . 

ihere f ore the balance between avai l ab le wate r 

and potential evaporation will hav e much more 

meaning than the balance between precipitation 

and potentia l evaporation . 

II. ~l1e nrediction of nr ocess r ateo as cffec t e d by cliMate . 

A. I t i s theoretically poss i .ole to take "Lhe compa r t 

J.lental !!!Od.e l transfer coefficients <;.tlld at tempt t o 

c orrelate C h e~1 Hi L:. h climntic ::Jr-"'.r' C.!iletc r s . i ~o\·/cvel" , 

of · .. ata ;ooints ( .( 15U) '" "ke t ' tin nppr oach unli l:el:' 

to i1uve succ c~s . 

D . ~heoret ic nl or scm i- en~irical buses f or d cter~ini n ~~ 

rGlo.tlon.:;hips oett·:cen U1e cl i r.1at e unll tru.nsfe r 

coe ff ici cnt uay lla·Je r;lO re i mmedi ate succe.ss • . ·.'h is 

pnrameter s ~y aeter n~ ining ;u~nt i tative relat ion 

.s:~ ips and e -;_uation 'i:l c 'i. ·:I cen unkno •.1n ,i:lri.:-.. j les . 

L, f f ective too l s to <i o th i s nuvc been t l1 rouch 

1 . ~~ h er l:1 o G yn2..rr; ic s . 

~rov i de 0ata ~or clinlatolo Gicnl a na l yGis or i or 010 re 

intensive ener ty and ~atter exc t1ange p r ocess studies . 
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Climatolog:y and meteorology questionaire. 

Si ta: • • • • • • • • • • Vegetation Type1 

Name: 

Climatic measurements, where taken? 

at site 

at nearby climatic station 

Slope of site (inclination): • • ••• •• ••• Exposurea 

How were measurements made? 

}.,easuremeni Time Interval Methode (Instruments 1 Placement) 

Tamperature 

Precipitation 

rtadiation 

Vlind 

Seil Tamperature 

l·licrometeorology 

Radia tion 

Evaporation 

Convection 

Storage 

Hydrology 

Precipitation 

Interception 

Runoff 

Seil h aisture (Content) ••••••••• 

(Potential) ••••••••• 

Drainage 

Seil 

Burfa ce Horiz.on 

Subseil 

Texture Depth 
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(1) 

J.ieteorologioal and Climatological 

Data List 

Project: •••••••••• Site: Longi tude: Lati tude: 

Foreet Type:....... Speciee:......... Age: ••••••••••• 

Structure: •••••••• storiee 

Height: .••••••• 

AJ.ti t.ude : .. . ... . 

PLEASE add all concentrated data;material and publications, which ara releva r1t 

a meteorological and climatological characterisation of your eitel 

Year: ••••• annual averages and sums 

-----~---------------------------------

Please state origin of the given data (check , appropri a te line): 

measured on tbe s ite 

near tbe site (indicate distance and vc ge t a ti on , plea,·e ) : 

others (specify) 

Incident global r adiation: 

reflected global r adiation: 

net r adiation: 

tempera ture air: 

soil: 

precipi t a tion: 

interception: 

·········· ( .......... 
.......... (. . ........ 
.......... ( .......... 
. . . • • . . • . oc haigbt : 

.......•. oc hei ~J:ht : 

•••.••••••• mm 

rr.m 

units) 

unit ;;) 

uniLs) 

m 

,,, 

evapotranspiration: •• • •• •••• •. mru (biT) 

potential evapotranspir a tion: ( rne tbod: ••••.•••••••• ) ••..•••••. mm 

Soil description · 

type ••••••••••.•••• •• • ••• 

rooting deptb: ••••••••••• 

rH of A-horizon: ••••••••• 

water content (Q) at 

texture: ( if necessary by horizon) •....•..•.... . 

soil deptb: •••••••••••.••.•.••••.• 

pH of B-horizon: 

pF ~ 1: •••••••• ·pF = 2.5: •••••••• pF 4· 2: •••••••• 

(if necessary by horizon) 



(2) 

Year: ••••••• monthly olimatologioal values 

------ --------- -- -- -.- --··-- -- ----- -- - -- -- -
;,:l!:ASURED I NDICATE HEIGHT OF MONT.H 
PA..'Ul-.EI'ER UNIT S or A INSTRUMllT I II III IV V VI VII . VIII IX X XI XII 

Inoident global 

ra.diation 

1-efleoted 

global radiatior 

' 

Uet radiation 

Hulllidity 

rel. or ----~, ----+---~~--~-----+----+---~~--~----~ 

absolut I 
i 

~--------~---+----~~-----r---- 1----+----r----~---r--~----+---~--~ 
I I I i 

1 i i , I 
_______ _j _____ l_ ___ L__ I I I 

I 
1\) 



(3) 

Year : • • • • • • • monthly climat ological values 

r 'L:<.i.l'.ö!!O ~ncu ca'te ~! you l'l.Ve suws or avera.o;es _lö or A_l! 

!-3-".SUTID UnT INDIC.~TE iGIGHT OF l.:ONTH 

PA'UL.3T3::l S or A INST3.UJ.~NT I II I III IV V VI ! VII J VIII I IX ~ X I Xl I XII 

Air ! I I I 
temperature i I i I 

ll i i I I i 
) I ' I I 

I I . I I . I 
I ; I I ' 

I I 

I ! 
! I ; I 

I i I I 

:Ooil '1 I I 1 I ! ! 
te rcpe r a tu::-e JH 1 1 I i j 1 I i j 

I I ! I i i I 
I I ! i ! : I i I ! ! I 

I ' ! I ! I I i 
: ~ r i i . : 1 ~ I 1 

------- 1 1 I ·r--- ---·--· · ; 1 : 1 

Soil r.;oisture I i , : I I ! 
. ! ' I : : I ' ! i I ,, 

s~.l .:t1on or ~.... '------+----- ~ 1 _L__ t I 1 
1 

·,.;::.:er >Jt·:r. · ~ ~:.:n t I 

---~. ---- .--·----·--.-----+-- l ~ 
I i ! ; ! i i i I ! : 

~----------;------------ ----· ----------------;---. 

------L--~-----1__ 
I 
r .) 
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Year: . • • • • monthly olimat ological values 

I .Lir....t\o.J ..Ci t .LUU .LCCLI"tJ ~~ vou lUve sums or a ve r ages { ~ or Al ! 

UASURED I ND ICATE HEIGHT OF 
UNIT 

PA .. 'llJ.::;;;TER S or A I NSTRUKE!<T I rr III 

fre cipi ta tion I 

I 

lnt ercepti on I 

Evapo-
I 
I 

trans piration 

Wind speed 

RE:•:Art!CS. 

lWNTH 

I V V I VI VII VIII l 
I 

I I 
: 
! 

IX X XI 

! 

XII 

--

I 
1\) 



2 . En e r gy and matter exchange processes 

A. Instrumentation , methods 1 appl icability 1 limi tat ions 

1 . Atmospheric water+ 

~ain in the open 

Neasur ing the rainfall in the opcn in f orest si tes 

re qui r es either a ol earing or a towe r (pole ) ex 

tend i ng to the upper re c ion of the canopy . ~he 

olearing shoul d be i n a close distance to the ex

perimental sites and of su f f icient size , i . c . th e 

diameter of the olearin g should ~ e a t le as t 5 

t imes as l a r ge as t he length of the surround i ng 

t r ee s . It is a dvi snbl e to , ut the rain :au~e i nto 

a soil pit in or der to have th e o~cninG of th e 

gauge i n about the lev e l of the surr oundin c so i l 

s ur face . 

l·:easur in g the rainfall in the open in ~h e upper 

r ccion of thc canopy hao the adv antase of ~etter 

conpa.l~o.O ili ty -,, i -sb tr:e :·ncn.surer.1en t ·::; eneo..th the 

canopy (see next chapter) anti thus prov i des more 

relia~le ciata fo r i eter~ i n in~ t h a inter ce~ tion 

a s the d i f~cr e ilCC botwce n the r&in ful l ~bcve und 

be low ~he cano,y. ~ he : au c e c~:ould h e pos i t io~ed 

as de ep n.s po ssib l e but in n •.:e.y , tllat no 1;ranc h 

+ J.- repared by u ~I . . !~CK:S , ~ - . 



or top of a tree entere a funnel ahaped region 

extending from the opening of the gauge with an 

angle of about 30° upwarda (relative to a hori

zontal plane). Selfrecording gauges are available 

aa well aa rain collecting devicea, which need 

to be checked from time to time, depending on 

the amount of rainfall. 

In order to meet freezing temperaturea, a heating 

ayatem may be inatalled. Bnergy aupply can be 

provided either by electricity or propan-gaa (?), 

the former being better manageable but requirs 

apower line. Snow will be melted and not at the ' 

aame time rate it falls. Heavy snowfall or very 

low temperatures may probably overcome the heating 

capacity. 

~ 

Snow is pr_incipially recorded by pailshaped 

collectors, which are si~y put on the ground 

under the canopy as well as on the nearby clearing. 

Furthermore weekly snow samples are t aken randomly 

for vteighing by meana of a cylindrical pipe which 

is pushed vertically through the snow to the ground. 

Finally the snowfall i s recorded by the beatable 

selfrecording raingauges (see preceding chapter). 

Canopy drip and throughfall 

Because of the irregular distribution, canopy drip 
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and throughfall are recorded by 16 m lang troughs 

with 2 . 5 m
2 

open catch . ~hree ouch t r oushs are 

used parallel, one or too of thcm being outfitted 

with selfrecording equipment. Addionally 25- 30 

small rain gnuges arc used , which a re distri but ed 

systematically at 5 m distance . doth methods com -

pare fa irly c;ood , thou~Jl even the· relnt i vely ui g 

trouzhs show an uneJ~!)ected sta.n1lard Jevi at"i on, 

\-Ihich ma~r run an h i ch as 20 1b of the mean value • 

. itemflow 

dubber profi le s are mounted uroun ~ the trunks lil~e 

a helix . i~t the lower end there nre outlets , 

through wi1ich t ile stcmflDl·l '.J.'.•t cr öischar c;es into 

containers . Game ot thosc containe r s ur e equipped 

wi th nelfrecor dins deviccs . illl tl!c trccs of some 

area servine &s thc r efei·cnce area fo r Lhe total 

of th e collected st•,rü' low Hit ter . dterc are ,_:cnerCllly 

r~encl inß on the ir size and .s;~o.pe . 

J ternl'lo \v turnec.l out to be quite ~-- ißh for beech ·i.: ut 

negl i gible s~all for spruce . 

2 . Se il water+ 

~J~ter st ora~e , movement and scepaGe in tl1e soil 

are principially co.lculated J~ rom tcnsi or:let er 

rcadinss . l:he ter;_siometer s ar e p laced arounJ some 



typical treee in order to take into account the 

distance from the trunks as a parameter of the 

distribution of soil moisture. 

Measurements are taken in 5 to 6 different depths 

the deepest level being at 1.30 m. ßecauee of the 

heterogenity of the distribution of the soil 

moisture, up to 50 parallel tensiometers are used 

in .each depth thue requiring 200 to 300 tensio

meters per site. 

Readings are taken 2 to 3 times a week. 

A selfrecording tensiometer setup using pressure 

transducers is under construction. 

Tensiometers have a limited scale. At suctions 

higher than about 800 to 1000 mbar do not work 

and other methods must be employed. Possibilities 

are thermocouple psychrometers, aquapots, gypsum 

blocs etc. 

In addition to the drier soils the use of tensio

meters is limited in soils vrith high stone (rock) 

content. 

'o'iater content measurements should be made simul

taneous to tensiometer reaäings mainly to checking 

if hys teresis phenomena are involved. One may use 

a neutron moisture probe f or this purpose. A high 

precision me thod is the use o f a double tube 

gammay ray meter, if used stationary. Continuous 

sel f recording f or ins tance on punch tnpes is 
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advisable . 

In a11y c a se one u ill f ind i t nec essary ~o ·l;.o.kc soi l 

s o.r.1p l es f or dete r r., iaing t he \lc, t e r c ontent by 

we i eh i ng and dryin ~ in th e ro om . ~his h a s t o ~ e 

done f or c ali br at ion a n d f or obtainin~ a ~ efer ence 

\Vat er c ont.cnt ( t o \.Jh ic h ~he c i.L ant;e of' \'i D_ -cer c o:.1l.;er.t 

l at e cl ) • 

.1,. or c a lc ulat ion o L ·::at.er C0!1 .... e;:.t , '.i- ~: er r.1u·.rc ;_-,,il t 

,_!itilt r up - or 6u\:r~·:.'Zlr'l.t5 .i.t1 i '.~:c -r.t ... ::: --~· :. :::. fu r ·.::.~l-:..:r 

c ore t~lC '\.-IHtcr cilurnc C~~ri.Jt ic ( \/.:n:er ··~nc t i on VC . 

(p e r meaoi l ity v s . u~-ce r content) must ue l<no·:.·n • 

.L'hc c c.:n e is t rue , i f one intends to si ··: ulo.tc -.~18 

crtan;:e s o f mai sture c ontcnt over a C(..-~ .. t.~ . i n ci r:1 e 

pcriou • 

..:;; . --~ad i at ion . + 

~adi at ion is a :~ ost i~portant r; i t e f actor , as i~ i E 

r e c o gniscd a s ~l:1e Jriv i n;"; orcc o . a ll clji:~::t olo~ic,ll 

----------- - -------------



Cbject I Radiation fliU Di;;eneioo 

2 3 

1. ::col ogical and I Incooing global al om-2 d.&J"-1 

u.icrocl ia:.a. tical r ad iation 
re aa•r cb ( P,3 - 3/c) 

( on hor i: ontal 
au.rfactJ 

... ~··~·~· - I·' .......... ~ .... -· ·-· t.i c r ocliwatoloäical tlon (0 ,3-~ 
raaearcb. b) reflected a l cm-2 b-1 
Total anerg baliLOoa bal r äod.iation 

(0,3-x) 
c ) net n.d.J.ah. al ca-2 n-1 

balance 
(0 ,3-l COf) 

( on horu onta.l 

3. Ecological and 
microo1 i~~.atological 
re saarcb 
Total energy balance 
Pbotosyntbeaia 

4. Ecological and 
mi c r ocl i matological 
re saarch 
Total ene r u balance 
Photosyn -:hese 
Energy balanoee 
wi tiün cano"y and 
anergy tlu.xee 
(different lavels ) 

Purtaca) 

•) ~· '·'"'''f .. -• ·-· b) S.o 2. Col(2) a l cm-2 b-1 
c) Se e 2.Col(2) al c~-2 b-1 

d ) Light ux b-1 or 
( 0,3-0 ,'~) Ctotio lux-calo-

.. iae ot global 
adiation 

a) See 2. Col(2); S.e 3 (3) 
b) See 2 . Col ( 2 ) id 
c ) See 2. Col( 2) id 
b"..l t with sepa.- ..... 
r a ted Iae &aure-
P.ents ot incomin, 
and ou taoing 1 on, 
vavea radiation 
d) S.o 3. Col(2)dj id 
e)S.e4. (2) a, b I id 

S.o 4. (2) c 
S.e 4• (2) d 

ns trument Li111i~ation 

4 5 

obi tach No obah.cle 
ictinogr111.ph on horizon 
n.ecbanioal) 

yranorueter, :Slaotrioal 
De r!'-opilaa, pover 
olariutera 
a, b) 

at radio-
.. ~ (c) 

o 2. Col 4 S.o 2. (5) E• 2. Col 41 
e 2. Col 4 

u.z:Qeter 

See 3 (4) 
id 
id 

id 
id 

So• 2. (5) 
id 
id 

Point ot ~~~eaa u.re c:;e nt Service 
(heigh t above soil) 

e 7 

Vi thou.t obs tacle in Horizontal poeition , 
tna ho r izon)'5° in & Calibra t i OB 2 tia.ea in 
distance ot 100m. year vith a tanda.rd 
a) a bove the c&nopy tberm.opil e 

on t ove r Record.ina paper tor 
b) in openarea 1 ,20a 4 or 1 daya, 

above ground Claaning· ot gl aa protaotion, 
laval Cblltlge ot d.rying u.tarial. 

For 2. col(2) a, b, Horizontal poa i tion . calibr. 
aee 1. ool(6) a 1 or timas in yaar vi tb 

atandard. tberlliopile, 
Cleaning of alaa protaotion 

For 2.(2 ) c, 2m Change ot dr;ying material, 
above canopy &nd Change ot polyethylana pro-
3 m vida trom tect i on ( 2 or 3 tiwa pro 
tba to;.rer ~·a.r ) 

I S.o 2. Col (6) I S.o 2. Col (7) 
S.e 2. Col (6) S.e 2. Col (7) 
S.e 2. Col (6) S.o 2. Col (7) 
S.o 2. Col (6) a,b S.e 2. Col (7) 

S.e 2. Col (6) IS.a 2. Col (7) 
id id 
id id 

id I id 
Several beighte id 
vi tbin canopy i n 
rela tion to vege~ 
t a tion l ayers 

1 to 2m a bove herb. 
layer and. aoil aur
taca (eeveral or tav 
mobile . aeneora) 

Tiu.e interYal of 
~~:~~aau.reunt 

• 
Continu.oua reoord.inc, 
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There a r e sev e r a l ~ ~Jcthods fo r the ~eter1tination of heat 

and v apour f l uÄes . '' s i de f r om the ed<i;y cor:- elation metiloci 

most o f them are variationc of the Sv e r drup ~ cthoci or the 

aerodynami c iiletho d , ~;h i ch are u escribe ~ ~elow • 

. Lhe t urbulent exc~:anr;e o f ._. i r pre>perti~c. Lta;r ~~ c (J_cs cr i ·oec~ 

Gy t !1e e ):Cilo.ncc cocffic i cn t A. Und~r adiQ..bo.tic conU.. i tions 

co clf i c i ent A 
a 

&c cordi nc to r·randt l : 

( 1) 

J.n t.h i s e~_u2.tion ,"'"._, is the 'lJn.s ity of 

vcrticnl rc..· iicnt of th e no1·i ::.onta.l 1;i.nü c;pc c ~ .l :: r_ (~ 1 is 

1 

u 

K (z + z ) 
0 

H " :::, - Ü + ;:: l n - ·-- ---o 
z 

0 

(2) 

u , 4) , z. is r..i1e he i _:ht 

· ic (~ o.r 6 . .:.;ol1 l"I J. t.i'cc r .. i a !"l.c..!. t"t:c r •. i· __ , :.....· :ic corrc~ctior:.{.;; 'r' 1 J.· or 



cient is applicable for non adiabatic stratifications 

also. 

In this case the !luxea o! latent heat V and sensible 

heat L are determined by 

V Aa • 'f V (Ri) 1 r ~ (4) 

L 

where the adiabatic temperature gradient ya is very 

small compared with ~; and therefore negligible. 

Application: 

Using the method of aerodynamic exchange it is possible 

to calculate the exchange of latent heat and sensible 

heat over a foreat with the following conditions: 

It is necessary to determine a district wind profile. 

·rhe convective exchange may not be too _large compared 

with the turbulent diffuaion. 
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4.2 The ~verdrup method . 

Energy balance equation: 

The basic idea of this weth od is the energy balance equation. 

Q + B + L + V • 0 (6) 

wbere Q is the net radiation, Bis the beat flux into the soil, L 1s tbe sensible 

heat flux and V is the l a t ent heat flux. 

If the energy balance equation is applied to a forest, the terms P and K have to 

be included into the formula, whore P is the seHsible heat flux into the plant 

material and K is the chemical fixed energy. In this case tbe formula of tbe 

energy balance equation is extendod in the following way: 

Q + B + L + V + P + K • 0 (6a) 

As a reference leve l for the enargy b alance of a forest we ·aasu me usually a 

plane at the aver age upper height of the stand. All fluxes which are directed 

towards the reference plane are cal cul ated positive, all others, whicb are 

averted, a r a defined ne~dtive. 

The eva luation of the single torms of the energy balance equat i ~n: 

Q can be measured directly! 

B can bo computed from temperaturtl profilas and from the soil densi ty and the 

specific heat of the soil profÜe; 

P can be ovaluated from the tree temperature and from the volume of the stand, 

which is us ually exprassed as the height of an homoge~us wood l aye r and 

the specific heat of green wood. For an approximation it ie poss ible t o substi

tute ins tead of tree tempera ture air t emperature of the nir within tho s t and . 

K, the chetJ1ical fixed energy , i s in comparison t o the other terms of the enert;O'" 

balance equation very small and is therefore in moe t cases neglected. But it 

is possible to detarmine K over the incre me nt of the forest stand as the 

energy, which is necesRary for the net production. 

L and V can be calcul a ted through tho use of the turbulent exchange coefficient 

in tbe following way: 

V" Aa. f (Ri) . r (~d ) (4) 
V Z 

L " Aa .~ 1 (Ri). cp (~~ +ta) (5) 

Under the assumpt ion tha t the exchange coeffioient for l a t ent heat is equa l to 

the exchango coefficient for sen!Jibl3 heat one omit the tu e'Julcnt exchange 

coefficient by use of the socalled Banen ratio L/V. From the two previous 

equations f ollowing for mula resul ts: 

L v = 

(7) 
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Thia equation vu uaed b;r Sverdrup to eolve &Mrgy balanoe equetion eitber tor 

L or for V. 

L • _.......:9:L..:+--':B::-+-:-:P'-r~ 
+ !:.... [gg,/ f!:J· Op da da 

V • 
1 + 

Tbe taotor in tbaee equationa are as tollowaa 

r • beat ot vaporization ot vater 

(8) 

(9) 

op • epecifio beat tbe air under oonstant preeaure * • apecific humidit;r gradient 

dT dä • te .. perature gradient 

Application. 

Due to tbe de:pendenoe on gradient measurement, tbe Sverdrup metbod is 

not applicable tor atrongly turbulent exoliange 1 vben tbe gradients approach zero. 

Becauae ot thia, thia method is applicable ·tor high energy .exchange but not for 

nearl;r indifferent stratification vith adiabatic exchange coefficient. 

According to Berz tbe limitation for the application ct tbe Sverdrup method over 

grass-land including the accurac;r ot the instruments ie Q + B~50 mcal cm-2 min-1. 

Under these limitations onl;r half of tbe tirue ie represented, but more than 9~ 

ot the energy energy exchangee. 

4.3 The Eddy correlation method. 

The principle idea ot this method ie a follovsa 

Any propartiss ot the air, for example eensible heat and latent heat, are moved 

vertioall;r by tha eddiee. 

In thia case, tha vertioal tranapert of a parameter at a fixed point is the 

product of the fluctuation ot thie parameter times the tluctuations ot the 

vertioal vind apeed, averaged over time. 

Aocordingl;r 

V • ß_. qr;ii' (10) 

L • ß.: Cp ifi"'lji" ( 11 ) 

vheref,ti• the deneity ot air 1 Cp is the spsoific heat ot tbe air, w1 is the 

instantaneous deviation ot tbe vertical wind speed from ite mean value and q 1 end 

T' are the instantaneous deviations of latent heat and sansible heat of the mean 

valuee. 

Hovever, by thie method the flux ot an;r parameter ie meaeured onl;r at a certain 

point and the valuea are not representative tor the whole ot the stand, because 
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tbe surfuce of a forest is too b~teroga~us. Thersfore it is adviseabla in 

using tbie mathod to measura in an array considering tbe horizontal heterogenity 

of tba surface. 

+• 4 Instrumentation. 

Kicromettft-ologioal instruments ara described in detail by )lonteith in 

tbe IBP handback Nr 22. 

In using tbe methods described above ans sbould pay attention to tbe following. 

Profile methods (Sverdrup motbod and me thod of aerodynamic sxcbange)• 

Tbe inotruments sbould be calibra ted not only to absolute values but 

to e ach other. In tbis way the sys tematic error can be mi~imized. In order to 

achieve high degree of accuracy one ebould use v alues averaged f rom recordings of 

very sn1all time intervalls. 

W.dy oorrelation meth od: 

The ilvapotron (Dyer and lf.aber , 1965) and the Fluxatron (Dyer et alii, 

1957) were deval pped espec i ally for this me thod 1 to D1easure the latent heat flux 

and the sene iblo heat f lux, respectively. When using other instruments one sbould 

make cert ain that all the edd ies are registl!red. Genorally sensor s wi th a time 

resolution la ss than a secend are sutficient. 

A r ac tor t o be remambered in using this method is the large volume data, which 

accumulates duä to the short ti10e re solution. 



5. Carbon dioxid/ 

To estima:te and oaloulate C02 fluxes and C02 flux balanou of forest 

etands, one can apJ)iy tvo dietinot different monitaring teohniques, with specifio 

advantages and drawbacke. There exists' no ideal solution to tbe question whioh 1 

wothod works hast and what teohnique should ha employed under genoral ciroumstanoe~ 

~be resaareher Has to daoide from hi~. speoifio oaae and from bis aoouraoy and reao

luticn deu.anda wbat tbe hast appli~ble method for bis atudy. lle sbould be ooncorned 

to descriha herein the different metbods and give an appropriate instrumentation 

rsoo~me~dation and ekotoh out the assumtions and limitations of tbe msthod. 

l•:ethcds of 1.\easureo.ent. 

A. Profile o:ethods. 

Cou111.on to tho proftle methods is the measurement of the different me-teoro-
' · logical para~eters at different heights abovo and within a forest stand (i. a. 

radiation, netradiation, temperature, humidi ty windspeed, concentration3 of C02, 

or other atmospherio qualitias) and to oompute from these data through different 

approaches the ooncerned fluxes. Tbe sbortcoming of the profile methods in 

general is tbe additive b&baviour of tha random error of rueasurement whan grüdients 

are detero,ined. 

a) The Aa~alill.!" Method. 

Tha , tu:rb\J:t~ii}'.iti'change coefficient oan be darived f"om the so oallec! logarith

mio ~1ndprotile ·un~~ neutral thermal oondition; at a ·given hoight (Zr) it is only 

depen.derit upon the ambient Windspeed and upon a surfaoe Windspeed depondent pro

:l>o.rÜonaUty · f;.:o~r ( f). 

,.:;..L ( 1) 
ln Zr 

Zo 

~ere: Zr • reduced height 

·K • 0.4 Von Karman's constant 

Z0 • roughnass parSrueter 

u+ - mixing velooity 

The turbulent exchange ooeffioient for a given height above the stand (Zr) is then: 

A8 -K.Zrf~U (2) 

co2 - fluxes are then found as the product of the co2 gradient over the respective 

height interval times the turbulent exchange coeffioient. Thermal stability or 

instability oorrections can ha applied to the turbulent exchange ooefficient 

through the use of Riohardson nWIIhars. 

One of the basio assumptions for this oomputation method for co2-flux balances 

is that the turbulent exohange of momentum is assuJLed to be equal to the turbulent 

exohange; 'or co2. 

Shortooming of the turbulent exchange msthod are: 

that it is only applicable fo.r exohanga and C02 flux oomputa.tion under . 

neutral thermic (adiabatic) oonditions. 

·. '~~-rrepared by HAGER,H • . 
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And t h u t the t urbulence the or y hao only v alid ity for a cer tain ho i ght 

interval above the stand. 

Comput a tion of co2-fluxes within t he sta nd u ndernoath the canopy by the 

turbulent exchange ma thod are not poss ible, but thore i s t ho poss ibility of 

(empirically) calibra t ed extra p ol a ti on into the s t and spaca . 

E:rr oneous re sults c an be obtaind d f r om the turbul en t exchanga wothods , despi t e 

of the Richardson numbe r correc ti on, when the r e are l ow windapaeds and h i gh 

radia tive e nergy inputs. 

b) Sverdrup Method. 

In this a ase t he excha n6e coefficient for give n Oeights is cal cul n tcd by 

the use of the Bowen r a tio (L/ V) and by the reversal of t he ener.,;y bal ance 

e qu a. tion a nd sol u ti on of this equa t ion f or the tur bu l en t diffusi on cotdficie n t. 

(3 and3.1) 

(3.1) 

llha r a: 

Sz • ne tradiat ion fo r a hei~ht (z ) 

B soil haa t flux 

Kz = turbulent d iffus i on coafficient for height ( z) 

cp spo ci fi c hea t of a ir 

rw heat of vaporati on 

rnean densi ty of a ir 

temperat ure gradient 

e.bs . humidi ty g r adient 

Tha _co2- flux i s determi ned in an analogaus way a5 f or the ae r odyna mic ll!~thod. afto r

eva l uation of ti:l.e turbul ent exchango coer.fcient. 

The b asic assu rupti on for t he Sve r dr up r.:e thod i s t hat; 

KC02 ~ Kv • KL (4) 

The t urbule nt di ffus i on for C02 i s oqu a l the turbulc:1 t diffusion of sensiblo 

a nd l a tent ha a t. Advantage s of the Sverdr up Ka t hod a.re that i t is r.·orking throu E;hou t 

the c a nopy spac e where t he turbu l ence the or y is not valid . 

A seve r a shortcouling of t h i s method is on the other h :..1nd tha t i t i a not '.iorking 

or g ive s highly e rroneous v alues in the case whcn tho netr ud i ation ~pproaches 

zero or wbe n the gradie nts of s ensible a nd l aten t heat Ueco 'IIC vary small (i.c . 

whe n t here i s high turbule n t mixing , 'flhicb tendc to d~crease c; r-adients .) 

In many cases bes t re s ul t a a re obta ined whe n the aerodynamic a nd t he Sverdrup 

me t h od a re c ombinod in a fcasable way . 
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o) Instrumentation !or the Profile tethoda.: 

Different mioromateorologioal elomenta have to be monitared in and above 

a hombgentDUB forest stand in acoordanco to apply one or both o! the two different 

pro!ile methods. 

For the aarodynamio method only profilas ot the horizontal windepeed above tha zero 

plane have to be measured with lightweight oupanemometera. I! a stability oorrection 

vith Ri-numbers sbould employed a temperature profile (whioh oould be taken with 

Pt-jQQ or thermistor sensors) should be meaaured. 

I! the Sverdrup msthod sbould be uaed a more elaborate instrumentation is neoessary. 

Profilm of netradiation, and o! air temperature and humidity have to be measured 1 

wbich sbould be done with aitbsr psyohrometera, or thermistors and dev cella, 

To detarmine ths soil heat !lux (B) one can either employ heat flux platea, or 

ground thermometerB and maisture probos. 

For all two methods an adequate method forSampling C02 gradients, would be to take 

C02 probes from corrssponding heights of measurement, and employ either vet 

chemioal or infrared C02 analysis. Sinoe tbs wet chemioal analysis (alkali absor

bent for C02 containing air probeB and ti tration) is very tedioua it.isonly used 

for long pe riod C02 averages. Continous monitaring of CO~ concentrations at 

different hoights is only possible with the infrared gas analysis, and an intake, 

p..tn.p .. and valve switch system, whioh draws oontinously air from different heights 

and switchas the probe strea~ into tha gas analyser. Special oare haa to bo 

taken to sliminate the vater vapour error, 11ither by employing bandfil ters or a gas·

oooler to fraeze out H20 vapour, or by use o! a dssiooation tower. 

B. The Eddy Cerrelation l'ethod. 

Tha vartioal !lux (or eddy transport) F of any atmosphario parameter is 

equal to the fluctuation of the parameter ti~s the fluotuation of the vertioal 

windspsed. (5) 

(5) 

Wb.era1 FC02 • Instantaneous flux or co2 

C'co2 • Fluctuation of co2 oonoentration 

w• • w-il= Fluotuation of the vertical vindspeed. 

By thia very streng taohnique it is possible to determin the instantansous !lux 

of C02 and an integration over time yields flux-bulances at a certain point. 

For thia teeboiqua it is also quite important to have homogeneity o! the stand 

(unlesa horizontal measurs went arrays are employed), and to bave quite long 

sampling period~ to guarantee adequate statistioal oonfidence. It ie also v~ry 
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io1portant to em}üoy instrun1ents wRi th adoquate tirr:e resolution. 

Instrume ntation. 

Tc ~:Jeasure the fluctua ti cn of tbe windspeed ei ther hat wiro or sonic 

a ne"mome try with fast d a ta a cquisition sys te n~s has tobe usod. For the dCte::-mi na. tion 

of fluctuations of co2 c oncentrat ions a short path, free bdam infrar ed gas analyser 

with bandfil ters to elimina te the H20-vapour infl ue nce would be adequate. 

Shortcor!Jings of the eddy correlation method ara: 

that the instrun•enta tion is not too rugged f or use in and a b ove forost stands, 

that th~ ti rneresolution of infrared gas analyeis i s l iud ted, 

tha t the infrared gas analysis is susce pt ible against· aerosol. 

C. Seil Res pira tion. 

The methods, as described under A. and B. are only working for co
2
-fluxes 

and ba l ances of the stand and the upper boundary. But since the lower boundary of 

a growing is a clearly defined co2 - source it i s necessary to weasure and evaluate 

t he upward fluxes from thG forest floor. F or in s i tu measur~n1ents of Cü2 - fl uxes 

from t he soil there a re only two ~~ thods feasable. 

The .@q_uilibrium Ke thod, has a g l as dorr.o pl aced on t he soil, and a C02 eq_uilib.rium 

betwean soil air and a ir in the dome \Üll establish. Sample s are drawn periodical ly 

and a nalysed. 

Tha Fl ow-:Uptake Kethod , C02 free or air 1fith C02 content i s s treaming i n t o a glas 

dome which is placed wi th the open. s ide on the soil. Thr ou e h a n outlet probes 

are sucked to a gas, analyser continously. The difference bet 11een inlet and outlet 

C02 concentration r epr esents the C02-flux per soil area. 
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B. ).odelin,; of the Physical ßnvironment~ 
I. The JOhysical processes witb whioh we will concern ourselves bare are tbe 

transfers ot energy, water and carbon dioixid~ between an ecoaystem and itE 

environment. 

A. I mplioi t in this development is tbe assuu•ption tbat the ~~~ajor exchanges 

are in a vertical direction. This can be a reasonable assumptiop when 

the stand edge is small compared witb the stand area and the lower 

boundary of the stand is oballow enmtgh tbat the major direotion of soil 

drainage is downward. 

B. It ie aleo necessary that the etand is homogeneous enough in the borizon1 

plane(s) to be charaoterized by average oharacteristics whioh vary only 

in tho vertioal dillCtiop. 

C. Then tha wnter, energ;y, and carbon dioxide transfers can be illustrated 

by the following diagrams • 

.. Prepared by MURPHY ,C .E • . -



llater 

Energy 

Carbon dioxide 



-43-

Definitions for figurea. 

l!ater balanoe 

P - ~recipitation falling on the stand (messured ~bove or in open) 

Tr - throughfall reaching the grcund surfaoe directly or by drip 

Sr - otemflow reaching the ground by running down tree trunka 

V0 - water vapor transported from the canopy as tr~spiration or evaporation 

of intercepted precipitation 

V 
8 

- water •rapor flux from the soil and li tter 

Dr - drainage 
Energy balance 

G - global radiation abovo the stand (radiation with wavo-length loss than 3<>m) 

I - percent of radiation intercepted by the oanopy 

L - long-wave flux ( wa.ve length > 3 YVm) 

~ - latent heat of vaporization in air 

C - convective flux of sensible heat 

Gr- conduction into (out of)the ground 

Garbon Dioxide • . 

Pn - net exchange of C02 with photosynthetio organs of plant 

(photosynthesis - respiration) 

R - C02 exchange (source) of non-photosynthetio organs (respiration) 

R8 - soil C02 ~miasion (respiration) 
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D. Before beginning to analyse and atterupt to quantify the flowa in tbis 

diagram it seems desirable to point to where some of the major interaction~ 

between these component processes take place. 

1. Both the t.iV<tl •<'.l"ation and oarbon dioxide fluxes enter into the onergy balance 

a. Tbe oarbon dioxide flux is proportional to the net flux of energy being 

stored (released) by tbe plant throughfixation of carbon. 

b, The evaporation is proportional to the latent hoat flux caused by tbe 

ohange of sta te of water a t the plant or aoil (li Her) surface. 

2. Fluxea or water vapor and oarbon dioxide botb have a large eource or sink 

within tbe plant leaves. Both also ·oan bave a aoil (litter ) component. 

II. Some models of tbe fore s t energy balance, water balance and oarbon dioxide 

exchange. 

A. Penman proposed a combination type of equa tion for energy bal ance calcula

tions of evaporation using tha prinoiples of heat and mass transfer, and 

the energy balanoe. La.ter tbis was developed by l<ionteith .to a f or m 

sui t able for calcul ations with forests. 

1. The basio equation oan be written 

Ll(R0 -0) 
+ 

(l'sa - r al 

E• 
-,.-c-- ra 

X:a + rx Ai:> 
ra ----rc;-

2. The parama tere of this equation ar·e 

ra • ae rody-namic r&sistanoe frort o.bove stand to the a.verago leaf in 

stand, 

rx • a Burface reais tance for whicb tbe etooatal resiatance is a 

good approxiruation, 

Rn • tbe net radiation absorbed by tbe s tand , 

0 • the heat flux from the soil, 

f • density of air, 

fsa • saturation vapor densi ty at air temperature., 

f a • vapor densi ty in air, 

b • ~' tbe obange in aaturation vapor dansity witb temper~ture, 
Cp • s.:pecific beat of air at constant temperature 

These are oonstanta or imputs to the modeling oalculations except for tbe 

resistances which ·must be calculated. 

), The net radiation can be oalculated using extinction ooefficient absorptioc 

in tbe appropriate wave-length bands for sbort-wav~ amiseien from on effoc t 

leaf temperature. 
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B. Tbe soil vater e~uation of flov baa baen develpped in anothar aection 

and can ba used to wodel this component of tba vater balanca. Hcwaver, 

tbere are soma auxillary r~lationsbips wbicb ve will develop bera~ 

1. If ~recipitation is an imput parameter tban interoe ption (tbrougfall 

and stemflow) IIIUBt ba oalculated. A numbar cf: impi r:!ta.l. e~uations exist. 

2. Litter interception oan ba signifioant in some stands. E~uations similar 

to thssa for oanopy interoeption can be davelcped. 

3. The avaporation term oan be oalculated from tba energy balance, given 

tbe stomatal resietance. 

a. Tbe Stomatal resistance is usually affeotad by ligth, temperature, _and 

water stress in tha leaves of tba stand. 

b. Tbe watar stress is proportional to the leaf water potential and can 

be thougbt of as tbe sun of the soil water potential (bulk eoil) and 

the potential drop acrcss the plant to the leaf. 

c. 'rhe aerodynamic resistance is a function of wind speed and leaf size. 

d. Bctb rasistances are function of leaf area indsx. 

e. The leaf (stcmatal) resistance is the larger and thus ocntrolling 

ras istance, except during intercepticn of precipitation when it is 

effactively zero. 

C. A modal for carbon dioxide exchanga of the canopy has baan devaloped 
J 

by Sinclair, Kurphy and Knoerr vhich uses the prinoiples of tbe 

Panman - ~,onthaitb type cf e~uation for maas flov. 

1. Tbe general form of tbe modal is 

Pn • Ca - Cohl 
s(r8 +rx)+ rp+rov 

2. The parame ters are 

Ca • C02 ooncentration in air, 

Ccbl • C02 conoentration in chloroplast, 

s • Solubility of C02 in watar, 

ra • aerodynamio rasistanoe, 

rx • leaf resistanoe, 

r 0 w • cell wall rasistanca, 

rp • protoplasmio resistanoe, 

3. Tho concentration at tbe chloroplast must be da f ined as photoaynthe

thic sink term and a respiratory souroe term. 

a. The respiratory term is usually oalculated from a temperature 

dependent Q10 formulation. 

b. The photosynthetio sink is usually -fcrmulated tobe a funotion of 

photosynthetioally aotive radiation absorbed and possibly temperature. 
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111 . A preliminary sensitivity analysis . 

A. The energy balance equation shows sensitivity to net radiation input and 

the diffusion resistances . 

a. Thare is also definit8 dependance an air vapor density. 

b. Tns diffuaion resistances of the stom& can oompl etely control the 

partitioning of the available energy and thus has speoial signifiganca 

c. The modal will be somewhat sensitive to leaf area index at low leaf. areas. 

B. The .rrecipitation is a large driving teru,, the evaporation can be dominant 

an some sites while drainaKe is more important an other site. 

Uhere evaporation is domina nt or at le~t large the stomatal resistance 

becoh~S a dominant control in the stand. 

c. At low light intansitias C02 fixa tion is lirnited by tne sink and sourco 

terms ;at high light intansity it is limitad by the diffusion rasistanca. 

A6ain the diffusion resistance of tha stoma dominates under all but 

ideal conditions. 

D. It is worth mentioning tha t there are several places at which t hese 

fluxes interact. The most important arer 

1. The r adiat ion ba lance supplies energy for componen t in all of these 

processes. -2 . The stomatal re sis tance is a major control in all cases and neeUs to 

be studied in some detail. 
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Biomass and Mineral eycling Data 

Def'initiona 

Compartment - A division of' the ecosystem f'or which we 

may measure organic matter in terms of' dry weight, or 

f' or which we may measure the weight of' given bioelements. 

Organic Matter - For most biomass (= living matter) com

partments and f'or some others (e.g. standing dead), organic 

matter normally includes ash. For "F and H" and "soil 

organic" compartments where soil is incorporated within 

the layers, organic matter must exclude non-organic 

matter. 

Size - The weight of' organic matter or bioelements in a 

compartment at a given point in time. 

Net Annual Increment - The net annual increase in the 

size of' a compartment. 

Flux - The annual amount of' organic matter or bioelements 

being transf'erred (e.g. by litterf'a ll) f'rom one compartment 

to another. 

Overstorey - The trees f'orming the main canopy. (If' 

epiphytes constitute a signif'icant proportion of' the 

main canopy, include them as an overstorey compartment, 

but please be sure to note this). 

Substorey - The sum of' the sub-canopy and shrub layers. 
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Field Layer - Herbaceaus plants , mosses and lichens. 

1{o ody plants <50 cm in height may be included here 

if appropriate. If information is available, please 

separa te into photosynthetic and no n -photosyntheti c 

parts. 

L Layer - Includes recently fallen plus essentially 

undecomposed litter. 

F and H Layer - The decomposing organic layers on top 

of the mineral soil. 

Soil Organic - Includes all the organic matter (exclnding 

living roots) incorp ora ted in t l1e mine ral soil below 

the F and ll layer. 

Standing Dead - Dead plants or pa rts o f p lants still 

standin g in the forest. 

Fal len Trees - Mostly cons i sting of large material (branches 

an d stems) wh ich has falle n from the compartment 

"standing dead". (If this is inclnded in the litter 

layer, pl.ease n ote ). 

Inpu t Above Trees - Het - The annnal amounts of elements 

found in the precipitation , usually measnred in an 

o p en field. 

In;mt Above Trees - Dry - The annual amounts of fallout 

of elements from the atmosphere, including irnpaction 

anrl sedimentation, into the can opy . 

Throughfall - The annual amounts o :f elements found in the 

rainwat e r under the cano py. 
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Stemflow - The annual amounts of elements found in the 

rainwater reaching the ground along stems. 

Output - The annual amounts of elements found in the 

soilwater which is transported away from the rooting 

zone. 
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Notes on Completing Da ta Sheets 

It is important to remernbar that our aim is to seek simplicity 

:for the purpose o:f e'l.,..ablinr; comparis ons among ecosystems 

to be readily made. I:f, however, you :find there is a compart

ment or :flux which is signi:ficant :for your :forest but is 

not included in the :flow diagram, then please ent er the 

data in the :form requested as :far as possible, but enter 

also, with appropriate exp lanations, other si gniticant 

details, For example, living trees may fall di~ectly to 

the :forest :floor, r at h e r than ~;oing through the c ompartment 

"standing dead". 

On the other hand, you may not have details o:f the crn n ~art

ments as outlined . For example, you mav not hav e d i stinguished 

between "sub-storey" and "field layer". In su ch cases, 

bracket the com :1artments togethe r, as he lm; : 

Suu s tore y 

J'hotosynthetic , •arts 

1\on-phot o syn tbe ti c J•art s } 
Field layer 

Incr Prnen t is the change in 

a year . leaf' 

the size o:f a com pa rt n: ent during 

mass tn July 1970 = 8 12 g/m
2 

and 

8 26 g/m2 . The inriremen t is there:fore in July 1971, lea:f 1nass = 

14 g/m2/year - note that i.ncremen t in thi s case does not 

inclllde annual 1-Lt te r :fall, 

Please n ote the :foll o wing: 

i ) ~lease endeavour to entcr d ata as strict ly as po ssible 

in the :form requested. 
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ii) Give all data in g/rn2 (f'or cornpartrnent sizes} and 

gjm2 /year (f'or incrernents and f'luxes}. 

iii) Show a value of' zero, or a missing value that you 

consider insignif'icant, as "o.o". 

iv} Show rnissing values that you consider are signif'icant 

as ''not measured'' or ''n.m.''· 

v} If' you have rnea·sured values of' rninerals other than 

N, P, K, Ca and Mg, please use additional f'orms. 

vi} For cornpartrnents 3, 4 and 9, st~te the def'initions 

you used f'or branch, stem and roots; that is, where 

you draw the limit between branch and stem, and 

between stem and root, 

vii} For compartments 8 and 9 p lease indicate your 

def'initions of' "large roots" and "small roots" 

in the spaces provided. 

viii) For compartments 10 and 11 give total amounts of' 

elernents (e,g. not just exchangeable} f'or each of' 

the layers, 

ix) For com partment 15 you should give total values 

f'or N, P (and s i'j(excluding live roots} and exchangeable 

values f'or other elements, Flease state the methods 

used f'or extraction and analysis, Also state the 

investigated depth, 

x} The accomp anying f'low chart (Fig, 1) is desi g ned 

to aid in the identif'ication of' compartrnents and 

f'luxes. 
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xi) If you have any data indicatin~ a significant l o ss 

by consumption or respiration from any c ompartme nts, 

please list below: 
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8/0fvfASS DATA FLOW CHART 

OVERSTOREY r------------- -, 
1-10 

------------- --I 

SUBSTOREY r--------------, 
I 

5-10 1 

6-10 

--- - -- .,. - ----- -' 
7-10 

DECOMPOS/T/ON 
F OM 10 

DECOMPOSI TION 
FROM 12 

DECOMP. 
FROM/1 

DECOMPOS IT/ON 
FROM 13 

DECOMP. 
FROM/4 



Biomass Data : Table I - 5ize and lncremen t 

ComparfmPnt Organic MattPr 

jNumbt>t- DPscription s i z ~ ln c r Pm l.'nt Enrrgy contMt Carbon cont~nt 

(glrrlJ ( glrrl.yl.'ar) ( col/g dry ~g}rt) (% dry WPighf) 

Ovl.'rstorl.'y 

I LI.'OVI.'S 

2 Fruits and flowus 

3 Branchl.' s 

' Stern 
Understorl.'y 

5 Photosynlht.'lic 

6 Non- pho tosynthPtic 

7 FiPid lay u 

8 Sma/1 ro ots (< .... mm) 

9 LargP rools (> . ... mm) 

10 L Layp r 

II F•HLay u 

12 S Ionding dl.'ad 

13 . FaiiPn trPPS 

1-' So i l organ i c 

'• 
-------

Ash contMt 

( fo dry WPight) 

\.n 
+-



Bioelement 

Compartmrnt 

~r Drscription Sizr 

{g/rn2) 

Ov.rs torty 
1 i.rav•s 
2 Fruits and flowrrs 
3 BranchfS 

" Sttm 
Undrrstor•y 

5 Pho tonnthrtic 
6 Non-photosynthrtic 

7 Fi•ld layrr 
a Small roots {< .•• • mm) 
9 Larg• roots {> • . • . mm) 
10 L Laypr 
11 F•H Layrr 
12 Standing d•ad 
13 lraiiPn tr•rs 

"' S oil organic 
15 Minpraf Soil 

Data : TableI- Size and lncrement 

N p K Ca - -- -

jk.cr.niMt Sizr ncrt~nt Siu /nct?"*'t Siu /ncff/'Tif(J t 

{g/~ .yr. {g/~) {glm2.yrJ {glnl J {glm2.yr.J { glnf) {glnf .yr.) 

. -

Mg 

Siu lnct?m~nt 

{glni ) {glrrf.yr.) 

I 
VI 

~ 



ompartmPnt 

From To 

1 10 
2 10 
3 10 

" 10 
5 10 
6 10 
7 10 

10 

3 12 

' 12 
12 13 

10 11 

11 14 
13 14 

8 14 

__1_ ~-

Biomass Data: Tablell-Fluxes 

Description F/ux Energy content 

(glm2 .. year (ca/1 g dry weight 

Litterfa/1 
Overstorey /eaves 

.. frui ts and flowers 

.. branches . s tem (e .g. bark J 
5ubs torey photosyn thefic . non photosynfhefic 

Field layu 

All unidMfifiable litterfa/1 (e.g. frass} 

Biomass Death 

Brancht>s 

Sterns 
Fall of standing dead 

Decay of dead organic mattu and ifs 

incorpora tion in soil 

L to F• H layers 

F + H layer to soil 

Oecaying fallen tre!'s to soil . 
Roof d!'ath 

Small roots (< - .. mm J 
Large roots (> · - · mm J ----

Carbon content 

(%dry weight J 

Ash content 

(% dry weight J 

I 
\11 
0'1 
I 



Compartm•nt 

From To 

1 10 
2 10 
3 10 

" 10 
5 10 
6 10 
7 10 

10 

1 
I 
I 

1 10 
I 10 

Bioelement Data: Table 11- F/uxes 

D•scription N p K 

(gtnl.yr. ) (glm2.yr.) (gtnl.yr.) 

Li tt•r fall 

Ov1rstor•1_ l•av•s . fruits and flowus . bronchu . st1ms (f .g. bark) 

Substory photosyn th1tic . non Dhotosyn th1tic 

Fi•ld layu 

All unid•ntiflabl• litt•rfall(f.g. frass) 
Input 

Abov• tr••s - w• t 
Abov• tr••s - dry 
Total inDuf 

Throughfa/1 

St•mflow 

OufDut 

Ca · 

(glm2.yr.) 

Mg 

(gtnl . yr.} 

I 

/ 

V1 
--J 
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CARBON AND ENERGY METABOLISM 

Baaie Coneepta: 

Groaa Primary Produetion (GPP ) 

Groaa primary production ia equivalent to the ~ carbon fixa
tion of photoaynthesia. 

Autotrophie Respiration (RA) 

Autotrophie reapiration is the carbon dioxide lost in reapiration 
by all parts of autotrophic plante. 

Net Primary Production (NPD) 

Net primary produetion ia equivalent to net carbon dioxide fixa
tion and equala photosynthetie fixation minus respiration. 

Hetrotrophic Respiration (RH) 

lleterotro:nhic res pira.tion i s the res!)iratory carbon dioxide 
lasses by ~ heterotrophic cons umer ~ deeomposer organisms. 

Eeoaystem Respiration (RE) 

Eeos ystem respiration is the s um total of all respiratory lasses 
by the ecosystem and equals autotrophie plus heterotronhic res
piration. 

Net Ecosystem Produetion ( NEP ) GPP. - RE 

Net ecoaystem production represents the total net gain or lose 
of carbon by the eeosystem and is the difference between total 
ea rbon fixation minus total respiration. 

General Information Needed: (See site descriptiona) 

Forest Type: Location: 
0 0 

La ti tude: Longi tude: · 

Total Annual Radiation: Kcal/m2 

Growing Season Radiation: Kcal/m2 • 

Total Annual Preci pitat i on: mm. 

Growing Season Preeipitation: mm. 

Mean Annual Temperature: ° C 

Gr owing Season Temperature: °C 

Length of Growing Season: days 

Total Biomass: kg dry wt/ha 

Leaf Area Index: m2;m2 
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Data Reguiremental 

Grosa Primary Production (GPP) 

Autotrophie Res~iration (RA) 

A) C02 Respi ration by Specific Componenta: 

Tree. Foliage (dark respiration) 

Herbaceaue (dark reapiration): 

Above-Ground Woody: 

Below-Ground Woody (roota): 

B) co2 Respiration Rates: 

Tree Foliage (dark respiration)l 

Herbaceaue (dark reapirntion): 

Above-Ground Woody: 

Below-Ground Woody (roota): 

Give also amounta for above: 

Tree Foliage Biomaea1 

Herbaceoua Biomass: 

Above-Ground Woody: 

Bolov-Ground Woody (roots): 

C02fm
2
/yr 

gC02fm2/yr 

gCOlfm
2
/yr 

2 
gCOlfm /yr 

gC02/g dry wt/hr 

gC02/g dry wt/hr 

gCOlfg dry vt/hr 

gCOlfg dry wt/hr 

g dry vt/•2 

g dry wt/m2 

g dry wt/m2 

g dry vt/m2 

Give also temperaturea at whioh respiration ratea were determinedl 

Tree Foliage Biomaaa: 
__________________ oc 

Herbaceaus Biomass: 
____________________ oc 

____________________ oc 

_______ oc 
Above-Ground Woodyl 

Below-Ground Woody (roota)l 

Net Primary Production (NPP) 

A) Net Carbon Dioxide Fixation• 

Trees (foliage): 2 
------ gCOlfm /yr 

Herbaceoua: -------- gCOlfm2/yr 

B) Rates of Carbon Dioxide Fixation! 

Tree Foliagel 
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B) Rates of earbon Dioxide Fixation (continued): 

Herbaceous: g eo2/g dry wt/hr 

Give also amounts of above: 

Tree Foliage Biomass: g /dry wt/m2 

Herbaceaus Biomass: g /dry wt/m2 

Give also temperatures at which above respiration rates were 
determined: 

Foliage: oe ----------
Herbaceous: _______ oe 

e) Net Primary Production (annual increment + consumer lasses): 

Foliaße: g dry wt/m2/yr 

Branches: g dry wt/m2/yr 

Boles: g dry wt/m2/yr 

Below-Ground Woody (roots ): g dry wt/m2/yr 

He terotrophie Respiration (R8 ) 

A) eo2 Evolution fro m the Fores t Floor: 

Inverted Boxes (with litter): 

Inverted Boxes (without litter): 

Stat e which t echnique was used: 

alkali absorption method 

infrared eo2 analys i s 

B) eo2 Hes ~irati on by S~ec ific eomponents: 

Above - Gr ound Li tter: ge02/ g dry wt/hr 

Soil (with or without roots): g eo2/g dry wt/hr 

Roo t s (living ): g eo2/g dry wt/hr 

Give also amounts of above ~ 

Above-Gr ound Litter : g dry wt/m2 

Doil Or ganic Matter: g dry wt /m2 

Roots ( li ving ): g dry wt/m2 

Give also temperatures at which respiration rates were determined: 

Above-Ground Litter: oe -----
Soil: oe --------------
Roots: Oe -----------------
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Heterotrophie Respiration (oontinued) 

C) Loss of weight by Organio Litter: 

Above-Ground Litt er: ------ g dry wt/m
2 
/yr 

Soil Organic Matter: ------ g dry wt/m
2 
/yr 

Roots (dead): g dry wt/m2/yr -------------
Give also amounta of above: 

Above-Ground Litter: g dry wt/m2 ---------
Soil Organic Matter: ------ g dry wt/m

2 

Roota (dead): g dry wt/m2 ---------
D) Respiration by Consumera of Living Organic Matter: 

Foliage Feeders (including predators): gCOzlm2/:rr 

Wood Feeders (including predators): 2 gC02/m /yr 

Root Feeders (including predators): gCOzlm
2/yr 

Give also biomaas of above: 

Herbivores (including predatora): g dry wt/m2/yr 

Xylophagea (including predators): g dry wt/m2/yr 

Root Feeders (including predators): g dry wt/m
2
/:rr 

Give also data on apecific reapiration ratea and respective 
temperatures for different groupa: 

Group of Aminals Respiration Rate 
sC02/g dry wt/hr 

Temperature 
oc 

Specific Data Needed on Chemical Compoaition: 

Ecoayatem 
Component 

Foliage 

Trees 

Herbaceaus 

Carbon Content 
(% dry wt) 

Galor1e Content 
(caloriea/g dry wt) 

Ash Content 
(% dry wt) 



Specific Data Needed on Chemical Compoeition: (continued) 

Ecoeystem 
Component 

Woody 

Branches 

Bole 

Roote 

Litter 

Above-Ground 

Soil Organic Matter 

Consumere 

Foliage Consumere 

Decomposer Animals 

Fungi 

Garbon Content 
(% dry wt) 

Calorie Content 
(caloriee/g dry wt) 

Ash Content 
(% dry wt) 
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REPOR"r FROLI 'I:ORKHlG GHOUP 

on 
SECONDARY FRODU:"r!ON BY ANIMUS. 

This item has been consi~ered by a group consistinc of 
W. Funke, R. t::rimm, Y, Kitazaw!\ 1 ll. Pe·tersen, H,t.l. Thamdrup and 
G. Weidemann, Funke and Thamdrup being coordinators, 

The group has worked out a proposal for a section of the 
chapter on Basic Processes of the Forest Scosystem. The proposal 
has been discu<:eed wi th other gro.ups especially the Decompoai tion 
group (J, Satchell,F, Malaisse) and the result is presented here, 

It will be necessary to get more detailed information on 
the. themes invc.J.ved than · is as yet present in · the data sheets. In 

this connection the group has formulated a lP.+,ter including a draft 
qucotionaire for data collection to be distributed during autumn 
1973 to a number of persons known or supposed to be coordinators of 
investigations on secondary production by animals in the context of 
Ytoodland ecosystem research. The letter will be followed up by the 
distributt6n during spring 1974 of a final questioneire with adhering 
explanations and definitions. 

All answers to .questionaires are asked tobe sent to 
cand, mag. Henning Petersen, 
ldolslabora.toriet, Pemm0ller 
DK-8400 Ebeltoft, Danmark. 

The Molslaborstory has been chosen as site for the sccre
tariat of this .group, being responsible for the collection and 
working up of the material for the synthesis section concerning 
secondary production by animals. Among the participants of the 
GÖttingenmeeting Funke, Fetersen, Thamdrup, Grimm,and •:reidem'lnn 
will take part in this work. Others may join the group which intendz 
to meet in September 1974 at the :.lolsl3borutory to malce the final 
prcparation of manuscript for thc publication. In the meantime 
several persons will be contacted and aslted for contribution!J to the 
publication. Kitazaw"l and I.lal~isse have already promise~ to takt> p3rt. 
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I.B.I'. - I'T Woodlnnd biome 
synthesis of inform.~tion 

on secondary_nroduction !!l anim•!ls. 

Dear colleac;ue. 

The In ter·national Biological ProgrR:n:ne is now in j ts ph:o,, e 

of compl'lrison and synthesis. Internationr 1 r;roups ·hnvc be~n 

appointed wi th the task to collect and compnre tl)e inform.'1tion 

obtained · in the mnny IBP resel'lrch projects from all over the 

world. The result of this werk is plenned to be published during 

1974-76 as a series of international synthcsis volu:nes. 

At a me eting at the University of GÖttint:;en;.•:. Germany, 

24.Sept. - 3.0ct. 1973, the woodl · nd projects were considered in 

view of these synthesis volumes to be publishcd. Dr. D.E. Reichle, 

Oak Ridge National Laboratories,Tennessee,U.S.A., has been appointe d 

cheaf editor of the woodland volumes. 

A group consisting of W. Funke, R. Grimm and G. \Veidem~m 

(Germany),Y. Kitazawa (Japan) and H.Petersen and H.lli. Themdrup 

(Denmr.rk) was asked to be responsible for the collection of 

information concerning secondary production by animals and for· 

editine a chapter covering this thcme. 

Although a considerable qmount of inform~tion h· d been 

submi tted to the bo~.rd of the GÖttingen meetin!; from severql 

woodlgnd projects,it was obvious,th.~t in respect of secondary 

production,this material is not sufficient for the prep~ration 

of a synthesis chapter, P.owever, we are convinced th!!t much more 

inform'1tion is availoble ·:;lthin this field er will be so in the 

course of the next h9lf year, In accordance wi th tl~e cencral 

view on the synthesis work it is not our intension to restriet 

ourselves to inform8tion obt'lined within JDP projects. We are 

aiming at a synthcsis reflectinG our whole prcsent lmowledg e on 

th'e nnim'lls · · ~ part of wnodl•md ccos.vstems . 



Havin.<::; the impression that you 'ire leadine or coordinatine hune.l 

investigations as part of woodland ecosystem research we have 

approached you with this letter 'iS we assume that you mieht be able 

to contribute to the synthesis work with published or still unpublished 

inform~tion fro:n t!'le project(s) in which you are involved. 'Se h:1ve the 

hope that you will be willine to cooper~te with us an:i put your infor

mation at our disposal. In this way you will ensure the full benefi t 

of your results in view of the nim of IBP by having them considered 

in the synthesis work. 

Our workine group on secondary productio~ by animals has planned 

an editorial meeting at the Molslaborstory in September 1974. Drafts 

of all subchapters must be ready before this meeting. Therefore it will 

be necessary to have all inform~ tions from the contributing projects 

before the lst of !.l" Y 1974. About the lst of !.!!lrch 1974 we will di

stribute a set of data sheets in which we will specify the kind of da t~ 

considered most important for the preser,t purpose. A proposa1 for this 

set of data sheets is enclosed. 

We most sincerely hope thet you will reply this letter as soon as 

possible (before the 1st of December 1973) by 

1) indi.cating v:hether or not you will be ab1e to contri bute wi th 

inform"tion wi thin the lst of l!qy 1974 

2) outlinine which kind of infor:::a tion you will be Rb1e to contr i but e , 

and from which kind of wood1and ecosystem 

3) cor:llnenti!'l,!; on thc set of dtH ~ ßhcets enc1osed,'lnd your possibi1i tie >J 

to fil1 in dnta during spring 1974 

4) commentine on the draft of the chapter out1ine (enclosed) e.g. by 

proposine subchapter nuthors 

5) addine persons and addresses to the 1ist enc1os ed if you think we 

have overloo!ce:i important potential contributors (m~lin1y coordi::~ to rc 

of secondary production projccts)~ 
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Lookinc forw.~r:i to h:~vc your com::~ents ~nd hopine th~t you 

will a:ooist us in our effort. to oynthesize the infor::~~ ti on on 

secondary product i.on by nni::~~ls in woodl And ecooyotcmo we th:mlc 

you in advance on behalf of our working group. 

Yours sincerely 

W. Funke H.M. Thamdrup 

cöordinators. 

Address to which e.nswers are asked to be ser:t: 

cand.mag . Henning Petersen, 

Molslaboratorie t,Femm0ller 

DK-8400 Ebeltoft, Danmark . 
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DATA COtt~:Ct:ON 

with a v1ew to 

IBP 'NOODtA ~: D BIQ!.~E !';YNTIIESIS 

SECONDARY PRODUCTIO!I BY ANI!.!A t:::. 

Content: 
A: Defi nitions and comments to diagram and d.ata sheets. 
B: Diagram·: Consumer compartments and f1uxes for data 

aquisition. 
· C: Data sheets for information on taxa. 

1: Taxa present at the site 
2: Methode for ·popu1ation and biernass estimation 
3: Density (Numbers per ·m2 ) 
4: Biomass (Kg dry wt ha-1 ) 
5: Consumption/Assimilation.Kg dry wei<;ht ha-1month-1 

6: Respiration. 1 o2 ha-1 month-1 or/Kca1 ha-1 month-1 

7: Producti on. Kg dry weight ha-1 month-1 

8: Additional information 
D: Data sheet for site description 
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Woodland synthesis 

Secondary production by animals. 

A: D~FINI'nO':S M!D CO:.;r~~mrs 

If you h~ve information on more than one site please give each on 

separate net of data sheets. You are welcome to ~sk for more copies 
from the J~olslaboratory. 

Allparame ters (e,g, B.P.C.A.) a r e used and shoul d be used as · in 

IBP Handbo ck No.l3 (Pe trusewicz and rt.acfadyen: Productivity of · 

terrestrial animals, 1970), 

!!.:._~.Thi s ·sheet gives a general scheme of consumer 

compartment s and fluxes betwe en them for orientation, ·uhen filling 

data sheet s . A comnertment is a division of the e cosyst em fo r which we 

may estimate organic matter in terms of dry weight, content of bio
elements, or energycontent. The size of a compa.rtme:-~t mes.ns the wei~;ht 

of organic matter or bioeleme nts, or energy contcnt at a given point of. 

time. 
Compa.rtme:-~ts: 01: 

02: 
03: 

04: 

05: 

06: 

07: 

08: 

09: 
10: 

11: 

living ereen ma terial (l eav.e s of trees and shrubs , 
herbe of all strata; 
Wood of liv ina treas (stems 1 branchcs 1 roots) 
root s ( < 2-5 m~ 1 please specify according to your 
data!) 
phyllophages: all animals f eeding on 01 (e.g. 
lepidop tera l arvae 1 weevils 1 deer) 
juice suckers (includi ng root suckers;_ e .g. aphids 1 

cicadas ) 
xylophages: fe edin<. on liv ing woo:l and living p~rt:;o 
of bark (e. g . Scolitids 1 Siricidqe 1.) 
rhizophages: fe~ding on living roots (e.g, weevil 
l arvae) 
microphytoph~ge s: f eeding on microfung i 1 b~cteria ~nd 
soil al~;ae as well as saprophage·s:feed ing cn de ~d 
argeni e matter (e.g. Collembola often fe ed on a 
mixture of the food mcntioned; oab s t rate feeder s 
like earthwor~s - the typicel soil fauna ;) 
7.ooph!l~es: preda t or s nnd parasites 
consume rs thc food rcl~tions of ·::hi ch are ei t her 
unlcnown 1 or which denend on rr.ixe d fo od 1 i.e.pantop:1'>;:es: 
dcad or g9nic m9ttcr: a ll kinjs of lit te r (dead le~ve 8 1 
bud sc;lles 1 t·...-i.r,3) 8S well a n st~r.ding de"d 1 faeccn 1 

cednver s , exuvine . 
~: the amount of matter or energy transfered from one compart~cn t 

to an othcr durinG a s~eci ficd ti me interv3l, Pluxes from 01 1 02 1 anrl 
03 to 04 1 05 1 06, ancl 07 re precent prim.1ry consumpt ion. 

Fluxes from 04 1 05 1 06 1 07 1 08 1 and 10 to 09 represent predation. 
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Fluxcs to 11 from all other compartments in~ludc nll dead orßanic 
matter :li t tcr f .'lll, frass, faeces, cadavers, exuvias etc, 
All fluxes fro~ consumer compartments (04-10) to the environmcnt 

(00) represent respiration. 

c. 
Data sh3et 1: 
:!!EEer p<trt: t:ake a list of the taY.a investit;ated at your . site,i.e. 

: }~. ?':C_Il_ f?F. !:fl.i_p~, ~~f?T91B:t:i?.~f5;. g:i;v,en:;Jn-: ~ome~ of- the following 
data s'hee-t'ii:use "on these foÜowine sheets the number ~;iven in the 
'left column inste9.d of the full nome of the t".xon, 
Taxon: A species - or multispecies. population according to your own 
definition.(Bxamples: Phyllobius argentatus;Aves;Curculionidoe + 

Lepidoptere l arvae;Collembola + Sminthuridae) 
Compartment,Tro~hic position: e,g, · according to the diagrom: 
(Examples:05; carpophages) 
Dominant species or species group: within the taxa, 

Lower part: tlake a list ir::_cluding all animal groups of some impor

'tance in your site,which have not. been investigated i.e. are not 
included in the list above, and give if possible some indication 
of the level of magnitude of density and biomass. 

Data ·.sheet 2: 
Method for estim~ tion of POPulation density: (Examples:High gradient 

funnel extraction; Merk-recapture) 
Strata scmpled: (Examples:Crown 10-20 m;Litter + soil 0-10 cm) 
Dimensions of s~rnPleunit: (Example: 10 cm2 x 10 cm) 
Method for esti~ation of biomass: (Examples:Direct weighing; 
from body length/dry weight regressions (according to Edwards 1967)). 

Data sheet 3: 
Give monthly or seasonal values covering only one annuum. If 
you have information covcring morc than onc annu~ plcose give it 
on eepar~ te sh ~ ets. 

!n colurnn rem"'\rks please indicate whether the infor:::ation is ):lublichd 
(P), final but not published (F) or partly derived from litcr~ture(L) 

Dat~ sheet 4 See comments to sheet 3, 
Ihto shcet 5 See commcnts to shcct 3, Give also remorlcs on methods 
Dnta ''hcct 6 See commentn to sheet '3 and 5 
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~ta sh~~ See comm8nts t9 sheet 3 and 5. 
D"lta nheet il,· 

~ecification of food items : Give for example nnmes of spccial 

food plant s or prey animals. 
D: DatR shAet for sit~~~ri~~ 

If de scription of your si. tc ( s) has already been 3en t t o t!1e 
board of the wcodland synthesis work it is enouch to ma ke a 

re:nnrl~ .on this~ 
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03 rool.s 

Woodland Synthesis. Secondary Production by Anim~;~ls • .. ' 
B. Diagram: Consume'r compartments and. fluxes for ·dat" acquisi tion • . 
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1/ood1and synthcais ~l te: 
Sccondcry produc tj on by --ni!c.o1s. Invcotj lj1tor ( a 

D'l t'l sheet l: T.1xa present at the si te; 

Taxon Taxa(invcstigated) Compartm~::t Dominant species or 
' t;rophic ' number poci ti~n species-groups i 

.L 
2 
.3 
4 
5 
6 -
7 
8 

9 
10 
11 

12 --
13 
14. 
15 
16 

ll__ 
18 -
.:!;9 
20 

-I , ... {oo, 
investigated} Compartm~nt Approx. Approx . 

trophic density biomass 
- !!~sition 

---· 

- I 
-

--
-

----:--



Woo:Uand oynthesis · Si te: 
Second-'lry production by animals Investieotor(o): 

Data sheet 2: Methode for population and biomass estimstion, 

1'!!::<on ;.:e thod for es t im-. ti on of Strata Dimensions Number l.lethod for estim9.tion of bi om!lss 
number population density S3mpled of somple of uni ts 

unit per s .,mfl le 
1 

2 

3 ; 

4 

5 ' 
6 I 
7 
3 

9 
10 

11 
g_ __ --
, 0 I 

lt 

15 

16 
. . 

l ~ 

-:.? 

~ I I 

-· 

..,;] . 
\)j 



1 

2 

3 
' ~ 

~ood1and synthesis Si te: 

Secondary production by anirna1s Investig::~tor(s): 

Data sh~et 3: Density (Nwr.bers per m2 ). 

re:narks 

, I :~--t---t-1 -;---t-1 - --
; I I - j l II I 
I I ~- :-r'-t;--+,-+--

a 1 1 I I I ·I I I I I I I I I I I· I I I I l 
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I i! i , i I I I I I 13 
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20 
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Wood1and s:;nthe s is Site: 

Secondary production by anima1s Investir,ator ( s): 

Data cheet 4: Biomass (Kg dry wt ha-1 ). 

!ax:~:::o::th ve-;tr: year: Annua1 re::~-;trks 
nu:nb d-;tte J F :~c Ap l:1 Jn J1 A S 0 N D J F lilc Ap M Jn J1 :nean 

'- I 
1 

2 I I I I 
- ---t--
3 I I 
4 I 
5 
6 I I I I 
7 I ==c=r-+-~,_~~-+~_,--r-r-+~----~-------------------

8 I · I I I __ 
9 

10 I I I I I -
11 

1 2 I 
13 I 

14 I _J_ I 

rL----i--~~-4~+-~-4--~-~-4~· 
i%------~ - I -~4--+--~4~------+---·--------------------

l--+--~-4--~~-~~f--+--r-4------f-----------------------
18 

~9 -- '.~l--+--+~~4--+~~4--4---r-4--+--r-4------1-----·-------------------
20 ' ! •. I ! I I I I I . ~· I I l I 

--.3 
VI 



'.Voodland synthesis Si te: 
Secondery production by animals Investigator(s): 

D~te sheet 5: Cor.aunption/Assimilation.Kg· dry weight ha-1month-1 (c~oss out non valij t2rm) 

ra~~nt\j I Ann~ kind 
numb ~~1 J Jl

1 
sum lof foo 

remarks 

1 I I I I I I -1-Hl I I I i i i , .. ,-., I I I I 
2 I I I I IT -1 I I I H-+--ll---+1-t-l -;1--t1--+------

4 

2_ 

6 

7 
3 

9 
10 
1:!_ 

12 

13 
14 

i I I i I i I I 
l I i I i 
I I I l I L I 

I -- I l I 

I 
I 

I l I I l I l 

I I 

~: i I t-Ftt---~t-111 ! I I I I •. 
~- - I I +-+-i- -,--11---r- I ----- -- -1 _J " >--- r- ' i I I ·=f -
19 r- 1- I : . I I 

" 1 II ! lTI I 

-.,J 
0\ 



~~ \ 
1 
2 

3 
4 

5 
6 

7 
a 
9 
10 
11 

I 12 

13 
14 
:s 
1c 
17 
13 ---
19 

20 

·::oodl:tnd syn thesis si te: 
Secondary production by anima1s investigator(s): 

D~ta sh~ et 6: Respiration. 1 02 ha-1month-1 or/Kca1 ha-1 month-1 (cross out non va1jd dimensic~ ) 

ye'lr: ye ,."r: Ann. Oxyc~1o remarks 
Ap J~ Jll A J I F Ap ric J F r.lc M s 0 N D Mc M Jn J1 sum equiva methods 

1ent 
I I 

I 

I I I I 

I 
I 

--
-· 

i-- '-- I I 

I I 

L 
I __ H= I __ I I I 

I 

I I I I 
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I 
I 

I I I I I I 
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~oo d l and syn thes i ~ 

Sec on~arv production by an i mal s . 

D3t a sheet 7: Pr oduc t ion. Kg dry weitcht ha-l month-l 

~~~ year : '/CRr: 4 •·· ... w~\ 

-' LI l:d" I ' ,, "!=+= 0 - N 
D IJ mc API r.r nu..";J.b 1 3.te F 

. \ 

l I 
2 I I 

3 I I 
I 

I I I I I I I 
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J 

6 I I 

7 I I 
I I I 
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Jn J l 

I 

I 

I 
I 

I 

I I 
I I I 

Ann. 
sum 

I 

--

s i t e : 

invent ig'ltor(s) 

r e:n'3r ks 
me t hods: 

I 

I 

I 
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Woodland synthe ais 
Second ~ry !)roduction by .~nim~ls 

D~ta sheet 8 : Addi tionalinformation 

:rax Calorific content(antmals} Specifi cation of food ·items 
r.u01ber Kcal/e dry wt ,{cal /g ashfree dr.wt. 

1 
2 

3 
4 

5 
6 

7 
a 
9 I 

10 

ll 

12 

13 
14 
15 
l G 

17 
13 

19 
2C . 

Si te: 
Inve s t ir,o t or (s ) : 

Cal.content Production of 
of food food ( an.'l . sur.t) 

I 

Assimilation 
eff icienc:,.. 

I 
I 

'..:1 
\Q 
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Decomposition 

Form and units: As appropriate for daily time-step seasonal 

dry matter models, Measured values with dates are requested 

if available in preference to seasonal curves or curve

derived estima tes, 

Data are requested where available for individual plant 

species and components e,g, separate size categories of 

branches, If species were not separated, e,g, '1n estimotting 

seasonal changes in the litter layer, please present 

data as collected. 

Compartments (state v~riables): Please indicate if dry matter 

or ash free, - or give both. 

1, Standing dead wood (Dead trees & shrubs and dead parts 

of living trees & shrubs) 

1,1 Seasonal data 

1,2 Annual increment data 

1,3 Method of estimation 

2, Dead wood lying on the ground (Wood litter) 

2,1 seasonal data 

2,2 Annual increment data 

2.3 Method of estimation 

J, Leaf litter (Dead leaves on the ground) 

- Separately, as available, 

- Separately, as available, 

J,1 Seasonal data 

J,2 Annual increment 

J,J Method of estimation 

4. Dead roots 

4.1 Seasonal data 

4.2 Annual increment data 

4.J Metbads of estimation 

b y h o r i z o n -

b y y e a r -
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5. Degraded organic matter 

Litter not recognisably structured (to the naked eye) 

but still decomposing. It can be derived arbitrarily as 

litter which has lost, say, 80 ~ weight (but please state 

the definition applicable to your own data!). 

6, Stable organic matter 

This represents material with a mean residence time of 

some tens to hundrede of years. 

7.1 Mass of stable organic matter 

7.2 Increment of stable organic matter 

~ If not available separately as 5 and 6 please 

give total soil organic matter and define how 

you distinguished it from litter and if your data 

are for total S.O,M., carbon or ash free dry matter. 

Rates of transfers between components (fluxes) 

7. Production of standing dead wood 

8 . Decomposition of dead wood on the ground 

Data on densities of live and dead wood 

Data on tree heart rot 

9. Tree fall, branch fall, twig fall (or combined) 

10. Decomposition of dead wood on the ground 

Seasonal weight loss and/or respiration data 

11. Seasonal leaf litter fall 

Piease indicate each data of collection and weights 

collected separately by species. For herbs please 

give net primary production if litter fall data are 

not available and state if herb layer is approximately 

in steady state, 
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12. Other litter fractions 

e.g. insect faeces, as for 11, 

13. Decomposition of leaf litter on the soil surface 

Data on weight loss, removal from litter bags etc., 

litter respiration, litter leaching 

14. Export from the litter layer 

Removal by wind, burial by earthworms, termite etc. 

15. Root death 

All possible data on any kind or size class of roots 

of woodland species 

16. Root decomposition 

Weight loss and / or respiration and / or leaching data. 

17. Substrate decomposition 

Decomposition of cellulose, cotton strips, wood blocks 

filter paper, etc. 

18. Soil respiration 

Total soil respiration and d a ta and methods of separating 

into faunal, microbial and live root respiration 

19 . Soil organic matter accumulation 

e.g. in plantations of k n own age on formerly arable land 

20. Soil organic matter stabilization 

Data on rates of conv e rsion of litter to humic substances 

Controlling f a ctors (driving variables) 

21. Seasonal patterns of soil, litter, air temperature, 

moisture, snow cover, ground wind speed etc. as 

appropriate to your site. Chemical composition of fresh 

litter, decomposed litter, decomposed litter of known 

age, including wood, leaves, roots etc. 

Organic constituents of litter as cellulose, hemicel l ulose 

lignin, waxes, tannins with method of determina tion. 

Data on human impacts e.g. f i re, clear felling, slash

burning , trampling , grazing. 
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Provisionaf basis for devefoping a seasonal model 

of temperate deciduous forest litter clecompositio 
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LIST OF IBP WOODLAND SITES 



(
0 

= Pre-IBP site () 

Country Nr. site 

AUS 1° Mt. Disappointment 
20 

B 

BR 

CDN 

CI 

es 

D 

DK 

Ja 
4 Queens l and 
5 Ne,., South Wales 
6 Canberra 

2 

J 
4 
5 

Virclles-Blaimont 
Ferage 
:t-lesnil-Eglise 
Hirwart 
Uavreille 

Manaus 

1 r.~on t rnoren cy 
2° Ke,., Drunswik 

(J) Ontario 

1° Lamto 
2 Banco 
J Yapo 

2 
J 
4 
50 

2 
J 
4 
5 
6 
70 

1 
2 

Ilab 
L ednice 
Rajec 
Zelivka 
Olomucany 

Solling B1 
Il) 
B-4 
F1 
F2 
FJ 

Eglharting/Ebersberg 

Hestehave 
Lavenholm 

still more smaller sites) ("Flantation") 

start 

1955-72 

1963-69 

1970-

1970-
1967-73 

1962-
1969 

1967-72 
1967 -72 
197 1-72 
1?71-73 
1957-70 

1966-

1964-72 

1967-

v~getation Age 

Broadleaf-evergreen (Eucal. obliqua)51 
56 
45 

Responsihle 

Attiwill 

(Nr. in 
diesem Band) 

St!b trop. rainforest 
Eucal . pilularis 
"Pin. radiata 11 

Ni~ed Oakforest 
Querco-Coryletum 

F~g.sylvatica , Qu ercus pet raea 
Querco-Fraxinetum 

Tropical rainforest (terra firma) 

Borea l fir forest 
Balsam fir forest 
Acer, Picea 

Savanna arbust. 
Tropical f'orest 

Fa~o- Quercetum (Carp.bct., Quercus 
Quercus petr., Fraxinus excelsior 
f·icea abies, Abi es alba 
"Picea abiesn 
Abies alba 

Luzulo-Fagetum (Fagus sylv.) 

••Picea abiesn 

80 

Webb 
Floyd 
Obington 

Duvigneaud, Galoux 

Klinge, Rodrigues 

Bernier 
65 Baskerville 

Gordon 

Lamotte 
mature Lemee 

50/70 
85 
100 
80 

1 19 
77 
56 
84 
112 
31 
80 

Biskupsky 
Vyskot 

Ellenberg 

Baumgartner, Hager 

Tamperate decid. (Fagus sylvatica) 85-95 Thamdrup 

(57) 

(6) 

(55) 

(10) 

( 12) 
( 13 
( 14 
(29 
(30 
(31 
(28 

(15) 

I 
CXl 
0\ 
I 



ESP 1 San Juan 
2 Boalar da J aca 

F 1 Rouquet 

GB 

H 

I 

I ND 

IRL 

J 

N 

NL 

PA 

I-L 

2 La ~ladalaina 
3 Fontainableau 

Meathop Wood 

Sikt'ökut 

1 Cosurni 
2 Terminillo 
3 Castel porziano 
4 Mt. Minardo-Etua 

Chakia 

Glenamoy 

1 Minama ta 
2 Shigayama 
3 Ashiu 
4 Koiwai 

(5) Kochi 

2 

3 
4 

Hardangervidda-Maurseth 

:t-1eerdink 

,Pialo\·Jieza 
I s pina 
Ojc6w 
Ni epo l omice 

PT}! ( 1) Pasoh 

1971-
1971-

1965-72 
1965-72 
1965-

Pinus silv., Ilex aquit'ol. 50-60 

Mediterr.evergreen(Quercus ilex,Qu.cocci~.) 150 
• " 1 00? 

Querco-Fagetum 300? 

1967-72 Mixed decid. (Oak, Fraxinus, Batula) 1-

1972-

1969 

1968 
1970-

1971-

1969 

1968-72 
1966 

1967-

1966-70 
1968-
1964-
1968-

Oakwood ( Qu.petraaa, Qu.cerris) 

"Populus hybr." 
Fag.sylv. 
Quercus ilex 
Quercus ilex 

Tropical dry deciduous (Shorea) 

''Pin. cont., Pie. sitch." 

60-65 

12 

60 

10 

Warm temp . evergreen(Castanop.cusp.,Qu .gilva)70 
Conit' .subalp.(Tsuga diversif.,Ab.mariesii) 290 
Beechf'orest 
"Larix jap." 
Wa rm temp.conif'.f'orest 

Betula tort. (tundra) 

Oakwood ( Qu.petraea) 

Tr opical Rain Forest 

\~uerco -Carpinetum( Carp. bet. , Tilia, Pie. ab.) 
~t ercus rob., Carp.bet. 
Fatie tum c a rpaticum 
Tilio-Carpinctum 

40-50 

140 

120-210 
80-100 
70 

1971-72 Eq11a t.l owla.nd Dipterocarputi :f'orcst mature 

Puigdat'abregas 

Lossaint, Rapp(4) 
" (5) 

Lemlte 

Satchell 

Jakucs 

Tarsia 
Giacomini 

Pali 

(3) 

(9) 

Bandhu ,Misra (56) 

Moore 

Hosekawa (27) 
Kitazawa 
Shidei 

Dahl 

v.d.Drit't 

Golley 

Falinski (11) 
Medwecka-KornaS 

Bullock,Kira (53) 

& 
-.:J 
1 



R 

RA 

s 

,o 
20 

3 
4 

1 
2 
3 
4 
5 
6 
7 

SF 1 
2 
3 
4 

su 

5 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Babadag 1 
Babadag 2 
Sinaia 1 

2 

Vaquerias 

Linnebjer 
Kongalund 1 

2 
Langarod 
Oved 
Re nr..ingstorp 
And ersby 3 

Oulu-Kuusamo 
Kevo 1 
Kevo 2 
Hyyti ä lä 1 

2 

18 Sou t h tai ga 
19 J·~ o i nas 

1960-
1960-
19 67-70 
1968-70 

Submed.decid. :fore.st ( Quercus pub.) 
Subcont.decid.forest (Quercus rob.) 
Boech-fir for e st 
Fir :forest ( Ab. a lba) 

37 Donita 
37 " 
1-450 Bindiu 

1972 

19 64-68 
1966-69 
1966-69 
19 66-69 
1966-69 
1965-69 
19 68-72 

Eve r g reen s c lerop!1. f'orest (Li thraea moll.) Luti 

1968-
1968 -
1 ); 69 -
1970-

Quercus rob., Corylus avell. 
Fagus sylv. (Stel~aria-Lamium) 
''Picea abies'' (Oxalis) 
Fag us silv. (D e schampsial 
Fag us silv. (~~e rcurialis 
"Picea abi e s" 
Temp .decid. ( quercus,Betula,Corylus) 

Picea abies (Hylocomium-myrtillus) 
Pinus silv. (tundra) 
Betula tort. (tundra) 
Picea abies 
Pin. silv. 

1965-69 Pic.-ab. c l adi n o sum 
v a cc.vit.id . 
rnyrtillo s um 
oxal. - myrt. 
oxalidosum 
polytrich o sum 
ulig .-herb . 
myrtillo sum 

19 67-73 
196 5 

o xal.-myrt . 
jun i p. - hyl oc .(nor t h e rn tai g a ) 

12 -1 90 
45-130 

60 
100 

80-100 
18 -27 
1-

Anderssan 
Nihlgard 

Lindgren,Nihlgard 

Tacm 
Hytteborn,Persson 

260 Havas 
90-100 Kallio 

60 Leikola 

37 
45 
39 
l,J 
38 
4 2 
41 
2 2 
37 
4 5 
5 4 
68 
8 2 
98 
10 9 
12 6 
138 
110 
125 

Kazimirov 

Karpov-Rodin 
Rudne va 

m 
(21) 
(22) 

(18 
( 17 
(32 
(16 
(20 

( 19) 

(52) 

(35l 
( 36 
(37 
(38 
(39 
(40 
(41 
(42 
(43 
(44 
(45 
(46 
( 47l 

i t~ ~ ( 50 
(51 
(34 
(33 ) 

& 
CD 
I 



SU-
EST 20 Vooremaa 1 Picea abiea Frey 

21 " 2 " .. 
22 " J 
23 Venevere 
24 ~lihkli 1 1970- .. 84 Reintam 
25 .. 2 Oakforest 
26 ~looste fin.silv. 
27 Reola P:icea abies Frey 

T 1 Sakaerat 1971- Tropical dry avergreen woodland Sabhasri 
2 Lampang 1971- Teak forest Komkris 

USA 1 Oak Ridg e 1968-72 Li riodendron, Quercus, Carya 48 Reichle,Shugart ( 1) 
2 Coweeta Oak Quorcus, Carya Monk 
J " Pine "Pinus" .. 

I 
4 .. Copp ice Quercus .. CD 
5 Duke Forest 1968- "Pinus taeda" 16 Murphy g~~ 

1.0 

6 Triangle-EDFB 1972 "Pinus taeda" 15 " 
I 

7° Noe Woods (Wingra) 1952-72 Quercus alba, Qu.velutina 140 Loucka (2) 
8° Nakoma urban(Wingra) 1952-72 Qu.alba, Qu.velutina 140 " 
9° Thompson(Seattle,Cedar riv.)1961-7J Pseudotsuga menziesii J6 Sollins g~~ 10 H.J.Andravs Exp.Forast 1972 Ps eudotsuga menzieaii 450 Grier 

11 Havaii 1971-73 Trop. rain:f"orest Mueller-Domboia 
12° Brookhaven Quercus illicif.,Pinus rigida Woodvall 

(1J) 0 Puerto Rico (ElVarda) 1962-65 Trop. rainforast Odum 
14 Alaska 1 Al der 5 Viareck 
15 " 2 " 10 
16 .. J " 15 
17 " 4 Black spruce 48 
18 " 5 . " 55 

ZR 1 Kasapa 1968-72 Miombo decid.voodland(Brachystegia ut.)120 Malaissa (54) 
2 Luiswishi 1 1968- " fBr. julbern.) 
J Kisange 1 " Br.micro phylla} 
4 Luiswishi 2 1968- Muhulu dry evergreen Marquesia macr.)mature 
5 .. J Der.ived savanna 
6 Kisange 2 1969-71 Mushitu riparian forest ( Garcinia·, Syzygium) 



List of addresses of persons responsible for IBP Wo udland sites 
(see also list of ~<orkshop participants) 

Dr. G.L. r:d skerville, Forcstry Branch ilep . Fishe ries and Fores try, Fricericton N.B., Cd..nada 
Prof. Dr. A. Daumga rtncr, D- 8 H ·.: nci :en 1 J , Analieustr . 52 ,!-leteor. In3 t . d . Forstl. Forschungsans t alt, FRGermany 
Dr . Hernicr, Un l v c rsitet Laval, O tlC~•! c, Canada 
Prof . Bindi u, ! . C.S.P.S ., Sos ~ipcra ~G , Duc tlresti , Ron1ania 
Pro!' . Dr. :L . Dahl, Bot an. Ins t . Xorwee;;ian A.:;;ric. Co.Lle g e , Vollebekk, Nor\,.ray 
Dr . A.G . F ~ oyd, F orestry Con1mission of New Soutll Uales , Cofr ' s Harbo ttr , Australia 
1-rof· . Dr.T.l!o so.kawa, Dep.Biology Fac . Sc.Kyushu Univ. , Fukuoka, Japan 
Prof.Dr.P.Kallio, Dep . Botany Univ. of .Turku, Turku 2, Finland 
Dr.V . G. Ka rpov, ~omarov Bot .Inst.USSR Ac . Sc ., Leningrad P - 22 , USSR 197022 
Dean Thin: Kor.;kri s , XX Appl. Sc. !=':.es oarch Corp. Tllai land, Bankhen, Bangkak, Thai land 
Pro.f.Dr . La:nottc, Lab . Zoologie ENS, l,6, Rue d'Ulm , .f'aris, l"rance 
Prof.Dr.l>~a tti Le ikola, Forest Res . Ins t., Unioninkatu 40A, SF-00170 Helsinki 17, Finland 
fror.Dr. G. LemCe , Lab. Ecologic ve b . ~niv. de Paris XI , Centre d'Orsay, France 
Dr. R . Luti, Ca t . Geobotanica Fa c.Cicnc.Ex.Fis.y Nat ., Av.Velez Sarsfield 299 , Cordoba, Argentina 
Prof . Dr.~~cd weck a-KornaS , Nat .Cor.servation Res . Ccnter PAS, Krakow, Poland 
Prof.Dr . R . ~:isra, Dep.Botany Banares ~ i r1du Univcrsity , Va ranas i 5, lndia 
Dr . C. D. ~: onK , De1: . Dotany Univ . o:f Gcoreia , Athens, Georg ia )06 01, USA 
Rev. J.J. Hoore S .J., Dc~. of Botany L'niv . College , Bel field, Dub~in 4, Ireland 
Prof' . Dr. D. ~!ucller -Dombois , Botany Dep ., ) 190 Mail e way, Honolulu, Hawaii 96822 , USA 
Prof'. Dr. H.T. Odum, Dep . Envir . Eng . Sc . Univ-.Florida , Gainesville , Florida 32601, USA 
Prof . Dr . Ovineton, Dep. Forestry Austr. Nat. Univ. Canberra, Australia 
Dr. E . Poli, I st . Botanica Univ ., Via A. Long o 19, Catania, Italy 
Dr. J.'l'. Pui gJef'abre t:;as , Centro pirenaico de biol . exp., Apartado , ESP-64 Jaca {Hnesca), Spain 
Prof' . Dr . L.Hei n-r. a.n~,Chair Soil Sc . and Agron.Chemistry Est . Agric .Acad., 12 Riia St r. ,Tartu,Estonian SSR ( SU) 
Dr . W. A. Ro d rigues , Inst.Nac.Amazonico Centro Pesquis . Florest., Manaus Amazonas, Brazil 
Dr . Rudneva, Kc marov Bot. Inst . USSR Ac.Sc, Leningrad P - 22, USSR 197022 
Dr.Sg na Sabhasri , Sakaerat Exp . Stalion Appl.Sc .Res . Corp . Thailand,Ba nkhen,Bcl.t)ffkok,Thai land 
Prof.Dr.T.Shidei , Dep.Forestry Fac . AGriculture Kyoto Univ. ,Sakyo-ku, Kyoto 606, Japan 
Dr. ~T . Tar s ia, Ce ntr . Sperimaz . Agr.e . For ., P . O.Box 9079 , Rom.a , Italy 
Dr.L . A.Vi crcck, Inst. No rt!1ern Forestry For . Sc.Lab., Co ll ege , Ala ska 9 9701, USA 
Prof . Dr.Vyskot , Dep.Silviculture, Brno Univ.of Acriculturc, Brno, Czechoslovakia 
Dr . L.J . Wcbb, CSIRO Rainforest ~col. Unit Div., Brisbane, Australia 
Dr. G.M. Woodwell, Biol.Dep . Brookh aven Nat .Lab ., Upton, Ncw York - 11973, USA 

Dr. J.V.d .Drift, Res.Inst.Nat.Mana gement, Kemperbergerweg 11 , Arnhem,: Netherlands 
Pro.f. Dr . V.Giacomini, I nst.Botan.Uni v . , CittB. Universitaria, Roma, Italy 
Dr. F.B . Gollcy, Inst. o~ Ec oloe y Univ. Georgia , Athens , Georgia 306 01 , USA 
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REICHlE - O.CT. 16 I 1973 

WOODlANDS SYNT~ESIS VOlUMES 

Number Chapter 
of Words Editor 

0.1 Preface 800 fChief Editor) 
0.2 Foreward 1,200 Cragg) · 

1.0 THE FOREST ECOSYSTEM 25,000 . 

1.1 What is the Forest Ecosystem 6,000 Duvigneaud 
1.2 Forest Ecosystems of the World 19,000 Ellenberg 

2.0 ENVIRONMENT, STRUCTURE AND PHENOlOGY 
•' OF THE FOREST SITES 120,000 (Bullock) 

2.1 Equatorial 16,000 Bullock 
2.2 Tropical 16,000 Malaisse· 
2.3 Mediterranean 16,000 lossaint 
2.4. Temperate Deciduous 24,000 Duvigneaud 
2.5 Temperate Coniferous . 24,000 Kira 
2.6 Boreal 16,000 Havas/Rodin 
2.7 SIJlllllary 8,000 Ellenberg 

3.0 BASIC PROCESSES OF THE FOREST ECOSYSTEM 165,000 

3.1 Energy, Water, and COz Balances 30,000 Galoux 
3.2 Primary Production 40,000 Attil~i 11 
3.3 Consumer Heterotrophs 30,000 Thamdrup 
3.4 Decomposition 35,000 Satchell 
3.5 Soi 1 Processes 30,000 Ul rich 

4.0 ECOSYSTEM DYNAMICS 115,000 (Reichle) 

4.1 Growth, Aging, and Succession 35,000 loucks 
4.2 Carbon and Energy Metabolism 18,000 Reichle 
4.3 Chemical Cycling in the Ecosystem . 35,000 Rapp 
4.4 Water Relations and Hydrologie Cycles 27,000 Waring 

5.0 SYSTEK~ ANALYSIS OF FOREST ECOSYSTEMS 35,000 (Shugart) 

5.1 Statisti~al Analysis of Dynamic 
Parameters Shutt 

5.2 Analysis of linear Woodland Models O'Neill 
5.3 Behavior of Generalized Forest Models Shugart 
5.4 Data Requirements and Behavior 

of Complex Ecosystem Models Sollins 
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LO HUMAN AND TECHNOLOGICAL IMPACT OF FORESTS 40,000 (Tanun) 

6.1 Fore~• Influences on the Environment Molchanov 
6.2 Hodi fi cati ons for Improvi ng Y i e 1 d 

of Products Tanun 
6.3 Management Practices other than 

Silviculture Anderssen 
6.4 Impact of Modern Technology 

on Forests 01son 

7.0 CHALLENGES OF THE FUTURE -- PROBLEMS 
(Editorial AND APPLICATIONS 10,000 Board) 

8.0 APPENDIX -- DATA BASES AND SITE DESCRIPTIONS 15,000 (DeAngelis) 

3 volumes at approximately 400 pages each, with 400 words per printed page 

October 16, 1973 

Woodlands Editorial Board 

J. A. Bullock 
P. Lossaint 
D. E. Reichle, Chief Editor 
C. 0. Tanm 
8. Ulrich 
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Number 
of Words 

1.1 What 1s the Forest Ecosystem· (Duvigneaud)? 6.000 J , _. 

Number 
of Words 

1.2 Forest Ecosystems of the World (Ellenberg) 

1.2.1 Environmental factors Controlling natural 
forest ecosystems 

1.2.1.1 Temperature and its variations with time 
(with 2 world maps) 

1.2.1.2 Water supply and its seasonal variations 
(with 2 world maps) 

1.2.1.3 Nutrient supply 
1.2.1.4 Photosyntheti cally acti ve radi ation 

(with 1 world map) 

1.2.2 A functional classification of natural forest 
ecosystems (with a world map in bigger scale) 

1.2.2.1 Equatorial and tropical evergreen forestsa 
1.2.2.2 Tropical and warm-temperate deciduous forestsa 
1.2.2.3 Warm-temperate evergreen forestsa 

(mediterranean type) · 
1.2.2.4 Temperate deciduous forestsa 
1.2.2.5 Temperate and boreal evergreen forestsa 

1.2.3 Human impact modifying forest ecosystems 

1.2.3~1 Management for timber and other plant products 
1.2.3.2 Introduction of exotic species 
1.2.3.3 Burning and shifting cultivation 
1.2.3.4 Overstocking with game animals 
1.2.3.5 Grazing of domestic animals 

. 1.2.3.6 Air polluti~n. etc. 

1.2.4 Actua1 distribution of forest and related ecosystems 
(mainly a map) 

1.2.5 IBP forest sites (mainly a tab1e referring to a Koppen 
Map with numbered points) 

1Inciudfng altitudinal variations . 

19.000. 
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Number 
of Words 

2.1 Equatortal (Bullock) 

2.1.1 Study sites. Location of the sites, areas, status (i.e., 
whether plantation, regenerated forest, or mature), history 
of site 

·2.1.2 Climate. Temperature, precipitation, relative humidity, 
global radiation receipt, potential evaporation, and air 
movement regi~es, day length variation 

2.1.3 Seils. Parent materials, soil profiles, depth and rooting 
~on.e mechanical and chemical analyses, organic C{)ntent, 
~r11t 'di's'trilfutton ,-·lttter 1 ayer · ·· ·. - · · · :-

2.1.4 Topography and drainage. Land form, drainage pattern, 
! water table, water balance · 

. 2.1.5 Composition and structure. Species composition, species 
list and abundances, or major taxa, profile structure, 
canopy projection, si~e class distribution, shrub and 
herb layer 

2.1.6 Fauna. Major faunistic components, · principally consumers, 
roles · in forest maintenance and modification 

2.1.7 Phenology and biomass. Phenology of flowering, fruiting 
and leaf replacement, distribution of biernass and chemical 
nutrients in the biota, factors disrupting production 
(e.g., tree death, wind thr01~, drought, defoliation) 

2.1.8 Contrasts beb1een sites within the biome type 
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.. :2:.'2 "TTOp1cal (Malaisse) 

Number 
of Words 

16,000 

2.2.1 Study sites. location of the sites, areas, status (1.e., 
whe.ther plaritation, regenerated forest, or mature), history 
of site 

2.2.2 CHmate. Temperature, precipitation, relative humidity, 
global radiation receipt, potential evaporation, and air 
movement regimes, day length variation 

·2.2.3 Soils. Parent materials, soil profiles, depth and rooting 
zone mechanical and chemical analyses, organic content, 
and d1stribution, litter layer 

2.2.4 Topography and drainage. land form, drainage pattern, 
water table, water balance 

2.2:s Composition and structure, Species composition, species 
11st and abundances, o~ major taxa, profile structure, 
canopy projection, size class distribution, shrub and 

· herb layer 

. 2.2.6 Fauna. · Major faunistic components, principally consumers, 
roles in forest maintenance and modification 

2.2.7 Phenology and biomass . Phenology of flowering, fruiting 
and leaf replacement, distribution of biomas·s and chemical 
nutrients in the biota, factors disrupting production 
(e.g., tree death, wind throw, drought, defoliation) 

·2.2.8 Con~rasts between sit~s withfn .the bfome type 
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2.3 Mediterranean (Lossaint) 

Number 
·of Words 

16,000 

2.3.1 Study sites. Location of the sites, areas, status (i.e., 
whether plantation, regenerated forest, or mature), history 
of si te 

2.3.2 Climate. Temperature, precipitation, relative humidity, 
global radiation receipt, potential evaporation, and air 
movement regimes, day length variation 

2.~.3 . Soi.ls. Parent materials, - soil profiles, depth and rooting 
i'~lle"'~'Ch'ah1'c'a F1!1'ldr 'thein1tarana'l'ys'es ,0 or·gan1 c rco.ntent, 

and distribution, litter layer 

2.3.4 Topography and drainage. Land form, drainage pattern, 
water table, water balance 

2.3.5 composition and structure. Species composition, species 
list and abundances, or major taxa, profile structure, 
canopy projection, size class distribution, shrub and 
herb layer 

2.3.6 Fauna. Major faunistic components, principally consumers, 
roles in forest maintenance and modification 

2.3.7 Phenology and biomass. Phenology of flowering, fruiting 
and leaf replacement, distribution of biomass and chemical 
nutrients in the biota, factors disrupting production 
{e.g., tree death, wind thrm~. drought, defoliation) 

2.3.8 Contrasts between sites within the biome type 
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Number 
of Words 

2.4 Temperate Deciduous (Duvigneaud) 24,000 

2.4.1 Study sites. Location of the sites, areas, status (i.e., 
whether plantation, regenerated forest, or mature), history 
of site · 

2.4.2 Climate . Temperature, precipitation, relative hum1dity, 
global radiation receipt, potential · evaporation, and air 
movement regimes, day length variation 

.2 ... -\, 3 -~oil_s .• Parent materials, ~oil profiles, depth and rooting 
~ .mecllarii.Ci!il ;a:nd .®errrtCi!il .all.a.lyses-; 'Orqanic 'Content-, 
and distribution, litter laytt ... --- ·- -~ + . 

2.4.4 Topography and drainage. Land form, drainage pattern, 
water table, water balance 

2.4.5 Composition and structure. Species composition, species 
list and abundances, or major taxa, profile structure, 
canopy projection, size class distribution, shrub and 
herb layer 

2.4.6 Fauna. Major faunistic components, principally consumers, 
roles in _forest maintenance and modification 

2.4.7 Phenology and biomass. Phenology of flowering, fruiting 
and leaf replacement, distribution of biomass and chemical 
nutri ents in the bi ota, factors di s rupti ng production 
(e.g., tree death, wind throw, drought, defoliation) 

2.4.8 Contrasts between sites within the biome type 
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Z-5 . 'l~rate Coniferous (Ki ra) 

Number 
of Words 

24.000 

Jl5 1 Study sites. Location of the sites, areas, status (i.e., 
whether plantation, regenerated forest, or rnature), history 
of site 

2.5.2 Climate. Temperature, precipitation, relative humidity, 
global radiation receipt, potential evaporation, and air 

. movement regimes, day length vari ati on 

2.5.3 Soi -ls. Parent materials, soil profiles, depth and rooting 
zone mechanical and chemical analyses, organic content, 
and distribution, litter layer 

2.5.4 ' Topography and drainage. Land form, drainage pattern, 
water table, water balance 

2.5.5 Composition and structure. Species composition, species 
list and abundances, or ·major taxa, profile struct~re, 
canopy projection, size class distribution, shrub and 
herb layer 

2.5.6 Fauna. Major faunistic components, principally consumers, 
roles in forest maintenance and modif-ication 

2.5.7 Phenology and biomass. Phenology cf flo\~ering, fruiting 
and leaf replacement, distribution of biernass and chemical 
nutrients in the biota, factors disrupting production 
(e.g •• tree death, wind throw, drought, defoliation) 

2~5.8 Contrasts betl~een sites within the biome type 
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Number 
of Word!' 

2.6 Boreal (Havas/Rodin) 

2.6.1 Study sites. Loca.ion of the sites, areas, status (i.e., 
whether plantation, regenerated forest, or mature), history 
of site 

2."6.2 Climate. Temperature, precipitation, relative humidity, 
global radiation receipt, potential evaporation, and air 

· .movement regimes, day length variation 

2.6.3 Soils. Parent materials, soil profiles, depth and rooting 
zone mechanical and chemical analyses, organic content, 
and distribution, litter layer 

2.6.4 Topography and drainage. Land form, drainage pattern, 
water table, water balance 

2.6.5 Composition and structure. Species composition, species 
l~st and abundances, or ·major taxa, profile structure, 
canopy projection, size class distribution, shrub and 
herb layer · . · · 

2.6.6 Fauna. Major faunistic components, principally consumers, 
roles in forest maintenance and modification 

2.6.7 Phenology -;nd biomass. Phenology of flowering, fruiting 
and leaf replacement, distribution of biernass and chemical 
nutrients in the biota, factors disrupting production 
(e.g., tree death, wind throw, drought, defoliation) 

2.6.8 Contrasts between sites within the biome type 

2.7 Summary (Ellenberg) ·a~ooo 
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3.1 Energy, Water, and C02 Balances (Galoux) 

3.1.1 Generalities on exchanges (Galoux) 

3.1.1.1 Radiant energy (short and long waves, 
geographical variation) 

3.1.1.2 Heat energy (sensible and latent heat) 
3.1.1.3 Chemical energy 
3.1.1.4 Matter (carbon dioxide and water) 

3.1.2 Instrumentation, methods, applicability, limitations 

3.1.2.1 
3.1.2.2 
3.1.2.3 
3.1.2.4 
3.1.2.5 

3.1.2.6 

Radiation (Damann/Kiese/Kay~er) 

Temperature. } (Baumgartner"/Gietl) 
Vapour dens1ty 
Carbon dioxide (Baumgartner/Hager) 
Atmospheric water (rain, snow, canopy 

drip, throughfall, stem 
flow) (Benecke) 

Soil water (Benecke) 

3.1.2.6.1 Surface and subsurface runoff 
3.1.2.6.2 Subsurface movement and storage 

3.1.3 Modeling of the physical environment (Murphy) 

3.1.3.1 Assumptions 
3.1.3.2 Models of energy, water, carbon dioxide 

exchanges 
3.1.3.3 Sensitivity analysis 

3.1.4 Results of direct determinations of exchanges on 
forest sites 

Balances, geographical Variations· 

3.1.4.1 Radiation } 
3.1.4.2 Sensible heat (Baumgartner/Gietl, Damann/ 
3.1 .4.3 Latent heat Kayser, Galoux) 
3. 1.4.4 Carbon dioxide (Baumgartner/Hager, Murphy) 
3.1.4.5 Water (Lossaint, Schneck) 

Number 
of Words 

30,000 

6,000 

2,500 
2,500 
2,500 

} 2,500 

3,000 

11 ,000 
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Number 
of Words 

3.2 Pr1mary Product1on (Att1w1ll) 

3.2.1 Introduct1on (Att1w111) 

3.2.1.1 A1ms. To assess plant b1omass and net 
pr1mary production data for investigated 
forest types throughout the world; to 
1nterpret net primary and biomass distr1-
but1on in terms of principal b1ological 
and environmental factors; to quant1fy 
transfer to other trophic levels 

3.2~ 1.2 Definitions. Net primary production in 
terms of increments and fluxes (with 
reference to IBP Handbocks and other 
sources) 

3.2.1.3 The measurement of net primary product1on. 
Basic processes (photosynthesis and 
respiration, translocation and growth, 
morta11ty, litterfall and flows to other 
trophic levels); comparisons of extensive 
data (early literature, CVP-type indices, 
IBP biomass estimates, detailed measurements 
within selected ecosystems) 

3.2.1.4 Bases for present comparison. Development 
of simple model for data collection, analysis, 
and assessment, including definition of 
necess'ary terms 

3.2.2 Primary production in different forest ecosystems of 
the world 

3.2.2.1 Equator1al (Lomer) 
3.2.2.2 Tropical (Freson) 
3.2.2.3 Mediterraneä!ilrlossaint Ra ) 
3.2.2.4 Temperate deciduous He er 
3.2.2.5 Coniferous (Anderson) __ _ 

3.2.3 B1ological and env1ronmental factors inf1uenc1ng net · 

40,000 

6,500 

3,000 
3,000 
3,000 
6,000 
6,000 

primary production 7,500 

3.2.3.1 Biological. Stand structure including 
species composition, age distribution, 
life forms, and canopy structure 
(particularly the distribution of leaf 
area iridex) 
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3.2.3.2 Environmental. Climatic influences 
(including preliminary models of 
seasonal net primary production); 
edaphic influences 

3.2.4 World-wide perspectives (Rodin/Lieth) 

3.2.4.1 Forest productivity. Efficiency of 
production; comparison with earlier 
indices of production 

3.2.4.2 Camparisens of forest Productivity and 
biomass with data from other ecosystems 

Number 
of Words 

5,000 
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Number 
~~ 

3.3 Consumer Heterotrophs (Thamdrup)" 

3.3.1 Introduction 

3.3.1.1 
3.3.1.2 

3.3.1.3 

Definition of secondary production 
Primary production as basis for secondary 
production 
General methodology. Population and 
community ecology 

3.3.2 Consumer communities of forest ecosysten~ 

3.3.2.1 Functiona1 groups- definition and 
discussion 

3.3.2.2 Stratification of the fauna. Main food 
chains 

3.3.2.3 Living plants as food source for anima1s 
3.3.2.3.1 Main feeding types in respect 

of plant species, plant part, 
and feeding method 

3.3.2.3.2 Food quality (content of 
essential nutrients, content 
of po1yphenols and other 
chemical repellents; physical 
protection against consumers, 
taste; digestibility; food 
se1ection; assimilation 
efficiency) 

3.3.2.3.3 Availability of food 
.3.3.2.3.4 Synchronisation of animal 

activity to food quality 
and avai1ability 

3.3.2.3.5 Competition for food and other 
resources ( vi cari ance) : 

3.3.2.4 Dead organic matter and microf1ora as food 
for animals 
3.3.2.4.1 Main feeding types (microphyto

phages, leaf 1itter consumers, 
consumers of dead wood, consumers 
of mixed diet) 

3.3.2.4.2 Food quality (as 2.3.2) 
3.3.2.4.3 Availability of food 
3.3.2.4.4 Synchronisation of animals to 

seasonal patterns of food quality 
and availability 

3.3.2.4.5 Competition for food and other 
resources 

30,000 
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3.3.2.5 Predation and parasitism 
3.3.2~5.1 Main types of predation 

(behavioral aspects) 
3.3.2.5.2 Feod quality 
3.3.2.5.3 Feod availability 
3.~.2.5.4 Competition for food and other 

resources 

3.3.2.6 Pantophages 
3.3.2.7 Relative importance of systematic groups 

within functional groups. Latitudinal 
)'ifles. ·, i.n ~de_f!Ü~ • bi Qm<!~~; · ~ll~ \ .PQ_P.~) ati on · 
nietabo li sm 
3.3.2.7.1 Phytophages 
3.3.2 . 7.2 Sapro- and mierephytophages 
3.3.2.7.3 Zoophages 

3.3.2.8 Population- and community dynamics 
(fluctuations, phenology, succession, 
aging) · 

3.3.3 Secondary production by animals in forest ecosystems 

3.3.3.1 Methods 
3.3. 3.2 Biomass, element content, and production of 

phytophages 
3.3.3.3 Biomass, element content, and production 

of saprophages 
3.3.3.4 Biomass, . element content, and production 

in zoophages 
3.3.3.5 Consumer biernass and production in relation 

to primary production 
3.3.3.6 Consumer biernass and production in relation 

to age of stand 
3.3.3.7 Seasonal aspects of secondary production 

1.3.4 . Energy flow through consumers in forest ecosystems 

3.3.4.1 Hethods 
3.3.4.2 Temperate deciduous forests 
3."3.4.3 Temperate evergreen forests 
3.3.4.4 Boreal forests 
3.3.4.5 l~editeranean forests 
3.3.4.6 Tropical forests 

Number 
of Words 

3.3.4.7 A general model of energy flow through consumers 
3.3.4.B Camparisen of forest ecosystems in relation to 

energy flow 
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3.3.4.8.1 Hain channeling of energy flow 
3.3.4.8.2 Contr~lling factors 
3.3.4.8.3 Efficiencies 

. . 3.3.5 The inf1uence of anima1s on the functioning of 
forest ecosystems 

I 

3.3.5.1 'The influence of phytophages on primary 
production 

3.3.5.2 The influence of phytophages on plant 
species composition and replacement 

3.3.5.3 The influence of consumers on mineral 
cycling 

3.3.5.4 The role of zoophages in forest ecosystems 

3.3.6 Effects of human activities on the fauna of forest 
ecosystems 
3.3.6.1 Monoculture 
3.3.6.2 Clearcutting . 

· 3.3.6.3 Burning . 
3.3.6.4 Chemical treatment 

Number 
of Words 
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3.4 Decomposition of Forest Litter (Satchell) 

3.4.1 Introduction (Satche11) 

3.4.1.1 Objectives 
3.4.1.2 Defi ni ti ons of 1 i tter -Concepts of "standi ng 

dead," 1 i tter fa 11 , 1 itter 1 ayer 
Definitions of decomposer - Progressive decay 

from senescent tissue to stable residual 
organic matter with concurrent synthesis 
and decay of microbial tissue 

Definitions of biomass 
Definitions of mineralization 

3.4.2 Litter production and composition 

3.4.2.1 Amounts (Tables for different types of 

Number 
of Hords 

40,000 

1,000 

4, 50G 

forests) [Satchell] . 2,000 
3.4.2.1.1 Above ground (Weight of leaves, 

branches, fruits, etc.) 
3.4.2.1 .2 Standing dead 
3.4.2.1.3 Below ground (Roots, l i tter layer) 

3.4.2.2 Characteristi cs (Domsch) 2,500 
3.4.2.2.1 Structural (Physical) 
3.4.2.2.2 Organic (Cellulose, lignin, waxes, 

etc.) 
3.4.2.2.3 Bioelements 

3.4.3 Decomposer organisms 

3.4.3.1 Micro-organisms (Domsch) 2,000 
3.4.3.1.1 Taxonomi e groups of different 

forest types and types of forest 
soi ls (includi ng biomass) 

3.4.3.1.2 Succession- Ecogroups 
3.4.3.1.3 Physiological sroups 

3;4.3.2 Fauna, including biomass (Reference to 
saprophagous fauna description in preceding 
chapter) [Satchell] 7SiJ 

3.4.4 Decomposition process 

3.4.4.1 Measures of total decomposition (Witkamp 
and Domsch) 1 ,2SJ 
3.4.4.1.1 COz, o, , ATP, enzymes, gravimetric 

. me~hods 
·3.4.4.2 Controlling factors (qualitative description) 

. ~ 3.4.4. 2.1 Moisture and temperature (Witkamp) 1,000 
.. 3.4.4.2.2 Substrate quality (inhibitors, 

lignin, phenolic compounds, etc.) 
[Domsch] l ,C':. 
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Number 
of Words 

3.4.4.3 Successions 
3.4.4.3.1 Senescence (Decomposition on 

the phyllosphere) [Domsch] 1,000 
3.4.4.3.2 Decomposition of standing 

dead (Satchell) . 750 
3.4.4.3.3 Decomposition in the litter 

layer 
3.4.4.3.3.1 Microbial (including 

methods of total activity 
measurement, sequence of 
chemical transformations, 
weight loss; separate 
section on wood decay), 
mineralization and 
leachin9 · 3,000 

3.4.4.3.3.2 Faunal {including effects 
of canopy - fauna faeces, 
comminution, 1itter buria1 

·successions) [Witkamp] 1,500 
3.4.4.3.3.3 Fauna - microflora inter-

actions 750 
3.4.4.3.4 Decomposi'tion below ground 

3.4.4.3.4.1 Buried leaves (Satche11) 500 
3.4.4.3.4,2 Root decomposition 1,000 

3.4.4.4 Decomposition products 
·. 3.4.4.4.1 Mineralized organic matter (respira-

tory co,, NH4, N01 , etc.) [Witkamp] 2,000 
3.4.4.4.2 Unstructured organic matter (Stab1e 

products, accumu1ation of) 
[Satchell (Tamm?)] 1,500 

3.4.4.4.3 Structured organic matter (Biomass 
production) 
3.4.4.4.3.1 Miereflora (Witkamp) 1,000 
3.4.4.4.3.2 Fauna (Satchell) 750 

3.4.5 Decomposition models (Satchell) 8,000 

. 3.4.5.1 Deterministic models 
3.4.5.1.1 Mixed deciduous temperate forest 

(One example, comparison with 
related forest types) 

3.4.5. 1.2 Coniferous forest (One example, 
comparison with re1ated forest 
types) 

3.4.5.1.3 Mediterranean forest (Comparison 
with other sclerophyllous forests) 

3.4.5.1.4 Tropical forests 
· 3.4.5.1.5 Other types of forests 

3.4.5.2 Mechanistic models 
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3.4.6 Global patterns 

Number 
of Words 

3.4.6.1 Mean residence time of litters related to 
phytogeography and climatic variables 
[Satche11 (Kira?)] 1,000 

3.4.6.2 Pattern of microbia1 activity as function 
of wor1d c1imate 

3.4.7 Human influences on decomposition 

3.4.7.1 In temperate and boreal forests (clear fe11ing, 
s1ash burnin9, grazing, fire) [Satche11 
(Brinkmeyer?)] 1,500 

3.4.7.2 In mediterranean and tropical forests {c1ear 
felling, slash burning, grazing, fire) 1,500 
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3.5 So11 Processes .(U1r1ch) 

3.5.1 Root dynamics (deciduousand con1ferous eco- . 
systems) (Harris) . · 

3.5.1.1 Seasona1 accumu1ation/turnover of root 
organic matter 

3.5.1.2 Root organic matter accumu1ation during . 
forest development 

3.5.1.3 The significance of root dynamics to 
e1ement cycling 

3. 5 .1. 4 The s i gnifi cance of root s 1 oughi ng to the 
forest energy balance 

3.5.2 Dynamics of water (Benecke) 
3.5.2. 1 Driving forces 

3.5.2.1.1 .Input variab1es (precipitation, 
throughfa11, stem flow) · 

3.5.2.1.2 Output variables (transpiration, 
evaporation, runoff, subsurface 
flow, seepage) 

3.5.2;1.3 Storage and depletion, spatial 
Variation in soil 

3.5.2.2 Internal processes 
3.5.2.2.1 Water potentials 
3.5.2.2.2 Fundamental equations and 

principles (Darcys law, equation 
of continuity, flow equations, 
hydraulic conductivity, soil 
water characteristics, 
di ffusi vi ty) 

3.5.2.3 Simulation of evapotranspiration and 
percolation 

3.5.3 Dynamics of chemical elements (Khanna) 

3.5.3.1 Ways of input 
3.5.3. 1.1 Rain input, leaf washaut 
3.5.3. 1.2 Dryfallout 
3.5.3.1.3 Gas .adsorption 
3.5.3.1.4 Litterfall and grass 
3.5.3. 1.5 Wet Sedimentation 
3.5.3.1.6 Root turnover (exudation, 

respiration, death) 
3.5.3.1;7 Subsurface flow 
3.5.3.1.8 Groundwater 
3.5.3.1.9 Fertilization 

Number 
of Words 

30,000 
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Inter.nal processes (Uärich) 
3.5.3.2.1 Release an m1neralization from 

organic matter 
3.5.3.2.2 Microbial turnover 
3.5.3.2.3 Ion exchange equilibria 
3.5.3.2.4 Desorption and dissolution 

equilibria 
3.5.3 .• 2.5 Weathering 
3.5.3.2.6 ~ransport withtn sotl 

3.5.3.3 Ways · of output (Mayek) 
. 3. 5. 3. 3.1 Root upta e 

3.5.3.3.2 Gas exchange 
3.5.3.3.3 Subsurface flow 
3.5.3.3.4 Leaching from root zone 
3.5.3.3.5 Erosion 
3.5~3.3.6 Export 

Number 
of Words 
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Number 
of .Words 

4.1 Growth, Agfng, and Successfon (Loucks) · 35,000 

4.1.1 Introduction of concepts (Loucks) 

4.1 .1.1 Growth and deve1opment of strata 1,600 
(Work of Hett, Fra1ish, Goff, Loucks . 
and others) 

4.1.1.2 Rate of change of stand structure 1,200 
and compositi on (Work of Goff, Zead1er·, 
Shugart, Hytteborn and others) . . 

4.1.2 Patterns of stand deve1opment · 
4.1.2.1 Model of tree popu1atfon ch·an~es fn 2,000 

response to growth functfons Ek) · 
4.1.2.2 Regeneration and stand development 

in North .Europe (Havas, Hytteborn, USSR)? 
3,000 

4.1.2.3 .Stand establishment and development 
in the tropfcs (Bul1ock) 2,000 

4.1.3 Patterns of species replacement 
4.1.3.1 Studfes of species change wfth time 

(Loucks) - (Survey of all regions . 
w~ta from Botkin, Loucks, Japan, 
Po1and, France, Chile and Ca1ifornia) . 2,400 

4.1.3.2 Succession models in mixed conifer-
hardwoods of North. America (Johnson) 3,000 

4.1.4 System dfversfty in re1at1on to geography, 
productivity an.d time (Loucks(Shugart) 
4.1.4.1 Wor1d-wide patterns 1n ecos)stem 

diversity {plant and animal . 24,000 
4.1.4.2 . Exp1anatory models and postulates 2,000 

4.1.5 Human modification of compositional dynamics in 
the IBP research sites (Loucks et al.) 
4.1.5.1 Influences of long-term treatments 2,000 

in Europe and Asia 
4.1.5.2 Responses to human fmpact in the 

Americas 2,000 
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Number 
of Hords 

4.2 Carbon and Energy Hetabo1ism (Reich1e) 

4.2.1 Introduction · 

4.2.1.1 Concepts and their eco1ogica1 significance 
4.2.1.2 Definition of terms and equations 
4.2.1.3 Generalmodel structure (O'Neill/Sollins) 

4.2.2 F1ows and storage of carbon in forest ecosystem 
4.2.2.1 Total carbon fixation (ba~ic principles, 

ranges bet1-1een forests, capacities, daily 
rates and annual values) (Strain/Hozumi) 

18,000 

4.2.2.2 Translocation and accumulat1on of photosynthate 
(relation. to gro1~ing , season, sources of trans~5,000 

·-po~t;-~h~~~~al ~o~~osition, accretion of mass 
by various components) (Harris) 

4.2.2.3 Autotrophie respiratory fluxes (comparisons 
with ecosystems having different temperature 
regimes and fores t types, above- be 1 ov1ground 
relations, contribution by different plant 
components) (Strain) 

4.2.2.4 Heterotrophie respiration (contribution by 
grazers vs decomposers, relative importance, 
ranges of values, special features) (Grizainski/ 
Kitizawa/Wiedeman) 

4.2.2.5 Net ecosystem production (accretion of biomass, 
accumulation of organic detritus, patterns with 
forest type, age and/or latitude) (Attil~ill/ 
Satchell) 

4.2.3 Fluxes of energy in the forest ecosystem 
4.2.3.1 Efficiencies of energy conversion and retention 

by the total ecosystem (ecosystem production 
equations, maintenance and production effi- · 
ciencies, ratios of metabolic parameters) 
(Rei chl e i 

4.2.3.2 Energy flow through all trophic levels 
(trophic transfer terms, production relations, 
energetic pyramids) {G rodzinski/Kazamerik) 

4.2.3.3 Camparisans of forests with other ecosystems 
of the same region (analysis of metabolic 
parameters and productivity relations with 
other ecosystems) (Reichle) 

4.2.4 Specific examples of representative ecosystems 
4.2.4.1 Temperate deciduous (Reichle) 

. 4.2 . 4.2 Temperate coniferous 
4.2.4.3 Tropical 
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~.2.5 Broader-sca1e interpretations of ecosystem 
dynamics . 
4.2.5.1 Seasona1 and annual fluctuations (temporal 

response of f1uxes and changes in pool 
sizes, integrated rates) (Sollins) 

4.2.5.2 Comparative ecosystem production relations 
4.2.5.3 Global patterns in carbon and energy f1ow 

(balances of co2 fluxes between landscape 
and atmosphere for different types of . 
ecosystems) (Attiwill) 

4.3 Chemical Cycling in the Ecosystem (~) 

4.3.1 _ Introduction-general mode1 of minera1 cycling 

4.3.1.1 Compartments : 
4.3.1.2 Fluxes 
4.3.1.3 Input-output 
4.3.1.4 Driving variables 

4.3.2 Site comparison .of chemical elements budgets 
4.3.2.1 Determination of budgets ~haracteristics 

and derivated parameters 
4.3.2.2 Equatorial sites (Oga1·1a) 
4.3.2.3 Tropical sites (Malaisse) 
4.3.2.4 f4editerranean si tes {~) 
4.3.2.5 Temperate deciduous s1tes (Denaeyer/ 

Reichle/Shugart) 
4.3.2.6 Temperate coniferous sites (Co1e/Nihlgard) 
4.3.2.7 Boreal sites (Rodin) 
4.3.2.8 Interbiome comparison 

4.3.3 Factors affecting mineral cycling 
4.3.3.1 Temperature (Mayer) 
4.3.3.2 Water (~ayer) 
4.3.3.3 Seasona variations 
4.3.3.5 Tree species 
4.3.3.6 Organic matter production 

Number 
of ~Iore: 

Number 
of Words 

35,000 

3,500 

21,000 

2,000 
1,500 
1,500 . 
2,000 

4,000 
4,000 
4,000 

9,500 

4.3.4 Extension to bioelement cycling in a larger landscape 
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Number 
of Words 

4.4 Water Relations and Hydrologie Cycles (Waring) 

4.4.1 Introduction 

4.4.2 Objectives 

4.4.3 

4.4.2. 1 

4.4.2.2 

4.4.2.3 

. 4.4.2.4 

General 

4.4.3.1 

4.4.3.2 

Development of the structure of a general 
model of the hydrologic subsystem 
Development of the couplings between the 
hydrologic subsystem and other subsystems 
as a means of addressing questions relative 
to the water relations of ecosystems 
Comparison of contrasting units in terms 
of forest cover, climate, substrate, and 
interpretation with respect to importance 
of couplings 
To indicate promising avenues for basic 
and applied research 

structure of a hydrologic model 

Hydrology of the above ground portion 

4.4.3.1.1 Foliage - interception, dew-
fall, throughfall, evaporation 
(water and nutrients) 

4.4.3.1.2 Bole - stemflow, eva)oration 
(water and nutrients 

4.4.3.1.3 Storage by biomass - sapwood, 
heartwood 

4.4.3. 1.4 Snowpack - accumulation, melt 
(water and nutrients) 

Hydrology of the forest floor and soil 

4.4.3.2.1 Forest floor - interception, 
storage, evaporation, 
leaching 

4.4.3.2.2 Soil - overland flow and erosion, 
infiltration, percolation, seep
age, lateral flow and interflow, 
nutrient transport 

4.4.3.3 Surface water hydrology 

4.4.3.3.1 Streams and rivers 
4.4.3.3.2 Lakes, ponds, and reservoirs 
4.4.3.3.3 Wetlands 

27,000 
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4.4.3.4 Groundwater hydro1ogy 

4.4.3.5 Coup1ing re1ationships between the four 
parts of the hydro1ogic system 

4.4.3.6 Treatment of spatia1 heterogeneity 

4.4.4 Coup1ings between the hydro1ogic subsystem and 
other major subsystems of the ecosystem 

·4.4.4.1 Coup1ings to the terrestria1 biotic 
system 

4.4.4. 1.1 Transpi.ration 
4. 4. 4. 1. 2 Root uptake 
4.4.4.1.3 Interchange, weathering, and 

fixation 
4.4.4.1.4 Litter decomposition 
4.4.4.1.5 Anima1 habitat and food 

chains 
4.4.4.1.6 Effects of changes in biomass 

and 1itter on hydro1ogy 

4.4.4.2 Coup1ings to the stream biotic system 

4.4.4.2.1 

4.4.4.2.2 

4.4.4.2.3 

4.4.4.2.4 

Through water 1eve1 and 
veloc1ty 
Through transport and 
deposition of sediment and 
detritus and resulting effects 
on bottom conditions 
Through changes in chemica1 and 
physica1 qua1ity of streamwater 
and resulting transport 
Through base f1ow, recharge, 
and bank storage 

4.4.4.3 Coup1ings to the ·1ake biotic system 

4.4.4.3.1 Through water 1eve1 
4.4.4.3.2 Through deposition of sediment 

and detritus and resu1ting effects 
· on bottom conditions 

4.4.4.3.3 Through changes in chemica1 and 
physica1 qua1ity of inf1owing 
stream water 

4.4.4.3.4 Through base f1ow and recharge 

Number 
of Words 
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4.4.5 Comparisons of transpiration by conifers and hard
woods under similar environments - daily and seasonal 

4.4.6 Watershed comparisons - Lake Wingra; Coweeta, N.C., 
H. J. Andrews Or.; Hubbard Brook, N.H.; Walker 
Branch (possibly Beaver Creek) 

4.4.7 Opportunities 

4.4.7.1 Basicresearch 
4.4.7.2 Applied research 

4.4.8 Summary 

Number 
of Words 
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5.1 Statistical Analysis of Dy~amic Parameters (Schutt) 

5.1.1 Relationships of system dynamics with environmental 
variables 

5.1.2 Relationships of system dynamics with geography and 
,general site characteristics 

5;1.3 Relationships of model parameters with one another 

5.2 Analysis of Linear Woodland Models (O'Neill) 

5.2.1 Limitations of linear models 
5.2.2 Sensitivity analysis 
5.2.3 Stability analysis 
5.2.4 Transient response analysis 

5.3 Behavior of Generalized Forest Models ' (Shuaart) 

5.3.1 Development of fJrmal relations for theory 
5.3.2 Bo~ndaries of time responses 
5.3.3 Boundaries of stability responses 
5.3.4 Testing of initial formal relations 

5. 4 Oata Requi rements and Behavi or of Comp·l ex Ecosystem 
Models (Sollins) 

5.4. 1 Responses of example models in useful applications 
5.4.2 Potential utility of present IBP models 
5.4.3 Important parameters required for existing ecosystem 

models 
·5.4.4 · New problems in ecosystem modeling 

6.1 Forest Influences on the Environment (Molchanov) 

6.2 Modifications for Improving Yield of Products (lamm) 

6.3 Management Practices Other Than Silviculture (Andersson) 

6.4 Impact of Modern Technology on Forests (Olson) 

Number 
of Words 





October 1973 

Janua.ry 1974 

March 1974 

April 1974 

November 1974 

September 1974 

Februa.ry 1975 

May 1975 

June 1975 

June-July 1975 
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PROPOSED TIMETABLE - WOODLANDS VOLUMES 

Rough assessment of number of pages. (See Chief Editor and advisors). 

Full chapter outlines with .indications of contents of individuals 
collaborating with chapter author. Chapter author's comments on shape 
of chapter in light of individual components. 

Replies to communication from Chief Editor (and advisors) to chapter 
authors. 

Meeting of all (or a ma.jority) of Chief Editors (PT) with Convenor. 
Proposed main agenda: --

1. Diseuseion of individual biome and theme outlines. 

2. · ldentification of gaps and of areas of duplicl!-tion. 

3. Arrangements for exchange of information (particularly between 
biomes and themes). 

4. Discussion of intersectional collaboration for volumes cover~ng 
general principles of ecosystem ana~sis (mainly : PT, PM a.nd PF). 

Chapters shaped up and exchanged between all chapter editors. 

Meeting of chapter editors, Chief Editor (advisors and editorial board) 
for integration of materiale. 

Submission of !'final" drafts· to Chief Editor. 

Chief Editor(s') revisions to Convenor. 

Discussions between Convenor and Chief Editor(s) - if necessary. 

Sending of final volumes to the printers. 
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ADOUT INTERSI 'rE COMPARISON 

by Torgny Schütt 

1. · rntroduction 

Any two eco s ystems can be compared in man~ respects, In 

g e neral, any ecosystem can be viewed as a system with 

inputs f'rom surrounding systems, which the system i t 'self' 

af' f e cts with its outpnts, and consisting of internal 

compartments, between which internal f'lows exist, 

Fit;u re 1: Nodel diagram of'· an ecosystem 

I 

/{ 
INFLUENC E ON 
PROCESS BY XI 
I ANO BY I< ) 

__,. MATERIAL OR 
E: N ERG Y FLOW 

'\7 PROCESS CONTROLLING 
6 TIIE FLOW 

CON TROLLING 
PROCESS 

FLOW 

Th n a mount o f' ma t e ri a l or ene r GY in a cmupar tmen t i s t h e 

co :npartmcnt s t a 't e v a r iable. S u c h a varia bl e ca n hav :-:: i nf'lu(?n C':c 

on a p r o c e s s . 1-l o indicate th :Ls , ns iu F i g u rf' 1, with n d·Jr:tc:l 

lin e ~ 
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When other, external ' · factors have influences on the process, 

we indicate this also with a dotted line with a ring, as in 

Figure 1 (temperature, moisture, and sometimes nutrients 

control most processes and f' lows) . 

How these influences are working is not indicated in the 

figure. This must be stated separately, in mathematical terms 

(e.g. x 1 = k.x 1 ) that express our understanding of these 

biological processes. 

2. Inputs, outputs, camparisans 

Two ecosysterns, which have the same kind of input and output 

flows can be compared with respect to the values of these 

flows. If many external fact ors affect, for example, the 

input flow, it is possible to study (compare) how these 

factors and the resulting input flows vary frmn one system 

to the next. Such a comparison, for example, can be made of 

the increases in biomasses, aboveground and belowground , over 

a year (system productivity) for all of our approxtmately fifty 

different ecosystems. A good basic comparison is possible if 

we analyse the productivity, the yearly net inflow of biomass 

to the standing crop compartments of the system, as a function 

of some external abiotic paramet ers and variables. 

Where P productivity 

LG length of growing season 

TG mean air temperature during growing season 

l'R annual precipitation 

NA amount of available nutrients (mainly nitrogen) 

in the soil 

A age of stand 

( 1 ) 
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A change in parameters / variables in (1) can, of course, 

be made, if we think some oth•rs are or more importance. 

This does not change anything in principle. We proceed 

in the same way. If we plot corresponding values of P, 

LG' TG' PR' NA, A, from one ecosystem, in the pxLGxTGxPRx 

NAxA-space (these variables as axes), we g et a point in 

this space. We then take the next system, and so on. When 

we have finished, we h a ve 46 points in our space, and 

perhaps we can see a useful pattern among the points. 

Anyway it will he possible to define some measure of 

closeness (similarity, tax~onomic dis t ance) of different 

systems. This way to proceed is well known in ecology • .I 

will not continue here with in put-aut put-camparisan. 

J. Transfer-caefficients-comparison 

If we can define an int e rnal stntcture of the ecasystem, e.g. 

for biomass transfer, it would ~e possible ta assume a 

linear flaw madel for the limited abjectives af gross world 

camparisans with canstant transfer coefficients. We could 

t ll en see how these r <1t e caefficients vary from ane eca

system ta another. Dut, thaugll the variation ma y be not too 

big, also small differences are probably af great i ntere st. 

Such a camparisan in parameter-space seems to be warth while 

far synthesis. 

4. Compartment model 

A simple , basic compartment modal is e xlli1Jited in Figure 2. 

To go to a more d e tailed modal with more compartments is 

easy if enaug h slte d ata are avai lable, but shauld pe rhaps 

be avalded at this stage. 
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Figura 2: Linear constant transfer coefficiont modal of a 

forost ecosystemtbiomass transfers 

\<herc x
1

, 

compartmcnts . 

TREES 

. , x
8 

are the sizos (biomasse s ) of the different 

Bccause o:f l ackin[: data on consumption or i'ruits the :fruit 

tra n s:fcrs have to bc left out. Also the root-transfcrs have 

to be l ol' t out, bccause only the arnount of total roots and 

annual incr <'IT' Cnt arc kno\m, but not thc outpnt flux to dead 

roots. Tl>i s \voul<i havo becn pos sibl<' to calculate if' the 
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output f'lux and annual increase of dead roots or rooting 

zone organic s were knO\iTl. Unfortuna tely they ara not. Wa 

therefora end up in the simple strueture shown in Figura J, 

Even this simple structura is supportad with data only from 

a few sites. 

Figura J: Simple, data supported linear modal of forest 

trae-biomass-transfars 

<I- fij INDICA TES A MEASURED FLUX 
ROOTING 
ZONE SINK 

From thc figure we get the followine equat ions for biomass 

Variati on: 

( 2 ) *1 u1 fc1 f41 

*2 u2 fc2 k32x2 

*3 k32x2 - f43 

*4 k41x1 + k43x3 - k4ox4 
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We also have the relations 

(J) 
f41 k41x1 

f43 k43x3 

From t his it is possible to calculate the unknown q uantities 

(4) 

k4l' k 43 , k 32 in the following way: 

f41 
k41 = x:j""" 

f43 
x3 

f41 + f43 - A x4 
x4 

f43 + A x3 
x2 

= A x1 + fc1 + f41 

= A x2 + Ax3 + fc2 + f43 

where the4x are the annual increases of the compartments. 
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One reason for describine the original data, in Table 1, by 

the use of transfer coefficients and inflows is, of course, 

to make a continuous-time-model that is able to reproduce 

the data samples. This model can also be used to interpolate 

between data points or to extrapolate beyend the original 

data time interval, The model is therefore useful in extending 

original observations to new domains. 

Another reason for using the data of Table 2 instead of the 

original data, table 1, is that they can show up tobe 

"simpler", that is, they may vary less with t h e other site

parameters, Table J. 
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Table 1: Data from 17 research sites in USSR given by 

KAZIMIROV and MOROZOVA (1) - only the data from 

these projects were sufficient for the simpli:fied 
model -

Site 
Name x1 x2 X3 x4 4X1 4x2 A x 3 4x4 f41* :f43 :fc, 

2 2 2 grams/m grams/m grams m yr 

R Site 570 2248 195 1870 8 106 4.0 7 140 39+ 16 

2 821 3771 370 1930 13 163 7.4 11 220 103 207 

3 1021 5945 530 1980 17 227 10.6 13 261 144 258 

4 950 7088 620 2060 15 259 12.4 12 285 164 293 

5 991 7757 685 2000 16 277 13.7 10 312 182 320 

6 653 2797 270 3380 10 134 s.4 14 151 75 159 

7 753 3413 340 6100 11 153 6.8 20 181 94 185 

8 550 2040 104 1740 30 147 16.0 11 143 50 153 

9 910 5290 335 1850 21 209 16.5 12 231 103 227 

10 980 5840 418 1920 14 225 14.0 14 251 119 241 

11 1090 8720 562 2200 7 230 10.6 16 273 139 252 

12 1150 12110 688 2470 0 213 6.0 19 286 147 257 

13 1140 13280 810 2600 -2 180 2.9 20 288 150 240 

14 1080 17450 798 2960 -4 134 .s 21 263 131 216 

15 970 18260 711 3280 -5 99 -1.2 21 248 115 195 
16 810 20060 712 3550 -6 42 -1.9 20 225 103 164 

17 740 19310 744 3900 -8 6 -2.0 20 217 103 146 

* Total :foliage, litter :fall and consumption. No understory data 

presented. 

+ No branches 

~x Annual increase o:f the compartment 

:fc2 

161 

271 

571 

423 

459 

209 

247 

197 

312 

344 

369 

360 

330 

265 

214 

145 

109 
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5.Data analysis and comparison 

From Table 2 we can see, immediately, the influence of age on: 

1) Biomass inflows: Biomass inflow toneedles is of the same 

magnitude as biomass inflow to branches and bole, With 

increasing age the biomass inflows first increase, reach 

maxima and then drop. For the old trees the biomass inflow 

to needles is higher than to branches and bole. 

2) Mortality: With increasing age the forest biomass increases 

very ~apidly (Table 1). The transfer coefficient from 

branches and bole to standing dead decreases (the trees seem 

to become more healthy with age as a consequence of thinning 

and removal). 

The turnover from standing dead to litter also tends to 

decrease with increasing age. 

The transfer coefficient of needles to litter seems to be 

almest independent of age. 

J) Decomposition: Decomposition of lit t er to rooting-zone

organic seems to be more intensive during the middle age 

of the forest than uuring youth and old age. 

These tendencies, are more easily seen in Table 2 than in 

Table 1. Here the transfer coefficients, tagether with the 

compartment-model, are of advantage , and seem to express 

the ecological experience (knowledge) in a useful way. 

The changes with soil type and vegetation type, too, are most 

easily seen in Tablas 2 and J, The age s of the first seven 

fore s t s and for es t 9 and 10 are almest the same, Forest J is 

on the same soil as forests M tp 17. If we rearrange the , 
forests, in the order shown in T~ble 4, the data a re more 

easy to interpret . 
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We can nov calculate the system parameters, Table 2. 

Table 2: System parameters - calculated from the data in 

Table 1 • 

In:flovs Transfere coe:fficients Turn over times 

u 1 u2 k4o k41 k43 k32 k4o-1 
-1 -1 -i 

k41 k43 k32 
g/m2yr 1/1000 yrs years 

Ul Russian 
r.l site 1 141 310 92.0 246 200 19. 1 10.9 4. 1 5.0 52.4 
~ 2 440 549 161.7 268 278 29.3 6.2 3~7 3.7 34. 1 Ul 

~~ 3 536 783 147.5 256 272 26.0 6.8 3.9 3.7 38.5 
UlUl 4 593 858 212. 1 300 265 24.9 4.7 3.3 3.8 40.2 
·r.. 5 648 932 242.0 315 266 25.2 4. 1 3.2 3.8 39.7 ><r.. 

OH 
II:;Q 6 320 424 62.7 231 278 28.7 15.9 4.3 3.7 34.8 fl. 
fl.E-< 
<< 7 377 501 41.8 240 276 29.5 23.9 4.2 3.7 33.9 

8 326 410 104.6 260 481 32.4 9.6 3.8 2. 1 30.9 
r.l 9 479 641 174. 1 254 307 22.6 5.7 3.9 3.3 44.2 
~ 10 506 702 185.4 256 285 22.8 5.4 3.9 3.5 43.9 Ul 

r.l 11 532 749 180.0 250 247 17.2 5.6 4.0 4.0 58. 1 
i5 12 543 726 167.6 249 214 12,6 6.0 4.0 4.7 79.3 r.l 
ZE-< 13 526 663 160.8 253 185 11.5 6.2 3.9 5.4 87.0 OH 

Ul 
Ul 14 475 531 126.0 244 164 7.5 7.9 4. 1 6. 1 133.3 r.lZ 

~~ 15 438 427 104.9 256 162 6.2 9.5 3.9 6.2 161.3 
r.l); 

16 86.8 6.9 196. 1 lß 383 288 278 145 5. 1 11.5 3.7 
t!) 17 355 216 76.9 293 138 5.2 13.0 3.4 7.2 192.3 < 
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From Table 4 we can easily see the following relationships: 

1) Biomass inf'lows: A monotone increase from "cladinosum

saxatile" to "oxalidosum". The U2 / U1-proportion varies 

over vegetation-type, but should appear more constant, 

I believe, if also the root-flow were included in U2. 

2) Mortality: Seems to be lowest for "cladinosum-saxatile", 

for branches and boles, while the needle mortality seems 

to be highest for "oxali d osum". 

J) Decomp osition: The decomposition coefficient, .. k
40

, seems 

to vary greatly with vegetation type. It is lowest for 

"uliginio-herbosum". The absolute flux(es) to the root 

zone layer(s), k
40

. x
4

, increase monotonically with the 

vegetation type-erder in Ta ble 4. Perhaps this is a 

better way to compare. 

As we have seen it can be of arlvantage to use the transition 

flux
1 

or transfer coefficients to understand and describe the 

ecosystem behaviour. They are defined in a simple way, and 

have usually a well understood biological meaning, which is 

important. 

Usually they vary during the seasons, and from one site to 

another, dependine on species, length of growing season, 

season temperature, annual precipitation, soil type, and 

age of stand, k . . = f . . (s,LG,TG,PA,N ,A,t). If enough data 
l.J l.J A 

were provided t' rom many sites, with different values of these 

variables, it would be possible to determine the functions fij 

Because many factors cannot be taken into accO\Int in a simple 

de s cription (modal) of an ecosystem, and because of the sparce 

data usually at band, the functions can usually be estim,,ted 

only in a s tochastic way. 

Although the influences on kij of a few of the variables 

(e.g. A, t) can be studied in a national program, the detcrrni

n a tion of fij is most conveniently don e in an international 

prog ram, as IBP . 
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Table 4: Changes with soil and veget.ation type 

in:flows trans:fero-coe:f:ficients 

site u1 u2 k4o k41 k43 k32 
u2 

name 
g/m2yr 

u, 
Vegetation types 1/1000 yrs 

Cladinosum-saxatile 141 310 92.0 246 200 19. 1 2.2 

Politrichosum 6 320 424 62.7 231 278 28.7 1. 33 
Uliginio-herbosum 7 377 501 41.8 240 276 29.5 1. JJ 

Vacciniosum 2 440 549 161.7 268 278 29.3 1.28 

Myrtillosum J 536 783 147.5 256 272 26.0 1.46 

Oxalidoso-Myrtillosum 4 593 858 212. 1 JOO 265 24 . 9 1. 44 

Oxalidosum 5 648 932 242.0 315 266 25.2 1. 44 
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6. Data r equired, availabla and expacted 

To know whnt data are requirad we must f'irst of' all know 

why data are required. In our casa wa want to understand 

the f'unctloning of' f'orest ecosystems to some dagrea, to ba 

able to def'ine a compartment structure {model) of' a f'orast. 

lfc then require 1 depending f'rom the resolution of' the model, 

a cartain number of' compartments and transf'ars batwean them. 

To be ablc to determine tha values of' transf'er coef'f'icients 

in a def'ined acosystem modal a particular data set is required: 

di~f'erent sets f'or dif'f'erent modals. If', instead, a data sat 

is givan a particular modal can ba daf'ined, using most of' 

the data. We should keep this two situations apart. 

6.1 A proper biomass compartment model 
A model of high resolution is shown in Figure 4. 

Fig. 4 
Biomass 
compartment 
model of 
high re
solution 
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6.2 Available data-sets 

The data sets available at the Göttingen workshop cannot 

support a modal like the one in Figure 4, but only simpler 

models, Figura J. Table 5 shows the number of' sites, available 

at present, with dif'f'erent kinds of' data. 

Table 5: Number of' data sets with dif'f'erent kinds of' data 

(second Figure(af'ter +) represents the boreal 

si tes of' USSR) 

compartmen t atate inc:rement litterf. consumpt. reepir. 

f'ruits 10+.5 8+.5 1) 0 0 

loaves 22+17 1.5+17 18+17 4+17 0 

branehea 2.5+17 16+17 1)+17 17 
0 

boles 2.5+17 16+17 1)+17 

X 
0 

atand.dc ad10+17 )+17 0 ><. 

photos.aet.parts 7+? 4+? 0+? 1+? 0 

ph.nonact .p . .5+? 4+? 0+? 0+? 0 

ficld layer 1)+17 10+17 0 1+17 0 

living roots 17+17 6+17 0 17 
0 

dead roote 17 1+17 0 0 

top a oil layer 14+17 2+17 X X 0 

root zone l ayor 14+17 1+17 >< >< 0 

Only 17 out of' 46 data sets, the ones f'rom thc boreal sites 

of' USSR, are suitable f'or a more detailed analysis. Will it 

bc possible to bring the data sets f'rom thc other sites to 

a more satisf'actory stat c ? 

6.) Expectcd data-sets 

According to an estimate from ELLENBERG and LOUCKS (2) nnoth c r 

50 IBP-proj~cts s hould be possible to be includcd in the 

synthcsis work. 
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The transfer coefficients of the modal in Figure 4 can be 

determined, if the fluxes belong to only one state variable 

and if annual data are given for the state variables (compart

ment sizes), increments in compartment sizes, with consumption 

indicated, respiration and litter flows. The unknown biomass 

inflows, Ul, ••• , Ull, and outflow to the subsoil sink can 

then also be calculated. 

If any flow depends on more than one state variable, more 

data are needed, for example two measurements per year. 
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7. Conclusions 

It has been shown, through examples, that analysis of forest 

ecosystem site-data can advantageously be made by using 

compartment models and transfer coefficients. For this 

procedure a proper data set is req uired. 

The data sets now available support only very simple models. 

The analysis of system sensitivity, stability (e i gen values}, 

and time responses is, in these cases, very easy to achieve, 

but not of too much intercst. 

Good comparison of forest ecosystems, over the world, requires 

a big number of sites (some hundreds). 

To be able to reach the objective of meaningful intersite 

comparisons the existing data sets have to be completed, and 

data sets (complete as well) from the 50 additional sites have 

to be established. 

Before talking about "complete" data sets, we have to decide 

what kind of model with res p ect to existing data and data 

possible t o collect, we want to make. What shall be the 

objectives? 
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ECOSYSTEM, OPEN THERMODYNAMIC SYSTEM 

THE OAK FOREST OF VIRELLES-BLAIMONT 

A. GALOUX, Station de Recherehes des Eaux et Forets, 

Groenendaal-Hoeilaart (Belgium) + 

From the point of view of the thermodynamics of i rreversible 

processeJ1~n ecosystem can be eonsidered as consisting of two 

open systems which exchange with each other energy (heat and 

work) and matter through their boundari es, which are them

selves included in a · closed system (exchanging energy with 

the exterior, but no matter). The first system or open phase 

(I) is composed of living organisms limited within their 

porous external membranes, -the second one (II) is the ambiant 

exterior environment with its vast population of molecules 

which are metabolic products of living beings, The boundaries 

of the closed system are the outer limit of the atmosphere 

through which only radiant .energy is exchanged with space. 

1. First Law 

In open as well as in closed systems conservation of energy 

remains true, The exchanges of energy in the system per 

unit time is equal to energy flow from the surrounding s 

dE=deE and diE=O (I). 

In a closed system the energy supplied by the exterior during 

the time span dt is equal to the sum of the heat and the 

mechanical work performed at the boundaries of the system: 

d E = d Q - pdV (2). 

It is also demonstrated that the resultant flow of energy ct
1f 

received by phase I during the time span dt is equal to the sum 

of the heat coming from the exterior d 1 Q and of the energy 
e 

(1) Theoretical cons i derations are from PRIGOGINE , I. : Thermo
dynamics of irreversible processes, J. Wiley and Sons, Inter
science 1 1967 . 

+r1: h e author expr ess es h is than!~s to .i._)!' o f • . ~ ! IC~.) LIS , G. ·' 5 ~~-F::":LJ? , A. and 
ci AHFELD-.:J '.1.:~Ii·•CHEN , A., ü epar t ment o f .i 'hys ~c s of t h e Unl. vers ~ t y 
Sr ussels, ! or inter es t i n g 6 i s c uo s i ons and c ritic a l c omme n t s . 
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Il IJ I flow di reeeived from phase II, that is d = d Q + 
I1; II1: II II;r; ( ) 

8 

di %• d ~ = d
8 

Q + di % J and that the energy flow 

reeeived by phase I from phase . II is equal and of opposite 

sign to the energy reeeived by phase II from phase I, that 

is diiQ + diiiQ :0 (4). 

2 . Seeond Law 

In this system total entropy is equal to the sum of entropies 

of eaeh phase I and II. Moreover entropy variation ean be 

separated into two parts, the entropy flow rrom exehanges 

with spaee and entropy rise resulting from interior proeesses 

in phases I and II, dS 

versibl e proeesses) . 

3. Eeosystem model. Multieomponent systems with ehemieal 

reaetions, Entropy flow and produetion. 

From (2) we ean write d Q 
T 

dE; pdV (6). If we introduee the 

possibl e ehanges of the number of moles, we get dS = dE/ T 

+ pdV/ T - I: ~Tt d11~ (7) (Gibbs equation) with fo-t= -T(~ ) . 
~ 'll& ·~~ EV') 

On the other hand, A = - (Ct~)pT with G = H - TS, henee 

A = - (~)pT + T (;;)PT = rpT (heat of reaetion) + T (~)pT (8). 

If T (~)~T is negligible, entropy produetion due to ehemieal 

ehanges is proportional to the h eat o1 reaetion. 

(9), with ~- ~ (entropy produetion - dt 
of a living organism measured by its metabolism, rpT < 0 = 

endetherrnie reaetion, r pT > 0 = exotherrnie reaetion). 

From (7) anct remambering that an eeosystem is made up of two 

open phases I and II at temperatures TI and TII, ineluded i n 

a elosed system (biosphere elemen t), it is ct emonstrated that: 

dS =de S + diS 

where d S 
e 

( 10) 

0..; 1 J 
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Total entropy change (dS) consists of: 

a) an entropy flow resulting from the radiant energy 

exchanges with space {no matter exchange) 

d IQ d IIQ 
e e 

d 8 S ---;:r + -:;n 
b) a total entropy production d . S ~ 0 i~ phases I and II 

1 

resulting .from 

1°) an entropy production associated with the transport 

o.f heat in two dire ctions through matter betwccn two 

phases at di.f.ferent temperatures: d. 1}(1/T1 -1/TII) 
1 

mainly di.ffusion of wat er vapour in the boundary 

layer between I and II) ; 

2°) an entropy production connected with the transport 

of matter {water) {1) in the two directions between 

the tl~O phases 

_ ~ (JA.~ - JA::; ) JeY\ l-1) 1- T~ ~ r 
{essentially di.f.fusion of water vapour between I 

and II linked to changes o.f ph~ses, absorption of 

liquid water) {2). 

J 0
) an entropy production associated with the chemical 

reactions in the two phases {mainly gross photo

synthcsis of autotrophic plants photochemical 

reaction, respiration of autotrophic and hetero

trophic organisrns) {J) 

(1) ft = (f'J); + RT ln pt; '~ater i.s not the only matter 

transported b~tween I and II. In principle, other ent ropy 

production associated with transports of matter can be taken 

into account co 2 , o2 , Ca , P .•• In the present case, these 

entropy productions are cons idered quantitatively as negligiblo. 

(2) Vaporization: äH = flT ln pjp 0 {irrevers.lble ) + TCS(reversible ; 

{nonsaturated air), 

(J) = f\ = - (~1) pT {for a photochemical re a ction, A " ordinary 

chem.ical contribution + s upplement tcrm), l~ith oG > 0 in the 

ondothl?rmic ch emical reac t "i. on, C)r.; < 0 in the exo ther r;d.c chemical 

reaction~ (rnsplrn tion). 
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4. Entropy of radiant energy (1) 

If I is the amount of monochromatic radiant energy passing 

per second per unit area drawn normally to the radiation 

direction, then thc temperature of the radiation is given by: 

T 
ln ( 2h~J.fl- + 1) 

c 2
f 

(Planck) ( 11) 

where Jl. is the solid angle and f = I/A~ is the specific 

intensity of .the radiation, i.e. energy flow, in energy units 

( e rg) per unit time (sec) per unit area (cm2 ) divided by the 

unit frequency int erva l (sec- 1). 

In order to calculate the t emperature of solar radiation at 

the surfac e of the earth, we have ~o takc into account the 

isotropic scattering into the solid angle subtended by 

solar .disc at the earth ( ~~ = 0 . 68 x 10 - 4 steradians) 

increased to 411" (Jl.2). We ob_tain T 2 at the surface of 

the 

to be 

the 
. (Jt"") h V (.l 1 ) 6 o ( earth by equat1on ln ~ = R . T

2 
- T

1
, T1 = 000 K I 

4 = cf T ), 
T2 (= O.J - J r) is varying between 2400° and 400° K. 

The temperature of solar radiation when entering the ecosystem 

is very different from the kinetic temperature (mol ecular motion 

s peed) of the constitue nt matter of thc eco syst cm 1;hich i s 

defined by ~ nkT =.I ~ m.c.2 . On the other hand, i t is r emambered 
1=1 

that T = Q/ j Cp (T ecosystem matter = .±. 200°K to J20°K) . 

Entropy of polychromatic radiation such as solar radiation of 

solar disc, sky and clouds, can be obtained by adding entropies 

calculated for each spectral band AAJ 

dS 

We have to measure precisely and cont inuous ly {above the atmo

sphere anct just abovc the ecosystem) ractiant energy in the spectra l 

fractions b et ween O.J and 100~. 

(1) See SPANNEh , D.C., Introduction to Thc rmoctynamics, 
Acadernic Press, 196 /1. 
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At tho present time, continuous measureruents can be made 

just nbnve the ecnsystem with certain advanced equipment, 

but no continuous measurements are per:formed above the 

atmosphere, 

Above the ecosystem, it is now possible to get values o:f 

direct solar radiation, o:f sky and clouds di:f:fuse radiation 

(sky ~nd cl ouds ffiort waves radiations can be roughly separated 

by usine coe:f:ficients o:f cloudiness), o:f .re:flected · short .wave 

radiation, values o:f atmosphere and o:f terrestrial infrared 

radiations. One can use radiation spectra respectively 

established :for solar disc, sky, clouds a nd re:flected global 

radiation, To cstimate solar disc radiation distribution , 

air masses that are variable :from month to month must be 

taken into account. 

Spectra that are actually known and already published do not 

di:f:fer very much :from each other. Their util i sation in order 

to establish total entropy o:f :fluxe s gives simil a r r osults. 

Values o:f atmospheric and terrestrial lang waves radiation 

must be known with very high precision , These values are 

very large and take ~ dominant position in the calculation 

o:f entropy :flm<(1). 

Since no measurement in high altitude was . macle, the radiation 

:flow emitted by the ecosystern and measured just above it, 

does not take into account the dissipation o:f sensible heat 

and the reversible latent heat (T ll. S) :fluxes that tal<e place 

in high altitude, 

5. Stationary state o:f tbe e cosystem (biospheric el e rnef\tary systeml 

In the stationary states, positive entropy production has to bo 

compensated :for hy a negative :flow o:f entropy and 

dS 
d s d.S diS d s e J.. 

( 12) with e <0 
dt dt + dt = 0 dt:>'O and dt 

(1) ~or terrestria l lang waves radiation 1 a black body spec trum may be 
con::;it.ler ed . I n oceanic tempor a te rc r;ions , thc :;ame lilDY ' "' ::;a id for 
r adiat ion from r:loudy at1:1o:ophcre; l1ll.t rar c l Ntr sky lonc Havcs 
r a :l i ati on , a pD r t iculur cpec trum wu~:; t be t c.kcn in acc .:>unt . 
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Moreover, the total heat received by the system is zero. 

dQ 
d s e 

0 et dt ( 13) 

The entropy flow (incoming and outgoing radiant energy) is 

negative because energy received at high temperature TI is 

returned to space at a lower temperature T11
• 

Application of those theoretical considerations requires many 

conditions which are not easy to fulfill. 

If heat received by the system has to be null (d Q = d 1 Q + 
II e 

d
9 

Q = 0), we must choose in an ecosystem of tamperate regions 

a time span of about 365 days, for example between two moments 

t 1 and t
2 

when mean temperature of the whole system (soil and 

atmosphere) is the same, which corresponds to res pectively eq11al 

atmospheric and terrestrial radiat ions for t 1 and t
2

. The 

fluctuation corresponding to a complete vegetation period 

between two days (spring and autumn) with the same mean 

temperature (soil and atmosphere) can also be employed (1). 

In princi:>le, the mass of matter in the system must be conser

vative: balance of air masses {same atmospheric pressure) and 

of water masses (evaporation + run off + drainage + chemical 

reactions = precipitations). J•ractically, if we know the 

difference between masses present at t 1 and t 2 and their 

respective tempe ratures, their flow dQ can be calculated, 

In phase I, living organisms are cha racter ized by a stationary 

non-equilibrium state that is maintained through variable flows 

of energy (essentially r adiant) and of matter. For example, the 

incoming and outgoing water r lows are varying between certain 

limits. If given levels are exceeded, the stationary state is 

broken. This is the case of the wi Jtin g point of plants 

(incominß wat e r flow null) where an en tropy rise (death) 

takes place . The stati onary state is maintained as lang ' ' " 

the edaphic water reserve (phase II) is varyin~ b etween fi e ld 

capacity and destruction of capillaries, 

(1) It must be taken into account tha t when water i s evaporated 
it has a higher temp erature than when it entered the ecosystem 
as pr ecipitation . 
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6, Application to ForPst ecosvs tem with measurements at 0 m 

(z 0 = soil level)
1 

z 1 (= height of' f'oli a ge) and z 2 (= z + boundary 
1 layer), zJ beine the outer limit of' the atmosphere. 

(a) At the stationary state, dS =deS+ diS = O, -deS= diS (12). 

On the other hand, total heat f'low is zero and the f'low in one 

phase · is equal, but with opposite sign, to the f'low in the 

other phase, dQ = 0, d IQ = -d IIQ (1J), 
e e 

(b) Entropy f'low (deS < 0) 
When e q u a tion (10) is used 

d S = ( d S) G* + ( d S) Am -
e e e 

+ Am (~-~-~I) - (deS)Vap 

wi th TArn < TI. 

we obtain 

(deS)aG* - (deS)Te. 

- (d S)Ko < 0 (cal°K- 1 ) 
e 

(14) 

(d S)Vap + (d s)Ko = (d s)Te' is an ·entropy f'low rising between 
e e e 

z 2 and z
3 

(thus null a t z
0

- z 2 ), after transpOT~tion of' k
0 

( sensible heat) and of' Vap (reversible l a tent heat) to z 2 - ~J' 

( J<,v a p or a tion in non-saturated a·ir: Ll.H = ~F + T äS; (d S)Te 
T . e 

is apart of' (deS) e between z 2 arid z
3
). 

( c ) icn tro py production (diS>O) 

of' f'ollowing terms: 
II 

and (d . s) Vap : 
l. zo-z2 

entropy production linl<ed to heat and matter (water 

vapor) f'lows f'rom pha se I; 
II 

( ct.s )K oii a nd (~ .s )Vap 
l. l. 

entropy r is e (air and water) in z
0 

- z 2 transported to z 2 -z
3

; 

J 0
) Apid5I/TI: endoenergu t i c irr e versible photochcmical reactions 

v i th a n orrl i n a ry che mi cal contri bution and that of' a radio- . 

onc r ge tic te rm ( g ro ss photos ynthesis); 

J I I 
11. ·d <' / T : irrever ~;t ble exo t h errnie ch,. mi cal raact i ons with r J 

Ar = -("i'G/og )pTwhere '<>G<O and A >O (I) ( f or example oxydat i on, 

r uspi rat ion ); 
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50) AIIdSII /TII: several chemicnl reactions (negligible). 

In an ecosystem, 

I I 
~ ctj /ctt 

TI 
and all chemical reactions 

(photosynthesis, respiration, digestion and assimilation of 

phytophat;ous and zoophilt;ous oq;aniems ... ) can be considered 

at the stationary state as a chemical energy flow equal to 

T:r 

where L is a double summation on all reactions (indice 'P 
'I'P 

and on all the components r included in these reac tions (1). 

On the other hand let us suppose that at the stationary state 

= :r :I) 
~ vtp Vr 

tempe rature is quasi uniform in phase I and that the convect ion is 

neg lig ible. Under these conditions, entropy production O(S) 
per unit of volume is g iven in a continuous system by (2) 

( 
:r '"/:r 

O"(S) = - ~ ~.r div fA ~ ot.. y) \.-15) 

Entropy production associated to heat and vapour (matter)flows 

bct\•een z 
0 

Hence 

d.S 
l. z -z 

0 2 

( 1 ) Thc s11m 

p~ 
JQ :1 

and z 2 is equal 
K II 

(d .S ) 
0 

l. zo-z2 

Vapii 
(ctis)z -z 

0 2 

to 

II 
- j th Ö.T 

T'" 
II'V"A -1 -T 
m 

of chemical reactions is 

A·" IT~~~ wJth A~ = ~c) ~;tp/lrl 

> 0 

l!ence this stun 
7 '.2:. !ö:._v; \7 ~ J.l.T. 

is e ·. ,ual to - ----,.-.y . . · ·F~-'11----
T 

( 16a) 

( 16b) 

(2) Th e divergonc e of' a flol> gives, per unit of volurnP., the 
excess flm·! that is goin g out of th e v o .Lume elcrn ent over 
thc :flow that is corning in it (ctiv7.. = <)J .• +7>7-.g + 712-"l-). 

'i) '}( ";J'j ;? ;<. 
In the · prescnt case of' irreversible rc ac tions, tho sit;n 
""'" t. bo clla ne;ed, h enc<> equatinn ( 15). 



Interpretation: If deS+ d 1 S 

diS>O, then -deS= diS, 

0 (stationary state} and if 

[<des) G* + (deS) Am - (deS) aG* - (deS) Te +Am(~Am - ;I)] 

- 7. I I v: p ( wi th ~ T = TI I - TI < 0 
m 

and ~ p ~I '{ ( 17) 

(see (1)). 

If at the stationary state we are considering the case where 

the c ontribut i on of the entropy source as sociat ed to the whole 

of the chemical reactions is null, then 

-L ~ S a'($) 
ehern 

div dV 
0 

In equation ( 17), -J~~AT/T2 
and :;{~I v*p are al,~ays positive. 

Horeovcr, if r O'"(fi) = O, the ecosystem is in stationary state 
Jüe.., . 

(for example, a climax} and all the organic matter fixed by 

autotrophic plants is, at the same time, destroyed by auto

trophic and heterotrophic organisms (respiration, oxydation} 

and biomass remai ns identi~al. 

Chemical energy flow is dissipated and me a nwhile the flows of 

associated matter (in equal quantities) are going from phase I 

to phase II and from II to I. 

If 
Jiv-C:Z~/-t) J..V 

IJ: < 0 

the organi c matter produced the ecosystcm is destroying not only 

at the same time, but also a stock of matter accumulated previousl) 

(diminut ion of biomasses, for instance}. 

If _ r L 

the ecosyst~ i: 

1 l ) 
~iv-( ':J"G t: 't J.V > 

T::t. 0 

stockin g organic matter ( growth and development 

of ecosystcm = augmentation of biomas ses and of dead organic 

matter in soil.} 

(1) At l ovel z 2 , (d s)Vap anti (d S)](o e · 0 are zero. 



+d.S can bo considered as being the entropy variation of 
J. zo-z2 

optm plmse I and that of the open phase. li (z
0
-z

2
). 

The three component terms of diS~ -z are thus the production 
0 2 

of dissipation entropy (always >o) associated with the diffusion 

heat flow (Ko) and the vapour flow (Vap) in the boundary layer 

of foliage and the entropy production of the potential chemical 

energy f'low through the ecosystem, That last flow is the eco

system net production (P NE) of ecologists (1), 

Entropy production associated with heat and matter (water vapour) 

flows and that of the chemical reactions are taking plase in phase 

II (boundary layer II/I) and in phase I respectively. The first 

is a low quantity (between z
1
-z2 ) and can r e ally alvays be totally 

compensated for by heat from exothe rmic reactions. 

For R. FLOROV (1969) (2), the sum of entropy productions asso

ciated with heat (Ko) and matter (u2 o, co2 , o2 ) (Vap) flows can 

even be considered as a measurement of the respiration of chloro-

phyllous autotrophic plants during the vegetation period . 

As to the difference 

[ 
II 6..T 

- d e 5 - (-"] th 2 
. T 

it is an approximated value of th e organic 

(P NE) in cal °K- 1 , 

-J.r ctiv <Z/r> r1v > 0 
t TI 

ma"'fter accumulation 

In the case of a deciduous forest of' temporate reg ion, 

equation (17) applied during the only active period of 

vegetation, leads to an approach of the net primary production 

(net photosynthesis) minus the respiration of heterotrophic 

organisms during that time, 

. d.:"I)- respiration of" chloro-(1) Grass photosynthesJ.s (PD= A 3 I 
phyllou s autot roplüc plants ("RA :g A;1d _5 ) = net prima ry producti o 

(net photosynthesis (PNI). Net primary production- respiration of 

heterotrophic organisms (~ consume nts and b i oreductors of" organ i c 

matter (n
1
: = A"l 2ct~I) = eco s ystem n e t production (P N E ), 

r. l 1 l 
PB - RA -RH= PNE - "'[ cliv {7_yf'-r) dV. 

y -r 
'-·-· --- ~ -- -----·-···--
( 2.) l"LO :~·J v , H • . J . - tJn the cntro-py o f tl~•.) pl o.n.t lo~::.f r.;y :-; tcm . :;t:::t t c 

U n ivc· r ~·: it y 11 C J. jnc~nt Ohr i::-:ÜJc,yil, ;')of :L a , J i'acul t~t of eiolo;~.I t 

h ul ;:,: ::-1.!"1 , ~ ot"ia , 19G') . 
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ENTROPY FLOl{ ANO ENTROPY PRODUCTION IN THE OAK FORE5T OF 

VIRELLES-DLAH10NT CON5IDF.mm A5 AN OPEN 5Y5TEt-1 (25-5 to 25-10. 1967) 

Equation (17) is app1ied . to measurements made at z 2 (+ 19m), 

tha t is, above :fores t :fo 1iage ( .r;'IG. 1). 

-d 5 : [< d 5) G* + ( d 5) Am - ( d 5) aG* - ( d 5) Te + Am (-1- ..-l ~ 
e z

0 
-z2 e · e e e TArn TI 1j 

+ di 5z - z2 = [-1II .6.T -1II vAp - r L div(f~ 1!) ctvJ ( 17) 
0 

th T2 m T Jy t TI 

Entropy :f1ow and entropy production are obtained(FIG. 2): 

Jcte5 = 44 ,10 + 524,)7 _ 9 , 83_ 592,07 + 29,88 = _ 3 , 55 cal oK-1 

(entropy :flow at z 2 ) 

I:rJct5 =Jct
9

5 +fct1 s = o/ct
9

S = }ct1 5 (:frorn 25-5 to 25-10-1967 with 

T = 283 °K at the beginning and at the end o:f the period). 

O:f course, heat :flow is not null, but almest null. E:f:fectively, 

Ql. (biomasses) = +20,Qi (Soil 0,0 to 0,50 m + subsoil 0,50 to 

1 1 00 m) = 4I+ 55= 96, Qi (precipitation water) = 34,8 gr x 5,4°C 

(=AT bctween precipitations temperature and temperature o:f 

system) + 188 that is Qi (iotal) = + 305 cal cm- 2 period-l 
f.( ) Qi 0 -1 j'diS = I,05 cal K • 

ThusJct. s. 2 +J(ct.S)Qi = -3,55 + 1,05 = -2,50 cal°K- 1• 
e z II II s "I 1'1 

+jct . s =}(ct .s )IS:o +f(ct.s)Vap + L div (fr .,.)ctv =2,50 cal°K-l 
1 . 1 zo-z2 :J 1 zo-z2 V y TI 

I Koii 1II.6.T & Vapii .F v~p ) o -1 
(ct1 s)zo-z 2 (= thT2 0,275)~(ct1 s)zo-z2 (=Jth T =0,135 =0,41cal K 

that is 118 cal cm-2 period-l (calculation per 

method) (d.S = 2,50- 0,41 = 2,09 cal cm 1 )PNE -2 
:1. per 

decade, Florov 
-1 per 

Ecosystem net pro~tction during the vegetation period (gross 

primary production of autotrophic plants minus respiration o:f 

autotrophic plants minus respiration o:f heterotrophic organ].sms 

(anima l consuments - animal and vegetal bioreductors) (= P N E) 

is :foJ.lo\Ii.ng: 

I I/ ; d i V ( ,t-s .. 1.~) d V = 'l' 0 9 X 2 8 8 ' 6 = 603 cal -2 -1 cm per 
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On the other hand, respiration of' hoterotrophic bioreductors 

during the period, measnred by A. FROHENT, amounts to +119 

cal cm- 2 per- 1 

Hence net primary production (gross primary production of' auto 

trophic plants minus their own respiration) = 60J + 119 = 722 c al 

cm-2 per - 1 (1). 

For comparison, net primary production est ablished by P. 

DUVIGNEAUD with the method of' biernass es dif'i'erence bet,,reen· 

two given times, amount~ to 699 cal cm- 2 per-! (1). 

(1) Ji'ROMENI', A. ;TANGHE , ~1. ;DUVIGNEAUD, P. ;GALOUX, A. 

DENAEYER-DE SNET, S. ;SCHNOCK, G.; GRUL OIS, J. 

NONHAERTS-DILLET, F. and VANSEVEREN, J-P; -La ch€lnaie 

m6lang6e calcilole de Virelles-Blaimont en Haute Delgique ," 

Productiviti des icosyst.mes forestiers, Actes du Colloque 

de Druxolles, Collect ion Ecologie et Conservation, n° 4, 

Unesco, 1971, PP• 635-665. 



- 143 -

Entropy growth at the level of an elementary atmospheric volume 
coneidered ae a cloeed sylitem and situated at the geographical 
coordinatee of Virellee-Blaimont. 
(Data after LINACRE, E.T., 1969 at the upper limit of atmosphere) 
(Period of 25 May to 25 October 1967, 221 760 minutes)(Fig.3). 

A. = Entropy flux 

JCdeS)G+ 119963 

fCd
11
S)aG+ 47985 

1298,4 

1039,7 

92,39 

46,15 

Jcdes) Te 71978 380,33 (0,325 cal.cm-2 min-1 

= 254,5 °K) ( 1) 

jd s 
e 92 , 39 - 46,15 - 380,33 = -334 1 09 cal cm-2 OK-1 periode-1 

B. = Entropy production in phase I 

c. = Entropy production in phase II 

- 334, 09 + 3 ,14 + 330 , 95 

a) Heat and matter fl ows 

- between boundary layer and upper limit of atmosphere 

J 
2 . V-

diS = Jth .1 T/T + Jm t:. q/T 

Jcd. S)Koii = 7006 cal K 34 ,1/288, 62 = 2, 87 
l. II 

J(diS)Vap = 18214 x 17 1 54 x 0 1 000622/293 ,15 (= phototemperature) 

o, 68 
- inside of the boundary layer 

K II S(d i S) o = 0 1 275 
II 

S(d .S ) Vap = 0 1 135 
l. 

b) Energy, cyclones, hurricanes, electricity, kinetic energy 
of air; 

D. Entropy growth in atmosphere with variable pressure and 
temperature , a t constant volume (C .-a taken in account, 
C.-b not taken in account). 

f d , II -
i ;:, atm -

1 II diS atm 

+ 330 , 95 - 3 , 96 = + 326, 99 

m Ce ln T/T - r 1ln p/p ) = + 326 , 99 cal cm- 2 period- 1 
p 0 0 

(entr opy equation of per fect 
t;as) 

p 2 1 95 mm Hg 

T (2) 

( 1) VON DER HAAR ( 1967 ) has published mean values of infrared 
r adiation leaving the earth and measured by s atellites. For 
latitude of V ire~les-illaimont, mean value fo r J une-Oc t ober 
is 0 ,324 cal cm- min-1. 

(2) Tablee for relations altitude/atmospheric pressure give f or 
altitude 40 000 m, a temperature of - 22 , 8°C and a pressure 
of 2,15 mm Hg . 
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Fig. 1 LEOEIID. 

S Solar disc incident radiation Ä 
D Sky and clouds inoident radiation ~ 

a• 
Te 

Am 

aS 

Incident global radiation 

Eartb-vegetation radiation 

lnoident atmospheric radiation 

Reflected solar diac radiation 

.( 

1 
J.. 

J.. 
aD Reflected cky and clouda radiation ~ 
aNAm Reflected atmospheric radiation i 
a Albedo coeffioient for global radiation i.'l> 
aN Albedo coefficient for atmospheric radiation A '1. 
ap Photosynthetic efficiency of global radiation 

'<1 Short radiation balance (o• - aS - aD) A 
'<2 Long waves radiation balance (T + aN - Am) ~ 
Q Net radiation balance (Q • '<1 + '<2) J.•K 
1ro Sensible heat in diffusion-convection 

Vap Latent heat in evapotranspiration 

Qv Sensible beat accumulation in biomaeses 

Qr Latent heat in dew 

~ Advection energy 

QLi Sensible heat in interior air 

'<pr•c Sensible heat in precipitation water 

PNE Net ecosystem production 
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~ble 1,- Energ1 oonoervation ba l ance wi th diwtri bution of vn luea bctween phaoea I and 11, 
O~k foreat of Virell~•-Bl~imont (25.5 to ?.5.10.1967) . 

Pba.. I 

Pbaae II 

I I I I 
~ Xo Vap PilE 

'+18 +7.006 +18.214 +60) 
'----------y------:-----

fd! 0. • +25. 841 
~------'---------v

Frp-+)0~-495 

II II II 

% ~1 ~r4o, 
\ +96 +2 +188 
'-------,v 

Jd!I (! • +286 
\ ---- ---- . 

+ 26.127 • + 30.495 - 4.3 68 

Jd~ q ~-fix~ 

I I 
Xo Vap 

+3.020 +1.634 

~---
1 d!~·•4· 654 I 

II II 
Xo Vap 

-3.020 -1.634 
' v -- --___j 

ßix G • -::4~.6.s~i 

xa(+) • -Jto(-) 

vlp(+) • -.fa.p(-) 
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a•reflgi~t~ 'by 

-47985 
{Valuea of .Gt !rora 

LEVEL + 16 • 

Te 

Limits of L1NACRE E. T·; ,1969 

G". a'bsor'bti 'by 
&tmosphero • -1471.8 

'Q + 26.127·.· Bi omas s I 56 t · ha-1 
,~--------------------JA~--------------T-----~, Product1v1ty 14 , 6tha-

1
year-1 ·7 Exchange ae r1a l s urfa.ce s 

Gt,V\) -20,913 -tree l eaves {2 f acea) 14 ,0 
,---------.f\........;;,_ ____ ""' -tree 'ba r ks · 2 , o 

·' 0 ~ 
Heterotroph respiration (Rheterl • +119] 

Net pri•ary production {PN1) • 6~ + 119 • 

Q • 0 - aG· + Am - aNAm - Ta 

Q1 • r!- ao' 
Q2 • A)Tl - aNAm - Te 

-he rbaceous l ayer 2,0 
-litter 1,5 

Tota l 19 , 5 
ha ha-1 

Qprec • -188 

Q + ~ + Qy + ~i + Qpr oc + . ~ + QR + Ko + Vap + PNE • 0 
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. j(doS)'I'"e . 
• 592,07 . . . 

(.tesl~d8Sl 8G {cd8S/'" jd8S)A"j(d05) (Te-Amj~~{~d8S~Vap 
44 ,1o 9 ,a~ 524, :n --------~."----::-:-:-::-~-;:::~ 

G" act Am Am Te-Am Period 1 25.5 - 25.10.196 
57260 10220 106150 106150 209 13 Ralia.tion 

1 
cal 0,.-2 l'er-1 

1298 14° 1039 17•202 143° 214,6f 214,6t (Cl', acf, Am, Te) 
Tamperature 
E!n trop,y (d8 S, 

diS) 

I 
I oalcm-2•K-1 per-! I 

.Silperior limii of atmosphe.re 

-- --, 
I 

Exchanges of heat I • Open phaso of living organisms 
Exchanges of matter- --- - ;;... II • Open phase of environment 

Z) . 

--- -Envelopping porous membrans of living organisms .. exchn.nge suri"t:".ce s between I and II 
--Limits of closed sys tem - - - · - - - Conventional limi t s of closed sys ·tem 
~ supcrior level of living organ is;;;;; ( :;-+ I6 m) 

z2 • superior level of meaouremento in phase II ( • + 25 m) 
( • conventional superior lP.vel of phase II) 

z3 • superior limi ts of atrnoophere (phaae II) 

qf • Qa + QLi+ Qv + Qprac.l 
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Fie .3. Ecosystem model.System closed at the npper lirrit of a.t:noaphcre includinc two open 
Guboyat crno nr phas Ps . E:1t:r:)py flow { de S) (space) and entropy prcd uc t ian within the 
npen ph'lse s I and II ( di3),(Total open phaac TI up to the uppor li mit of at'"o oph P. re). 

-------·----- -------------------
Oak forcs t of Virelles -llVümont . 

!P erio~ 25.5- 25.10 . 19_6_7-----. 

]RarHati.on 1 cal crn- 2 per-1 
: (G", ar.", Am , Te) 

S{d
9
s)o• j{d9 S)ao" 

92,39 46,15 
a· ao• 

119963 47985 

1298,4 1039,7 

( Temper~ture 

iEntropy 
(. !(deS, diS) 
j{deS)T' 

)50,)) 

Te 

71978 

189,25 

•K 

L __ __t Up per limi t of atn10 s phere 

z) 

z2 

r------ - ---- - ------ - --- --:-~ 

: . .@1 
I ( J: I 
: _1 d1S • + ))0,95 : 
I ,. Koit I 
1 

1
' (diS) Q +3,145 I 

I I 

I (( ')Vapl[' I 
: ) dtS • +0,815 : 
1 r J< I 
: ; {diS)atm • ) 26 ,99 - J 

I , ( T/ 
1
1 : m C1' ln To - r 1 ln r /p o I 

i h enc e J1' • 2 ,95 mm l!ß J 

I IT - -18, 65°C (254,5°K) I 
: I 
tha t :ia z) • !:40000m al t1 tude I 
I I 
I I 
I I 
I I 
I I 
I . , : 

1-I~~f:.: ~~~~~;-- -- ------------: 
I · I 
1 C{ )PNE J 
: ; diS per • +2,09 I 

1 I 

UUl.i~L~ __ ._ l,_Oj- - ·- ------ -- - - -~ 

z1 

zO 
Upp~r limi t of l i t~ osphe re 
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A • Chemiol\l attini ty 

Cp • Calnrif'io c:t.paoi. ty 

E • lnternal enera 

Li a t "r ayrnbo l.n • 

F • Rolmhnltl rroe enna (• E - TS) 

o • Oibbo rroo onerg;y (. E - TS + pV • R - TS) 

R • l'nth11lp1 nr heat content fl.lftotion 

';J - Rllte or generalised flU1: or irreveraibl~ proceaa 

;/th • Heat rt.,w,J. • matter flov 

k • Joltzmann'a univerR~ l conatant 

~ • Jfuber ot •olea 
' ."1, • Jfuber of •olea of co11ponent 't 
p • rreaeure 

~ • Heat ·received b,y the eyate~:~ (including radtut enero) 

fpT • Reaction heat at col'l!tant temperatu.re a.nd preaaure 

Jt • Univeraal 1a1 oonstl\nt 

S • Entropy 

• 'l'irne 

T • A.ba"lute temporature 

" • Vell)ci ty 

V, .. · • Molar pllrtial volume of t 
V: • Volume 

h 

• Werk 

• Wave lentth 

• Chemical potential . of ( 

• st"eoh:llmetrio coerficieltt of t 
• T'leeree . nf adv"ncfllment or extent of rea.etion 

• l)enai ty 

• Rcaul t&nt flow of enorgy 

• Solid angle 

• Wa.ve frequency 

• Planck' s cnnl'ltan t 

• T'ler1ili ty of rll.cli:lt i on flo w 

• Specifio intensity of r'ldi~-ttion 

• Pr opagation velocity of an electroml\gnf.tic wave; c • vclocity of rrolecul&.r 
- ll'lotion 

4" • Stef~~on-Boltzmann'e const·lnt 

W~1 • Maee of C::O'IIJ')I)nent ( 

a• • Inci~llnt e;lobal radirttion flov (eolnr r'isc + eky + cloude ) (0,3 - Y') 
an•- ReflPctGd r.loba l T'ldi'\ t ion flow (0 ,3- 7"'' 

~m • AtMophrio r~~.iation (3 - 10_s)t) 
Tf! • RN.c11'1tion f'low el"ittod . to 3 pi\Ce~t ~irect:lrm b,y tr.rreAt ria. l •urf:\C"'C 

("nil ' v•:;•tP.tir.n) ( 3 .- 1 1l~~JL) 
Y.o • 3'!lnsi bl P. h~11.t of tH ffufJi on-~ onvecti r.;, 

Vap t." t -~ ., t h"' '~ t •!' ·f·'.pn ri 7Ai:'"n ( ··v :"' r·ro:-t.r :r.s pirn.tit"rt) 

• kry }- ., l r.~ t 1f'v ·.:: ~ 

ny:r." .. Vil.lUE" ,.,, elobal r <t-:fi<t.ti ·m 11Bert. by ero!'IO photosyntt:cdf.l 

F .. R ,. ~ pi.r · \•. i ,·m 

·M'1 • ~ in,.r .,l -·l'" "'"ntr.. 



Simulation of une-dimensional maisture 

·•ransfer in unsaturated, layered, field soils
1 

n. R. van der Ploeg and P. Benecke 2 

Introduction 

The research of which we report is part of the West 

German contr i bution to a !arger international ecolog ical 

program, the so-called "International Diological Programme 

(IBP)", see Ellenberg (1971). The German contribution on 

which we report is called the Solling-Project. The IBr, 

wh .Lch started its work in 1961 1 has as its central theme: 

"The biological basis of prnductivity and human welfare". 

Part of the IBP's concern is man's growing demand for clean 

water. Among many other topics, see Ellenberg (1971), it 

was decided to study in the Solling-Project the maisture 

regime of somP small sample sites, located in either a 

beech forest, a spruce forest, or in an open meadow, to 

find out about possible differences in water consumption 

by the vegetation in these sample sites. The same sample 

sites are used by all the other scientists that work to

gether in this ecological Solling-Project. 

The sample sites are located closely tagether in the 

northern part of West Germany. The cool an.d humid area 

(the so-called "Solling") in which the sample sites are 

situated, is und e rlain by permeable ~lesozoic sandstones 

in which large amounts of groundwater are stored. Typical 

watersheds are hard to discover in the plateau-like Solling 

area and not much hydrological work has been done in it 

so far. Since many researchers in our ecological project 

Institute of Soil Science and Forest Nutrition, Georg-
August University, 2 Buesgenweg, 34 Goettingen, 1vest Germany. 

2 
Tllis rAsearch was supported by the German Research foundation 
(DFG) under projects Be 401/9 and Be 401 / 11. 
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need soil molsture data, since we do not find typical water

sheds in our research areas, and hence since we cannot 

build weirs from which run-off characteristics can be 

analyzed, it was decided to study the molsture regime of 

our research areas by means of soil physical methods, A 

large nurober of tensiometers were installad at different 

depths in the soil and measurements are taken frequently. 

The tensiometers can be heated so that they can be used 

in cold periods, The soils in our research area never 

dry out very much and therefore we are also able·. to use 

the tensiometers during the summertime, Occasionally we 

do use a neutron meter and also a self-recording gamma 

ray apparatus is installed in one of our research sites. 

Using soil maisture characteristics to study the water 

balance of an area puts emphasis on moisture transport 

phenomena that occur in the soil, The theory of un

saturated molsture flow is well developed. Usually a non

linear partial differential equation is used to describe 

unsaturated moisture flow, Unfortunately this differential 

·equation is of such complexity that it can be solved only 

for ideal cases. A few analytical solutions do exist, but 

most practical unsaturated moisture flow problems can be 

solved only by use of approximating methods, such as the 

me thod of finite differences. Even the method of finite 

differences requires a good deal of mathematical, physical 

and computer-programming background of the researcher who 

wants to use the method. We have developed a computer 

simulation program that is much simpler than the method 

of finite di:fferences. We are using this simulation 

method presently to approximate a solution to the previous

ly mentioned partial differential equation to describe 

molsture flow processes as we encounter them in the field, 

We will discuss in some detail a simulation program and 

we will show some results that we are obtaininp, with it. 

First, however, we wil J. review the theory of infiltration 

briefly. 
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Theory of infiltration 

Unsteady, unsaturated, isothermal, three-dimensional 

moisture movement in soil is governed by a nonlinear par

tial differential equation, known in the · literature as a 

nonlinear Fokker-Planck equation, see Philip (1969), or 

as a soil moisture flow equation, Giesel et al. (1 97 3). 

This equation can be given, see Kirkham and Powers (1 972) , 

p. 242), as: 

d(K Olf'/r3x.)/i!ix .,.. d(K d~p/d'l)/ dtf 

+ d(K dlf/dJJ..)/dJJ.. + aK/diJ. _ de/,;t ( 1 ) 

where 

x, y, z space coordinntes, such that z is measured 

perpendicularly to the soil surface, with the 

positive direction upward 

t a t i me coordinate 

~ n egative pressure head (suction head) 

Q volumetric moisture content 

K capillary conduct i vity of the iso tropic soil. 

For one-d i mensi onal, unsaturated, vertical moisture flow 

in soil 1 e quati o n (1) can be written as: 

( 2) 

For one-dimensional, unsaturated, horizontal molsture fl ow 

in soil, e q u ation (1) can be written as: 

d(K dlf/Jx)/ax = delct (J) 

If one uses the suil water diffusivity, n, instead of the 

capillary conductivity, K, where n and K are rel ated as: 

= Kds/df~J (4) 

then e qua t i on (J) can be written as: 

d ( J) ae/Jx)/ d>< = de/ cit (5) 
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If' one assumes D to be a constant, then e . tuation (5) can 

be written as: 

(6) 

For f'uture use we note here that equation (6) is of' the 

same f'orm as Fick's second law, which describes gaseaus 

dif'f'usion with a constant dif'f'usivity coef'f'icient. Fick's 

second law usually is given as: 

in which C is the concentration (say in g/cmJ) of' the dif'

fusing gas. 

We return now to equation (1). A solution of' equation 

(1), subject to appropriate boundary and initial conditions, 

would enable one to calculate the maisture content Q (or 

the suction head~) as a f'unction of' time f'or any location 

in the soil prof'ile as long .as the prof'ile remains unsatur

ated. However, equation (1) is of' such complexity that 

solutions are hard to f'ind, Salutions f'or unsaturated 

maisture f'low problems can be obtained only under special 

conditions. Most work has been done f'or one-dimensional, 

vertical maisture f'low. 

For a homogeneaus soil and f'or simple initial and 

boundary conditions, Philip (1957a, 1957b) provided a 

numerical solution to the one-dimensional, unsaturated 

maisture f'low equation. For the same problern Parlange 

(1971) gave an analytical solution. Hanks and Bowers 

(1962) attacked the one-dimensional inf'iltration problern 

by using the method of' f'inite dif'f'erences. This method 

allows not only f'or more complicated initial and boundary 

conditions, but also f'or nonhomogeneaus soils. Wang and 

Laskminarayana (1968 ) used the method of' f'inite dif'f'er

ences f'or inf'iltration into nonhomogeneaus soils. A 
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recent use of this method in solving a ~ne -dimensional 

infiltrationproblern is by Giese l et al , (1973), who 

included hysteresis. 

Even the method of finite differences, although Straight

forward, requires a certain amount of' mathematical skill, 

Many soil scientists, soil hydrologists, ecologists, 

and scientists from other disciplines working on soil 

maisture problems do not have th e time to become familiar 

with the mathematical prerequisites of the finite differ

ences methods. Van der J' loeg ( 1973, in press) used a 

simulation program for une-dimensional infiltration. The 

simulation program requires a minimum or mathemat ical 

knowledge and the pro g ramming language is simplP. , Van 

der Ploeg (1 9 73) compared the results of the simulation 

program with the theories of l'hilip (1 957a , 195 7b) and 

l'arlange ( 197 1 ) for Yolo light cl a y and founn a g ood 

a~reement . The simul'ltion program of \'an der Ploeg ( 197 ·3) 

is now cxtended to include layered soils , The results of 

the simulntion prog ram fo r l a yered fie ld soils are com

pared wlth actual fleld Observations and a good agreement 

is found , Van Keulen and Van Beek (197 1 ) also developed 

a simulation program for maisture movement in layered 

soi ls, Th ey did not, however, check their results against 

experimental or field data . Si muliition pr ograms can also 

be used for other transport phenomena in so{ls , as shown 

by lliereng a and De lHt (1970)and Oe \Ht and Van Keulen 

(1972). The simpltcity and conciseness of a simulation 

program can be readily illustrated with the use of 

equation (7) for gas diffusion , 
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Illustration of simulntion procram 

Figure 1 ahows a horizontal container filled with soil 

through which gaseaus N2 is dif'fuslng . 1{e assume that 

no chemic a l or bioloeical processes affect tho N
2 

while 

it. is dif'fusine through the soil. Dif'fusion proceeds 

f'rom left to right. The concentration, C, of N
2 

is kept 

constant during the diffusion process at both e nds ot 
the soil container. Lot us assume that the constant N

2 
concentration at the lef't is 100 x 10-9 g / cm) and at the 

right is 10 x 10-9 g/cmJ. Also let us assume that the 

initial N2 concentration in the soil is also 10 x 10-9 

g/cm3 , that the constant dif'f'usion coefficient, D, is equal 

to 2.5 x 10-9 cm2 /min, and that the length, L, of the 

soil column is equal to 50 cm. Let us now suppose that we 

wish to determine the N2 concentration throughout the soil 

container at any particular time af'ter the diffusion 

experiment has begun. In mathematical terrns the problern 

dan be stated as follows: Find a solution to the partial 

differential equation: 

J>o 1C/dx.t: oC/tJt. 
subjec.t to the boundary conditions (DC's): 

BC1: C 

DC2: C 

100, at x 

10, at x 

0, t# 0 

50, t.) 0 

and subject to the initial conditions (IC): 

rc: c = 10, o<x(so, t = o 

To work with nice numbers, we multiply the values of' the 

boundary conditions, the initial conditions, and also the 

dürusivity by a factor of 109 • Ta solve the problem, 

knowledgo or calculus and differential equations is re

quired. Usine the method of separation of variables, 

see Kirkham and Powers (1972, p. 4)1), one can find aa 

solution: 

C.(x t) =. BC1 +(BCZ- ßC1) { x/L 
-1- (;/"Tr) f. [( 1/htl)(-t)""up (-nn~IT~t/L~)-"~(~~~rvx!f)~} <B) 

""c1 

+ (.2/L) L { L ( 8C7- IC)/(nnv)[.c.,.,(""".)- ~.QJ!F?""lJrt.llt/L ~~""TxiL)] 
1111:7 
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from which the N2 concentration, C(x,t), can be calculated 

for any location in. the soil column and at any time, 

We will now show how the problern can be solved by use 

of the simulationprogram S/360 CSMP, seeIBM (1972). 

First, we consider the soil container as consisting of 50 

equally thick sections, called "compartments", each being 

cm thick, as shown in Fig, 1. A horizontal x-axis ex

tends from the left wall of the container· to the right. 

The thickness of each compartment is called .0. x; hence 

.o.x = 1 cm. At some time after the diffusion process has 

begun, we fix our attention on three consecutive compart

ments somewhere in the middle of the container. Let the 

centers of the three compartments be points P, Q and R. 

For example, of the 50 compartments under consideration, 

points P, Q and R could be located in the 28th, 29th and 

)Oth compartments, respectively, In more general terms, 

points P, Q and Rare located in compartments i-1, i and 

i+1, respectively, The N2 concentration at points P, q 

and R is representative of the N2 concentration in com

partments i-1, i and i+1, respectively. Todetermine if 

any diffusion takes place between these points, and hence 

between the compartments, we use Fick's first law. Fick's 

firat law can be written as: 

q = - D dC/ dX (9) 

in which D is the diffusion coefficient (cm2 /sec) and q 

is the rate of mass transfer per unit area (g/cm2 / sec) 

along the x-axis and dc/c:)x is the concentration gradient 

along the x-axis (g/ cm 3/cm). Now if we denote the rate 

of mass flow between points P anc! q per unit area by 

then we can write: 

( 10) 

In the same way we can write the mass flow rate between 

points Q and R per unit area, q Q,R' as: 

( 11 ) 
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If we work with the total cross-section A of the soil con

tainer, rather than with a unit area, then we can calcu

late the change in concentration of N2 in the compartment 

areund point q as follows. We denote the change in mass 

of N
2 

in the compartment areund point Q per unit time 

by ( .6.m) Q" Hence (Am) Q is given by: 

(Am)Q = (qP,Q- q Q,R)(A)(l sec) = A(qP,Q- qQ,R)g 

The volume of the compartment areund point Q is calculated 

as (A) ( Ax)cm3 • Hence the concentration increment, (AC) Q' 

is found as: 

(.t.C)Q= (Am)Q =qP,Q-qQ,R g/cm 3 
(A)(,t.x) Ax 

In the above expression we can substitute e quations (10) 

and (11) for qP,Q and qQ,R 

-D 

or after some ari.thmetic: 

In general we can write: 

( 12) 

( 1 3) 

where in our model with 50 compartments i ranges from 2 

to 49, inclusive. Only the 1st and the 50th compartments 

need special consideration since they are adjacent to the 

constant boundary concentrations (BCl = 100, BC2 = 10). 

So far, we have considered the concentration change 

in an arbitrary compartment during an arbitrary period 

of time. In a subsequent time increment we could det er

mine a new Aq for any arbitrary compartment. It is 

necessary to keep track of the concentration changes in 

each of the 50 compartments of the model. This can be 

done easily with the simulation language CSMP, due to 

a built-in function, seeIBM (1972, p. 9), 

Y = INTGRL (IC,X) ( 14) 



159-

The above CSMP statement stands for the following mathematical 

operation: 

y [J t=final J 
x(t)dt 

t=O 
+ IC, ( 15) 

where IC represents the initial conditions: IC = Yt=O" 

To illustrate the ease with which concentration changes 

in the individual model compartments can be handlad using 

CSMP, let us consider the compartment around point Q once 

again. To follow the concentration changes takinß· place 

in this compartment during the diffusion process, we could 

use the following CS~iP-like Statement: 

CQ(t) INTGRL [ CQ(t=O), Aqq] ( 16) 

A similar statement could be written for each of the re

maining compartments to describe the concentration changes 

taking place in each. However, with CSMP it is not neces

sary to write a statement of the form of equation (16) 

for each of the 50 compartments in the model. One general 

statement of the form: 

C. (t) = INTGRL [c. (t=O), Aq., 50] 
1 1 1 

( 17) 

is sufficient. 

Table 1 shows the actual CSMP program that simulates 

the N2 diffusion through the soil in the container. Close 

resemblance between algebraic language and computer langu

age on the one hand and conciseness of the program on the 

other are striking features of the CSMP Simulation langu

age. This program is a slight modification of the one g iven 

by IBM (1972, p. 42). 

Fi gure 2 shows a comparison between the results of the 

simulation program for the diff using N2 through the 

soil column and the same results as calculated from 

equation ( 8 ). As can be seen, the simulationprogram 

approximates the exact mathematical solution quite well. 

The shown curves are calculated for: x = 0.5, x = 4.5, 

x = 14.5, x = 24.5, and x = 39 . 5 cm. 
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To simulate one-dimensional infiltration in a homo

geneous soil, the CSMP program .of T a ble 1 needs to be 

modified only slightly, Cne would now use Da rcy's law 

instead o f Fick's law, We will not take space here to 

discuss such a program. The complete program for simula

ting one-dimensional infiltration into homogeneaus soil 

can be found in Van der Ploeg (1973). For Yolo light clay 

Van der P loeg used a rel a tion b etween volumetric maisture 

content Q and suction, and another relation between Volu

metrie maisture content and capillary conductivity, For 

layered soils one needs the two above-mentioned relations 

for each soil layer. We also will not take space here to 

diSCUSS the Simulation program for layered soil, Program

mina details for such a program can b e found in Van der 

l ' loeg ( 1973). Other prog ramming inf'orm a tion can be found 

in IBM (1972), Wierenga and De \Yit (1970), De Wit and 

V an Keulen ( 1972), and V a n h eulen and V an Beek ( 1971). 

We will now discuss briefly the s oil with which we worked . 

Soil Data 

The sample sites with which we work are located closely 

tagether and the soil profile at the different locations 

shows a close rese tnblance , However differences exist; 

for example , the capillary conductivity varies from 

s ite to site and such differences cannot be ignored, \Y e 

will not discuss the soil properties at every sample site , 

bu t we wi ll concentrate on one sample site in the beech 

forest, This sample site of 1 ha is located in a fl at 

area and the trees are all about 125 years old, The soil 

profile that we find here is developed in ab out 60 cm 

loess. Between 60 - 100 cm we can find a transition 

layer consisting of solifluction material and loess, 

Between 100 - 140 cm we find very dense solifluction 

material, and from 140 - 180 crn we h ave weathered sand

stone, which gradually changes to unweathered sandstone, 
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A rather acid, brown earth with a slight tendency towards 

podzolization has been formed in the above-described 

materiale, Due to the dense solifluction layer between 

100 and 140 cm deep, which may act as a stagnation layer 

for maisture movement, the soil shows locally weak marmori

zation, Rather than considering morphological features 

of the profile and subdividing the profile into horizons 

accordingly, we distinguished five physically different 

layers, as far as maisture characteristic and capillary 

conductivity were concerned, Our layers are: Layer 1 (0-20 cm), 

Layer 2 (20-60 cm), Layer 3 (60 -100 cm), Layer 4 (100-140 cm), 

and Layer 5 (140-180 cm), 

Table 2 shows pairs of values of the moisture characteristic 

for each of our five layers. 

Table 3 shows pairs of values of maisture content versus 

capillary conductivity. To simulate infiltration into a 

soil profile, the initial maisture content throughout 

the soil profile must be known. Further, the duration 

and intensity of occurring rainstorms must be known. We 

assume that for the periods we simulated there was no 

evapotranspiration, Precipitation d a ta were collected 

by use of a selfrecording rain gauge. In our research 

area of 1 ha in size, a large number of tensiometers were 

installed. They were installad at de p ths of: 15 cm, 45 cm, 

8 5 cm, 135 cm, and 175 cm, The tensiometers are read off 

at short, irregular intervals, The read i ngs can he used 

as initial conditions for a simulation run, and they can 

also be used as checks against results of a simulation 

run. l<e can use our simulation method for periods when 

there is no evapotranspiration, especially for the spring 

and the fall, when the precipitation comes as rain, l<e 

have collected precipitation data and tens i ometer data 

since 1968, and we use our simulation method for all 

periods without canopy cover, hence without transpiration. 

For the periods without transpiration we find a good 

agreement between field observations and simulation data. 

We will now discuss some result s . 
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Results 

Figure J shows a comparison between the results of the 

simulation program and actual field measurements. 

Seil suction values versus time are plotted, with the 

natural rainfall given as an insert in the upper part of 

Fig. J. We have simulated the suction in the soil for 

the month of May 1969 . One can see that there is a good 

agreement (at least for field werk) between theory and 

practice. The total amount of rain that fell during 

May 1969 was 100.7 mm. The simulation model calculated 

that during May 57.5 mm of the soil maisture seeped down 

int o underlying sandstone, thus .contributing to ground 

water recharge. The difference between precipitation and 

seepage is the amount of mli>isture that was additionally 

atored in the 180 cm soil profile. 

In our model of the soil that we used in the simula-

tion program , we had the five physically different layere 

subdivided into 10 cm thick com partments. We considered 

180 cm of soil profile and thus we had 18 compartments. 

To s i mulate the soil suction for a whole month and for 

18 different depths, as in Fig. J, a little over two 

minutes of computer time is required. The results shown 

in Fig. J are typical for other periods without evapo

transpiration that we have simulated . Fi g . J shows that 

for our layered soil the nonlinear Fokker-Planck equation 

(equation 2), which is approximated by our simulation 

method, can indeed be used to describe infiltration. 

We thus have developed a computer model that simulates 

infiltration q uite well ror periods without evapotranspira

tion. For periods where there is evapotranspiration, the 

results of our present model d o , of course, not compare with 

field observations. However, with the field d a ta for peri ods 

with evapotranspiration, combined with a correct simulation 

program for periods without evapotrans piration, evapotrans

piration rates can now be calculated. We will report on 

the evapotranspiration results in a subsequent paper. 
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Summary 

The one-di mensional diffusion e quation describing the 

diffusion of gaseaus N
2 

through a horizontal soil column 

has been discussed in some detail as an i l lustrative 

example of the use of a simulation program. For a constant 

coeffici ent of diffusion, the analytical solution has 

been com pared with the simul a tion program results. The 

two results show good agreement. The simulating computer 

program is shown to b e simple and concise. It has been 

indicated how the simulation program can be e x tended to 

approxima te th e solution of t he one-dimensional maisture 

flow e quation in b o th h omog ene a us and layered s o ils. 

Although the p r o bl e ms coul d h ave been handled e qually 

we l l with fi n i t e d i ff e rences methods, it is sug gested 

that the simulati on program i s s i mpler. 

The s i mulation prog ram i s used in a field s t udy ab out 

maisture movement i n lay ered s o il. For n a tural conditions 

of precipitation anct no evapotrans pirat i on, s l mulation 

data are comp ared with field d a ta which are representative 

of a large for e s t ar ea. A g oo d a g reement is found . It is 

thus shown that: 1) a Simulat ion pro g ram e a s i ly can be 

used to describe s o i l moisture mov e ment, and 2) the soil 

maisture e quation (n onlinear Fok k er-Planck e q uation), 

which i s ap p r n xima ted by th e simul a ti on prog ram, s u ccess

fully can be used t o d es cribe i nf iltrat ion process es as 

we enc ount e r them i n t he f ield. 
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A biomass model from the Danish beech forest project 

Hestehave - site 

by Henning Petarsen 

This simplified modal was d e veloped as an exercise du ring 

the IBP woodland workshop by means of the simulation langumge 

CSMP (Continuous System Modellin& Programme). 

The initial condition as shown on fig. is based on the data 

given in the data sheets for the Göttingen meeting with some 

supplementary figures partly calculated from data available 

from the site and partly derived as tentative estimates with 

some support in the literature ( marked with 
0

) . The data on 

standing crop refers mainly to measurements from September

October 1970. Figures on the diagram marked b are obtained 

by balancing inputs with output s and annual increment of a 

compartment. 

Dimensions are kg.ha- 1 an d kg.ha - 1yr-
1 

Mathematical formul a ti on of the model 

The model is formulated as a linear model with constant 

transfer coefficients. 

The flux to compar tme nt 01 (i.e. thc gross primary production 

of tree lea ves) is mad e acceptor control1ed. 

i.e.: J 0001 = A 0001 X C 01 

where A 0001 = F 0001/I C01 (= 28042/2133) 

(J: transfer rate; A: transfer coefficient; C: compartment; 

F: initial annual f1ux; IC: init ia1 condit ion of compartment) 

The flux to compar t me n t 06 ( i.e. g r o ss p rimary production of 

ground flora) is made cons t ant i .e. J 0006 = F 0006 (= 19 20) 

The f'luxes to other c ompartments are made donor contro1led 

e.g. J 0102 = A 0102 x COl 

where A 0102 = F 0102/ICOl (= 199/ 2133) 
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The differential equations are expressed in the :following :form: 

e.g.: DCOl = JOOOl - J0100 - J0102 - JOlOJ - J0104 - J0105 -

J0107 - J0108 

The behaviour o:f the model over a period o:f time (10 years) is 

obtained by writing: (e.g.) C 01 = INTGRL (ICOl, DCOl) 

:followed by writing the simultation time (FINTIM), Integration 

steps (DELT) and output steps (OUTDEL) (here 10, 0.01 and 0.25 

respectively) 

Following this order the cornputer prints out the time behaviour 

o:f each compartment in the :form o:f a curve between the maximum 

and minimum values obtained, 

Results: The simulation o:f t .he behaviour o:f the compartments 

over a 10 year period is given in :fig. 2-10, solid 1incs. 

The slight increase o:f compartment 01 and 02 is unexpected 

because inputs and outputs have been balanced in these cases, 

It is caused by rnaking th~ :flux to compartment 01 accept or 

dependent. 

The increases in compartrnents OJ,04 and 05 were expected 

because o:f the' annual increment in these cornpartments. 

The remaining compartrnents stay practically constant as expected. 

Sensitivity analysis: 

We :formulated the problem: How will a change in the initial 

value given :for the :flux :from tree leaves to consumers in:fluence 

the b e haviour over time o:f each o:f the compartments? 

Ta ble 1 

change in compartmcnt size a:ftHr 10 years 

l:'lux 
<,(, 

Flux chan s:e COl C02 CO') co4 C05 co6 C07 co8 C09 

0107 + 5 ~ -'3.7 -~.~ -I.~ -0.7 -1.4 0 +1. 2 -0.4 -0,/j 

o.10z +10 % -7. 2 -6.6 -2.2 -1.5 -2.8 0 +2. 1 -_o . 7 -0.7 
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It is seen f r o m tabl e 1 that the change has the greatest 

inf luence in c ompartment 0 1 and 02. This change is greater 

than the change of the c onsumer compartment (C07). The 

chang es of the branch stem and root compartments are rather 

high. 

Simul a t ion of a phytophage outbreak 

in t he first of ten y e ars 

As an e xamp l e of s imulatin g a ch a nge i n t h e ecos yst em we 

trie d to introduce a tenfold increa se in the primary 

consumpt i on rate i . e . the transfer rate from compartment 

01 t o 0 7 i n the fi r st of ten year s to s ee h ow t h e mo del 

behav e during th i s ten year period . 

To introduce this i n the programme we used a s witchin g 

functi on the general f r om of which is: 

X = FCNSW (A 1 , A2 , AJ' A4) 

This me an s: 

if A1< 0 X becomes A2 ' 
if Al = 0 X becomes AJ' and 

if A1 >0 X becomes A4. 

In our case we defined T = Time - 1 

and mad e the function switch f'unction: X FCNSW (T , 10 , 10 , 1) 

If Ti me = 1 which is the first year of slmulation T (A
1

) becomes 

0 , and therefore X becomes 10 (A
3

) 

If T i me > 1 which means second to tenth year of simulation T 

bec omes greater than 0, and X becomes 1 (A4 ) 

The X is now attache d as a factor to the equation for t he 

fluxrate J 0107 . 

The resul t of t he simulation can be seen in fi g . 2 -10, dotted 

curves. In f i g . 8 we s ee the effe c t o n the phytopha g e c ompartment : 
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a steep about 10 t'o-ld increase in the t'irst year t'ollowed 

by a sudtlen decrease to about halt' ot' the "normal" compartment 

size. The compartment size keeps its magnitude during the 

t'ollowing years ot' simulation indicating a very slow recovery 

ot' the compartment. 

The same very slow recovery is true t'or the simulation ot' 

compartment 01, the tree leaves (t'ig. 2). This is naturally 

quite unrealistic as a simulation of' the real wor).d; since 

all the other compartments depend on compartment 01 the 

simulation of' their behaviour is no more reasistic; the main 

reason t'or this behaviour of' the model comes f'rom making the 

input to compartment 01 simply acceptor controlled , When the 

size of' the 01 compartment is reduced the f'lux rate to the 

compartment is also reduced, and there are no mechanisms in 

the model to ensure a realisticly rapid recovery. 

The cooperation of' various participants of' the workshop is 

gratef'ully acknowledged. 
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SOME RELA'l'IONSHIPS CONCßfWING BIOl!:LEMEN'.r CYCLING 

P. K. Khanna 

The available data concerning bioelement cycling 

for various sitee were divided into the following two 

groupe: 

1. Temperate Deciduous 

2. 'l'emperate Non-Deciduous 

The eitee from tropical region could not be included 

in the comparieon because only one si te (Eucalyptus-. 

'.Attiwill) was availabl.e wi th sufficient data for this 

purpose. Tabl.e 1 compiles the state of data on bioele

ment cycling. 

TABLE 1 

Number of Sites 

Tamperate Temperate 
deciduous deciduous 

Data sheets received 17 29+ 
State variables on bioelement 
contents 12 27 
Incremente for overetorey 11 25 
Fluxes (a) Litterfa11 11 25 

(b) Precipitation 11 22 
(c) '.rhroughfall _ 11 20 
(d) Pereclation and 

leaching through 
soil 3 18 

There are onlY a few si tes which make feasible an 

INPU'l'-OU~PU'l' analY.sis of the system, because in most of 

the cas.es the data on the leaching from soil layers 

(output term) are not available . (comparc with fi g. 3 of 

non-

+17 sites out of each of these figu.res are Russian sites. 
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'J.'ABLE 2 

Total Above Ground Uptake (kg;ha) 

Site N p K Ca Mg Na 

Temporate Deciduous 

So11ing (B1 ) 62.85 6. 00 41. 3b 37 0 63 4 o52 6o46 
Längaröd 49.40 4- 95 33 o40 4b o90 7o03 3o42 
Kongaund 152.00 8 o56 42 o20 63.10 10o20 13o 39 
öved 68o40 4 o50 4tl o80 106o60 38.90 12.30 
Linnebjer 1llo20 6o68 52o20 72.65 27 o43 12o11 
Oak Ridge ND ND 27o20 135 o07 ND NJJ 
Meathop 81o17 9. 24 56 o57 123 ol4 20 o03 ND 
Hest~haven ND 7o28 35 o59 7b o48 13o17 20o 30 

X 87 o50 6.74 42 . 17 82o70 17~33 11.33 
8 37 . 91 1.76 9.98 35.428 12o33 5 o87 
s% 43 o32 26o13 23.66 42 . 84 71.19 51.85 

Tamperate Non-Deciduous 

So1ling (F1 ) 62 . 98 5o60 42o94 44 o83 5o33 10 o60 
Kongaund 88o00 6. 83 44.40 45o70 10 o20 23o33 
Duke 65 o49 14.19 30 o 36 35o27 9o26 
Thompson 26o40 3.00 23 . 40 25o10 
Russian 1 17 o36 1.81 8 o14 21.47 

2 29o93 3o33 14.74 34.66 
3 38o95 4 o27 19 o57 42 o69 
4 53 o27 5o76 24 . 70 44o65 
5 60 . 28 5o99 25 o19 46 o73 
6 29o47 3.09 14o 77 27.32 
7 44o65 4. 51 26o17 41.49 
8 25 o92 2o77 12o95 27o66 
9 35 o53 3o93 17o69 38 o63 

10 37 0 31 4o08 18 o00 40 o89 
: 11 38o94 4o 24 18 o76 42 o32 

12 39o07 4o 23 ~ 18. 40 42 o55 
14 32 o91 3o62 17.06 35 o98 
15 31.52 3o36 15o50 32.48 
16 27 o83 3o05 14 o08 27 o60 
17 25o50 2o!:l8 12 . 77 24 o60 

.X 40 o57 4o53 20o98 36 o13 8 o26 
s 17. 33 2 o59 9 o4l 8o08 2 o58 
s % 42 o 71 57 o26 44.87 22 o63 31.26 

t-test for means 
si gnifi cant a t 5;& 5% Oo1 % 1% 



- 179 -

of Schütt, T. on 'About Intersite Comparison' ) •. Moreover, 

only a few bioelements have so far been studied and data 

for some of the important ones like S have been available 

only for one site •. 

The following parameters relevant to bioelement 

cycling were calculated. Certain observations are also 

included. All of the values are for one year •. 

1.. Total above ground bioelement uptake (kg/ha) =AU= 

Increment Overstorey (kg/ha) + Litterfall (kg/ha) 

+ Throughfall (kg/ha)- Atmospheric Input (kg/ha) 

(Table 2) 

The coefficient of variation expressed as percentage of 

mean lies around 50 or less for above ground uptake of 

bioelements. The mean values for sites with deciduous 

Vegetation are greater for all bioelements than those with 

non-deciduous vegetation. The t-test for means between 

two site groups is significant for N and P at 5% level,, 

for Ca at 1% and K at 0.01% level . 

2. Bole Production per unit of bioelement uptake s(tons/kg)= 

Bole Production/Above Ground Uptake 

(tons/ha) (kg/ha) 

(Table 3) 

For the production of one ton of ·oole, on the average, 

60- 90g N, 500-llOOg P , 100-150 K, 70 -lOOg Ca, and 600-

800g Mg are mobilized by overstorey every year. The t-test 

between the means of deciduous and non-deciduous vegetation 

for any bioelement is not significant at 5% level. On the 

whole, the Russian sites mobilize lower amounts of nutrients 

than the other sites for the production of the same amount 
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'l'ABLE 3 

Bole Productionj'rotal Bioelement uptake 

Site N p K Ca Mg Na 

Temperate Deciduous 

oo11ing (B1 ) 0.103 1.082 0.157 0.172 1.436 1.005 
Langaröd 0.128 1.273 0.189 0.134 0.896 1.842 
Kongaund 0.066 1.180 0.239 0.160 0.990 0.754 
öved 0.146 2.222 0.205 0.090 0.257 0. 813 
Linnebjer 0.056 0.928 0.119 0.085 0.226 0. 512 
Oak Ridge 0.08 3 0.017 
Meathop 0.025 0.222 0.036 0.017 0.102 
Hestehaven 0.710 0.145 0.068 0.393 0.255 

X 0.087 1.088 0.147 0.0929 0.614 0. 863 
s 0.046 0.612 0.068 0.0493 0.498 0.545 
s % 52.73 56.25 45.33 63.902 80.99 63.14 

Temperate Non-Deciduous 

::>o11ing (F1 ) 0.085 0.958 0.125 0.120 1.006 0.506 
Kongaund 0.113 1.449 0.22 3 0.217 0.971 0.424 
Duke 0.086 0. 395 O.Ül4 0.159 0.605 
'fhompson 0.255 2.250 0.288 0.269 
.ttussian 1 0.054 0.519 O.li5 0.044 

2 0.050 0.453 0.10 2 0.044 
3 0.053 0.480 0.105 0.048 
4 0.044 0.406 0.095 0.052 
5 0.041 0.417 0.099 0.053 
6 0.041 o. 388 0.081 0.044 
7 0.031 0.304 0.05 2 0.033 
8 0.046 0.426 0.091 0.043 
9 0.052 0.471 0.105 0.048 

10 0.055 0.504 0.114 0.050 
11 0.055 0.507 0.115 0.051 
12 0.052 0.482 0.111 0.0 48 
14 0.040 0. 359 0.076 0.0 36 
15 0.031 0.289 0.063 0.0 30 
16 0.015 0.1 34 0.029 0.015 
17 0.002 0.017 0.004 0.002 x 0.0 60 o. 560 0.109 0.070 0. 861 

s 0.052 0.493 0.063 0.068 0 .222 
s % 86. 37 87. 98 58 . 25 97. ) 4 25 . 81 

::;i eni f i cunce of 
t-test for means N .::;. N.S. N.S N.S. 
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'fABLE 4 

Site N p K Ca Mg Na 

Temperate Deciduous 

So1ling (B1 ) 0.209 0.354 0.160 0.205 0.384 0.016 
Langaröd 0.364 0.465 0.266 0.341 0.356 0.105 
Kongaund 0.546 0.409 0.393 0.393 0.333 0.081 
öved 0.409 0.533 0.332 0.296 0.105 0.046 
Linnebjer 0.261 0.269 0.170 0.279 0.401 0.021 
Oak Hidge 0.114 0.167 • Meathop 0.081 0.047 0.08 9 0.109 0.047 
Hestehaven 0.701 0.455 0.523 0.410 0.083 

. X 0.3117 0.3969 0.2474 0.2891 0.2909 0.0587 
8 0.1634 0.2067 0.1354 0.1324 0.1500 0.0364 
a% 52.42 52.09 54.73 45.80 51.58 62.10 

Temperate Non-deciduous 

::>o11ing (F1 ) 0.193 0.246 0.154 0.197 0.235 0.009 
Kongaund 0.159 0.234 0.191 0.263 0.186 0.044 
Duke 0.128 0.451 0.211 0.210 0.211 
Thompson 0.420 o.soo 0.359 0.375 
Russian 1 0.181 0.171 0.129 0.156 

2 0.177 0.159 0.131 0.149 
3 0.194 0.171 0.138 0.148 
4 0.163 0.139 . 0.120 0.138 
5 0.171 0.150 ' 0.126 0.135 
6 0.154 0.129 0.098 0.146 
7 0.123 0.111 0.074 0.097 
8 0.285 u.271 0.220 0.231 
9 0.217 0.191 0.158 0.170 

10 0.192 0.169 0.139 0.147 
11 0.164 0.139 0.114 0.125 
12 0.131 0.111 0.089 0.098 
14 0.081 0 .064 0.046 0.057 
15 0.054 0.042 0.029 0.041 
16 0.011 0 .003 -0.001 0.007 
17 -0.028 -0.031 -0.030 -0.028 

-
X 0.1585 u.1860 0.1247 0.1431 
s 0.0943 0 .1774 0.08 56 0.0902 
s $~ 59.48 95 . 40 68 .32 63 .00 

t - t e st for me ans 
si gn ificant a t 5 .'<> 5 ~~ 5;'i> 5 ;;~, 
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of bole wood. a part of these nutrients are removed as 

increments of overstorey from the total amount of bioele

ment uptake. 

3. Fraction removed from the total uptake content by 

overstorey increment •. 

(Increment Overstorey/AU) (Table 4) 

From 25 to 40% of the total uptake of bioelements by 

deciduous trees are retained by the increment overstorey 

and are removed from the active turnover, with the excep

tion of Na which makes about 6% only. In non-deciduous 

trees less than 20% (13 to 19%) of N, P , K, and Ca are 

removed. The t-test between the means for deciduous and 

non- deciduous plants is significant at 5% level for each 

bioelement. A part of the bioelements taken up by trees 

are washed down as canopy drip or throughfall. . It is thus 

of interest to know the bioelements washed out (or inter

cepted) with precipitation. 

4. Preciuitation Input/Throughfall (Dimensionless co

efficient) (Table ~ 

A coeffecient greater t han 1 would mean that the 

bioelements have been rel eased by the vegetation cover . 

The values of t his coeffecient vary with the type of the 

bioelement and can be arranged as follows: 

N>P:>Ca) Na) Mg) K for deciduous vegeta tion and 

P)Ca~N>Mg)K for non-decid.uous ve ge tation 

The amount of K rel eased by canopy is about 5 times that 

added as rainfall i nput into the sys tem . Whereas 84% of 

the total N input in the deciduous sites comes from the 

rain and only 16% is added as Leaf- and Stem- 'Nashout, 
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TABLE 5 a 

Precipitation Input/Throughfa11 

Site N p K Ca Mg Na 

Temperate Deciduous 

Solling (B1 ) 0.986 1.203 0 . 165 0.480 0.659 0.540 
Langaröd 1.000 0.857 0.176 0.738 0.360 0.681 
Kongaund 0.994 0.541 0 . 145 0.347 0.267 0 . 357 
öved 1.000 0.800 0.090 0 . 353 0.326 0.451 
Linnebjer 0 . 423 0.025 0.035 0 . 327 0.344 0.412 
Oak Ridge 0 . 727 
Meathop 0.623 0 . 274 0.094 0 . 246 0.378 0 .428 
Hestehaven 0 . 882~ 0 . 517 0.964 0.642 0.-541 

x 0 . 839 0.655 0.174 0 . 523 0.425 0 .487 
s 0 . 251 0 . 402 0.159 0.256 0.158 0 . 108 
s% 29.88 61 . 37 91.04 48.95 37.16 22.26 

Temperate Non.;..a.eciduous 

So11ing 0 . 855 0.718 0.185 0.399 0.535 0.405 
Kongaund 0 . 339 0 . 132 0 . 070 0.201 0 . 149 0.214 
Duke 0 . 586 0.457 0.140 0.623 0.376 
Thompson 0.393 0.061 0.378 
Russian 1 0.550 0.357 0 . 489 

2 0 . 367 0 . 270 0.397 
3 0.275 0 . 217 0.333 
4 0 . 239 0.192 0 . 267 
5 0.212 0.179 0.284 
6 0 . 333 0 . 244 0 . 383 
7 0 . 224 0.185 0.291 
8 0 . 289 0 . 278 0 . 338 
9 0 . 282 0.263 0.333 

10 0.289 0.255 0 . 324 
11 0.275 0.244 0 . 338 
12 0 . 275 0 . 256 0.343 
14 0 . 306 0 . 263 0.383 
15 0.314 0.278 0.411 
16 0 . 344 0.294 0.821 
17 0.407 0.357 0 . 523 

x o. 358 0.4 36 0 . 227 0.393 0 . 353 
s 0.151 0 . 294 0.081 0.137 0.194 
s% 42.29 67.39 35.57 y~ . 96 54. 90 

t-t est 
significant at 1% NS NS NS 
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TABLE 5b 

Precipitation Input/Perco1ation· Output 

Site N K Ca Mg Na s 

Temperate Deciduous 

So1ling (B1) 1.50 
Langaröd 
Kongaund 
öved 
Linnebj er 
Oak Ridge 0 . 38 
Meathop 0.12 
Hestehaven 

x 0 . 67 
s 0.73 
s% 109 . 74 

Tempera t e Non-,deciduous 

Solling 
Kongaund 
Duke 
Thompson 0.545 0 . 800 0. 622 
Russian 1 1. 833 0 . 5601+ 1.150 2 . 250 3.00 6.25 

2 0 . 579 0 . 333 L. 095 2 . 250 3 . 00 5 . 00 
3 
4 1 . 100 0.286 0 . 434 1 . 50 3 . 00 5 . 00 
5 0. 917 0 . 333 0 . 575 1.125 3.00 4 . 17 
6 
7 
8 1. 375 0 . 500 1.095 2 . 250 3 . 00 5 . 00 
9 1. 264 0 .459 0 . 996 2 . 09 2 . 7 3 4 . 46 

10 1 . 264 0 . 448 0 . 996 2 . 00 2 . 50 4.35 
11 1.183~ 0 . 4-17 1.027 1.957 2 . 61 3 . 82 
12 1.642 0.467 0.991 2 . 01!-6 2 . 86 4 . 46 
13 
1Lj. 1 , Lj.lj.7 0 . 513 1.230 2 . 647 3 . 75 5 . 21 
15 1. 549 0 . 543 1.133 2 . 903 3. 75 6 . 17 
16 1. 078 0 . 476 1 .186 1.765 5 . 00 6 . 76 
17 2 . 037 0 . 610 1. 2611- 2 . 500 6 . 00 6 .10 

x 1. 275 0 .483 0 . 986 2 .o44 3. 36 5 . 10 
s 0. '+11 0 . 125 0 . 247 Q, L!-80 0 . 99 0 . 89 
s% 32 . 25 25 . 82 25 . 10 22 . 39 29 . 54 17,11-8 

t-t es t 
signifi cant at 1% NS NS NS 
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the values for non-deciduous sites are 40 and 6~~ res-

pectively. The difference in the mean values for two site 

groups is significant only for N. The coeffecient of var

iation is 35 to 68% for non-dec iduous and 30 to 9~~ for 

deciduous sites; it is the highest for X. 

5. Precipitation Input/Pereclation Output (Dimensi onless 

coefficient) (Table 5b) 

Si nce the percolation output data are very s canty, 

mainly the Rus sian sites can be compared for thefr Input/ 

Output analysis. The coeffecient value of <l indicates 

that the output of bioelement by percolation as for K is 

greater than its input t hr ough precipitation more than 

that leached by percolation. The value for Ca lies around 

1 showing that i nput and output values balance each other. 

6. Fraction of Stemflow in the Throughfall 

citemflow/Throughfall (Dimensionless fraction) 

TABLE 6 

Stemflow/Throughfall 

Site N p K Ca Mg Na 

Ternperate Deciduous 

Solling (B1 ) 0. 079 0 .054 0 . 29 3 0 .163 0 .164 0. 209 
Oak Ridge 0 . 051 0 . 030 
Meat hop 0.043 0. 041 0.137 0.186 0 .168 0. 223 
Hestehaven 0.1 30 0. 204 0.124 0.149 0 .162 

x 0.075 0 .171 0.126 0.160 0.198 
s 0 .103 0 . 069 0 .010 0 .0 32 
s9G 59 .86 54. 69 6 . 24 66 .14 

Stem flow contributes about 10% for N and P and about 

10-20% for K, Ca, Mg , and Na of the tota l throughfall. 
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A HODioJ.. OF i!:NEHCY Jel,OH TJIHOUGll CONSmtER CC\~!1 ARntENTS 

IN A lH:ECH FOnES T 

by Gerhard 1<eidemann 

1. Introduction 

As part of' the l{Orkshop activities an attempt was made to 

fit the data now available f'rom the German Solling-Project 

into a model of' onergy f'low through consumers. It is hoped by 

this way to get some insight into the role of' animals ·in 

t' orest ecosystems as well as experience in systems analysis 

and modollinß*• 

The f'ollowinG st epwise pro cess was intended: a) building of' 

an ade qnate compartment rnodel; b) running and testing of a 

linear model; c) running and t es ting of' a nonlinear modal; 

d) procoedinß to a seasonal modal. Th.e simulation language used 

was IBH Systern/J60 CSHP. 

All data are f'rom the bcech stand B1a. A genoral site dcscription 

is givcn in th'e tabular part of this vol.for B1 1which is the adjacent 

plot f'or all non - zoolo~;ical invest:lgations. 

2. The c ompart1aen t model 

2.1. Definition of' comoartmonts 

Since the main intarest in this model is an consume rs, the 

nonconsume r compartments l{ero condensad whila the consumers 

were snbdi vid ed into f'ivc cornpartments according to the main 

f'ood resourcos of' the re spe~tive taxonomic groups. Thus a 

ten-co rnpar tment-model was constructed (Fig. 1). 

C 01 comprio;es all photosynthetic actlve green ma tter, 

i.e. 1:._~ of' tre es ancl herbs, grasses and mosses. 

C 02 f'ine roots , fii < 2 mm 

* Th e lt c l.p of' Nr. Prenzel, Dr. Shuan.::- t, Professor Ulr:lch and 
Dr. V"dll der J·locg is {;ratefully acknm{lo decd . 



C OJ beech nuts 

C 04 wood, bole, bark, twigs, branches, roots, ~ > 2 mm; 

including dead 

C 05 phyllophages: all animals feeding on leaves (Solling: 

caterpillars, weevils) + juice suckers (S: aphids, 

cicadas) 

C 06 rhizophages, feeding on living roots (S: weevil larvae) 

C 07 saprophages + microphytophages feeding on dead 

organic matter and / or on microfungi, ba:cteria and soil 

algae (S: Deptera larvae, orihatid mites, collem

bolans, enchytraeids) 

C 08 zoophages: predators (S: Centipedes, gamasid mites, 

spiders, harvestspiders, pseudoscorpionides, carabid 

and staphylinid beetles, zoophagous deptera) 

C 09 pantophages, animals being phytophagous as well as 

zoophagous or saprophagous (S: elaterid beetle Athous 

subfliSCUS) 

C 10 dead organic matter: all kinds of non-woody litter: 

dead leaves, bud scales as well as frass, faeces, 

exuvias, cadavers 

2,2, Compartment size 

In compartrnents with (possible) increment initial content is 

given as standing crop biomass (B; 103kcal * ha-
1 

). Otherwise 

production, resp. net primary produc t ion, (P; 103kcal * ha-
1 * 

yr- 1) is used since it is this amount of biomass which may be 

transfered to the next trophic level. 

Data for producer and dead organic matter cornpartments were 

taken from HUNGE (1973). They are all based on detailed 

measurements, Contents of consumer cornpartments are also 

based on measurements but rnake allowance f'br underestimates 

or groups not yet covered in different ways as given below. 



Figure 1: Compartment model of energy flow through a beech forest, Solling, B1a 

t 04 

(I = Input, t = translocation, a = assimilation, r = respiration, m = mortality) 
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C 05 primary data: . GRHIM (1973, SCHAUERMANN (1973}, WINTER 
(1972); surumary: FUNKE (1973}: consumption 600., .\/C=0.25, 
P/R=1. (woevils and caterpillars) ; . assumption: consumption 
by aphids = 200., A/C:0.4, P/R=1. 

C 06 primary data: SCHAUJ<:R~IANN (1973); P/A=0.65, P/R=1. 
+ raisine A-value by 50 % to correct for underestimate 
uf young larvae. 

C 07 primary data: ALTJ'.!ÜLLE'1 (1973, respiration of' diptera larva~ ; 
FAASCH (unpubl., standing crop of Cullemb. and üribat.}, 
FUNKE (unpubl., Diptera, production of imagines). - Data 
for thi s -· compartmen t are very weak, fur important groups 
are. missing (e. g. enchytraeids} or only partly investieated. 

C 08 prinrary data: ALBERT ( 1973, spiders), DIRKS ( 1973, centipe
des}, FAASCI! {t.mpubl., gamasids}, FUNKE (unpubl;, zoopha
gaus diptera}, 1fEIDE~1ANN (1972, carabids, centipedes, 
spiders}; assumption: Opiliones + Pseudoscorpiones 2/3 
of carabid values. 

C 09 primary data: STREY (1972, Athous subfuscus}. 

Initial conditions are summarized in Table 1. 

Ta ble 1: Compartnrent contents, initial conditions 

linear seasonal 

c 01 15700. 1613.96 * 10 3kcal * 
-1 

* 
-1 ha yr 

c 02 8300. 32200. -"-
c 03 1000 .. 102.8 -"-
c 04 1149600. 1149600. * 10 3kcal * ha -1 

c 05 115. 8.5 * 103kcal * ha -1 * yr 
-1 

c 06 37.5 8.5 -"-
c 07 172. 17.2 -"-
c 08 72.5 30. -"-
c 09 35 ho -"-
c 10 229264. 229264. * 10 3kcal * ha- 1 

2.3. Fluxes 

Fluxes from donor to acceptor com~artment were either nreasured 

(m; sources see above} and eventuaily corrected (c} making 

allowance for undarestimates, or derived fronr awsumptions (a}, 

or calculated by balancing input and output (b). Respiration 

of plants was omitted. Fluxes to consunrers are assimilation (!} 
by the acceptor. Mortality comprises litterfall, frass, faeces. 

Annual v a l.ues are given in Table 2. 
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'fable 2: Annual f'luxes ( 103kcal * ha- 1 
* yr-1) 

Input: F 0001 77500. (= net primary production) 

Translocation: F 0102 8300. 
F 0103 1000. 
F 0104 52500. 

Assimilation: F 0105 230. (m,c~ 
F 0206 75. (m,c 
F 0309 25. (a: 5 % of' c 03 consumed, A/ C 
F 0508 57.5 (m,a: 50 % of' C 05) :0. 5) 
F 0608 9.375 (m, c,a: 25 '7'o of' c o6) 
F 0609 9.375 (m,a: 25 % of' c 06~ F 0708 43. (m,a: 25 ~6 of' c 07 
F 0709 43. (m,a: 25 '{o of' c 07 
F 090$ 17.5 (m,a: 50 % of' c 09) 
F 1007 390. (a,b~ 
F 1009 54.625 (m,b 

Respiration: F 0500 115 . {m, c: P/R=1.) 
F o6oo J7 .5 ~m, c) 
F 0700 180. a: R/A=0.6) 
F 0800 93.5 (m, c) 
F 0900 37. (m~ 
F 1000 2448 7. (b 

Nortality: F 0110 15h70. (m: litter f'all) 
F 02 10 8225 . (b 
F 031 0 975. (b 
F 0510 57.5 (b 
F 0610 18.75 (b 
F 0710 124. (b 
F 0810 33.875 (b 
F 0910 27.5 (b 

J. Linear model 

J.1. 

In this model steady state is assumed, inputs anct outputs of' 

compartments are balanced with the exception of' C 04 (wood etc.) 

';hich has no outputs and hence shows increment. Fluxes are mad e 

donor dependent, that is, they are of' the type Fij = Aij * ICi, 

where A is the transf'ercoeff'icient and IC. means initial condition 
]. 

of' compartment i. The constant transf'er coef'f'icients are derived 

lly dividing the annual flux by the initial content of' the donor 

compartment. Their values f'or the thus developed "donor controlled 

constant coef'f'i ci cnt, linear model" are listed in T~le J. 
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The steady state linear model was subjected to a sensitivity 

analysis and to a simulation of' a phytophage gradation to test 

its stability. 

3.2. Steady state sensitivity analysis 

If' a steady state parameter of' a system is changed the v alueR 

ot: the state variables are changed to different extcnt and a 

ncw steady state is achieved. The sensitivity of ·a system 

to changes in flux rates, transfercoefficients; initial conditions 

etc. may be determined by a sensltivity analysis (sec . DHYLINSKY, 

1972). 

In our modal only three fluxes were changect alternativcly by 

.:!:. 10 %. The results of these experiments are summari.:<ed in 

Table 4. 

Raising or lowering the leaves-phytophages-f'l ux (F 0 105 ) by 

10 % influences all but the ~ead organic matter and the 

saprophages compartment. In a moro realisti c modal they 

would of course be affected also, If the flux from flne roots 

to rhizophages (F 0206) is changed, the compartment s diroctly 

concerned are influencoct as well as the co m1ected zoo0tages 

and the saprophages and pantophaees wh.ich are depencL·nt on 

the also affected dead organic matter compartment. Dy chan~;inrr 

the flux from phytophages to zoophages (I<' 0508) only these 

two compartments are c oncerned. There is no influence on thc 

leaves due to the donor dependent flux f'rom leave s to phyllo

phages, 

The new steady state is achi c ved afte r di ffercnt t i'~" fo r 

the different cornpartmonts and for the v1holo sy s te1' i t t;:ll<P.s 

between six and ten years. 
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T<1ble ~: Transfercoefficients (= means identical with A 

of' linear modal) 

linear nonlinear 

A 0102 0.52866 
A 0103 0,06369 
A 0104 3.34390 
A 0105 0,01465 0,000127 
A 0110 0,98535 

A 0206 0,00903 0.000241 
A 0210 0.99096 
A 0309 0,02500 0,000714 
A 0310 0.97500 
A 0500 1. 00000 

A 0508 0.50000 0 , 006896 
A 0510 0.50000 
A 0600 1. 00000 
A 0608 0.25000 0,003448 
A 0609 0.25000 0,007142 

A 0610 0.50000 
A 0700 1. 04650 
A 0708 0,25000 0 ,00)4118 
A 0709 0,25000 0.007142 
A 0710 0,72093 

A 0800 1. 28970 
A 0810 0.46724 
A 0900 2.48570 
A 0908 0,50000 0.006896 
A 0910 0.78 571 

A 1000 o. 1068 1 
A 1007 0,00170 0.00 0 010 
A 1009 0,00024 0,000007 

3,3, Simulation of' a phytophage outbreak in tlh' f'irst oS t <e n ' 'P.ar.; 

A further experiment which is a kind of sensitivity an a l ys ts 

too was per:formed by sinmlating a phytophage ou t break .L.1 c::ü 

:first of a tenyears run. The fl~x rate F 0105 was rai sßd te n 

times by usine n. Sl<{i.tchin ;~ .fnnction . T h e r csult :i. s pro ~>C:J lLr: d 

in Table 5. 

All compartments are more or less infl u e nc ecl hy a t eni'o l rl 

increaso in the l'lux between leave s and phyto phr.:.t:e s, in • ; :~.i.ch 



Table 4: Sensitivity analysis. Relative change (%) of compartment size at the end of a ten years run, 
when a flux is changed as indicated in the linear model. "years" indicates recovery time till 
new steady state. 

Compartment c 01 
initial size 17500. 
( 1 OOOkcal/ha*vr) 

c 02 

8300. 
c 03 c 04 
1000. 1674600 

c 05 
115. 

c 06 

37.5 
c 07 
172. 

c 08 

72.5 

+10% -0.03 -0.03 -0.03 -0.01 +9.96 +1.3 0.0 +4.5 

F 0105 years 0.75 4.75 4.75 3.75 3.75 7.5 
-10% +0. 03 +0.03 +0.03 +0.006 -9.97 -1.36 o.o -4.5 
years 0.75 3.75 2.25 4.0 4.25 6.25 

c 09 c 10 

35. 229260 

... 0.009 o.o 
3.0 

+0.009 o;o 
4.0 

+10% o.o -0.09 0.0 0.0 o.o +9.9 -0.01 +0.82 +0.69 -0.01 

F 0206 years 5.0 4.0 6.5 10.0 7.5 10.0 
-10% 0.0 +0.09 0.0 0.0 0.0 -9.92 +0.01 -0.82 -0.7 +0.01 
years 5.5 4.25 7.5 10.0 7.0 7.75 
+10% o.o o.o o.o o.o -2.43 o.o o.o +3.3 o.o o.o 

F 0508 ears 3.0 6.0 
-10% o.o o.o o.o o.o +2.57 o.o o.o -3.47 o.o o.o 
years ____ _ 3.5 4.25 

I 
~ 

\0 
VI 
I 
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the absolut e change s are greatest for they are primarily 

concerned. Of the other c ons umers the zoophages are most 

affected positively for the flux F 0508 is the biggest 

input to C 08 . The other consumers are negatively influenced 

since the t ranslocation fluxes are reduced when the size of 

C 01 is reduced. The same is valid for the increment of C 04 

(wood). The influence on the saprophages is negligible. 

Table 5: Simulation of phytophage outbreak; linear model 

Comp. IC maximal change recovery time 
( 1000kcal/ha*yr) (%) time (years) 

01 15700 . 406. -2.58 1. 2.5 

02 8300. 1 18. -1.42 1. 25 9.74 

03 1000 . 14 . 21 -1.42 1. 25 9 . 75 

04 1674600. - 1400 . -0.09 10 . increment reduction 

05 1 15 . + 871.57 -755.2 1 . 7.25 

06 37.5 o.433 -1. 15 1.5 9.5 

07 172. o.o4 -0 . 02 1. 25 2 . 25 

08 72.5 + 17 1. 61 +236.7 1. 25 9 . 25 

09 35. ü. 115 - 0.3 1.5 10 . 0 

10 229260. 60. -0.02 1. 4.5 

The recovery time is that time the compartrrtent uses to achieve 

again exactly the same value as at the starting point of the 

simulation . This time is sliortest in the leaf compartment due 

to the constant in~tt, and in the saprophages, which remained 

almost unchanged . The recovcry time is dependent on the 

dist a nce between the compartment in question and the leaf 

compartment (e . g . phyllophages 7.25, zoophages 9.25; beech 

nuts 9.75, pantophages 10 . ; fine roots 9.75, rhizophages 9.5) . 



4, Nonlinear model 

4. 1. Construction 
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From an ecological point of view the assumption that all 

fluxes are donor controlled will hardly prove ri ght. Besi de 

all abiotic and biotic lnfluences energy flow from prodncers 

to co:nsume rs and between consumers should be dependent of 

both donor and acceptor, Under this assumption the linear 

modal was changed to a nonlinear one in two steps 'by formul a ting 

fluxes to consumers in the general form Fij = Aij * ICi * ICj. 

In the first step only the flux F 0508 was constructed as i w:\ic,'ltec 

while initial conditions and the other fluxes remained as in 

the linear model. As a result of this the transfcr coeffici ent 

A 0508 altered but the whole system stayed in b a l a nce. 

In a second step all fluxes to consumers were manipulat ed in 

the same manner, Again the respective transfercoef fic i ents He r e 

altered (see Table J) but compartment sizes remaine<l unchange d 

during simulation, This nonlinear model was subjected to a 

seilsitivity analysis in the same way as the linear model. 

4,2. Steady state scnsitivity analysis 

Changing alt e rnatively by ~ 10 % F 0105, F 0206, and F 0508 

proved the system by no means as stable in a ten y ears run as 

it looked before, Only compartment 01 achieve d a n e w steady 

state after 2.5 years due to its constant input, while C 0 2 , 

C OJ, and C 10 after a heavy disturbance in the first year 

exh i bit e d a constant s ma ll incre me n t n p t o t h e e n d o f the 

simulation pe riod, The consumer compartments on t he o t h e r h ancl 

approximated ?.ero. 

To a void this behaviour the flows s hould b o controlle d by 

dividing thern into two components, a linea r and a no n li n ea r , 

as proposed hy PATTEN (1971). This has not yet becn d ono . 



4.3. Simulation of phytophage outbreak 

This experiment gave the appropriate results as the sensiti

vity analysis. 

5. Seasonal model 

To simulate seasonality of the energy flow through the beech 

forest ecosystem the original linear model was changed in 

the following points: 

a) input F 0001 was made variant with time by partitioning 

it according to data given by SCHULZE (1970) into 10-day

portions, from which CSMP generated the input function, 

b) In the same way litter fall was made an independent function 

of time and was thus restrict·ed to a short period in autumn. 

c) As initial conditions standing crop biernass (1o3kcal/ha) on 

May, 1st. was taken. Values (from the sources stated above) 

are listed in Table 1, 

d) As a first approximation the transfercoefficients of the 

linear model (Table 3) were used instead of the annual 

flows to calculate the flow rates. 

e) The simulation was run over 36 decades (= 1 year) beginning 

on May, 1st. 

Under the conditions mentioned the model proved to be still 

unstable, Therefore the flux rates were changed with the aid 

of an iteration procedure as proposed by ULRICH et al. (1973) 

in a way that their integrals approximated the desired annual 

fluxes. Furtheran the fluxes 0102, 0103, 0104 (translocation), 

and 0105 (phyllophage assimilation) were allowed to 1low only 

during the growing season, 

But even the results of this manipulation are not yet satisfac

tory, the system did not achieve steady state although at least 

some compartments approximated it, So it is felt that this is 

the way to come to a more realistic model, which mirnies the 

beech forest under research and .the behaviour of which may be 

tested, 
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__ CJJlt~:tE!US..__QU.J:.IUILG_l.l:!L..fii.l!l11!.. tL.ilSL!..L.A.!Ll:.ll.!1h.LO.E.__l,_j)tl.is.__.i.t:_L 

THAT CF THE OAK RIOGE IBP PROJECTt IS LrSTED. 

-----------'-------------------

~----IBP _RAU.J:fLtlT0Ulfl9.2B.1U~·-~=t~TJ_~_rJ_~_!.LL~~- ~--- SY __ P...9fL_~ f. __ P,.~G~J ... 't_~_, -----~-----~ 
C INSTITUTE FCR SCIL SCIENC~ At;~ FG?.EST NUTRITICNt GCETTII-: GE~ 

. _.J;___ _ _>:,';.I.~L'l..S.UL~------------------------------ --------------------· 

IMPLICIT RE.\L•4 lA-Ho c-: l 
____ _ _j)_i!:l : .N.S_!q tL _Q.:3~_:i;}i .. ~ '-.5_Cj_! _;:_ r<_lt~_N_a1_5_;; _ _t •-Qj_~_ nt~J_S_C! ' · :J R ~- - I~~ :;_LS_C·_ l • i1?. Ar_;-;:: t: C. J 

C IM Eh S ::c:-.: tiR A ~ t-. F I 5 C) t c-;:.; t. I NG (S C ) t 0 RA l ~i-f (!: ( ) , :, RA I~: I I 5 C ) , D F;A :~-i J ( : C ) , 
______ 2_0_HJ•Jll.KJ.=:JlJ. t.OSH!:iJ..15_Ql,_Pi\JI.IN11.1.5C l __ _____________ -------- ---· · .... _ 

CIM(t\S:rf'--4 AGEA ISCl rAGL fl (~G) •ALCAFt>SO lt2L(Af(~ C Jr S;.S t.I SC lt 3!.SBf5C J, 
. _ ___________ ?ß.S_ I_ ~: - ~ t~ C .. I .L~-~- ;J: ~- J.S .C t_, ST.. .C.l-!.Al2t1_r_SJ.P.N Q I_ 5..Cl...~ ~ CAA l .S~_ , _ , S_C.;.SJ _~: )_, __ SC_BA.. (_SC_ _) ___ _ 

3rS.C E GC!:~J 

O"!HZ:_NSIO N_ ST:-tA( Sr,) rSTr--!3(_ 58l_ r? -~_AAf ~Cl r ?.~AE! (5 S ), pqJ _t.f SC) .~ RJ3 f ":)), 
. -------ZI.·L-iT .(50 l • GL ;~j- i S.C .. l ' -ALu tH; 15'i: .. l ·,e-LCI;C 15 C lo AL (AI ~C i, AL TE .! Sr I oG LS ?.A 15 \ : ·,-;·-

1 --------- J .. bi:~~,~~ -i~~.} R ~DE-A75C-l- ~ P.-ADE-a '5 !:' ,- -.-"A t-:t~FRA·i ~-c-·,, A ~~r-; r· ~a l!: r , , A Ht~!P"A i ~ r.-- ,-.-- ·· 
1. ______ ?~~...:..'U_;ir_al ~:; _L!. ~-~i:::..~.L~9.1_!...~_s_ ~~ c so , L~-~.I~ J 591!-G~. I ~ -L::_~_ L• __ ::? ~.?Jd _;_r:_1,_ 0 -~E.~--L~_!J...L• __________ _ 

3CS~A(!:, r,), CS~3 f5UJ 

- ------~~-=- ~5 -~Q.~L..2E 3 A ( ?_Q)___!_~_?J~]_E C S:U_ .!__P_!1_~ __ f_ ? _CJ _!_~~~ -( 5 C ) ~-D~_~B_;~J .S G ~ ~-------- -· -····- ----·· 
ZOEP~ZEC!:CJ 

----~-:.M ;:N .SIC \: __ ;. ~TJiA {_5_C J t A ~T H!'l_( ~ ;:_)_ , AUT HC 1_5; ) , AUT HJ C s;:n, ~ U TH i: ( S~J, __ _ _ 
2 S 1" T LA { !J ::: J • ::; : TE [ ( 5 C J • S ::: T [ C ( 5 ~- l • S ~TL r; ( 5 C )t F C R~ T :~ ( 5 f )t F t; R:. TS ( 5 [ J t 

!-- • _____ ___ 3_f O~';_TC f _SC! .L_,_f_ORS TD t5CJ .. - - - --- --------------- ------- -
C:L.t",[f>:S:C N _SI TEE (~ CJ t SI 'IE F t5!:· l 

____ OIM . .:NS.IOt~ --S~_rro f SQJ ____ _ _ _________ _____ ---------- -- __ _ 
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- ·---- - - - - ·---···----

DIKZN~!ON FCrtST~I~CiorORSTFIS:I 

__ __[;.Il!Dis...!OIL. S.O.ll..U.5t..L1.s.t..Z.LE..l~ .l . ISJ:.!U: .l.SCJ 1 S CIL:::.15C.J 1 SCI.l.Ll Sl:l.L-----· --·- - - 
?SO !L F I 5:: I t ~;:(;Al SO I • GE~ i> I 501 t 3 .~ OC ISCI t GEOw I SC lt üEOE: I SC lo G~OFIS:: I 

-------ili.Ii!:I:~.ICILL!:ll.llS.C. Lt !l I:Ll<.L!;.C.l....C C..Cll SCJ . ____ _ _ _ _ __ ··- - __ 
DI!!~~SION SOILG I S!llt SC ILH I 5~ lo GEOG I 50 I o:li:OHI 5~ lo GEOII SOl 

____ JlCc.:;TJ!K~ftC;.it.J'L.S.V..U.S.tlt.5 VJU5.C.Lt.S V.C . .!CC •::..Cw..l ___ _ 
aiK CNSrO N SV~ISOI 

____ aP.~.<JI(II..LJFI{s...!C.ILf.LlU...1JLCJ.sLL.Xll..L.!Ill.J.....llX.CL!;Ill.l.fill:UC.J..o.f..UctE..JC~~u.C'--11------

0IK:NS!ON JIZOo~OioCRC:K120o~OI tFLUXI20t3SI 
·---IDlll:.l!"l!":tiN ~CX..SU~.liCl..oS!JilCJW.U:o..liC4SIJ.t~o.II..U.----------

DtK:NSI ON PHüTüi2Co~CioRESPI2Go4CI 
OIKr~crCN [! ~~ A I?CI·E~ f «?Cle(~j~~~---------------------
DIK :NSION FaoJAISCio?~OJ31S~I•PROJCISOio?~OJOIS~I,PROJEIS:I 

____ _J:QIJI:JIM !:t.:E.:tS ER 0 lf (5 r Lo.f...RC.Jl>.~i..CO).JloiWUih!5>l0;!.;11-------------------_:_-------
DtK~NS40N YaAISCioYRBISCI 

-----III~I:.-M~E:t.;s.x~-A.+~fl.O-(.&.C-~6i>~ .. +F~.JiO+oS I'E-tSC-I ·•SP·F-'UJ . o-~~----
ZSPHI SC I t SP I ISC I t iP Jl SC I oS P~ I SC I • S?ll 50 I • S PMI 5~ I t SPN I SC loS~ 0150 lo 

----JJ$.$1tPPP-(.I ~r.. J-.~~P~HSP$..VA.I+SI'+-1-5·l;-hS-$'U ~~ ... S f!~+U.J-o.S 1'~··1-..---------
-SPXISCI 

____ :Q.lXO.S.!LIL.S2.U!>c.J-.sR.U.S 0 I 1 ~I' A I ( 5.C.I~ll.t.Sal-o ~.C.C.(-f- Q.l.o..SP-C!l-45-W.._ ______ _ 
2SPC: :: I5:!1oSPFi'ISOitSPG O I501t:P~HI5Cit~?Iti5Cit:;PJJIS::Io ;p~~ISOit 

___ __;3i.!SuP~I...Ll .i5'"-J ·~~.?N!illlU ..... :.E..llC 1.5C.l...SI?.fl?.l.50 lt .Sf.Ql;t.S::J...SPRlU.SC..Lo 
'ISPSSISOioSPTTISCitS?UUISOio$PVVISOioS 0 WWI5ült~PXXI50lt:i?YY ISClt 
sspzzc• c·4.S1'.4~.S.P.c.a.ll~B-.I~.C.I-o . S-$'~.!;0-l-oSJ?FE.-I.s.~ 

6SPG31501oSPH315CitSPI3150loS 0 JSI5ChSPKSI501 
----lUI!f.N$.I.C.'I:JJ.IJ!A...I5.Cl.t.f.llßll..lSG.l.t.P.U!lc.J ~OJ.o PUßL.I.SC.l 

OIKENSION PUBEISOit?USFI5CloPUe315C. 
--------~D~I~M~L~· ~S40~.~LI~I~C~I~5~Cul----------------------------------------------------------

DIK~NS! O~ NULLXISOioNULLIIS:IoNüLLFCSOI 

C REAJI NG IN OF GENEaA~ CO NTRlL DATA. THE FOUR INT~GERS READ IN 
C DEI <;R KI.Nt.•-I~;'L.U.LLL.S E.J.S....\.>!L-1..0-I!E ._i<L\0.-IJ:::L..!'JH~. TEL .. _ _____ _ 
C 121 HC\i 11AN Y PAGC:S I~SSUX!N~ :;r:;E ilHA SETS P:~ ?A3LI AaE JSD :LN 
c r HU:.R..L"I't'r. '"i, w.Hrcn.......EA.R..I..!..c .u..LUOE..LL~E.:~ r....:s __ e..R.U.:.JLü_.O.UI. . ._ ___ _ 

141 HCW HINY COPIES CF THE PRINTOUT ARE MADE. 

REAO lOC2• N~ ATAoNPA.CToMI'ItNSETS 

------·---------- -----·------
C REAJI~ G IN OF GENE~A~ S!TE OESC~IOIION ~ATA 

RE A :i l OC 5, I [L EiiA I H l , E _ E ~ a I H I , E LEMC i X I , M= lo 17 I 
__ lC.C..S _ __fQ..R.U T .tl5 t-!.•.L __________ ~~----

lOCG FOaHA TI12~51 
________ Bl:A.lL .l DC 6.tJS..K'.A.ill . .t~V.fUt!.Lüll.LU!.lJ.SV.Ca.l'.l t. ~;...Lt!.1.1 _________ _ 

REAJ l!JC8oi!'LXAIHioFLX81~1tFLXCIKitFLXOIHitFLXEIMiot\=l•291 
_ ___ l.OCSJ.OJL"~t. T. .( 1 SA 5.. l _ ____ _ _ ___ __!__ _____ _ 

i> O lGC <=lo~lJATA 

____ JiLJ.!Ll C.C_~ l .i..UlHAl.IJ..t..A u.JhE..l..!l...a.J..l:.lHC I.LJ .• A.U.LHC.I.I J, AU.T~LI.LJ.o.:.LILU.l.Lo ___ - ----
2 SI T ~ 9 C ::L > , ~ I T: C t ! J , S ! T ~ ~ I ! J , ~ I i E: L I ~) , S ! TE F t I l , ; IT ~ C t ! ) 

_ --- - ·~.E/,i; _l :::::: ... tf.ll.RllA.ll Lt.Y ~f,s:J~JLCR~ T.C.J.U, f .Qil.~T ='..U: l t f_O EU: JE Gl-'---· .. 
2i'O~HFI I I 

__ . - · _ _ ilf:.A::. . l~r 4 .• s e A t.D .•. s Po_t .11 , ~Ec.t:u .• s r: lllo.S.PEI.I_I.t .:.f..F IIJ 1 s.r..c.ti.Jt.!;f>.EtiJ., . 
?SPII Il oO. ?J l .! lo~PKII1o 5F LI Il oS>r·: III 

.. . ·-· H !C 4 .. FORI-\AT I t3~S !.. ___ - ----· --··-- ··- - - ·--·-- ···-·-- . --·-·--- - ----·---- ·-·---· ·--·--·----· . 
Rt.tt l: !Cr ct, $P~:Ct lt SF"C CIIt $P? tllt SPCC! J.::;F' R t:lt !:PS tiit: rt t!J• 

.. ---· ---- 2.S.~uLl l .oSPV GLt.Si:. 'l LLl, S~.X.Ul,_S~J.ll t S?.2.l .IJ __ _ __ ·-- -··- ··- ·-- ···-----------·-· ·- ---
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~ El J 1 CO 'I, ~p A f. I :::I , SP QC f !) t ~ ~c C CI) , S ?U J ( ! J t S :' E ·: f I l ; SPFF C I I t :;?Gü I~ J t 
______ _lj;P._HI!_II I, ~F :;H .IoSFJJI_r), sr_Kt~ L:U.o.SPI-LL:), S PKr l .: lo ___ .-- - ------ ··-- - · 

rt::.:.:; l ,: C 'I,:;;- NN l I I , S?O;:) ( I I t S?? , l I a t S.> ·l ·) I I J , .s? R ~ C! I , ;p :i5 I I h 
. ___ _ .Z.SP_U I ll.o Sf.U.UJ:..I t Sf_V_V_ IU t_Sf.~-~ -LUJ S PX_X 1.: lo ~PyY J .l.l• !:rZZJ I 1.----------------

R~A~ l:i G4t ~?:.UIIItSPCöCIJ,:?:;3(IS tS? ~3 1IlrSP~ S fiitS?~:3 1Ilt 
_ __ __.Z.$Etic.liJ ,_!;p_~_,$ f.JiUlLo_5_P_ii.:..LU..J1..E'.;.. l~. l•Y. P.b.IU _________ ___ __ _ ____ __ __ _ 

R ~A ~ 1 ~i:: l 'P~O JA I I J o? RJ JS I I J , ~'I OJC I IJ , ? ~ OJ~ Ir J, pq OJE I I I , ~ RO JF I I I, 
____ __l.P.ß.ll.;.PJ..l.lLl'.li.ll..>I.H..l.IL.. --------------

R ;:A:) 1 JC 'I t SO IL A l I I , SO I La f!) , $ iJ ILC ( n , S 0! LC l! J, SO! i..E C ~I , S 0! LF f! I, 
---~z~s~o~ILCJ.ll~<~·~~~-------------------------

READ l :JC ~, C~OAIIJ rGEJciA:J ,:;!:OCIIJ rGi:C~IIJrOE:OEI!J,GEO.-I!l,SEOGIII 
--:--~.GLCiliUI .tf:Lc...I..Lll.o.ZU.....U!l rC(CKITJ ....c.LO.~J------------------

10;~ FO~~ATI3A~I 
______ a.t.AILJ.n.C..~J.llJl.A..lliAJ:O.J..r.LRAlillL1..!Ltl!B~.li:.BA~J.Lt.!l.?.tilil:.Uh.._ ___ _ 

2Di!HNFI I J, D~A I N GI II•D~~ !NflC:J, DRA!IHI !I rDRAINJ I I I rDRhi NK CI Ir 
___ _,3'-"C"'R.-4li>U Tl t DRAIKtlL.LL.. ____ -----------------------

RE:A:l l :JC 7rA~EAIIJ rAGE31II rA L~A FI!J t3L O: AF(!J,S~S41!1r 3A~3 1II• 
---~z ... a ... s._.;.,.•.LAJ .. Il, f;S TNe 'T •· <:rc t;A Ul..LS.Jilf..Jll..t....S...CAA .. l.I.J .scAE 'r 1. s r-f...A.i.LL ____ _ 

3SC631!1 
__ J..Ili.L.[QB.Ml .tl~il.Jd::--~--=--:----::-:--:-c:-~~--::c:-· 

RE:AO l0G7' 5!:-!AI I! •STH31 !I,?~ AA I! I • P.U 3 1 Il, P .~B~ CI J, P R3' I I J, ALAT I:: I' 
___ ......._z e..,:.~A_f _U Lt..A.~li .. G.l.I.Lt..l:.LJlld l.lllJ.Al.LU I t~AU...'\..l.r b G.Ul.!ili ... LLll Q.U:..a.e.t :J 

R EAJ 100 7 .~At;3A I;: I rRAJS B I !J, A ~;N? U H I, A r>N ?RS CI I, ~ !H :1 PA I I J, 
___ _zAt:J..r_r,_E a I :I • es llii.Ldi.s..uu.I.l..tJl:ii.AÜ.Lt.l'-Sl..ll..lUJ_G.S f.AU...J.t.ll..Sl'.E: .. U .. b.G..SBti_;; _Lt__ 

3GSR 3 1II . 
_ ____ R rAL__u:_c__1__._ il..S..B.6..U.ll.!~ill'...Ul..!..E.äAJ.L4-Efie.J..I_l,_O.LE'...'l.U..I.U.J.CLP.RU L.ll. __ .. __ _ 

REA J l Oc ~• P ~3 AIIJo?U931!lr?U 3C IIJ r?U :J ~IIJr?U 3 €1TJr?U3ri!JrPUJ~III 

-----"R-'--"r AJ:; __ lG.C.Z..t.....};.UlU..t.tJLL~tllllo..NO...~P.X...t..N.SJL.tlH:.XJ...tJ;UX.t..KEXX 

IOJ2 FO~MATil~ISI 
------~Ou0~2~~-~!Lt~l1l _________________________ ___ 

00 22 IK= lr2S 
CL.U.X.t•J.IKI - c-. 

- ----,2,-,2c-'C ON T Hi UE 
__ __L_c__zt _.rK=l.•.:u___ 

QCIJr! K I = C.!:J 
___ _...,tR.I:J:Iil.J.o..Ill_;__C....c;__ ____ _ 

ZO CO NT!NUE 
----"-\L..2.!L.HL;J.t..3.1__ __________ _ 

PHOTOIIr iKI = 0.0 
____ _R.E..S.E.Il.r .lK.I__;;_C_.ll.._ __ 

20 CO NT:.i:t.j:1L 
__ ___ liJ.hP ... , ;;_~ • G I G 0 T 0 6C 

REAJ l ü~2• C!iU:..LCIJirJ=loNCXI 
_ ____ O_Q __ 2._LI..i=_1'-'' -'l'--'7'-c-________ _ 

:lO 51 I~= I r NCX 
___ ...;ltli.__;;_.t>..U.LI-C..UK.L__ 

QIIJ,N!L) = -.COl 
___ 5..l....lltl. T.! ~!JE. ---- - -

6C CO~TI N Uf 

------------- --

------------ --- ----· - . 

____ I_F:_I__t-:_!X. _.E G, _Q] QC _! _C:_Jj.?_ ________ ___ _______ _ _ ______________ _ 

REAO 1 0C2 r I NU:..LC IJirJ=l•Sl XJ 
______ P.Q. • .?.J I J=_l.!. u _ __ _________________ _ .. _________ _________ _____________ _ 

co 53 r~ =l . rnx 
__ _ll~_;: ___ !{_L;_LLCJ..i!U_ . _-c-,------,---

CRE~ IIJ, N IL) : -. GC l 
-~~_c_Q!'ti_u,u E,------

sz CONH~U€ 
. ______ ____ . If I :-:r>: _ . ~G .• .. ~ L _ C~-- T._O _ S..tt ____ _____ ... __ _ 

R;: Au l c s l I ( ~~Li:.. L c ( J) 'j = 1 , ~J FX ) 
------------- r:,p ___ ~5. :.J= l _,_j _l _ ----------- -- ------·- -

uo 55 IK=l rNFX 
_____ __ ___ KIL .. ; :-: ~~ LC.UK I -------- ---·-·· -·· - · ····-· 
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FLUXI:JoN!Ll : -.CCl 

- --· LC.Ctl.J ~:~ "''------- - - - --- ---
~~ CONTI~iJE 

- - ----------------·-
_ _ _ _ I.f.U.P lC. t:;L.-.!!..l_UC_JlL.5..6...____ ____ _____ _ 

RE~O 1Ct2• !NULLC!JloJ:loNPXI 
_ _ _....~ ... c'--"• L IJ=l. ... ll 

DO ~7 IK:lo~PX 
___ ..,N._.I..,L~=-- ~-Ul .. LJ:J.IJU_ 

PHCTOI!JoNlLI : -.CCl 
57 CONPii.!JC-- -----------------------
56 CONTINUE 

TfC~px .fQ Ql 1U-JD·~UL-----------------~---------~ 
REAO 10G2• INULLCIJioJ:loNRXI 
Da 59 IJ-

DO 59 lK: lt Ni! X 
----~l~L~~------------------------------------------------

RESF!IJo~Ill : -.CCl 
----~·~WüC--------------------·-------

58 CONTIIWE 
------6~~~IU;~~------------------·-------------------

IfiNCXX .EO. Cl GO TC E2 
---....JiU:L.lO.CZo---l.~>:.IJI.UI.J.4~UXJ-----

6Z CONTINU( 
----~IuE~IlLLXX--.~Ou_~~~-U~~--------------------------

i!EAD lOCZo INULLIIJioJ:loNlXXI 
---"6'-'3'--"C..uO.!U~ll.L.lL_ - -----------'-

IFINfXX .Eii. Cl GO TC 6~ 
____ R..EA..ll_l.ü.C 7. ( N "' I F ( !) • ·-

~q COf':TINUE 

--- ---------- - - ----- · 

C READING IN er STANOING CROPS er BIOHASSt ENER<Y OR BIOELEMENTS 

IriNC .rQ. Cl GC TO 23 
_ _ ___ ...RE..\!lJO::U.L_[_J..._K._;uJ,JlL~tiC . .L_ ___ _, _ ______________________ _ 

1C::3 FCil ~ llf~!ZI~•ElC.CI I 
_ __LL_C_C.N.li~.i.lE_ ___ _ __ _c. ____ _ ___ _ 

----- - - - ---------- - --- · 

-----· _.I.fJ .~JL~Eil. __ :._L _;>_iL.T.0._.2L__ 
READ 1Q C3t (Jie K !tCRE~: CJ!tKi:Jt X=l• NI) 

____ l..!LJ:iltU ~ Nu::___ _ __________________ _ _ ___________ _ 

IfiNF .EQ. Cl GO TC 25 
- - ----- - - --

C ROilii<G If': CF FLUX(S CF BIC~ASSo ENEROY CR Cl OEL(P,[tHS 

R [ A: 1::2 3 • I J F • KF • F LU X I JF o Kr I o r:: 1 o Nr I 
. ___ z.s_c.oJi.I.lttu.c._ .. ___ ____ _________ ____ _ _ 

__ C .. .. . ili:.A)!N v HL OLJ' .. HO. TC S n.T.H~ ...:l UI\._ - ·---- - --- ---- - - --- - --- -- --···-· 

--·- ______ _ Iflt;f'. .r.J. DJ .. CC TC. 2.G ____ _ __ ____ ··- --------------- - --------------·--· 
~Lt'. f. l S ( ~ ,CJ ? tP H CTO(J,~P )•M=l•l\r) 

.2.G ca_:~ r ~kü~ 
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- ----- -------

_ -- ~---i!~~<::_I~JL . U• .. !lLBE~P.J.RhJJ.Ct<_il_lli_ ___ _:_ __ ----------- , ____________ _ 

_ _____ tf..U;R _._(Q ,___C,LSL tc __ _z_L_ ______________ _ 
READ 1 0J9 tCJ~.R~5PC!tJRltM:l,NRJ 

--~z'-'~L.l-J!J:l.U~U_E_ _ ______________________________ _ 
10:3 FORMATISIISo~lC.Oll 

___ _LILE~I~CXl__L~C--~~~~~C~C;-J~~~------------------------
00 66 IJ=l•l7 

----~OWO_Lk.-i~L-~AA-----------------------------
NIL = NULLXJIKl 

__ a&.tl _..r_..J ,_t;.I.I...l_;.___c:_._t_ 
66 CDI\iiNU€ 
65 COf.tiiUUL" ________________________________ _ 

IfiNIXX .E:O. Cl GO TO 67 
_ ___ PUJ!JliL ~e__r_~,_j"_j'---------------------------

00 68 IK=l•tHXX 
_ _____ N_l:_!-_ ___ = NILb_L_U~KcJl ___________________________ _ 

CREMIIJoNILI = G.C 
--~6~8~CCNTIN~~U~E-------------------------------

6 1 i:o~firwE 
--~I!..fl.'i NfXX • [Q. CI GO TC 6 9;!_ _____________________ _ 

DO 70- IJ'::t, t1 
___ ___JOD 7C_i!i~J. ot;f!>_X!>_X ___ __________________________ _ 

NIL = NliLLfiii<l 
_ _ _Jf~L.J,U.);_U_J,_i'ili-._l~=~...._.._ ___________________________ _ 

70 CCIITVWE 
_ ____r._s.~U.lkur 

00 40 K=lo37 
_ ___ __s_u_aA_(_hKL . .:='--.liliJillK'i..IUtD< LJKu __________________ ______ _ 

4ü CDNTINUE 
_ _ __J)lL__Ij_5_ K=_LL2.!l 

SUO~LIIrK, : FLUXCM!NtK) 
_ _ _ __!t!a_ c.tl.ß LI.t~ V c:_ ___ _ - _ _ _ 

oc '12 ~=1· 37 
_ _ __s_Uß __ CR J.:;:_,~.E_I\ _ I.~~t'.lU'---------

4 2 CONTirl<JC: 
. ----l~~~Q~;~u~ 

___ , ____ C0 .... 4 CC. _l$ EI_S _ _;;_l.L!i SU. $. ___ .:_ _____ _ _ _ 

Ifi~UN . GT . 11 GC TO 2G1 
_ ______ I'RlXL 2G3.G.. _________________________________ - - --- ----- -

2C3C FC~~~ ATC! i-ilt//t35Xt'IB:J \o;CrlXSrtCP, GO~TTINGENt 1373') 

------- _ _f'~_r~,_r '?_C? .L ------- ---- ---- ------ ---- ---------- -·- -------------
20~7 FOR~ATiiH r///rl 2X• 'THf :AT~ SETS P~!NTED B~LJ~ t~E THC SE ~:A:H!~~ 

____ __ j _ G.C r. TT V. S [i·.t.__ ~_E"f_ C t<[. . t HC. C( AU L'! ~.[.' tlt l '2X t • CF" S[FT _ !. .. fl US. . /:. ~ Ht. Ny_ t.. S _____ _ 
2 PCSS: :;L.C: CF THOSC: S~TS AtlRIVI!'JG LAT::::q. PA~TICIP,lNTS• tltl ZX t • :.. ~;_ 

__________ 3S.!.R_n;c~Y U<lcEC ___ rc CHECiLJlli:.!lL_Cil~ PI.TA _ I~ TH( TA E:L[S c : _LO\o.' SC TH,\T . ___ 
4 [~~C R 5•t/tl1Xr'~ ;..y 3~ CC~ .~::TE:~ '!:F t·::c rSSA ~ Y. :r YOU Fl~; ~ ::~~c q .l 

·-- ----~ .t..b .E.~ -~-_[ ___ L~ AV_(: __ L~;~J ~--- I !_~~ _!_G.AI. :. r-;_c_•_ • 1•. ~ 2X! -~ _THE . f P. f.:C R S __ Ot·_;__Ji:iL\;_ :.;LU:J_r~--------
6aOAi~ a:-; TH[ 3,i: flCG'I CF TH : fC'l~ST1Y 6UI L0 I.';G' ollll 

__ ______ __ tR i r>.I 2r.~ L------- _____ --- ---- - --------- ___ __ ___ __ . ________ . . ___ _ ______ __ 
2CII6 FCti~ATflM t/rl 2X t 'l Hl GA TA HAVE 3E:E~~ :l~t.:Ei) O~i 0i.J ~iCH C::~ Ct. ~JS ~N'; v 
___ 1AG :\~T! C Tt.P:: .. __ T ~ f C C ! ~Fi.:TE~ P.R t :KAt·: 'tltl:2 X t'l-; I-!"T : H ._. ;, s Pr:\IN tr~ THI: __ 

?DAT;. tt!.LL .!.LSG P l. Rl-: r r:.. VA~ ::iY OF rt:t.. ~<~:. tlGC~·::.. : .r :; OF •,/, t?X , ·~AT :. . 

3 ... FC M [XA~'.~ L C_, Ct-.E 1 -~:i G MT ~.q.: T TC• LISi St:~'ERA L (I U .l.I\ TIT :~S • .:.vcn t.$ 
=tP ~ C:CI?IT A TIO~t•,;,~ ?X • 'TC:~~ P::R . .J. T t.:~: ,A ~ Q P10~~C-:"lVITy , r c~ :\ Nt: ~:~L ~ 

~Cf IRC'J[ CTS t S!CC - SY - :,) I C t' FO ~ .. CC I·: PAR:Sti~ ·' t/_tl :' X • 'IF 1H( ·r,LF\Kl t.C 



CGRCCPS TH:~K THAT A~Y SUCH ~[ ARRANGE~E~TS WCULO Bf USEFUL PLEAS[', 
______ ]I' 1 u, !.Ii'iül3i't..il..C.tLll.E.J.!I~i:.~.!.~LLLII. _____ ______ - ------------

PR:~T ZC2B . 
_ __ ZCZli. FC.n~IJ__l_l.H __ ,lZX.._'..:iLV.El:!.A.L.A 5:ll.!:::ILI.I.U.O.~S _ AR~ __ U.S.B._ IX_ THLl'~UN.TO.Ui .._I_ _ _____ _ 

~Hi:St '~L LISTEO B(LC\rt'r//r2CXr'M = 1-![TE~S' ,/, 2C.Xt •so.~ = 
_ _____ _3SQJ.:Ail.E: ~'I.E.U:rt •_,_L,.z.C.L . .!.H.A_;; ___ ~E_c_T_]uU:S.'. ..t 1 ZCX o_!_C_tl_:_CE ~IIII..E..TE~ ~!_,_L.._ ___ .. _ _ _ 

~ZCXo'DEG: OEGR(E5'o/o2CX•'~Ir.: HINI.:TES't/o2CXo'L: LITER:;•,/• 
_____ S.Z!JX,__!__C_.;L__;;____;;_Al._CB_t~s' ol • 2CllL.!..KC~~QCALOB.:U:.S.' ,_!j ___ _ 

P;l Itll ZC lC 
-----P--Rr:a___zc..z_g__ __________________ _ 

ZC2S FO;H:ATilH olZXo'rHE TERM "NO OATA" !S USE: I.HEN NO CATA HAS SEE'I 
l'il!lJUllE.lL.C.;> IiFR ~ IiAS NOL.S.UEUCll.'U..!...t.L. .~lti:-J_a___naiJ\O.JT.lNL..i>-l~tl•C."liH _____ _ 

30ATA FROH THE RErt:RENC[ LITCR~TURE SENT BY FA;;TICIPMITS'o l 
----ll.J--2-CO-I.:-l..~lt•UA---------------------------

----f'-RIN -T~-l;-31 
2C!31 F0iH~AT !lHlo35Xo'GE~ERAL S.!TE OESCRIPT!ONS'ol/1/l 

-----P-R:NJ.-2Cll-> AU T H:U .U....W.T .He..l-Il-->-AV+-HC-f I l o-At:-T--HD-1--I-lo AU -T-H~+l-. SI-T-&A-t-l--1_. _____ _ _ _ 
ZSIT eS I Ilo SITEC I :1 • SHEC I Il 'SI TEE l!loSHEF I I h HTEC li l 

---21ll-l .. i Oil.'i A-T--' -!.-1!-.. zx._.! il ESE.\R-Clt[-Jl ~ S l-:~A-I>o-8X-• -~S-l-T-<:-!-'-<-7A6~ 
PRINT ZC~Co YRAIIloYRBIIl 

_ ___zo._~ ;Lf_D.'li'.AI.ll.ILo.2lt.J.!. Yi:AR.LSJ._~ 2.Ui~--- ------

------------

FilHiT 2C3&o FORSTA IIloFCRSTil!IloFORS.TCII loFORSTCII loFORSTEI Ilo 
---Z.fORSJ.f..U.J__ 

203B rGR~: U llH o2Xo 'F"OREST TYPE: 'o6A6oll 
---- -l'RJJli . ...U:-12....--SO~' A (;I •SOII 3 (~ l . ...sJlllU.:.I....s.ll:U.O-l-U•_._------------

2SC Il E 1 I l o SC :LF I il o ~0 ILC I I l ' SC ILH I H 
_ _2lll2 ... fC?.iU.TJ.ln- •.2X .• ..!..S.C.J:L..IYE.E. :. __!_,.SA.&•t-1--

PR :;:~;T ze~ 2o GEGA lll • GECE I Il • CE"CC l!l o ([CD li loGcC[ I! ltGECF I! h 
---~-2;)SQ..;.I:O:.Lo--Gz..c.;~ .(.!..J . oGSll.I.U-l_,.Gi:DJUJ.,_(lLQK~:J_.GUl.U-Ll---------------

zcqz FCRM!.TilH o2Xo' CEC LCGY: 'ol21.Eo/l 
- --- - -···- _F? ... Hl _L _ 2.C1.3.LSP.A t! LJ.sf_aj_Il.J . .S.P..C..t....:l __ , S2..!ltU. J .S2. ~ t!.l.r..SE.E (I J l2.3_l!.J •-- ---------· 

;:·s P H t ~ 1 • s P I t; l, s P J t r 1 , $F 1< t r 1 , s F'L t r J • s P?-' t :r , .. s Fr~ t r l, s PC < I 1, s PP t r , 
. .:-. 2C..l3 _;: OR~-: A.T LU:L.1..2X ,_ _• .. ~_4N.c..l2..L.L_E.LANLI.:iPLS. !_! t .l6.A6.J __ ______________________ _ 

tRI ~r 2<' 3 3 o S PC I I l o S PR li I o S PS I :;: I o S PT li lt S Pt; I I l o S PV I I I' $P W li I o 
___ ___ z SPXl I I ~SP....'il..H ,_sp_z_L-ILLSf'.A.l...tl.I...LiP.3.S.Ul _.:; e.C.C.Ll.l.,S.l!!)~ I IJ _._s_~[-U..l~------------· 

!S?FftiJ tSPG:C(;J r SPHH f!l 
___ 2.CJ .1 J .CR.'~,;.T. { ~H __ , _ _:x,_l _3!t..Sl. -------------------------- - --· 

FR I:; T 2 C 3 3 o!: P:;:! I! l o S P JJ I ! I o S P KK I I l o S Pll I I l o S P ~~I I lo SP NN li lo 
------- 2 SPJ~ tiJ.t.SPP.F c.:.) __ , SEQ_1_1 _I...LtS.P:i.~J.I.lJS2~S.C...! Lü2..I..Ll.Ll . r. SP_~ULI.J_,...S?~Jl.UJ..s.......__ ___ _ 

3SPI;I." I:J oSf'XXI:J oSPY Y!Ilo SPZZ IIl 
________ p :l : t~L .ZI:il• C..?J.. 6 I IJ->..sP...C.f.J.I )_, _SP...!l.!llil . iSi'l:B lil_t..Slial.IJ_,_;_e.n_s_ul_._ 

2 S P f:: I I I o S F i G I I I o S P Ja I 11 o S P K~ I I l 
__ ____2ilL~ FCCl:'ATU1L.o.Z.X ol :A6 o"-l _ ___ _ 

P?. rt-.T Zc l5o S~f, I~A I Il o CRA It;S I! lo D RAI NC I! loO RI.I'-lO I! lo DRA!IJE Ir lo 
·-------- . 2D~~:_N f UJ.. .. C<A : ;; G.Ul,_:;_.l!U.!·:HU.L.Jl.ill.!.NIU I o _D_ R~r..iiJ I IJ , __ 0.3.\:i:.L>JHIJ ' - ---------

... .. 2Cl ~ FC~;~ h T.llJ-L , '?X r • SC IL.-:?u .. :t~ AG: :_! tl3A5 r/. L ___ ------ ------ ---L----- _ ----- --
P<li! ." T 2Cl6 o AHAI!loACECIIIoALEAFIIIo [ l[AFIIl 

2 · 2~~ ~· SC.~/S ~ .X't/J 

P ~ I~·i T .2 C.l _7_t 3A ; !d ! ) t6~':';:t I J ~~~- I. NA(_I) r ~:ii~~Sl:) 

~:::.17 tCrti·'.;.T(lH t::.'X.t 'L; /ISt. L AREA: '•ZA!:.t' $:j ,~~/H /, 't7 >: t'l.t5"L AREA n;c~~~~ . 

? .: •, 2 A: t. !.S •.;. . ~1n!A ' ) _ -------- -------------- --- --- -----
F f.! ~ :-:T 2:::· :,. C 
pqr:;T :!~3.3r S "':"HAtiJtSIH S tiJ.I:iT.!:>NA(Il t .STüt~~fiJ _ 

?C37; rcf-: ~-: t.T flH r ":'X ,' SiANC HEr\:-HT: 't2A.:;,• 1-''tlCX•'STC'CXI NG DC~:ITY : 't 
'! 2 A ~, ' Sr:: MS ./ ,-tA ' , I l --·------·--- _ . ___ __ _____ __ ____ .. 
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---------------------· 

---------,------- ----- ----- - ---------- -- -- - ··- - -----
i'RI~r · 2C13o$CUIIloSCABI!lo':C~AIIl oSC381II 

_ _ _2(;_lß __ FOR I': A TI~ H _, 2X • ~S HNC I NC C~ OPt__}.a_O_VE G RO~ t;(': _ ' t .Z~- ~ 1 ' __ CL~!i.ll'• _l.l_~- __ 
Z'STA~OINü C'lOPo BELOW:>RCUSJ: • o2A5o' G/SQ,H'l 

---- Piil!!LZ.r_L.!;______ ___ -
Piii~T 2G l3oi''!AAIIIoPR~ 8 1IIo PR3 AIII oPR ~3 !II 

_ _ z_USJ_C 1! Ii 4I U_H_._Z_X_L'_l:_~I;_C_ILCll_Y_I_'[_Y_AA O_ll_E__G_R.O\UID _;_~•~'-- f LSJl.._I!_!_Ll 3_.x._., ___ _ 
2'PiiCOUCTIVITY uELC~GROUNO: "o2A5o' G/5~.~·1 

______ _LPBik~-~1.~--~~~~~~~-~~~--~-~-----------
PRIST 2C20o ALATIIIo6-ATIIloA~ONGIIlo3LONGIIl 

zQzy EOR,..A_T_{lH rZXt' llJTTüCE: t,;.c,• DEG 1 rA5r' Hlr.J 1 r7Xt 1 LCNGTJUJP0.._..E~:___:.•_., ____ _ 
2~5r'OEG '•A5r'MIN'e/) 

-~~~~~hl_ 2Cgl • A~_Lt~Af~T~G~I~I~I~~~~~~~~~-=~~~~~~-----
20H roRMATI1H oZXo'ALT:::TUJE: 'oZASo' HETE~S ~aOVE SEA LEV<:L'I 

------~RIKL-~~----------------------------------
PRI~T 202loG~8RAilloG_8R91IloiiA:JBAlii•iiAC3BIII 

.,n21 (O_R_UTilH .zx.·~.E..AlL-A.N'·' IJAI QAOTATTONe GI cs.c.r a· '·'A.S.....aA.X..a·'-'L•--KR•<uC~.t!P ____ _ 
ZALANCE: 'o2A5o' CAL/SJ. CH 'l 

____ f'Jillii -; 
PRIST~2~0~~~4~o~A~N~T~M~P~A~I~I~l~,-A~N~T~~~.P~a~I~I~l-----------------------

20~4 rOR ~AL! .!.!i o2Xo•~ _p.r>__!~ NUAL _IE~PEilATUR~: 'oZASo' DEG _"c,_•__,,,__l,__,_l _____ _ 
P~I~T 2G22o ANNP~AIIloANNPilSIIl 

---2.02.Lf_OJL~H-LLH_f2llL!l1f.AtLJsJ1NIIAL PREClP.IlAI_I_O~_z.A5_L!__Ll5.Jl..Jt!_J - - -----
PRitH 2C 1ü 

---",,--,---,,---!,P!U!g _2_L~h___lli_~[l!_o_ ß_~l.e_!_._,_l :--:------:c--,------~-------,-,-----------
2023 FORMATilH o2Xo'LENGTH CF GR~WING SEASON: '•2~5o' CAYS'o/1 

_____ P_R_U ,_T_.:?_Q]l.! GS T ~HhJ!.Sl.tii l --------------------- -------
2032 FOiiHHI1H o2Xo'TEMPERATUR E DUiiiNG GROWING SEAiON: 'o2A5l 

-------LP~R~I~N .. L-~~----~------~--~----------------------------------
PR!~ T 2C45t 3SPA IIIoGSPBIIl 

2ü4 5 EOR.l:.AI_~U.P.llAI.L!ULil.U.RIUG__G_R_CW_lNiLS~~l.~L-----
2' L/SQ.M'I 

_ ______I'_~IllL2J:.~-=-=-:-:-::::--:-::=~:-:--==:-c-=:-
PiliNT 202~• oSilAI!IouSR31IIoGSRBAIIlo3SR3BIII 

____2lll!LLO.illiALUrLJ.ZX.r_!_M Ef.f'____RA!U U~JLJif_GlLOö! NG _S,L~s_c_ru__ _G_LOaAl..__H_~L2.A ... c_,_, __ _ 
2'1Xt ', RAD . 3ALAN~~ ! •, 2A5t' CAL/S3. CM') 

___ JJll<\I__l_k_lJ:___ ----- ---,,-,--- ,------,---c-c--c------
PRI~T 2C25o PHt.IIIoPH31IIo~~P~UIIIoOEPRZu1Il 

-'.C2.Li:C.R.~ A.LUJ:l..rLXL~I:~o_l_!,_!i~.cLElil-.Of.__RO_OJlllG___Z_C_NL!__!_ ,2_A5_t__!____C_li_!__._LL _____ _ 
Zllll 

______ P l!Jl< T _ 2 t;.!L]_._E_u_!;_A_I_: l__._r:!.I.2!UI !_._r_JJ_J,J;_UJ_._I'_U_S_O__lULf\J.Pt_j_l _ _l _. __ ['_t/ßLll~d'JLeG,_,I._..I'-'-1 _ __ _ 
2047 FOA ~AT ilH o2Xo 1 S TATt;S OF OATA: 'o7A61 

___ __z_'-.Q__t; Q N n tt'l.f: 
201 CCNTHWE 

·------ -- ------- --'----------------------

C Pili~T:NG CUT OF STANOING CRJP OATA 

------------------- ------------
00 300 Ni'AG:t o ~P A GT 

____ __,N,_,'P~L-=. __ _!t!f_t.G_-:-_1_!_! _3__+ __ l_ 
NDI"F : NDATA - N?1 • 1 

-.---:. __ ____lf_IJ! CJF:F _, _L t , __ ~ ) _ GO ___ T_t;__Jc_L_ _________ _ _________ ___________ __:_ _ _ _ 

NP2 : 3 o IN?AG-11•3 
_______ GJ; _ _ i~- _};; 2 ---------------

3J1 co:n rrwo: 
_ ______ _!!!'__?_ __ :. __ !< ~_t[[_____!___[_o';i_!'ILG~_l.l.!_L_ __ 

3.J 2 co~a ~ r-:uc: 

___ PRr\T _2CC2,[L[MA_ ! M INI•El~l(a .. l ~ lNl•ELO: CII-:IN I ______ _______ _ 
2ü:2 FCR ~A TilH1, 5X ,• Cc :-:P ARI SCN$ t..~n rJ G v:. ~I O t,; S ECCsvSr:::15 ~I TH .'~t:~PCCT 

_______ ____ z_o _ A ~. Ct;~ TS __ (;_r_•_, 3 A S _,_~I_N__ U.tH_T_S __ ~f ___ G RA ~;S IS Q, MEH.R' ' /I ----·· · __ . 
r~r:n 2CD3 

- - ---Z.CC.S_ f_C<;~ AT I 1 SX,_• __ lA _ 6 LANJLSE A.C_t:.. 1\E.ANS _JfiA T_ _ UiE _ VA L~E II ~ S NCL M EA_SURE:D • -- _ 



- -----------··------ --
llHE SYMeOL 0.'•/•lBXo'~EANS THAT THE VALUE IS NEGLIGJeLE• EITHER e 

_____ 2Y .• K~~SUREHEN T . uR .. .IN!J.L..olBltr_!_HE._JU:l:lM!:NT .D.E . T-~L INVE .Hl~I.TO~ . _ .IJ:tL .. 
3SYKCDL •• ME~NS THAT THE'olo1aXr'CC~PARTKENT ~AS ~EASUREO JOINTLY 

____ _ UIU,·L.CO!HIGUOULCC .I4e.A~ J.r.E~TS._S IMIL.I.RLY ' .rlolEX• • .SYHaOLIO:EDt AS . WEL~ 
5 AS THE fli<$T COKf~RTKEhT BELCW IT WHICH IS NOT SC'rlolEXt'SYHBOLI 

___ _., ... z_to_._ ___ IJ:tt....vA:..JJE OL .IJ:tLLLOli.ESL.r.DIII'.A~UIE.NLLLI.HE_r.c.IAL_. vAL..~E!..L.Lr.L 
1IX1 'OE THE SUMr,(C COHPARTHENTS.I'.-111 

____ I'JllXLZJ:.D'U_li!ilO_J.Aill.Ji'JiDJ.aUU.I.;.NP.~tllP..Z . I! ____ _ 
PRINT ZC05o IPRCJCIIIrPRCJCIIIti:to:P1tNP21 

----"cRll.l-200S...IJ!R.ü.JU.UJAD.JEUL.z::H~ NUl--- - ---- ----··- -
ZOC' FORMATI27Xr91ZA~oZXII zons roa.'I..ULZ.U...o..!lllh.L.Jo.._. __________________________ _ 

PRINT 2026 
ZD?i [OQM AJ 

00 ZlC LA : 1•37 
----~-~A ,EQ 3 OR L• ,[Q~---~~~~~~-------------------

IFILA .EQ. 11 .OR. LA .EQ. 211 GD TO 30 
-,---__.EU.A-.....u...-2~ , DR, LA Eil~~~-J.O-----------,,.-------

IFILA .EOI. Hl GD TD 30 

---~~~~----~----------------------
30 CONTINUt 

----~PHRI~ ~Z~O~I~OL_ _________________________________ _ 

2010 FCR~ATI1H I 
--~lui~C~~ILKUE___ _______________________________________________________ _ 

CALL CATAPTISVA•SVB•SVCrSVOtSUBAtNP1t'IP2tLAtNPAGTI 
zaaa EO.RMU!5XL.!l.A.S.r.2.X.... .9~~-'L..L----'----·--------------------------------------

210 CDNTINUE 
310 CD~UI.ow~<-------------------------

C PRI~.IJ:NG OUT Of INcaFäLHLJlLTLAL--------------------------

-------00-.!1 C tJPA G-L4liP.A•.!>GCJT _____________________ _ 

NP1 : INPAG-11•3 + 1 
------HDI~~=-N~P~I-1~~--------~-------------------

IEINOlEF .LT. 91 GO TD 311 
____ _ap~_=-..9.-±-~~AG:JJ~~-------------------------

CO TC 312 
- -lll..C.DNI.I !WL-. 

NP? : NOIH + INPAG-11•9 
__ ll2-i:.ONT.I .N UL _____ _ 

PilHiT 2C35t ELEMAIKINI•ELO\Fdt! INitf:LE~CIMINI 
__203.5.10 R:1 A.U .UU .. .S.X a...'..C.OM2J.JU:.S.ON.5._A.Jillli.ILV.A:UO U L E..C.C:i.Y.Sl ~..Jil..I.H _:lE.52LCLL__ ----

ZO INCR~P.:t:t<TS CF '•3A5•' IN UNITS Of GRAM/SQ.t-:'•11 
_ ___2R.I:ol J . . 2C.C.9 --- --- ---------.-·--·- -------- --- ----------

PRI~T ZOC.~, !PF.OJAIII tFRCJSIIIti:NPlt NP21 
_____ P..RHI t _ 2CO.!U lf'.P.O.JC li Lt2ROJ~ I.Il.1 I:.N ?.l• 10?.2.1 

PRI NT 2CC5o IPROJECIItPROJFI!Iti=hP1oNP21 
___ J'..RI:-J I 2026 _ ------ --

CO 2ZC LA:1, 37 , 
____ If.l L.A . • ~Q. _ _.l_ ~. C;! • . .LA . ...Lll ._liJ __ G.O_I.O_ .l6 .. _____________________________ _ 

IfiL A .EQ. ll .GR. LA .E C. Zll !00 TO 36 
______ If.I.L A_. • E.ll •... 2.~ __ .a.R~ . .J...A_~f::t. __ 2 .~tQ . ...3 • - - - -----·-- - ---------- -------

IFI~~ .EQ. !41 GC TC 3E 
--- -· -· :i .. Q .T 0 . !.I. __ ___ ------------··· ____ ---------······-·--·----···· . ·-·· - ····· 

3;; CO iiTHtUE 
-·-·· · Pilin ZC.10 __ - - ---------- --·--··- -·---------·-· ···-----·----·· 

37 CC I\1rNUt: 
CAL L DA T Ai' TC 5 VJ. .1 S va r S~ C 1 S VOr.SU1!Cil .• NP 1 • NP2r.LA.t N PA CU - ·-······· 

2zc cc r-:r:~uE 

_ _.ll.C. . CO NTINUE . 
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- ----------------- ·-------------- .. ·---

____ c _ P.Rit\T .INC . .CI.iLCL.E.l-UJLO.Ut.. ______ , __ . ______ __ .. - ----- --

------· ___ CO _} 2L Nf:!\f;= ul;P.AG_L_ 
NPl : INPAG-11•9 + 1 

___ NP..HE_:;__Jill~~P-L .. Ll~-----
IriNDIFF .LT. 31 GO TJ 321 

~-;_3~~~~~~-----------------------
. GO TO 322 

~--t~LI~u~-------------------------~---------
NP2 = NDIEE + INPAG-11•3 

____3_22...J: OJil.lllUL 
P~INT 2C03o EL<:XA IMINioELEHSI~INioEL~MCIHINI 

_2L:C.L.fOR~Al.U.hl.t.!iX.L..!.C!JMf'.A.IUS.Cii$_l.liCN.G_LC.C~.SJ. U:.:.S-Lf..tC..IlRL...>E..ti..JI.u!XuE;.e<:::....JDLllEr__ 

2' I~ UNITS OF G~AM /S~.KETER/YEAR'o/1 

'1:4 c:. 

---~P~Rl~L-2~~~~~~~~~~~~~~~--------------
PRIST 200~, IP RO JA!IIoFRCJa!II oi::-I?loNP21 

___ _.EB_li~LZ.tmS.LilH Q.,l CJ.lJJ..E.Ro...JJU.l..Lt.l;JSeJ •J\~ll__ ________ ----
P~I~T 2C05oiPROJ~III o?RCJEI:I oi:NPLoN?21 

---..l~I1il2U 00 50 LA:~l~o~2~3~------------------------------

---..J.Tf_l~]<__._[,_.__l..Q__~Q_R, __ I,_!_.t_Q_, 17 I GO TJL .l.._ ____________ _ 
IFILA .EQ. Zl .OR. LA .[Q. 251 GO !0 32 

---32-{~Nt~;;;~~·-----------------'----

____ f.!Uti.LZJUo..l~---------------
33 CONTINUE 

__ , _ __ lfj.LA - • ül .• -LLLCll • . _LL....Ul....2.l.L.G..IL.l.C .. ~'--------
IFILA .~a. 251 GC TO 39 

. ___ jl_Q_J_Q __ :ta_ 
39 CDIHINüE 

_____ J:B.:.I\.t....Z.C!i.3.J..-EU:A.Iu.J_._HJt.il.I..LU..U..LltC.LLA J..t.E.LXD..lU. l..J E.LXLI LA..l..------- -·--
20~3 FOR~'TilXo5A51 

----.G.O.....l0 _ _5c_ 
Ja co:n:o:N~E 

____ ..J;b.!,._b._ _D..b.lAf .. Uf_l.):_A•..f..U-".!.fJ...g_u_L.~.f..l.~it .~\iOi.L.!..Il.e.lt.!i.P.Z_.._LJ;_.._tj.f-" .. :U l ____ ,_ 
2C06 rDRMATilXoS•S•lXt31ElC.~II 

---'li..LC.I:H.H;u_.__ ____ - ---------------------
32w CCNTINUE 

------- ·-- ---------- -------------·----

-----... ·-----·-·- -----·-=-=-:c--=--= 
C PRI ~ TI NG CUT CE PHOTOSrNTHESIS OATA 

IFIMIN .~T. 11 GO TC 339 
_ _______ OD .. ~3~ _ f:PAG=l.•I·: F .\G T . _ _____ .. ______________ ___ _ ·------ ··-·-------------

NP1 : I NPAG -11•3 + l 
NOirF : NCATA - NPl + 1 

.. IFI ~DirF ·.LT. 3 1 .GO 6 3-li --·-·---- ------ · ·--·-·- --·-·-- - ·- - -------· ------ - - - - -

. 1>P2: ~ ~ q;PAC~_l.l•'l.. _____________ _ 
GC TO 3::2 

--~-~l_. c_o~;_~_~.:; ( _ _________ _______________ ___ ___________ ~------ ----- _ _ _ 
:~?2 = N~I F"F + ( NPAJ-lJ•S 

__ .U_f. __ c __ ~N i :J~ t.: c __ _ __ __________ _______ . __ ___________ _ .. - -- ·-···-·--- -------- --- _ 
PRI~;T '? G3G 

____ f_c _3y rC K!·:t.T (li·;l •ljX, 'C CYFA R!S..C~~ o:: _f. ~CfiC . LC (.~YS _TE_ t~ S ~ ... TH r:L $ ?EC T f() Pf-.CTC _!: __ 
~'fi~T~Es::; M~:i T ~i\:\~ l0Ct.T!C:-: :tJ UNITS 0: GRAI'VSJ . !~IYE:..R ",It EI. , . 

_____ _____ 3 _'C' R _KCAL/~~ -. 1~ /Y CA~ ' . .tiJ.. . ----- --- --- .. ------ -- ----- - -----. _ 
PRI ~·~ T ?:~3 
F:RP·T 2rC;. o._ ( fRC JA I I) ,f' R QJ8 I I 1,! :r.:P J, r;r z I 
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FRII>T 2CCStiPRtJCITitPRO~III ol:NP1tNP21 
___ _.,P!Utl_Z005_tli'J!.(l_J~It2R0Jf1Il.J_l.;.NP...l.t.~l_ ________________ _ 

PRU.T 2~2t 

---~~~-~lL•~l~Z~----------~~~--
IfiLA ,(Q, ~ ,CR, LA ,[,, 191 GO TC ZH 

____ l~f<-LII U~J:.L__za__.j) a .• __u.__._aL--z_gj_Jll),___.I_.OL-«7'-'JuiL----
lfiLA ,[Q, 3 ,CR, LA ,[Q, &I CO TC 232 
If(l' .t""Q. '1 oa lA ra 2]1 GD JO ZJZ 

IFILA .r~. 2'1 GO TC 232 
---~~~O~T~+---------------------------------------

Z32 CONTINUE 

2 33 CON TINUE 
c 'LL cn Ap Tl s v• •S-V-lU S" c,, v o • .e~ or o, N? l•».z..-u._._jlj>~--------,-

z 31 CON TINUE 
~~~------------------------------------------~---------------

330 CONTII>UE 

C PRINTING OWT OE RESPIRATION DATA 

00 3'0 ~PAG:t,~PAGT 
~.~~~LL~~~---------------------------

NDIFF : NDATA - NPl 
__ ____ILiU~.~~~~~ILo~9~!~G~O~T~~UL-------~

NP2 : 9 + CNPAG-11•9 
GO TO 3qz 

3Q 1 CCN TINUE: 
NP2- NCTff. INfAG-11!9 

HZ CCNH~UE 
PRIN I ?r 37 

ZC37 FCRKATI!Hlt5Xt'COHP~RI5CN5 A~ONG ECOSYSTE~S ~ITH RESPtC T TC RESFlR 
----<Z:.oAuUJlJL..L'I I!N TI S o E G~:V...YL&ii.!..U JiX.._!_OiLL~ .• JUYLAQ.!..a.LJ____ _ _____ _ 

PRIIoT zr:;g 
-----"'B.!:u_z_::!::!LI_tl'-<1 0.JJ.LI1_..2.RllJaUJ. .,~i.I'LJII'.2L 

PRI NT ZCCSoCPRCJCCIIoPROJOCII ol:Nf'Lot~P2! 
------"R..I:i.l_Z.C.G.5 I 1290 lf (I I ·2RC lfllL...I:tUU .... 'l~ . 

PRINT 2C26 
------~DwO~~L-LA~1---------------------------

IfCLA ,[ Q , 11 .OR, LA ,[Q, 211 CC TO 2~2 
--~f_lltL..J:_3~.R.J,_A_ __ .__e:Jl._,JL_G~_Q__z_lj> 

IfCLA , [Q , 28 .CR. L~ .EO. 291 GO TO 2~2 

----IUELLIIL.A--L~~~~~--------
GO TO zn 

~~~HIINUE_ ____________________ _ 
PRH\T 2C.!C 

~~l_~.ONLl~UL__ 

----------------

-------------- - -

CALL D~TAPTC5VAo5V ß o5VCo5VOoRESPoNPloNP2oLA•NFAGTI 
--~'t..l.__C_QtHI!>! .ut: ________________________________________________ _ 

Z~C CONliNU[ 
____ H .u ._.C.OJ;I.IN UE: 

B3 CO NTIIWE 
. --~-" ~Jl1-i.t.L'i>JL 

END 
------------------------ ------ -

5U6~~UTi~E oAT&PTcsv~.sve.svc.svo.sue.NPloNP2oLAohPAG1J 
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- - -------·- - - --- ·----------------------------

_____ C _ ____ ]'HI: . SUERCt;T.INE . ACCCfO pL;Sfi C.: . J~E. . ~CTVAL. PRIHJ~G CUT _pr __ CATA . !;_N ___ ___ _ 
SH:::INC CRCPSo WCR<:~EtH~o ?~OT C$YN THE SI :O ~~J ~<5P!~ATIO:l. 

_C ____ TllE. _SU ~.RO I!lWE_ U~C.S....L .V M!.:O:AJ; L.C~ OP.M.O,L .TE.CHfl! 3;;_E_. ___ l ·T_ C_A t;__?RIK.L. ___ _ 
C ~AB CUT I N A Nt;ME?.I CU F Cill': o 0~ LEAV: öLANKS C~ P< ItH SP<:C:AL 

__ t; _ ____....S YK rQ LS_ IJLl.J:!E:_!,_-:-.f.c.RJV..L._If:_ ..... "'J;lLI.B~ :l....._ _____ . __________ - ----

_____ HH'~IC!LEH.L..~ _J A ::.~ .L!l .~-.....,------------
D!:CNSION S VAillo5V 91 li•SVCilloSV~Ill 

___ _JJDCJ.l~i:NS..lC:L~t.'I.D..L _ ________________ ---,----------
DIM ~NSIO~ CRBilOCI 

___ _uA.I.A.._F.I'l~./..f.HLl.C...!i •.1---------------'----------------'
CAT A FHT /6HA5o5 Xo/ 

_ _QAJ..A. El~U /..E.I:!E..LL..~J.._ _____________________________ _ 

~AT~ F~1V/JHA5)/ 
-------"CAALJl_L"l.I.Lf.H..I...3.X.tJI.AL_ __________ _ 

~AT A FM 3 / 6H5 o2X ol 
---~ .. i\l.L Ca.LJ ' ''-

DAT A CSMI' ••'I 
_ __ _.,!l_l_A __ C.<l tii~-~~~-------------------------------

CR af 1 J : FMA 

____ tß..PtU_:_='-"--------------------------- ---
NP2~1 = N?2 - l 

_____ N_' F_l~- .= __ t\P 2 +'-=-_.,_2 _ _ _ 
NPE~D = NPA:i h9 

_____ tte.;:J;L_~_Ne.<~ 

NPENCM : NP:NO - 1 
_______ --'!..L...=_I:U~_t 

N2:NPl+ l 
_ ___lll:;_ __ ~- NF:..L_"-' -'-"----

N~ : NP! + 3 
______ NL=.....!i.!'J -"'-"-~---

N6 : NP 1 + 5 
__ -.JN~>..7~;;_li_P_L+_E__ 

N 8 : · NP 1 + 7 . 
_____ Ji.!L_;:__.J\j>_l + 

J = 2 
--~0~ -==~P_lt tiE..ENDfL _____ _ ----------- ----· 
____ _ _ _ _IU $1JD I l .t.LAL._ • .LC~C...C. LC_Q_.l.L_.l_L_ ___ _ ___________ _____ _ _ 

IFI S U c (;:,L~I . EJ . -1.C . OR . St,;GI! oLAI .E:J . -1 J G.l GO TJ 1~ 

_________ If.l~.U c ( I o . lt.L~_Ut. _ ~_ . C.ULG.LI-L lL_____ ------- ---- --- -
CR81 Jl : F~:; 

_ . ______ __ t _O_ t l_. __ :. ~: __ 
11 CONTH; uz 

____ C .. !lS. U.L_;;._fl'J _________ ~-

12 CO N ~;::; JZ 

___ lLC_Q;;_I ! I<i.i C .. _______ _ ---- ·-·----- - ··------------- -
I = NP C~ O 

___ __ _ _ Ifi_Su a c : , _U I . • f _J • . r _. C l __ (:_O_ U : . 13 ___ ... __ -- ·- -·- · · · --------- ·- · --
IFC S ~ 2 1 I ol A l . i:J . -l.C . O.l . S~ ß i i olU. EO . -lDJ .l GO TC 13 
.If_l S lJ C I r • i..A I_ .~ a . _ :: • C G.lJ. _!i.CL U : .. U . --·-· _ - ··· 
c ~~ ~ ~P~t:F > = n;u 

··-------~-o .. .rc 1 ' · ··-···-- ------ --------- _________ ___ ··-------- ----- ---- --- ------
13 CRJI ~PC>F l = F~V 

·-·-- __ l~_c_c~; r n-. :;;:_ __ ____ _______________________ ___ _ _ -·-· __ ·-·--- ·------· 
IFf :;~l! li : t,;",A J . E"J . r . : J 30 TO 21 

--- ·--- ~-- lf.~ ~t!C t ; ; l _! LA) ___ .. ~ _:. . _ -l. G __ . _.Cf!.... . ~V_:- (}~l .. •Lf.l . [Q • . :-lf_C. __ J _CC _ TG.. _ 23 _____ __ , 
IFC :': Li J ( ~il • L:. ) . :;:~. -.: : lJ GJ TO 24 

____ ___ _____ s t. _ ~ su c ' t·J l ... J .. ._ :. J _____ ________ __ . ________ _ _ 

GO TO ?2 
- ~~ - ....S A __ : CSL. 
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---------------

GD Tt zz 
?l s• - CSM 

22 co·t•Tif\uE 
IEI SUBINZ~\..31 • C"j). C.JI GO TO 3! 
IFI~UCI N ZoLAI ,E:Q, -l.C .o~. St.:BIN2ol~l ,(Q, -lCC.ol GD TOB 
IFI ~UBiflZrL.\1 • EG. -.0011 G' TO U 
SB :: SUB I 1<2 t LA I 
an TC J 

31 SB :: CBL 

!3 SB :: CBM 

311 SB :: CSt; · 
u ~91lT 

IFISUBIN!oLAI 
If( SU9 Uölo~ 'I 
IFISUBit.3tLAI 
5e - s;uarN 
GO TO q 2 

U SC -
GO TO q 2 

•J s-- -
GO TC ~2 

"' s 
H CONTif\U[ 

,[Q, 0,01 GO TC U 
<"Q l C: il~ IOUiiN~.u.J--&Q 

.E:Q, -.Ctll GO TO ~-

___ ...JI..J'fc.&1S.uaLN&h 1 41 EQ . C !"\) GC to 5 1 

-lQid l (;;~3-----

IFISUBI~Q,LAI ,E:Q, -1.0 ,OR. SUBI~QoLAI ,[Q, -lCO. I GO TO S3 
![((jl!ßfS&t..!l! (G - OCI) G, !0 SCt 

so :: SUBINQoLAI 
GO rc sz 

51 so = CBL 
so TO 

53 so = CBH 

5q SO :: CSN 
____5.2_CJlJU.l NU~ 

IFI~USI I\5 tlAI ,[Q, G,GI GO TO 61 
___ ...JiuEc.~l $.Ull.L.:l.5A l.A I q -1 D 03 _$JJ3.lJU.o.U ,.J.. .. ~~OC,J_ßQ_IJLJi.3, _ __ _ 

Ifi- ~UßiNS,LAI ,(Q, -,CCll GO TO 6Q 
__ ____s.L...;__S.U:l.l.KS..t.l..A.L _ ___ _ 

GO !0 EZ 
__.EU._sE....;. .. ,cru. _____________________________ _ 

GO TC E? 
63 SE ~-~~~-------------

GO TC 6 2 
_ ____r._lj....5.f......;:_....ca ..... --------------

~2 COf\TIIiUE 
___ _._ _ll.:O.U.9.1 ~ &• ! ll .~a. C."l GO I[LJ.l _____________________ _ _ 

Ifl ~ l: EW6 •LAI ,(Q, -l.C .CR. Sü ll lt~6t LAI ,[Q, -U:C .I CC TC 73 
____ _l.f_lSU a .t:ib..tL.AJ __ .zu.o.....::..o.OCI I r,". TIL..l.!L_ ·---------

Sf :: SUelt\EtLAI 
____ _ :l.JLI.0._,7w? __ _ 

71 Sf :: C3L 
_____ _ ..PJL.l..!l _ _7..L._ 

73 SF :: C2.1-! 
·-- ····--·· :; C .. TC .. 7.2 _____ ____ __ _____ __ ·· ·-----------· ----- -·-··- ·- ·---·· · • .. · 

7q s r = ceN 
___ _ lz.. co:u.l :; ~: _____ ____ ___ ------------ --- --····---

IFISUtlN7,LAl .EQ. C.Cl tC TO 81 
___ !f.( ~L:~1.:~ 1,LA) .~l.i. ~l.C.---O.ll ._ 5JJ.~U.N7,LAJ GC .. tO '3L. __ ___ .. 
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-------·- -- --- - ·· --- -- - --------- ----- ------ -----· 
· tFl::UCC\7,~:.) .c:J. -.~CL) :J~ TO 84 

---- - -----~~- - = __ S\1§ 1 __ ~_7!_ '-.~l. _____________________ _________ - ····-----· . .. _____ .. 
GO TO 32 

___ __ __ BJ. so _= __ t;_e~----- - _ --------------------------- .. ______ . _______ _ __ _ 
GO TC !l:? 

------~LS.G .. =- ~~Ii-------------------------------·- · --------------· 
00 TC S2 

_____:_jl~ ___ sc ... .= .... ca~L ______________________ ___ .. ______ _ 
62 CC~TINU~ 

----ILlS.U.!Lltlll....LAJ-C.!l..-Jl..L.LG.a__;:.t_3.L 
IFISU3013oLAl .::J. -1.C .OL SUSINSoLAl .EQ. -100.1 GO TO 93 

____ I(.L~.vJlJliLL..t\J_,_C.fl......_.=_..ll.~~'-~----------------------· 
SH = SU31N3oLAl 

___ _t;.()_.l!J • , 

;ll SH = Ci3L 

___ -ßQ_UL~~--------------------
33 SH = C3l'. 

___ _ GO.J.C_.9-"-'--------------------------------
9 ~ SH = CSN 

_ _Jl ___ co~u_rhl/E 
IFI ~UGI~9oLAl .~Q. O.Gl GO TO 101 

_____ lLt:;;u..aJ.t.hLAJ __ ,.L. ~----=-l...L • .DX .• _~fU..l>S .r .LAL.LG.._-=l_t'-C.__l_jijl__LC_ .l.C-.L. __ _ 
IFISU31N3oLAl .Ea. -.~Cll GJ TO 1u4 

____ ~r_:;__2_®_J..t!..9..!.L ~ 1 
GO TO 1:::2 

__ ___j._!;_L_?_L.ö_ __ tru,_ 
CO TG 102 ------------...,--

__ 1_C3 _g_~J;J;J"~--

GO TC 102 
__ _l.Q.L.S..l. --=- CllN_ 

102 CC:HI NUE 
-----~.Rll. E.J f:;.llR_u____j5 'L.H .k.ti.!..rri\.1 L ~ l o!:. V..U..L~.J,_:;.v_01Llli _________ _________ _ 

2SAtSUtSCtSDtS~tSFtSGtSHtSil 

------· Bil.UilK -----------------
[N:; 

----- ··-···- - ----------------

------------- - ---------- ····------ -----

-------- -··-- .. -- ----·------------·-·,.,-:-~-=:--=-: 

S US:=t 0 U TI NE: DA TA? S ( F L Xt. , F LX S t t:.. XC t P LX :h F LX C:: t S U:; t NP 1, r1 ?'2, LA, ~.,:> A,; T J 

__ ___k_ __ T_Hl;; . SJ.i.C.R!LU.Ll!JL_AHHE.l.BK;;_iHL..J,C LVAL_Ec!U.t:U"C. . UH_ Cf_ CA TIL. Ct\ ____ _ _ 
C FLUX~S. 

_ _c: _____ T !.1<: . . SV3.i).l;_UJ .!t;f: __ U~.~s_~ A ~ ~H.LLLCRV.AT ... TE CH!I:: GLf_. IL C~ ~ FR!t; T 
C UAI.~ CUT IN A NU~Di iCAL FO~f1t 0~ LEAV: a~~NKS oq ?~I~\ T SPZC!A~ 

____ (: ______ _;;_ y_~:G~~-L.l~ . ItiLAcf_Q _R~i hL JF .. 3C...Q:.J..IH;:~ . _ ------------ ------ - -··· _. -------· 

--------~t~PLIC~I_ __ REA~ •II (A-·H_tC-i;) __ - ---- -·· 
OllENSIC~ FLXAilloFLX31lloF~XCitloFLXDill•FLXclll 

DJ;~[~S IC·:;' ~U~ I ?C '4C L _______________ -------·--- ·- --· ___ . 
:IM:NSIC~ cqS(l CD) 

.. D_~_T_!~ __ F_:~~/ ( rl~JL·" ~1----··- -· ------·-- ··- ·------- --- -·----- - ·-- ---·----
DA Tl F~T/CH~SoSXo/ 

---·- -·--_DA T .. ~ . t!~UJ_f .n:_t_ t:;_L~_ t/_. ___ _______ . 
C~it. f.'1V13~i~5)1 

Ct,T:. f'1A13i-l{::./-. l 
0~!'. r:1J/ZC13o/ 
C:MT;. C:2LI' 'I 
0 AT f1 C ::;~:I ' • • 'I 
OATl'. C2~1' _ . C .'l ··--··---- ·-



CRC 111 : FK.l 
__ ____tAsil .. L.:;__nta 

NP2N : NP2 -

211 

________ uN~E•I~~~~ .L-L----------------------------------- ----------------
fjP(t;o : t;PACT• 9 

_. ____ _J_~_üi ~P.Iti..IIO_· ..!..+~7------------------------------

11 

NPtNCK : hPEND - l 
- NP1 

Nq : NP 1 + 

NI : NP 1 + 

,J = 2 

I : NPEND 

EQ _, a · ca susrt.!A) FQ -tiJC 

.EQ. C.CJ GO TO ll 
Eil -er,, GD xa '1 

Ef~IIBCT.! t.) fQ 0 Q) GO I? 13 

- ------------· ----- -

GO ro 11 

IFISUBIIoLAI .EC. -1.C .liR. SUBUoLAJ.EQ. -1CC.J GO TC 13 
___ _If~~--=-~OuQ~!~J~GOu_~-L~--------------------------------------

CRSit;P[Nfl = fKU 
'"'0 In 1 

13 CrtSINPtNfl : EMV 
---~-CCNIIHUL_ __________________________ ~---------------------------------

IFISUBit;1oLAI .EO. O.CI GO TC 21 
---------L-fj_;;_uß..lii..t. L..A L E Q -I .L~Jla_.__..s_ua L'U tLA..L...Dl...--=--lOC-..L.G..IL..IO .... 2J ________ _ 

IFISUBIN1olAI .Eü. -.CC11 GO TO zq 
----~~J~L>~4----------------------------------------------------------

GO TO 22 

-----2~~~~-------------------------------------------------------
GO 'ro 22 

--~-- SA.~-~~~----------------------------------------------
. GO TC 22 

zu SA -~~~------------------------------------------------
22 CO:\TINUE 

____ ....lf_LS_Ull..LtiZll.Al_._!:.ll...__Q_,~__Ij)_....J_.J......... ___________________ _ 

IFISt;81:\2oLAI .EG. -1.C .eR. SUBIN2 oLU .EQ. -10C:.J GC TO 33 
_____ l_LI__)...ILS_j_K ü_l._ll__.J;;LL• ....:-"-'•u;;.uC.:..;· 1uiL..Iil,_.)LJlu0/...._;.l~qL _ __________ ____________ ____________ _ 

SB : Sueii"2•LAI 

31 ~~ ;ccif- ------------------------------------------------------~--
-------~~~L____ _____________________ __ 

33 s~ = caK 
_ __ _ _____G_O.. • ..I .. '-....J..L.._ 

3~ SQ : CßN 
_____ JZ .. ....CO..N..!IN~ .. I:.. 

IFISt; ß l ~ 3 oL II . [C . O. CJ GO TC ~1 
------ -- .... ..I f" ( S U3 l ~ 3 r ~AL •.• CJ., _ ::-.J.._..C .• ü..L_ .S..UO: .l ~- 3 t Ul ....• r.a.. __ :: .l!:O_..J__GQ __ .J.O._ '+J ________ . -- - -- --- · 

:Ft S UBtN3tLA) .t:G. -.C ~l l GC TC,..~ 

·----- -_ __sc_ ~ --s;;_.; _, 1·13 '-~ A..t.. __ -------------- - ----- ------- ---- - --
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vO T 0 ~ 2 
_____ 'il..$C __ : ___ C~l... -- ----- ---

GO TO ~2 
-~LS.C .. ~CStl. ________ _ 

GO 7v ~2 

-------~L.S .c ; ____ cet~-- ----------------
~2 co~n:NuE 

______ ):_F_~~I,!E IJ<'±..!_Li<J __,_E__9_.__Q_.J;) __ CO TC S l _____ __________________ _ 
IFISUJIN'hLA) .EJ. -1.0 .o~. ~Udt!~4rLA1 .E~. -lDC.) GC TO 53 

---~EJ~~Bi~L~J ,[Q -.LC!l GC IO ~~-------
SD : SU3CN4tLAI 

____ .G.C.Jt.--52 
st ::;o = caL 

---- ~-T~ ~5~2 ___________ ___ 
53 SJ : C3M 

----·- - ----

----~_J_Q~r~------------------- --------------------
54 SO : C31o 

__ _.. • .._z_i~r~~~~;s~üc-:-,-.-=E-=-(l-,--=o-.-==-:-,--=c-o=--=r:-:o:---cG:-:t:---c-------
______ tu.s_\L!!.J_r;_~_ ... L_!J __ ,_;;_Jt--=-l. ... c_._QB_._~!i-U r;~_, _ L,;__)_._f;_Q_, _ :J,_i<_[C_.....LJULIQ_ (;_ "---

IFC$"BIN5tLAI ,[~. -.JGll G) TO 6~ 
____ _SL..;_ S.U.a.Lt>!iJ..i..l.l._ _____________ _ 

GO T 0 6 2 
_ _J_l___SL__; __ ...cJl].. ______________ ------

GO IO 6 2 
___ 6_L.l>.!:_ :;.__c_aJ1 

GO TO 62 
__t_~;_ __ sr_ _ _;;_..LS.t'--

62 CONTINUE 
----------------- · 

__ ______.I_E...tS.I.!~ . l\E...L!...A } ___ ._ffi._ !: ..... C L_G.O __ t..O_Ll _____________________ . 
IF(SUß(N6•LAJ .ca. -1.~ .oR. ~U3(N&rLA) .E~. -lGG.l GC TO 73 

---~I~FI~!,;.El..lli~UI_.~.C.U.L::.Q_ULJ.'L ________________________ _ 
Sf : SUaCNGtLAJ 

_____ GO _ .It· _ _l.z._ ______ _ ________ ___ ------- --------------------

71 Sf : C 3L 
___ ......GJL]_C __ l.l _________________________________ ----- ------------ __ 

7 3 SF = C aM 
______ C.P ... LC . . J L ________ ______ _ ---------- --·-- ------- ·-·- - .. --- ----- --

74 SF : C3N 
_____ :/.2 . . CO!'; Tr.t;\.IE.__ __ ____ ________ -- ··-··- --------·---- ---- ________ .. __ -----------

IfiSU31N7tL~l .: ~ . C,DI ~C TO 81 
_________ __ l_F _( ~Ut,l ( ~L •L 4 _l ____ • ~G _,_ _-= .1._,[~ - - - • Qii_~-~-~U -~ C_ ~. 7 t L _~_)_ ~-'!.- - -~-l ~.f: . __ L..§ G _ _TO Sj ____________ _ _ 

I!="CSU311"t7•LA) .~'.i. -.JGll GJ TO 8~ 
______ ..S.fi ... ~ .. .5.U.S..Ui 7.J_U,L _ _________________ __ -----·--------·-· ______ --- ------ _ 

GO TD ~2 . 
___ _s_L___s_G ___ .= __ c~.J., ____________________ . 

GO TO 12 
G3 :;c : CCM -------· - GO -- TC 82 ----------·--·---------------------·-··· --- ... ----· · --·------·····-. 

82 CONTii~UE 
_______ lf .l :ur ( :_IB • ~I< I _, r_Q '· .. C, C l ___ c;c._ tC __ 3.1 _ 

IFC3L:3IN3tL .! ) . :~ . -l.C . G::< . St: 3 C I~3,:...~l .E:). -tC C.> CO TO -33 
________ IFJ ::UC.!._t..:S _ _!L~l _ .!:J_ !_--~-~~_1.}_ __ ~_0_1_(; _ 94 ____________ __ ----·--·--- - -

5~ = ~LJC(f\ßtLA) 
---·------~ 0 . T_O ___ ~] ______________________________ • ____ _ 

91 Sd : CJL 
CO iC 3? 

J3 SH : C3:-; 
__ _ GO 1C 92 . 

9'4 SH .: C ö~..; 

S2 C0:\ 7I~·~U[ 
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IFI!:USCN~olAI ,[G, C,tl CO TO lCl 
___ _ . _ _ Ü :t::U31 t: >•LAl._._~J .• ~ •. C • O.'l •. ...S.U3.1 N.9o.l..A.L...LQ.~-~.l.C.C._LG.O. .J..O.Jri~--

IFISUDC~9•LAI .E Q, -.C:ll ~C TO lCQ 
-----s.L -~ .. SlJ.ll.IIU.JU•h-A._,_I ___________ _ ···- -- ··- ------

GO TO 1C2 
_ --l.C.L.S.L.;:_ C3L_ 

GO TO 1C2 
I:' 3 SI = ...Clt\. __ ______________________________ ·--------

GO TC 1C2 
lOk SI - Cß~"-----------·---------------------------
102 CONTI!IUE 

\jj!IIfl6,C9ßl IC'! XAfl Al.[! X3ll A••f! XCfl &} 1 EUDlJ..I.r.l.J.I.o.1 .t.FJ..!.J<X..;.~.J.(.J.!_.lulu•~-------
2SAo~BoSCoSOtS(oSFtSGt5Ht5ll 

END. 

c BfNrR~L CONIROL OAl~-CA~--------------------------

C CATA UTILIZEO IN PRIIiTING T!TLES CF CCMP~P.T~ENTSt ETC. 

ORG;.NIC ~ATTER CARSCNCCI E!IERGY ASH SOOIUM!NAI 
_f>_D_IJSS.l.1lli..J.Kl__ __ ~I.Ul._~Ol:l.A:U:.Sr I MN I IR!).Nj [..;.~....._ _____ _ 

ALUMit.UHIALI ZWC IZNI COPPE.RICUi ~ITRCGENII<l PHCSPHORUSIPI 
~~ttl~ .~>ui~L~·~~~O~\L' ILS~l~L------------------------· 

OVERSTORY LOVES FRUITStFLC~ERS SRANCHES-::üM 
__ !l.RAN.Ci ES- 1 :.RK 8 RAN..C.öl:.S- ~ o 0 o .B.Ol.S.::.S.I.I.IL 

E:Clt-1'-ARK COL[-IJCOC SHNCIIiC CElD 
___5..UI'...::.C.I'Lii.S.Ili..aL. U~~fRSii.a.'t.-1 fAV 0 S UN.O.J:aUl.J.St.fLOil.. t..f..oR"'S~-----------

UNOe 8R ANCHES- SUH UNC . 6RANCHE5-BARK UNO, ERANCHES-~CCC 
__ U1l.1.t !lilLi-S.Lh'L __ . UNO, ° C_.L::Jl.A3..iL_ __ UltD .• ~O.U:=JI.O.O.:: _ __ _ _ __________ _ 

UNC. ST~i.:ol!;G ::i:AD sur.-u;;ocRSTORY HER~;.cEOU5 ·ctHLO I 
--- ~..I.P...i.Y_ T!:S.::.UHA_~ _ __.I_tl.li.L.f...AlJJ.S I.l/IliG......~..G..::.S.:;...v~------------

LI V!~G RCCTS >~ M~ LIVI~~ RCCTS 2-5 KM LIV!NG ROtTS C5 HK 
. .:..ll.:All -~0 er=;_ __ ~--- _ ___s.c.n. __ TC? ___Qg_:iCUJ: _ _ ...BJlC.T I~G.N.:..~-----

INTEUSIVE ~CCTEC EXTENSIVE RCOTE~ 5U!50IL 
-~li.ä_QI~ 51.:'1 L 3G VO_R_C UN 0 CQ}i:äU HE ~.t..OJ1P...wOc.oS"'E-"il~"_,A._'...,_.,__ _________ _ 

DECC I~ HSE~ FLC;H 
__ c_o_:{:;~i'.T:i:CN-::TC.T~!..___~ilXS..-=-E.C.!..IA.G.l:..,-...I..OI...I..L.____ __ .c_QN:i.L--Ov..E :l . .>.Ic.!U __ ________ _ 

CCflS. -UN CERS TORY CC US, -HE Re ACE OUS C CNS. -Ii CCC-TO T~ L 
_C. C:i_S.._.,-_~CO:l::C.V..~l!S.JQJl..L _ __tC.li....=.K.O.;l.Jl.=JJ:IDU!.S.l O.RL ___ CJl.NS • . - .i!C CU.- T~ lAL ------- - ----

L !T T ER FAL L-H TAL LITHRH LL-LE AF UT Ti: RFALL -FL C~ER tF R i.;! T 
__L.I .li.L!lf.ALL= . .:JA1lCH.. _____ .Lli_ll:.a.:::.AJ..l.=.BO.U.. ______ _nr.TL'lf.ALL ~.L8A..S:i___ _ _ •. _ ._ . _ _ _ 

LITT ER FALL- [P IP HYTS AT r.c.S FHi:R IC I r;PL'T PrE CIFI TA TI ON 
_ ..JlR.LP..P.OU I;_uU.l.E S . LO.~..il.l_ ____ -..,;s_I:.~.IOJL ____ _LZ AC:H.lJj(L_ ___ __________ __ 

LEAF I:ASH STal FLO~ Li:/>.CHING ;r, SCIL UY~~S 
... P UJP .~.T ____ _ _ __ __ __ _j_.Ull.U .I.::~RC SI O.tl _ __ QUJ ~U.l.:.W.b.L[_L~ RC S! p_:; _ _ __ . ___ _ _ 
CUT~~T-PERCCLATICN 

___ . .C. . _ .l:XA~f'L[ . Of A . D~T.A -~ZJ.-·------------·-------·---- --·-..-- ------- --·-··· 
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C. (.RE ICHLE, H. H.!S HUPART .. _Qp. X __ S.!PC.L L Jj: ~_i.t·:_( ~~E!: 
LI1IC~EN~~CN - ~E:IC :EC!~CJUS 

. i.!R IC!;El:R c~; TL'L 1f :FE.~ P. • • ~.V t:.B.C.L,;_5_5_.La..L .. CA RY.J, __ tc~(NT. c·S t. •. C.C RI~L;S __ fl ~p,:: ,_ , __ C t:i< C~ ~ 
CA~AJEhSI~t ?INuS ~CH:NATA 

- --- -------- ------- - -----· 

CAK~I~3~R : ICHL~ SHuGA~T 

_ ____l.i.LU,._V..._T.._A,_! - -
GOLOHITZ -I~[:Tc:·l:: 

__________ H6 3.c . .l s_z.z. ___ _ 

~~~~--------------------------------------------------
qs 7.1? 22.1 .36 NO DATA 1q ()3~ . 337J. 
30 13_~ac~·--~~~---JNL-3L'~- ~<~, 5___w~auc~ZL7L_~z~~c~---~N~n~n~.~L_ _______ __ 
1-235CC. 1265 220 19.5 705 NO 'lATA 

_IU_61l.4 c:. 8 

?li3L I5HE:,· 
__li~ ~z 

0 1 G 1 37 5:,-'.'-:G::-,E::-cC::'"~----->_J~---=c-=2-:-q--:3:::5-.-::-:: E- G 1 C 1 0 3 2 9 2 • 5 :: !ll 0 1 C 6 1 C 7 • 7E C 2 
01 C 2 8)_3_._!;_LOC C 1 1~_LC. 2 Cl 11 <c G ._t:_E :-G.l ___ _;;:_L_ _ _l_l_U_h_r;.E_C_c . 
OL 16 539.CE DC 01 20 952.JE CO 01 21 ?82 .CE-Ol CL 2q ~32 .3E 0 1 
01 29 557.CE GC Cl 3C 21!.2<: 02 Cl 3q 326.B__!;_ -j:__L___l;_l _ __ 35_~hCE-CJ_ 

01 3& 20S.GE-Dl 01 37 llo.GE-01 02 01 196. c:: OC ::!2 02 216.0(-Cl 
C ~ C 3 1 ~_? __ ._J_L_u__r;__? ___H_ 2J.h)_l:_ C_L___22 ___ C_L_4_l)__._li__Q_L_ _ ___Q_2 _ _ l_LL4_l_._;,_c_ -~ Q_ 
02 1l 24S.OE-01 02 l3 u;s.:E Ce :2 -16 ?9C.CE c: :2 2C 413.aE :: 

___ p2 21 1 '!.~.r._I;-Cl 02 24 16 7. 3E Gj ____ C_2 __ ?_L_n__L_Lb_Qj:_____t:_L__3_C__l_u_._~.L ~-2 -

02 34 147.SE-.:t 02 35 lzg.oE-03 02 36 93C.C.E-O~ :J2 37 S.?C.:c-oz 
_____ 0_3 _ _j;_L_l_li_._?_L.QL_C3 CZ 225.1L__OS C3 .!U_l_il_,.ll_C_7 03 (l~_;,p_7_._z_E:_ _ C:l__ 

03 03 36C.8E ~6 03 10 699.3E 07 03 11 7G7.4E ~5 03 13 9aG .~E :s 
C3 16 ?7 L • ..l..LLL~ 2C 3 ilC • LJ:j; ___ O_.ZLJ.Z..S~f;LC!; _ _ß __ _ _ Z!L_l.3.1~Si:_G_] _ 
03 29 16lo5 E J 6 03 3C 5l?.GE 07 03 3~ 163.4( OS 03 3<; n~.CE 03 

-----':C~3~-~-• -r r- oe: CL-!.]_~~--C_9 _ ___t_6 ___ 0..l. __ 2G_S.. • . CE.:-C_:_____.:::e...:__l..3-~! _.JL:l L 
06 03 55~.cE-u2 C6 0~ 33 5 ·C~-G2 C6 09 177.5E- 01 C5 lC 333 . 2E-Cl 

_____ ru; ___ __l_L_~.!C.I:Lc:-_ L!.___.f!S I • r 5 ' • CE=O ! ___ r;r; ____ l.6 __ lu:: •. CE=L! _ _Df,._ __ _z_: _ .152- U:.=f: 2_ _ 

C6 21 21C.CE-:3 C6 2lf 53S.:E:-02 :J6 29 -.eo.oE-C 3 Ot; 3C 5~3 . :E-:1 

_____ CL__l!L3.~LLC~~ re v JJu:;_~H-= C.~ ___ r..s__.3E_O~.LLE.-:C<t___C!i _____ _3J~c LC.~ ::c- ::._ 
07 Gt 7~ S . 5 E-J2 07 C~ 352.:E-G3 07 C3 ~1S .C E-Cl 07 C6 S 7a.:~-Cl 

_ ____c_] _ __L_S_ Id_ Lo.LL::L.2._J:J __ lL.l.Z_~[L _o_r:___ c_z___ 1 L13_f< . L E.=G.!_ _ !:l__l_;; _ __u~ . ~Lo~ 2__ 

07 lC 352 .CE-:: 2 07 20 56 3 . 6E- 0 2 07 21 7?l.G E- 03 C7 ?3 l2 S .~[ ~J 
_ ___ Ci_____l_~ _ __lG~ _._E L-:_~ _t__ __ U _ _?, c._j__JJ)_. ~[. __ c_c_ ____ Cl__ _ _3 L _ -~L - ______ ::;] ___ _ __3_!; _ _ !!l._L_. ([ - li:_ 

07 3E 3~S.CE-04 C7 !7 o:O.Ct OD 0 7 12 5&~.~E- : ~ ~ 7 2~ 1 23 .CE- C! 
____ ____ O_] __ z.5__ _5 :_~ . C E::P.2 ______ C] ____ __ Z_l_ L&.r'_. _c:_(::-G 2 __ -~_L __ 2 .Ll.S ~ - ~CJ: -_c: ::._ _ ______ _____ _ ~_ [ ___ . _ 

Cl 03 57S . CE-Jl 01 C6 22~.~E-C2 ~l l D ?79 .7E C~ ~l 1 3 zcc . ::-:2 -
---- -- C_l._ ____ _l_E_ _C SC. CJ::-__kZ_ __ ( _l____l__L_ti_t:_. CE:- C 2 ___ t:_t ___ z -~ . S~ _3_.C_E-_C ~ __ CL._ .. 2 : _. 2 2 L. ( E -C : 

:t 26 22i.CC::-üt C l 29 l.ö~.::~-C 2' Cl 30 !.OC. GE" - Cl C? C~ ~ 7 i: .:C- c: 
___ QL_li__l U . C.L _ c.::;~_?_ __ l _C _ _l_BLCE OC ___ :2 ___ 1 ! _ l~.C.~CE-_C.2 _ _ :2 _ 1 ;:; _3cr . i E -~2 

C2 2 ~ lf Sr. . c ~-G2 : 2 24 2l:i. Ct:-Cl :J2 25 llG.Ct:- l: !. :z 20 tt :-. . CE-.3! 
____ _g;:_ - -----~~- -S~ ~ .. : _l--~:? ___ C.? . . __ _l_C_ .2.ß ( • CE.::G 2__C_3 ____ C! _ :6.1 . lt: __ O (. __ C ~--- _.(. E . 11 7. '? E __ L 1 

G! l J llfq. c r:: :J7 C3 13 33~.:c:: Olt C3 10 ~76 .. CC:: :::s ~ 3 ZC 3F. 3. : ~ CS 
______ };.i~ _____ 2_'!. _. ~ :":'2 .eE CE ___ f,3 ___ 25 _lCl.&;t: GE C3 2t _ trt.C.E CL G3 __ _'2 _9 _?3r:._!!CE ~ !.! 

C3 3!: 24C: . CL :5 tC 03 tt::.:;~-C! US OE ?OG.C·E-C J CG l C :!t:.:[-33 
cr ______ t! ccr . r.c.~-::;~ __ cr, __ .. l . .G ___ eG~_ .c.c .:-u ~-- - r6 .. zr l~C.lE- C t; ___ :::& .. 24 · 7 CC.LE- ~tt 

CG ZS 3~L: . ~;C:: -:4 Ch 2( 352. C€-04 Uö 2~ l C~ . f'E-:S :'6 1: 2l:C . CE-:- 4 
_____ C_L ____ ._, 3_ -~ : r , r r:_::_c::_ ___ u ____ ~_c_to ..... r: c-JJ 3 __ ____ c_1 ___ .1 r _ _:2 E: .r.r :::C. _' ____ _:_~ ___ _l ;_u~_._ c c.7.:: ... 

IJ7 1::: ~ss.ct-ül.i c 1 ?::: -.3:. ~E"':ü tt :J 7 ?4 13t. c:: - :J: ~7 2:; r;c~ . ~c -: 11 
_______ .Q _7 ___ __ __ ?.L C _r.~ . • l [:-C_L_ _ _ C7 ____ _ ~~-- l ~C . fE-Olf C] __ 3:-- l79. r_C - C.3 ~ 

~L 1 : 4~7.7E :c Gl ll 37 S . J E 0~ Cl 1~ 16G.CE-Cl -1 I 3 : 7: "- r - - ' 
Cl lli ~. 91. . C (- ;:. ! ~- 1 l~---~7C.CL.-G2 ____ ~2 . Gl ~f: C.CE-L .? rz (';! 4 " . ,, . c _,. 
·' , ::! 4 CG . : c-:. 2 ~? C4 ~: : . ~ C-C! C2 G~ ?~2 - CE - ~ : ~ 2 1: ?27 [ ~ 

_.l2_ -~ -~s . cc-cz ___ _rz_ 1~ :: rc. . cE-c::? c_z .. : l I ~ 7 . cc __ ;.c ~_? r 2 I ~ ~0[ c 
17 !3::.:;: 0~ z: ~ Jl).lif: !:':!. 8 2 l~ rrr c E-::' - c -- c Gl ! )C ·- --

__ • ____ ________ CL .... l l ( n . C L--~ 3 ~ 6 -·· _.1 ~-. _lJ :- • c c-:- c 3 r & 2 1 ;. 1 s • r r - L. .., r~ 2 ? l t r • l: _, 
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Ct 23 9CC,CE-C.' GE zq 3B~.CE-Ci3 r& 2~ !BC,CE-C3 C7 Cl ~2r .C[-tJ 
Cl !J 'l3C...Z.E.::..iP nz II 777, .3.E::..Q.2___Q_l _ _ ~L~D.9oC.E-Jl.L ._ !:.7 __ U_ H~.C..~i:3 

Cl H 859,CE-L:! C!7 15 32C,CE-OJ 07 17 l05,CE-C Z C7 l~ I C ~.IE-~~ 

--~~3. . ..5.!1.5....9~-CJ 07 21 uq.stc? "7 Z1_UC..J~- .JL ... B- ~2C,~t".C~ 
c7 zq zzq.oc-cz cz ?5 zzq,cc-r.z • r • r 

___ ..L..ll..J3l!Su•c!iliL.P.l._~Z6.o~ i.C Ei_..Z.!i.Z .CL.!:lL_ ._ll_..Ul~-"- ~C...CJ:.-Cl _____ . 
zt ss::.C!r- r: t zq HL.oE cc !3 tn.cr ::o 

1 z~a. er r ü.n __ .JlwBill.rC:.. • .rc:!~.:-:..lC.JlL-__ 5:LJS.a!t9o.n., . .un.:.."=.JJ-O..l'-~..llL -~-ll.L- --l.L29_11.G~~~ l __ . 
21 lQO,OE-Cl 23 "l,CE CC "q96,CE CC 3C 620,CE-Gl H HC,a CC 

-------------------------------- ------- -

------------ ---------- -

·-- - ·-· - -·-- -

·- - - --------- -·--- ·-- ----- - - -

·-- --- ·---·------ -------- ---- - ----···- ----·------· --·- -
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A note to the computer outprints 

regarding lNCREMENTS 

In the data listed under INCREMENT there are uncertainties 

about the real nature of these data. We have to distinguish 

between 

a) net annual increment NAI as the increase of the size of a 

com partment from one year to the next year. It may be 

calculated as the difference between the sum of all inputs -

I and the sum of all out~1ts 0 of a compartment: 

NAI ~I 2::o 
b) net annual production NAP is the sum of all metabolic inputs 

into a compartment 

NAP \I metabolic ._ 

For example (potassium in the leaves compartment) 

compartment size 

July 1, 1973 

100 

July 1, 1974 

110 

annual fluxes .from July 1, 1973 to July 1, 1974 : 

metabolic input NAP 150 

litter fall 100 

leaching with precipitation 40 

NAI = 150 -(100 + 40) = 10 

PROJ ECT REPRESENTATIVES ARE UHGENTLY ASKED TO CL -ARIFY 

TH E MEANING OF THEIR INCREHENT VALUES LISTED IN 

THE COHPUT EH OUTPRINTS; PLEAS E INFORH DE ANGELIS ON ANY 
l'i,t;~J.t:;:;)::i"lt:.t: <Jv.c.ru.C:'J:lUNS, 



---- -- --- ------rsp----"1;-0RKSHO-P--; CCE TTÜGEN;-l97 3 ---- -- - . 

-------THE-- 0 ATA-·-srr-5 PR Ir.;f[b- 5 E[O_iJ ___ AR C Tf-fOS [ - RE ~t fÜNG -G CETTH!G EN !:EF ORE nü: DEADLINE - ---- - -------

o= SE?T 1 P~US AS M4~Y IS POSSIBLE OF THOSE SETS 4RRIVING LITER. P4RTI:IPANT5 
AiiE STRtNCL-ru R G-EC-- TC- -t ilt:"\~-- THtiR - Öiiti DATA - -IN TH( - TA&LES SC.LCW SO THA-T ERRORS ------ - ---- --
M.\Y 3E :oRR~:EJ IF NE:ESSARY. IF YCU FIND ERRO~S PL:~SE LEHE 4 :-lOTE INJI:4 rn:; 

--~T~H~E~ERR-cRs cN_ r_H"EsüL.u:. TIN r:.oARD CN -r i:c -3Ro"F'L"öci'l- öF --TH E-Fc-ilE'srtiY--:iu-ii_-o:;:r~c- - - '------- - ------

----.. ------ ---------- - ~ 

Ti~ JAT~ ~~VE SEEN PLA:ED 0~ PUN:HE~ :A~OS ~NJ MA3NETI: T~PE. THE :DMPUTER PROD~AH 
-------_ - - IJ HI:HilA$- Pn-NHb ____ ii-iß ___ ÖÄfTVn:c ALSe P[RMIT -C VARIETY CF REARRANGHEN rs OF- - --

..... 
.....
' JITA. ~OR ~XAM?LEt ON : ~IGHT liANT TO L :r SEV~~Al QU~NTITIESt SU:H AS ~RE:I?ITATIO~t 

----Ta~F t:RTr üRt·,- AND PRc::;::Tfvl:tY, ·-FOR A- t;UM ER--C( PROJE:TStSIDE-BY-::.SIDE FOR :oMPARISON. -------- -- -- --

r= T~~ WORKING 3ROUPS THINK THAT ~NY SU H REAR~ANGEMENTS WOJLD BE USEFUL ?LEASE 
- ---Ir, roRH"_öO_t-:D-EANGE LIS ---- -·-- - -·-·------·-- -·- ··- - - ··-------

-- --- - - - ------ ---·- - -··- - - -- -- --· - - -----------
5~VERAL A33REVIATIONS ARE USED IN THE ?RI~TOUT. THESE AnE LISTEl BELO~ 

M = MEHR~ 
---------=~ a. M =· ···s-au A ~: 

HA = HC::H"C:S 
METER 

--------- ----::·1·= --:: EN T !M C:T CRS 

DE:> = DEGREE S ----- 11iii"= .. ~ITNuT[s _ _____ _ 

-----,;L = LI TE_flS_ =:-------
:A!... - ::ALORL:.S 

-- ----------·-·--- ·- - -------- - ------- ----

-- --··-------- ·--- --~--- ----- ·------···- --------- ---- --

-- ------------~=~L= ... KILQ_;:~OR_!;~--------· 

THE t:::fü(-•rio-öt.ril• -rs usEo liHEN Ne .. D"ATA HAs BEE-~Pficvio-Eo _o_R _ iiiERE ~o~As Nor-sürrr:IEN_r ___ _____ _____ _ 
TIME __!Q_QJT.q:li__g~_;~ D>~TA FRO~ THE HfJ;~E;__N___;__;;__u_r(3AJU _U; _SE~L;IY_ PVH_ICI~ANT_S -----·----- -- - ·--·----
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TIME DEPENDN{T VARIABLES SATCHELL / MEATHOP 

}.~ean values 1967-1972 are quoted unless otherwise shown 

SoU Tamperatures + 
Solar Air Precipitation Run of 

Month Radiation Temp. Wind 0 cm 1g cm 20 cm 
g/cal/cm2 oe mm. km. oe e oe 

Jan. 1061 3.6 98 8336 4.2 4.5 4.6 

Feb. 2593 2.7 71 7792 J.O 3.6 3.9 

Mar. 5122 4.3 89 10348 4.7 4.8 4.8 

Apr. 8361 6.3 73 8643 7.5 7.4 7.1 

May 9962 9.2 . 89 682.~ 10.2 9.9 9.5 

June 12067 11.9 88 6996 13.0 12.5 11.9 
1\) 

Cl 
I 

July 11287 12.9 88 7265 13.7 13.3 12.8 

Aug. 8994 13.3 99 6600 13.7 13.5 13.1 

Sept. 6371 11.8 104 7230 12.6 12.5 12.4 

Oct. 3553 9.7 130 10022 10.5 10.8 10.9 

Nov. 1692 5.2 126 7484 6.1 6.9 7.3 

Dec. 955 3.4 89 6692 4-4 5.1 5.5 

Total 
or 72018 7.8 1115 91.231 8.7 8.8 8.7 
Mean 

+ 1967-1969 
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SATCHELL / MEATHOP 

s~:A~iONAL DISTRI BUTION OF TREE AND SlffiUB LEAF BIOMASS R. G. H. Bunce, 
J, M. Sykes 

kg/hs dry weigtlt 
Total 19G.O Oa k · Ash- Birch l!aze l 

10 . 4 7 

23 -4 35 
25 . t, 20 

1. 5 53 68 402 
13.5 132 176 
21. 5 25 

1647 4. 6 955 284 313 95 
25.6 2372 835 392 377 3977 

10 .7 1939 D8 427 322 3427 

23 . 7 1457 965 493 491 3407 

'{ . 8 1033 828 379 330 2569 

9 -9 1366 1284 423 518 3591 

7. 10 1755 673 264 350 3043 

4-11 376 158 207 742 

!l:n!lUf:1_t.2t!!_l~ •• 1_9.§7.:: 7_1 ~rfb~ 
Onk Ash Birch !Iazcl Othor Total 

shrubs 

:.;"Y 1 9~7-''-rr · 1 ~68 130. 9 156 .4 70. 9 199 . 8 1 .5 559 . 5 
r.:a,y 196 (1-J~pr .. 1969 11,7 -3 201 . 9 156 .. ) 71.8 3 . 5 580. 8 
l.'ay 1960,--!,pr. 1970 20Jr . 3 445 . 9 199.6 145 . 6 0.5 995 . 3 
r,oy 197(;.-l.,:r , 1971 172.9 381 . 7 98. 7 256 .4. 2. 0 911.7 

! 163 . 85 296 .48 131 . 38 168 . 40 1.88 761 . 83 
~b 21 ~5~ 38.92 17-25 22.10 0 . 25 

!:!o_!!tb_1,y .EO_<!n.§_ 1 9.§.7:: 71 .!!:I'Lh.!! 

Ü<:k Ash Dirch Hazel Other Total % 
ahrubs 

Jarl . 11 . 45 20.50 10. 70 23 . 23 0. 10 65 . 98 8. 66 
Per~ . 9.35 19 . 03 8 . 90 24.78 0. 18 62. 23 8 . 1'j 
t.br .. 8. 23 16 . 73 2. 83 12 . 20 o.os 40. 05 5 . 26 
i•pr. 1. 65 10.60 11 ,1 0 9. 28 0 ,. 13 32. 75 4 . 30 
i.:u.;r . 6.9.3 4 . 65 9.1 0 2. 20 0. 23 23 .1 0 3.03 
Junc 3 . 20 6 . -/0 5 .5.3 3 . 78 0 .1 5 19 .35 2. 51, 
v'uly 5. 75 14. 80 ~ . 83 9-78 0.1,.8 36. 62 4 . 81 
Aug .. 3.50 3 . 80 4 . 83 11. 60 0 . 08 23 . 80 3.12 
Se pt . 40.60 67. 48 14 . 75 11 . 1.0 0 ,08 134.30 17. 62 
Oct. 23 . 68 57 . 20 12 .53 11 . 63 0 .30 105 . 33 13.82 
J;ov .. 28 . 25 40 . 13 11 . 1,.8 19. 55 o.oo 99-40 13.04 
Doc .. 21.28 34. 88 33 .. 83 29 . CO 0. 10 119.08 15.63 
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SATCHELL / MEATHOP 
9.2 

LI'l'l'ER - T'iliGS J. !.:. Sykes 
(Twigs < 4.3 cm lang collected fr001 30 litter traps week1y or 2 weekly) 

Annual Total weiG!!ts Jcp,/ha 

1966 1967 1968 1969 1970 

1616 752 732 689 ' 1208 
Olilc: on1y 44).8 4,32.6 407.2 715.1 

Scasonal distribution 

Jen 15.1 17.8 65.5 6.4 4,3.19 
Feb 8.5 83 .4 12.5 35.8 68. 73 
l.lar 6.4 12.2 55.1 117.7 4.13 
.A.pr 697.3 8,1 5.1 26.3 79.64 
llay 326.9 16.8 20,3 3.6 38. 93 
JW>e 23.2 70.7 37.2 20.9 51.28 
.IUly 79.9 22,8 156.1 34.0 65.55 
J.ug 38.6 13.2 11.4 21.3 40-41 
Sept 168.5 304.6 209 . 0 176. 0 533.70 
Oct 35.6 :202.7 119. 3 79.7 141.57 
Nov 51.4 11 .3 15.4 97.3 128.96 
Dec 164.8 8.4 24.6 76.0 12.05 

Total 1616.2 772.0 731.5 689.0 1208.14 

S]!!!cies distribution 

Oek A.sh Birch Ha•el 

Jnn b 18.06 22.78 5.53 18.97 
·Feb + b 6.72 8.41 6.21 3.70 
Jun ++ b 32.70 23 . 74 7. 09 o.&,. 
July b 41.59 73.42 18.80 2.07 
Aug b 11. 97 1.85 0.54 2.13 
Sept a 126.97 41 .1,9 7.31 0. &2 

b 96.61 34. 75 30.37 9.27 
Oct a 132.92 4.6o 37-24 23.34 

-, b 105.64 19 . 09 19.89 4 -37 
Nov a 19 .52 1.22 16.81 6. 79 

b 10.31 0,00 4.19 2.48 
Deo " 7;04 1:65 1.55 3 :36 

b 18.54 6.16 1· 74 0.66 

!Jarch-May Collections not sorted 

a) = 1967 
b) = 1968 

+ = based on 6 days dcta 
++ = based on 16 days d"ta 
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LEAF AREA INDEX SATCHELL / MEATHOP R. G. H. Bunce 

J. 11. Sykes 

1)*Estimstcd from csnopy samples of not less. thnn 50 buds per apccies 

LAI 
1968 Oak Ash · Birch Hazel Total 

10.4 0,008 
23.4 0,06 
25.4 0. 04 
1.5 0.09 

13.5 0.25 0.36 0.51 1.12 
21.5 0,04 
4.6 1.59 0.46 0.43 0.76 3. 24 

25.6 3.02 0.83 0.50 0.97 5.32 
10.7 2.90 1.03 0.52 0.83 5.28 
23.7 2.03 1.06 0.63 1.25 4·97 
7.8 1.51 0.92 0.50 0.79 3.72 
9.9 1.95 l. 37 0.53 1.27 5.12 
7.:).0 2.25 0.46 0.37 0.84 3.92 
4·11 0.62 0.14 0.57 l. 33 

2)*Estimatcd from 1itter co11ections (Table 8.3.1). Number of 1eaves i n each 
1itter trap counted and areas n0n sur.)d of 30 1ea ves of each species from.each 
collection 

Oak Ash Birch Ha zel Total 

4·8 0 . 047 0.038 0.002 0.002 0 . 088 
26.7 0.010 0.001 0.002 0, 014 
12.8 0,019 0.003 0. 004 0. 002 0. 028 
23.8 0.044 0.010 0. 018 0. 020 0 . 092 
6.9 0.070 0.005 0.016 0,020 0. 110 

20. 9 0.154 0.031 0.030 0.020 0 . 235 
4.10 o. 367' 0.230 0.046 0.080 0. 723 

18.10 0,607 0.210 0,090 0.130 1.037 
1.11 0.796 0,014 0 ,0?.0 0.330 1. 160 

15.11 0.416 0.061 0, 069 0 . 290 0. 836 
29.11 0.246 0,007 0.009 0. 380 0. 642 
13.12 0.004 0 , 003 0 . 007 
30.12 0,008 0,001 0.001 0. 011 

2,788 0, 611 0.308 1.278 4 . 985 
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SATCHELL / MEATHOP 
BNERG Y CONTE!fl' OF LITTER 

Colleotion dllte 

1966-67 

Oak leaves 
Combined sample Jan-Nov, 

. Combined sample June-Dec, 

Aah leaves 
June-July 
Sept. 
Oct. 
Nov.-Dec. 
llay-June 
July-Aug, 
Sept. 
Oct. 
Nov. 

Aoh rachides 
ComtL~ed aample Aug.-Nov. 

llirch l eaves 

combined sample Mar. -Nov. 
combined sample June.:.Dec. 

Hazel leavc s 

combined samplc May-N ov. 
combine d sample June-Nov. 

Hawthorn leaves 
combined sample May-Nov. 
combined sample June-Apr. 

1971/72 

at leaf fall 

1 Nov. 
13 Mar. 
24. May 

25 July 
25 Sept. 

at leaf fall 

25 July 

at leaf fall 
24 May 

at leaf fall 
24 May 

Othe r tree and shrub l eave s 24 May 
iT08bly f al len ßrcB n tree and Shrub l eo.ve s 

J. K. Hibberd, II. K, Hughea, 
E. J, White 

KJ/s KJ/g 
·O.D. Ash 

free 

20.3 20.9 
20.1 21.3 
20.1 21.6 
19.9 21.7 
20.0 22.0 
19.7 20.8 
19.8 21.5 

i 
19.9 21.6 
20.0 21.4 

19.6 20.3 
20.2 21.4 
19.1. 20.8 
19.0 20.8 
19.6 21.3 
20.0 21.4 
19.6 20.9 
19.7 21.5 
19.9 21.6 
20.0 21.5 

i 19.7 21.2 

19.3 19.4 
18.0 19.4 

21.3 22 .0 
20.9 22, 7 
21.9 23.0 
21.7 22.6 

i 21.45 22.6 

18.5 19.8 
19.4 21.7 
19.3 20.8 
19.2 2(-.6 

i 19.1 20.7 

19.7 21.3 
18.6 20.3 
20.8 22.3 

combined sample llay-Sept. 
PrG~ioes year 1 s litter (pre leaf f all 1971) 

20.3 21.7 

RubuR l eaves 
Othc r 15round flora 
Tree and shrub twü;s 

combined samplo June-Nov. 

Rubus tv!ic;s 
Fruits anä seeds 

Duds n.n~ t ud scn.leR 
combined snn;ple May-Nov. 

Miscellnneous dehris 
combined s;,mplc May-Nov. 
combined samplc Mny-Nov. 

llean of all oamples (n = 45) 

24 May 
25 July 
25 Sept. 

25 Sept. 
1 Nov, 

24 May 
3 Jan. 

13 Mar. 

13 Mar. 

18.4 22.0 
19.3 21.2 
19.5 20.6 

20.8 21.3 
20.2 21.0 
19.6 21.0 

19.4 20 .0 
19.8 20.5 
18.8 20.5 

20.4 21 .3 
20.6 24.6 
20.6 21.9 
20.5 21.8 

19.85 21.29 
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SATCHELL I MEATHOP 

ENERGY CONTENT AND Cl!EMICAL COi'IFOSITION OF RUllUS VESTITUS K. Tay1or 

Enerß:i: content Kca1/g Kjou1ee/g 
d.w. ash .rreo3 d.w. esh free 

Abovo ground parts 4·45 4.66 18.63 19.51 
noote 4 · 37 4·48 18.33 18.76 

Chemicnl con;eosition 

!b.2v~ ßr.2U.!!d.Jl!l.rj;§_ 
1968 17 Har. 23 Apr. 4 June 17 Ju1y 4 Sept. 15 Oct . 

Bioms 89 kg/hs 201.74 260. 77 350.56 339.00 3n.08 299 . 70 

N% 1. 66 1.97 1.90 1.56 1.36 l. 32 
kg/hs 3·3489 5.1372 6.6606 . 5. 2884 4· 5299 . 3.9560 

p" 0.13 0.12 0.11 0.12 0.11 0 . 11 
kg/hs 0. 2623 0.2129 0.2856 0.4068 o. 3664 0. 3297 

K~ 0. 85 0.88 1.17 1.03 0.87 0.94 
kß/hs l. 7148 2.2948 4.1016 3. 4917 2. 8978 2.8172 

Ca % 0.65 0. 74 0.79 0.86 1.05 1.03 
kg/ha 1.3i13 1.9297 2. 7694 . 2.9154 3. 4973 3.0869 

Na% 0. 088 0 . 081 0.072 0. 052 0.050 0.073 
kß/hs 0.1775 0 .2112 o. 2524 0. 1763 0.1665 o. 2188 

Mg (lf 0.21 0 ,24 0.27 0.25 0 . 24 0.24 
~hs 0.4237 0 . 6258 0.9465 0 . 8475 0.7994 0.7193 

blo;:: ß".2U,!!d.Jl!l.r~, 
Feb. Hay ·oct. 

Above ground bioma 89 kg/ha ~ * interyola t ed ) 221.3* 305. 7* 299:7 
Be1ow ground bioma 88 Jc&'ha X 1.203 226. 4 312. 7 306.6 

N% 0. 85 o . 74 0 . 98 
kg/hs 1.924 2.314 3.005 

P% 0.19 0.067 0.059 
kg/hs 0. 430 0.210 0. 181 

K% 0 • .44 0.31 0.46 
kg/hll 0.996 0 . 969 1.410 

Ca % 0.31 0.36 o. 39 
kg/hs 0.702 1.126 1.196 

Na% 0.093 0,082 0.073 
kg/ha 0.211 0. 256 0.224 

Mg~hs 0.22 0,18 0.19 
0 . 498 0.563 0.583 
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SATCHELL / MEATHOP 
CHEMIC:.L COMPO&Il'IOI'I OF TRLE J:Jü) 8HRUB 8TEMS 

BioAHCHCS > 1 " dillrJ!o 

N p K 

Oak ;,oo:J. 0.1 2 o.coa 0.12 
Oak bark 0.51 0.025 0. 26 
Ash y;ood 0,13 0.009 0,15 
Ash bark 0.53 0.028 0,51 
Birch wood 0.13 0;,010 0.065 
Birch bark 0.48 0.030 0.16 
Sycar:Jore wood 0,11 0.01h 0.18 
Sycamcra bark 0,7') 0.055 0,}8 
Hazal wood + bark 0.22 0,015 0.13 

BRA."iCHES < 1" diam, 

Oak (wood + bark) 0.48 · 0,034 0,22 
Ash (wood + bark) 0.49 0.035 0.39 
Birch (wood + bark) 0.55 0.039 0.17 
Sycamore (vtood + bark) 0.53 0.038 0.27 
Hazel (wood + ba rk) 0.64 0,041 0, 22 

DEAD BRJu'lCHES 

Oak ~7tood + bark~ 0.29 0.010 0.033 
Ash wood + bark t.32 0,014 0,19 
Birch (wood + bark) 0.27 0.009 0.027 
Sycamore (wood + bark) 0,31 0,011 o.on 
Hazd (wood +·bark) 0.39 0,016 0.033 5 1 high 
Hazel ( >Ioad .+ bark) 

0.35 0,012 0,032 
5'high 

CHEMICAL COMPOSITION OF DEAD ROOTS 

R. G. H. Bunc 

Ca Mg 

0.13 0.016 
2.80 0.053 
o. -12 0,025 
2.26 0.061 
Ö.11 0.020 
0. 91 0.01,3 
0.10 0.038 
3.04 0.093 
0.28 0,031 

0.51 0.049 
0,52 . 0 .048 
O.Q35 0.043 
0.51 0.055 
0.49 0 ,054 

0,44 0.019 
0.51 0.01,-4 
0.26 0.025 
0,64 0.037 

0,54 0,027 

0.39 0,022 

J. K, Hibberd 
S. E. Allen 

Samples taken to providc a r epresentative range of stages of decay. None of 
the. elements showed significantly different concentrations in classes of roots 
representing approximately l-4, 4-8, and 8-12 months decay. 

Element (%) Na K Ca Mg N p 
n 

Oak 17 0.016 0.260 0.584 o.o9o 0.599 0.02) 

Ash 22 0.028 0.186 1.093 0.133 o.ss6 0.022 

Birch 20 0.016 0.121 0.1179 o.o8l o.4Sll 0.024 

Hazel 14 0.017 . 0.145 0.721 0.051 0.748 0.029 

Mcan 0,019 0.178 0.719 o.s89 0.025 
o.ow'a 
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SATCHELL / MEATHOP 

C!lr:MICAL COif.POSITION OF LEAF LJ:TT""LR A. D, Bailey 

(Analysis arter drying at 105°C) 

% % 
% nsh soluole hol o- % Species l.lonth (550°C) %K %Ca % Mg % p %N ca rOo- cellu fnts hydrate lose 

Onk 0 4.6 0. 38 1 . 6 0. 18 0, 059 1. 29 5 . 7 .1,.3 4· 9 
1 4·4 0 . 07 1.5 0.14 0. 052 1. 27 4 . 1 48 5. 1 
2 4.0 0 , 06 1.5 0. 10 0. 049 1.38 3.3 46 4 .1 
3 5.8 0.08 1. 6 0. 11 0. 060 1. 49 3. 7 46 4 · 0 
6 4·8 0.13 1. 5 0 , 08 0, 081 1. 73 2. 9 43 3.3 

12 7.5 0,16 1,6 0. 13 0. 076- 1.99 2. 7 34 2. 9 

I!Ci zol 0 8 .5 0. 85 1. 75 0. 30 0 , 083 1. 86 4 · 6 39 2. 7 
1 6.5 0 , 11 1. 84 0. 21 0. 089 1. 99 2. 5 40 2. 8 
2 5 .4 0,11 1 . 88 0. 17 0. 095 2. 07 2, 6 41 3 . 0 
3 5.2 0, 10 1. 67 0. 16 0. 089 2. 05 2.4 39 2. 6 
6 9 .• 2 0,16 1, 92 0 , 13 0, 100 2, 18 2. 1 36 1 . 7 

Ash 0 8_. 5 o.6l,. 2. 5 0 . 38 0. 059 1, 92 6. 4 43 ~- · '· 1 5.9 0.09 2. 0 0 , 17 0. 008 2. 14 4 . 20 42 4 · 7 
2 7.5 0.11 2. 0 0. 17 0. 073 2. 31 4· 9 40 4 · 4 
3 8.7 0,12 1. 9 0. 17 0, 0ß4 2. 30 4. 6 38 4 · 1 

Elm 0 11,8 0.69 2. 7 0. 63 0. 092 2.25 6. 0 40 4 .4 
1 12.2 0,11 3.1 0 , 33 0. 078 2 . 14 3.5 . 41 4 · 6 
2 13.9 0.13 3.0 0.31 0. 085 2. 29 3 . 2 37 4 . 7 
3 18.5 0.15 2, 9 0. 32 0, 083 2. 33 3 . 2 36 5 . 0 

Bil'ch 0 4·8 0.45 1 . 4 0 , 28 0. 044 1. 30 6.6 " 44 7. 6 
1 · 3.9 0,11 1,4 0. 22 0. 054 1. 55 3 . 0 48 7. 5 
2 4·1 0,12 1 .l~ 0. 23 0. 068 1. 86 2. 7 46 7. 9 
3 5.6 . 0,12 1,4 0. 23 0, 061;. 1. 82 2. 8 47 7. 9 
6 6.4 0.1 3 1. 5 0. 15 o.on 2. 05 2, 6 41 7· 4 

12 8, 2 0,15 1. 6 0. 16 0. 095 2. 53 2.3 35 3 . 6 

F lnyer 
Hw;;us 78.0 0.69 0 , 61 0.31 0.075 o. 71 0. 62 7.1 0,36 

« .L&.- ~tfGc-red c:r><.- f/t·;}l - a.f. d..U/ - ~fad "'-. 4./k_,._ 

~"-"""' ~ ~ ~-t ~~ ,t A..e -v-el..-iiw-d <V JZf._ ~ f.wV~ 
,51..;.u,A . 
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SATCHELL I MEATHOP 

CIIUUCAL C{J'[P()SITIOII OF LITTEil (ooo also 4 • }) s . E. Allen , J, K. Hibbord 

Maturiol Doto Ash Na K Ca Mg N p 

1971 % % " 'f, % " % 

Lcaves 1972 
Öak- 1 Nov. 7. 1 0 . 069 0 . 406 2.0 0.2} 1.5 0 . 056 

3 Jan . 6.5 0 . 065 0,}0 1.8 0.19 1. 8 0,086 
1} Hor. 8.1 0 , 06} 0 . 147 2.2 0 . 15 1. 8 0 . 069 
24 Hoy 9 . 2 0,022 0.2}4 2.1 0 . 14 2.0 0,091 
25 Ju1y 7. 9 0 . 016 0.219 2 . 2 0 . 18 1.9 0.097 
25 S~pt. 8 .1 0.022 0.259 2.2 0 . 25 2 , 0 0,10 

Aah 1 Nov. 9 . 0 0.068 0 . 41 2,1 0.}0 2.4 0,080 
(lcofluts) } Jon, 10,0 0.074 0 . 4} 2,} 0 . 27 2 . 7 0 . 072 
Ash 1 llov. 5.6 0.078 0.48 1.9 0 . }9 o. 72 0.041 
(rachidos) 3 Jan. 6.1 0 . 09} 0 . 6~ 2.4 o. }} 0.7} 0,0}8 

25 Ju1y 0,2 <. OO} 0 . 11 0 . 81 0.068 0 . 84 0 . 052 
25 s.,Pt. }.4 O. CO} 0 . 14 0.91 o . on 0 . 94 0.059 

Birch 1 Nov. 8 . 5 0 . 072 0 . }75 1.9 0 . 27 2 . 0 0.078 
3 Jan . 6 . 4 0 . 078 0 . } 2.;} 0 . }1 1 . 7 0. 050 

1} Mor, 5.2 0 . 01} 0 , 156 1.6 0.14 2 . 2 0,084 
24 May 7 -9 0,019 0.2}4 1.7 0 . 1} 2 . 2 0.094 
25 July 5 - } . 0 . 072 0 . }91 1 .6 0.2} 2 . 2 0.11 
25 Sept, 4 · 4 0 . 059 o . }59 1.4 0.26 2.0 o.088 

Hazol 1 Nov . 9 . 7 0 . 078 0 . 4}8 2.5 0.}4 2. 0 0.084 
} Jan . 8 . 6 0.09} 0 . 50 2 . 7 0 . 4} 1. 0 0.072 

1} Mor . 7 . 9 0.019 0 . 156 2.4 0.14 2 . 2 0.095 
24 May 10. 2 0.022 0,20} 2 . 5 0.18 2 . } 0 . 11 
25 July 8 , 6 0.016 0.219 1.7 0.19 2.2 0 . 11 
25 Sept. 7 . 5 0,0}0 0.}1} 1 . 8 0 . 24 2 , 1 0.11 

Othur true 1 Nov. 10.6 0.091 0 . }50 1.4 0.}7 1.9 0,087 
nnd ohrub } Jan . 10,0 0.018 0.44 } . 0 0.47 2.1 0 .084 
l eav(!s 1} l!ar , 7.8 0,020 0 . 141 2 . 4 0.14 2.} 0 . 088 

24 May. 6.9 0 .028 0.281 2 . 0 0 . 18 2 . } 0. 11 
25 Ju1y 
25 Sept . 6 . 5 0 . 0}5 o . 808 2 . 0 0.}5 2. 8 0.15 

Rubu9 1 Nov . 10. 2 . 0.066 0 . 422 2 . 2 0 . }0 2 . 0 0.097 
} Jon . 8 . 5 0 . 081 0.48 1.9 0.}0 1 . 8 0 . 078 

1} Mar. 9.4 0 , 028 Q. 172 2 . 0 0.19 2. 1 0 . 11 
24 May 8. 7 0 . 045 0 . 250 1 .4 0 . 17 2 . 4 0 . 1} 
25 Ju1y 8.6 0 . 019 0 . 297 1. 5 0.2} 2,Q 0.11 
25 &pt. 7 -9 0 . 02} 0.2}4 2 . 2 0 . 27 2 . 0 0. 10 

Othor 1 Nov. 6.2 0.056 0.45 0.86 0 . 15 1 . } 0.080 
ground } Jon . }. 7 0.049 0, }7 1. 1 0 . 18 1.1 0 . 065 
tlorr\ 24 May 8.} 0.016 0. 19 1. 4 0 . 09} 1.} 0 . 075 

25 Ju1y 5 . 1 0.01} 0 . 24 0.80 0 . 11 1.1 0 . 072 
25 Sopt . 5.5 0 . 016 0 . 25 0.97 0 . 10 1 . } 0 . 091 

Pr~v.iouo 1 Nov. 14 . 5 0 . 050 0.}75 1.6 0,24 1.9 0 . 10 
y~a r' o l e:af } Jon . 1} . 0 0 . 056 0 . }5 1.7 0.22 2 . 2 0.11 
li ttur ( bc- 1} f!ar . 13 . 8 0 . 022 0.2} 2.0 • 0 . 16 1.9 0 . 094 
forc 1971 24 May 16.4 . 0 , 028 0 . }} 2 . 1 0. 18 2.0 0 . 12 
1uof fall) 25 Ju1y 17 .} 0 . 025 0.}1 2 , 0 0.20 1. 9 0 .11 

25 Sept. 12,8 0 . 016 0.27 2,2 0. 16 2 . 0 0 .11 

1972 l co f litt..1 r * 6. 5 0.01} 0,81 1. 81 0.44 2,8 o:17 Tr~~ and 1 Nov. 6. 9 0 , 02} 0 . 29 1. 1 0 . 1} 0, 9!, o.o.;8 shrub twigs 3 Jan. H 0.010 0.14 0,8} 0.065 0.58 0.027 <2 cm dio m. l 3 tt.-..r. 5.1 0 . 015 0 . 11 1.10 0.070 o . 8o 0.0}6 
24 l1ny 4 - 5 0 . 015 0.11 1 . J 0 . 086 o.oo 0.0}6 
25 Ju1y 4 · 4 0.017 0 . 12 1. } 0 . 084 0 . 90 0.0}8 
25 S" pt. }.9 0,014 0 . 10 2 . 2 0.079 0.99 0.0}6 

Rubus twig o l Uov . 4 . 2 0.031 0.2} 0.97 0 . 086 1 . 2 0.05} 3 Jan. }.9 0.0}7 0.18 0.6} 0.10 1.0 0.047 1} l1nr, · 4.2 0 , 006 0 . 094 0 . 97 0.06} 0 . 90 0 . 047 
24 iofay }.2 0 . 009} 0 . 1} 0.66 0 . 07} 0 . 90 0.045 
25 Ju1y }.} <:OO} 0.006 o . 75 0,06} 0.91 0,041 
25 Sept , } . 5 <.OO} 0.11 0.91 o.on 1 ,0 0 . 047 Frui ta and 1 Nov. 5.5 0.0}1 0,}0 1.1 0 . 15 1.6 0.11 

a~~de 3 Jan. J,4 0 . 040 0 . 19 0 , 8) 0.006 0.97 0 . 052 
1} Mar. 0 . 5 0.01} 0 .16 1.0 0.090 1.1 0 . 067 
24 May 5 . 7 Q. 02} 0. 12 1. 0 0 . 068 1. 1 0.05} 
25 July 5 -4 0.011 0.2} 1 . 2 0 . 12 1 .2 0.069 
25 Sept , 4· 7 . 0 . 026 0.40 1.0 0.11 1. } 0.07~ Dark ond 1 Nov. H. 6 0,0)} 0.26 1.} 0,11 1. 2 0 . 069 dcbris } ilan. 5. 7 0, 026 0 . 15 2 . 0 0 . 081 1 . 2 0 . 044 
1} l1nr , 16 .4 0 . 019 0 . 2} 2.2 0 . 15 1. } 0 . 066 
24 Moy 17. 1 0,025 0.27 1.2 0. 14 1. } o.on 
25 Ju1y 15.8 0 . 016 0. 20 1 . 5 0.14 1. } 0 . 06} 
25 Sept . 11, 0 0, 040 0 . 19 2. } 0. 1} 1. } 0 ,064 
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CHEMICAL COMPOSITION OF TREE ROOTS J. K. Hibberd 

(Mean5 of 3 ·replicates) 

·Diameter (nun) Ash % Na% K% Ca ;• Mg% N% P% 

].i.EC.h 

2 2.97 .039 .102 ·74 .140 .66 .034 

2-5 2.47 .046 .133 .70 .126 .59 . • 032 
.• 

5-20 1,82 .040 .200 .51 .101 ·53 .030 
20 1.37 .CJ40 .130 .30 .074 .38 ,019 

Mean 2.16 .041 .141 . .56 .110 .54 .029 

.Q~ 

2 4.6o .075 .280 1 .13 .16o .64 .040 
2-5 4·57 .066 .250 1.49 ,127 .57 .032 
5-20 3.00 ·047 .209 .85 .068 .65 .030 

' 20 2.03 .066 .287 ·43 .055 .66 .035 
Mean 3.55 .063 .257 .97 .103 .63 .034 

!s.h 

i1 4·53 .159 .603 . 64 .142 1.26 .062 
2-5 3.50 .060 .637 .69 .135 .92 .038 
5-20 2.97 .o18 ·447 .65 ;086 • 71 .029 
20 2.57 .009 .380 ·74 .059 .43 .025 

Mean 3.39 .061 .517 .68 .105 .83 .039 

!zlh1 sampie 3.69 o41 .63 .138 .• 54 .026 
JMS 
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CHEIJICAL COMPOSITION OF DECO!JPOSING \;'QOD M. J. Swift 

Dea.d b~anches in the litter layer sampl ed March 1970, re l ative density measured and 
sub-samp1es ana1ysed . TabulateU in ozUer of relative density . 

% dry weight 
Samp1e 

Species R.D . Ash K Ca Mg N p 
No. 

179 Oak .048 0.82 0 . 021 0 . 41 0.034 0 . 75 0 . 029 
157 Oak . 071 6 . 8 0 . 031 2 .1 0.068 0. 72 0 . 025 
192 Oak .113 4.2 0.030 1.9 0.01,3 0 . 71 0.017 
172 Oak . 117 4.3 0.063 1.5 0 0431, 1.22 0.027 
173 Oak .13 2.9 0 048 0 . 88 0.024 0.89 0.022 
123 Oak . 243 4 -4 0.018 2.2 0 . 011 0.31, 0 . 012 
190 Oak . 252 0 . 91 0.046 0.43 0.026 0 .41. 0 . 051 
161 Oak . 263 4 .6 0.043 2 . 2 0.053 0 . 41 0 . 015 
121 Oak . 272 5 . 0 0.019 2 . 5 0.018 0.32 0 . 01 1 
191 Oak . 328 1.3 0.018 0.40 0 . 019 0.41. 0.015 
181 Ash .088 4-4 0.057 0.88 0.061, 0.66 0 .048 
111 Ash .098 3.6 0.054 1.4 0.053 0.95 0 . 037 
197 Ash .12 4 .7 0 . 097 1. 4 0 . 073 0 . 71 0 . 029 
140 .... .165 4-7 0.043 1.9 0.034 0 . 57 0 . 019 

89 Ash .199 3.8 0. 19 1.4 0.03 0 . 72 0.032 
152 Ash .209 2 . 4 0.039 0 . 57 0.034 0.45 0.017 
148 ·Ash .269 2 . 6 0.021 1.3 0.038 0.31 0.011 

87 Ash .269 3 .1 0.021 1.1 0 . 030 0 .36 0.015 
209 Ash r7 3.6 0 .027 1.4 0 . 063 0 . 31 0.0053 
99 Ash .392 1."2 0.039 0.48 0.050 0.31 0 . 018 
203 Ash -4 2.8 0 . 039 1.2 0.039 0 . 39 0 . 015 
211 Ash .411 3 .4 0.069 1. 5 0 . 054 0.}1 0.013 
163 Ash . 46 3.2 0 . 030 1.3 0 . 01,5 0 . 27 0 . 011 
153 Ash . 481 2 . 6 0.027 1.2 0 . 049 0 . 29 0.01 1 

86 Birch .067 3-4 0 . 075 0.56 0 . 061 1 . 03 0.038 
24 Birch . 082 14.5 0.20 1.4 0.28 1.03 0 . 049 
94 Birch . 097 2 .1 0.060 0 . 75 0.041 0.85 0.036 
33 Birch .104 2.8 0 . 066 0.24 0 . 036 0 . 56 0.030 
95 Birch .126 3.3 0.045 1.5 0.018 0.64 0 . 028 
29 Birch . 152 L 0.5 0 .01 2 0 . 069 0 . 005 0 . 22 0 . 014 
28 Birch . 265 L. 0 . 5 0.006 0 .13 0 . 011 0 . 21 0 . 012 

118 Birch . 296 6 . 9 0.17 3.5 0.032 0. 36 0.012 
74 Birch .3 2.2 0.039 0.65 0 . 038 0 .37 0 . 021 
41. Bir ch . 301 1.1 0 . 015 0 . 58 0 . 016 0.36 0 .018 
59 Birch .312 1.5 0.013 0 . 50 0.031 0.23 0 . 015 
35 Birch .41 9 1. 0 0 .018 0 . 21 0.016 0 .1 6 0 . 011 
78 Bir ch .425 6 . 9 0 .16 0 . 51 0 .063 0.66 0 . 036 
41 Birch .523 0 . 34 0.009 0.19 0.027 0. 14 0.0094 

180 Ha tel . 047 3.0 0.034 0.41 0.036 0 . 98 0 . 029 
168 Hazel .063 8. 7 0.070 1.8 0.059 0.89 0.033 

19 Hazel . 09 2 .1 0.031 0.34 0.025 0.77 0.031 
102 Hazel . 105 7.5 0 . 039 2 . 4 0 .044 0.66 0.022 
188 Haze1 .1 28 5.6 0.049 1.8 0.034 0.69 0.014 
156 Haze1 .193. 13 0.15 2.3 0.096 0.83 0 .041 
130 Haze1 . 203 5 .4 0 .022 2.8 0.018 0.34 0.012 
114 Hazel . 217 4- 9 0.027 2.0 0.024 0 .50 0.019 

14 Hazel . 286 1. 6 0 . 031 0 .36 0.054 0.22 0.0097 
174 Ilaze1 .324 1. 2 0 . 013 0 . 61 0.013 0 .43 0.0055 
160 Hazel .36 1.0 0.015 0 . 58 0.018 0.31 0.0093 
105 Haze l . 369 2.6 0.018 1.2 0.014 0 . 51 0.017 
125 Hazel .403 2.2 0.018 1.0 0.0093 0.27 0.0066 
1 59 Hazel .1,75 4.0 0 .018 1.9 0.024 0 .40 0.011 
175 Haze l .599 1.5 0.015 1.0 0.023 0.41 0. 0059 
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CHJOO:CAL CO!JPOSITI ON OF BACTERIA A. F. Harrison 

Bacillus cereus from mineral soil and Pseudomonas sp . from ash litter 

% d.w. 
Na K Ca Mg N p 

B. cereus grom 5 days an soil extr act 0.089 0.95 (;18 0 . 053 

B. cereus groo 2 days on Tryptone -ooya 0 .41 1. 6 0 081 0.17 8.6 1 .5 

B. cereus g.rown 8 days on Tryptone-soya 0 . 31 1.1 0.26 0 . 43 10 1.3 

Pseudomonas gro;.n 5 days an soil extract 0 . 17 1.4 0 .1 8 0 . 46 4 .1 0 . 57 

Pseudomonas grotill 2 days on Tryptone-soya 0 .12 0 . 38 0.31 0.36 10 2.5 

Pseudomonas groTm 8 days on Tryptone-soya 0 .74 1. 0 2.6 0.48 

5C 0.38 1.1 2 0 .28 0.56 5.91 1. 07 

fCN~t;y Lo/\l;cNr Ot= ßlfc:.rE-7~ lfl ~/J 0 ."1). ktf7M~ 
Co,_ po-~· ~ So.."'t'k cf 'Bo...c..:llvs ~-"\.11 

.i ?s~J o """"'" 1. ~<I"- Tv.J/'1-o.,~ -S"'tll.. ,lo . '~-"' ,.2..1.'}0 

CHl~.!I rJJ, OOI.:POSITIO!I OF C:..TEill'ILIJ,JlS H. M. Grimsha'"• D. c. Seel 

P_t·ovisiona.l data from unpublished. sources. 

La.rvae i ncl uding Di!)rion sp. fror.:. Pinus spp. at Thetford Cha~c 
La.rvac includint; Tortrix spp . from Quercus spp. 
Larvae of Philudara potatori.:L 

N p 
% d . ·.v . 

K ca Me Na 
( 1) 0.99 2.35 0 .10 0.067 m 1.1,;.; 2 . 55 O.ll 0.038 2.30 0 . 95 2 . 75 0 .14 0 .16 0 . 038 

Mea.n 2 . 30 1.14 2 . 55 0 .12 0 .16 0 .048 

G'IIH2~y C(;rv"?Z?Yr OF CJHbc.l"t<...'-"heS 
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ENERGY CONTENT AND CHElilCAL COlAPOSITI ON OF FilliGAL HYPHAE J. C •. Frankl :md, 
0. M. Po.rry and W. G. Ha1e 

% dry wt. 
c N p .K Ca Mg Na 

f~'(') 45 2. 7 0.17 0.57 0.95 
Bulk so.mp1es of 

2 myce1ium of aze1( ) 46.4 4. 7 0.31 
!!J:cena e;alopus 
hand-pcked from Oak 1,3 3.3 

Mycelia of a mixed popu1ation 3.8 0.17 0.55 0.57 0,01 O.o6 
of soil fungi from Lleathop grown 
an soil extrnct --Mo an 44.0 3.63 0.22 0.56 o. 76 0,01 o.o6 

Fruit bodies of Mycena ga1opus 5. 7 0.69 4-47 0 •. 17 0.12 0.19 
from tleathop 

Bulk samo1e of fruit bodies of 44· 7 5.4 0.65 4·78 0.12 0.15 0.26 
variouz smal l species of A.6arics 
from Meathop --

J.!ean 4'•· 1 5 .55 0,67 4.63 0.15 0.14 0.23 

k.i/g d.w. 
Mycelium of [Haze1 17.523 
Mycana t;n1oous Oak 16.899 
from 

llaan 17.211 

ENERGY CONTEN'r OF GROWING illA VES OF TREES AND SIU!UBS M. K. Hughea 

Somp1e s from midd1e stro to of tha conopy, Metins of 3 rcplicn tea 

Dnto 12/4 27/4 5/5 18/5 1/6 6/7 7/9 1}/10 

~ 
Kj/g d.w. 19.833 19.264 19.}10 19.695 20 . 026 19.038 20.507 
K.i/g .oah free 20 . 570 20 . 084 19 .930 20,118 20 . 624 19.662 21.215 
% 'JSh 3·57 4,00 }.09 2.09 2.92 3.16 3.07 

Aoh 

Kj/g d.w. 21.257 20.143 20,361 20,193 20.110 
Kj/g ooh free 22.102 21.32} 21.210 21.056 20 .717 
% osh 3.81 5.53 }.97 4.10 3.84 

1!!!Sh 
Kj/ g d,w, 23.471 22,056 19.837 18.741 
K,j/g osh frec 24.128 22.688 20.411 19.390 
% osh 2. 7} 2,8- 2.80 3.30 

Hozel 

Kj/g d.v. 20,063 20.377 18,6}6 18.197 
Kj/ g a eh free 20.490 20.951 19.611 19.607 
% aoh 2.07 2.73 4.98 7.21 
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Clmm CAL COMPOSI'ri ON OF SOlL AND LITT ER FAUNA A. F. Harrison, 

A. Russell-8mith, s. E. Allm 

.!:iilli:p~d~~ 

Gloneris m..1.rGinata 
Polydc s mu.:; sp. 

I ulidLe 

!S2P2d1! 

Oniscuo nsellus 

.Qi_Et~r~ 

l.:i.monia nubeculosa larvac 
J.imonia nuboculosa adults 
Bradysia sp . larvae 
Dradysia ~p . pupae 
Bib io hortulana larvae 
Syrrphid larv<~e 
Tipulu fla volineata larvao 
Tipula flavoline ata adults 
Tipula flavolineata adults 

.Qt.!;c,r ~rJ:h.ro.Eo~ 
Carnbidae 
Aro.nn.e 

1Ul!Jb"r~i~a~ 

L. te:r:restris 
L. t errestris 
A. caliginosa 
0. cya.neum 

,Mo,.!l~ s._S! 

Na 

0.18 
0.18 
0.19 

0.74 

0.084 
0.31 
0.063 
0.034 
0.037 

0.19 
0.15 
0.14 

0.57 

0.14 
0.34 
0.094 
0.47 

Arien subf'uscus 0. 36 

~!~~~e~~:P~d 0~xychilus spp. 0 •
11 

CHEMI CAL COMPOSITI 00 OF NEVATODES 

K 

0.41 
0.60 
0.45 

o. 75 

o. 76 
0.63 
0.36 
0.27 

0.89 
0.84 
0.84 

1.1 

0.50 
1,1 
0.26 

0 • .73 
0.28 

~ d,w, 
Ca Mg 

9.8 
16 
14 

22 

0.45 
0.14 
0.19 
0.20 
0.17 
0.11 
0.35 
o.oeo 
0.10 

1.4 
0.53 

0.39 
0.61 
0.088 
0.}9 

2.5 
c.40 

0.30 
0.37 
0.48 

0.34 

0.24 
0.11 
0.22 
0.14 
0.13 
0.26 
0.22 
0.09 
0.090 

0.070 
0.14 

0.098 
0.26 
0.076 
0.40 

0.40 
0.13 

N 

6.1 
6.6 
5.3 

5.8 

10 
11 
9.8 
8.9 

11 
9. 7 

10 
11 
11 

5.3 
10 

3.0 
10 

9.4 
2.5 

p 

2.6 
2.3 
1.9 

1.5 

0.55 
0.88 
0.84 
0.93 
0.47 
1.2 
o;69 
1.0 
1.0 

0.65 
1.3 

0.69 
1.1 
0.34 
0.88 

1.6 

0.3 

Table 1 from Myers, R, F. 1966 Osmoregulation in Panagrellus redivivus and 
Aphelenchus !l\"enae. Nematologica 12, 579-586 

Averase inorgMic ion content of P. redivivus and A. avenae incubated in Fonwick 1 s 
salt solution (FSS) and distilled water (DW) for 2l, hours at 22°c1 i 

Nematode 

P. redivivus 
Diet-ma.inly bacteri~ 

P. redivivus 
DiEt-mainly yeast 

A. avonae 
Diot-f'ungus 

Treatment2) 

FSS 
DW 

FSS 
DW 

FSS 
DW 

FSS 
DW 

FSS 

FSS 

o:;; olement/ gram dry weight 
Na K Ca P 

4.0 
1.4 

4.6 
1.7 

4.1 
3.1 

4-9 
2.7 

5.8 13.5 
1.7 7.5 

3.2 4.8 
0.9 4.5 

3.2 

9.6 

3.6 

2. 7 

0.25 
0.27 

0.26 
0.24 

1.22 
0,86 

0.4 
0.5 

0.3 

0.4 

28.0 
17.6 

25.0 
18.0 

8.0 

12.9 

llg 

3.0 
2.4 

5.0 
5.6 

1.4 

Cl 

6.2 
2.3 . 

3.8 
0.5 

4.8 

8.2 

1 )The range of all Nn, !:, Co., Cl, P samples \'fBre within + ~ of' the averages nhile 
the range of the Mg sa.mples wera a.bout ± 1 O}t of the abov"' reportcd averages. 

2)FSS and DW treatments in eo.ch oxperiment are related since analyse8 were performed 
on a single population of nematodcs. Na, K and Ca determination.:J in cach 
expcrimcnt nre related, wherea.s other ion analyses were ma.de upon several separate 
populations of nomatodes 
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El/EJlGY CONTE!.'T AND CliUIICAL C<l>IPOSITION OF SMALL !WlM.\LS A. F. Hnrrinon, 
S. E. Allen 

Stc.Ull mcsmmola1 (fJ.'OIQ I1oathop or Corswcn , Woloa, d0op !ro~on on colloction) 

Weight whc n Xj/g Kj/g No K Co Mt: N p 
Spccico Origin froz cn t~ 

O.D. osh 
free % dry weicht 

Wood mouse Wola a 17.1 2'-' 21.5 25.7 0.31 0.81 3. 7 0.13 1.93 1.9 

Woeod mouso Wolcs 16.6 2~3 21.7 24 .5 0.<\4 1.2 2.9 0.14 2.63 2.3 

Wood mouso Meathop 16.0 "~-' 20.2 24-4 0 . 40 1.1 4-7 0.18 2.80 3.0 

Wood mouso Wales 15.0 2J.a 22.4 26 .0 0.41 1.2 2.8 o.n 2. 60 2.2 

Wood mouso Wales 14.6 2U 20.5 23.9 0.46 1.2 5.2 0.16 2. 55 3.1 

Wood mouse Me<~thop 13.5 ~.o 21.4 27.0 O. 31 0.81 3.2 0.11 1. 78 2.1 

funk vole Me<>thop 16.6 ;/!o 20.3 25.4 o. 50 1.2 5. 5 0 . 23 2 .85 3-3 

Bank vola Moathop 15.3 ::1~.1 20.9 26.1 0.40 1.2 4-1 0.16 2.85 2. 5 

~~~~: ~~!ed Hcathop 26.6 ;1$.3 20.3 24.9 0.39 1.2 1.7 0.16 2 . 55 1.7 

Common shrcw Wales 7.8 :/1."1- 20.4 24.5 0.43 1.0 4-7 0.13 2.70 2 . 8 

Common shrew Wales 1.1 :U.I. 21.1 24.3 0.43 1.1 3. 3 0.12 2 .80 2. 4 

Common shrov Wa lea 7.0;,H 19.7 24.3 0.45 1.1 4-5 0 .13 2.60 2.0 

COlDmon shrew Wales 6.7.1'-1 21.9 26.4 0.40 0.93 7-( 0.20 2.35 4.1 

Comoon shrcw Meo thop 21.7 25-4 0.43 1.0 3-5 0.13 3.10 2. 3 

Common shrew Mea thop 22.2 26.6 0.44 1.1 3.5 0.12 3.30 2.5 

i 21.08 25.29 0.42 1.08 4-0<l 0.15 2 . 63 2.60 

,Vf()~ :u. r,; .1":f./o Ra.J.t.·r :zo. 'l1 2$.1'f 

El!ERGY CO!ITENT OF GROUND FWRA J. 1·1. Sykos 

Derived from abovc and bclow ground bioma ss dsto (Tsb1o 1.13) and enerey cont~nt 
cstimatcs (Tsb1e 1.14.1) 

Kj x 103/ho dry wuißht besio 
Jen. Fcb. Apr. Moy Ju1y Aug. Sept . Dcc. 

Fruxinua 2837 2040 4389 4324 2844 
Ancmona 1897 
OX<llia 524 675 1265 
Endymion 7251 
Viole 1272 1500 1848 1131 1107 
I~crcurio lio 727 1417 1234 863 830 
}o'ragaria 101 . 192 103 212 90 
Soniculo 207 523 604 370 295 
Arum 35 79 
Potentille 506 746 330 375 415 
Ca um 72 202 255 212 75 
Pri~nuls 49 52 100 56 165 118 104 

Kj x 10~/hs ash froo beaie 

Froxinus 2725 1872 4070 4oo6 2716 
Ancmono 1792 
Oxalia 478 615 115~ 
Endymion 6069 
Viole 1186 1335 1637 1013 1020 
Morcuria lia 651 1275 1100 762 756 
Fragario 95 111 166 192 84 
Sanieule 185 439 504 ~20 "266 
Aru~~ 32 71 
Potcntills 538 665 308 346 390 
Ccua 6B 180 2~1 184 70 
PriiiUls 45' 48 95 48 146 104 93 
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NUTHIENT TRf.NSFERS 'l'HHOUGH THE CANOPY - OHGAl'liC MATTER E. J, White 

Rainfall Throughfall Stern flov1 
Total Enrichmcnt 

throughfall 

July 1966 6.05.:!:,1.85 11.95 .:!:. 5 . 21 1.63 13.58 7.53 

Aug. 9.97.:!:. 1.04 14. 05:!:. 8 . 07 2 .45 16.50 6 . 53 

Sept. 11.25 ± 2.66 22 . 28 ±_12.73 2 .87 25.15 13.90 

Oct, 9 . 06 ± 2.10 33 . 91 ,±.12.53 1. 75 35 . 66 26.60 

Nov, 7.81±_1.39 3L6S.±.17 . 32 4.12 35.77 27.96 

Dec, 12.07 .:!:. 1,.1 0 26.21 .:!:. 8 .46 7 . 36 33.57 21.50 

Jan. 1967 4.82.:!:. 1 , 02 8 . 62.:!:. 8 . 55 2.51 11 .13 6.31 

Feb, 8. 27 :!:. 1.14 15.67.:!:. 6.53 3.31 18.98 1 o. 71 

Mar, (6.08 ) 23 . 88 ± 8 . 10 3.78 27 . 66 21 . 58 

llpr. (3.06) 10.40.:!:. 3.54 1.55 11.95 8 . 89 

May 6.03 ± 1.44 35.33 ;t10.49 2.43 37.76 31.73 

'Sune 4.73±. 1.14 129.33 :t118. 18 3.13 132.46 127.68 

July 10.30 ± 3.05 177.99 ±_97. 29 4.95 182.94 172.64 

Aug, 18.98:!:. 23 . 14 40.76 ;t12.98 2. 25 42.99 24.02 

Sept. 11.08.:!:. 6 .73 35.58 ;t12.41 5.21 40.79 29.71 

Oct, 12.84 ± 3.57 66.41 .:!:.10.42 6.71 72.58 59 . 74 

Nov, 2.62;t 0,78 24.38 ,±.12.16 2.23 26.61 23.99 

Totals 
July 1966-
June 1967 

89 . 25 ± 6.49 363 . 28 ,±.122. 70 36.89 400 . 17 310 . 92 

NUI'RIENT LOSSES IN DRAINAGE WATER F . Farquharsoa 

kg/ha 

1971 
N0

3 NH
4 

Organic Total p K Na Ca J.lg 
N N 

J\lly 1.26 0.05 0,07 1. 38 0.002 0.33 4.89 1.46 0.54 
Aug. l.C5 0.07 0 .11 1. 53 0.018 1.13 9 . 05 7 . 1.,.2 1.31 
Sept, 0.39 -(.0 . 01 0.05 0.40 0.003 0 . 08 2.55 1.82 0 . 18 
Oct. 0.93 <0.01 0.18 1.11 0.031 0.55 2.67 0 . 85 0 .17 
Nov. 1.37 0.15 0.10 1.62 0,005 0.86 6 . 92 5 . 64 0. 67 
Dec. 0.26 0.06 0.08 0.40 0,013 0 . 61.,. 4.92 6. 71 0.48 

1972 

.Tan. 1.80 0.34 0.26 2.1.,.0 0.034 1.40 7 ,J;J. 9.33 0 . 68 
Feb, 0.48 0.21 0.09 0 . 78 0.001 0 . 56 3.22 4 . 132 0.30 
Mar. 0.14 0.23 0.15 0.52 0.051 1.47 6.33 6.92 0 . 50 
Apr. 0.36 0.24 0.24 0.94 0.069 0.87 6 . 29 6.86 0.43 
Mny 0.24 o.U 0.03 0. 39 0.001 0.13 2.51 2.49 0. 2.3 
June 0.28 0.25 0.15 0.68 0,007 0.29 4. 34 5.48 0.38 

Armual total 9.36 1.73 1.47 12.65 0.235 8.31 61.10 59.80 5.97 



SATCHELL / MEATHOP 
. NtiT?.IENT T?,\NSFZRS THP.OCGr! Tiß CANOi'"l E. J. White 

ks/ha 
H P K 

~~~ .... .... ( ~"""---- " 
rl r-1~ rl ,.....~ r-i+)• 
r3 !:: (!j s: ~ ~ (!j s: ~ cj s: 

.... '::1 0 "' i:l .... ~ 0 "'1l ........ 0 ~'2 
~ 'tb c fo .c r;: bO ~ ~ .c 'd -fo (;! 1(, ..2 
'"' ::1 rl~ 0 ~ ;j r-i:S 0 Ct-1 ~ r-i;:l 0 .::i 0 E <dO ·c <= p E <df: ·,-< .::i k E <dO ..-1 

• l: ~ ~ .a s: -~ .a $ ~ .r: s= cd .s:: .s b l! ~ 
tt; 8 Cll 8....., ~ p::; E-4 tll E-4+) ~ p:; E.-1 cn e-c+' ~ 

July 1966 ~~·o:03'0:~ö:ö1 ~2.o. o32"o oö2 '0:074: 'o:D'53'o.1G+D:öii"1. 71.o. 27'():29' 2-:-60'1.-&;; 
Aug, 0.6~0 . 14 0.74~0 . 37 0.04 0 7!3 0 . 13 0. 01 :o 01 0.056:0.030 0 004 0.060 0.056 0.1~0 . 05 2.07:0 . 59 0 . 36 2 43 2.28 
Sept. 0.4fl!:0.19 0.&;;1'.09 0 04 0 68 0 1..0 0 . 01 ~0.03 0.057~0.027 0.001.. 0.061 0.048 0.3~0.26 2.93!:0.77 0 . 53 3.51 3 . 15 
Oct. 0.75zO. OO 0 . 82.:!:u.•,1 0.03 0.85 0.10 0 02 .:!:0 . 00 0.05B;!:0.035 0.002 0 . 060 0 . 041 0. 22.:!:0. 05 5. 89.:!:3 . 75 0.44 6 . 33 6 . 11 
Nov. 0 . 2f':t0.02 0. 81.:!:0.18 0.03 0.84 0.56 0.01 .:!:0 . 00 0.039.:.0 . 016 0.004 0.043 0.029 0.4.7;!:0.13 4-73;!:1.22 0.75 5.48 5.01 
Dec . 0 . 63;!:0 . 29 0.72.:!:0 . 20 O. o6 0. 78 0.15 0.02 .:!:0 . 01 0.040.:!;0 . 023 0.006 0 01..6 0 029 0.59.:!:0 . 08 1 . 66.:!:0.71 0.87 2. 53 1. 94 
Jan . 1967 0. 32+0.05 0.57+(...09 0 01 0 . 58 0.26 0 . 01 +0 . 01 C. 018+0. 006 0 . 001 0.019 0.007 -0.12+0.02 0 . 90+0.!,.7 0 . 30 1 . 2 1.08 
Feb. 0.32-.;-0.14 o .~. o6)o . o2 0 . 46 0.14 0 . 02 :o.oo o.o2};:o.oo6 0.002 0.025 0 . 009 o.20:o 04 0. 62:0.33 0.25 0.67 0 . 67 :•:r. 0.~0 . 16 0 . 41 +).07)0 . 02 0 .43 0 . 05 0 . 02 ~0.00 0 . 022~0.005 0 . 001 0.023 0.006 0 . 4~0 . 06 0.89~9.14 0.25 1.14 0. 73 
...... r. 0.37_:o0.04 0.3 +0.09)0 . 02 0 .40 0 . 03 0.02 .:!:0 . 01 0.030.:!;0 . 012 0.001 0.031 0.008 0 . 12.:!:0.02 0. 71_;z0 . 28 0 . 15 0 . 86 0 . 74 
J.!ay 0. 89+0.12 1.27+0.•15 0 . 041 . 31 0.42 0 . 03 +0.01 0 . 119+0.044 0.001 0.120 0 . 093 0 . 25+0.05 3.09+1.34 0 . 32 3.41 3.16 
Jur.e 0. 37~0.11 1 .01"{:to.11)0.04 1.05 o.68 0.03 ;:o . o1 0.199±0.024 o . oo3 0.202 0 . 169 o.1~0.02 5,08;1.17 0. 31 5.39 5.23 
July 1.09.:!:0.12 1.0~0.:)9 0 . 07 1.10 0~01 0 . 04 .:!:0.03 0 . 105;!:0 . 020 0.005 0.110 O. o66 0.39+0.28 4 . 56:0.43 0 .63 5.19 4.80 
Aug . 1.03+0.o6 o.81+C'.18 0 . 04 0 . 85-0.18 0.01 +0.01 0.071+0.032 0.003 0.074 0.062 0.36:0.14 3.16:0.58 0.34. 3.50 3 .1 4 
Sept. 0.5};:0 . 10 0.79±0 . 14 0.08 0.87 0.34 0.07 ~0.02 0 . 089±0.042 0.006.0.095 0.026 0.37:;:0.07 5.97±1.42 0.77 6.74 6 . 37 
Oct. 1.~0.56 1.17+0 . 51 0.11 1.28-0 . 08 0 . 04 +0.01 0 . 109+0.051 0.014 0.123 0.081 · 0 . 86:0 . 11.311.85+2.67 1.2613.1112.2); 
Nov. 0.6ß±0.22 0 . 6L,.~O . LO 0.02 0 . 66-0.02 0.03 :;::0 . 02 0.042i0.028 0 . 001 0.043 0.01 1 0 . 17:;::0.07 5 . 0f1 . 19 0.53 5 . 58 5 .41 

Total 

:uly 1966 5.86.:!;1.05 8.76;!:1 . o6 0.38 9 . 14 3.28 0 . 23 .:!:0.03 0. 733;!:0.079 0.031 0. 764 0.536 3.21;!:0 . 3430J3.:!:4•55 1,,6235.1 5 31.94-

June 1967 

1\) 
V< 
'-!> 



SATCHELL / MEATHOP 

NUTRIENT TRJ'JiSl'ERS Tfu':OöGl: Tli'l CANOPY E. J. i,'hi te 

~~~ I --,~g~-----r----~ ------------
( r;1 -§, {, 1: ~ fo .g, _b --------'.1"':--;.b-...., 

~ e ~ ~ 53 e~ ·~ ~ ~ e ~ ~ ~ ~ ~ ·~ "t; ~ g ~ e ~ ·~ t; 
~ ~ ~ t; ~ ~ :;;e ~ ~ ;J ~ ~ &; c;:: ~ :5~ ~ ~ ~ E-1 ~ . ~~ ;:. :!i ~ ~ ~ 

July 1966 '0.3~Q.Q3'ö~2!o.Oci'o.o6'o:9a''ö-:'65 o.1 2.to.o1 ·~ ~r o.8D,to.or'uo.t0.29' '0:12'T.}2l'o.s2' 

Aug. 0.32;t0.04.1.34..±0.27 0.11 1.45 1.13 O.Oß.±O.OO 0.37;!:0,11 0.04 0.41 0.33 0.37;t0.25 0.99;t0.32 0.14 .1.13 0.76 

Sept . 0.5ß.±0.26 2.29:+;0.70 0.21 2. 50 1.92 0.39:+;0.09 0.84;t0,08 0.07 0.91 0.52 2.91;t0 . 20 4-74:!;0.54 0.44. . 5.18 2.27 

Oct. 0.37.:t,1.23 3.4.3_:t2.52 0. 22 3.65 3. 28 0 .13.:t,0 . 04 1.23;!:0.50 0.09 1.32 1.19 0.87;t1.23 2.38;t0.67 0.21 2.59 1.72 

Nov. 0.59;t0.98 3.09:+;~.21 0.78 3.87 3.28 0.84;t0.10 1.64;t0.75 0,22 1,86 1.02 6.72;t0.75 11.54:!;4.18 2.0813.62 6.90 

Dec. 1.09;t0.18 2.61;t2.25 1.49 4.10 3.01 1.37.:!;0.10 2;24;t0.94. 0.86 3.10 1.73 10.82.:!;0.78 16.93;!:7.42 11.30 28.23 17.41 

Jan. 1967'0.5D,t0 .11 1. 70:.1.48 0. 61 2.31 1.81 0.2D,t0.01 0.56:!;0.34 0,16 0;72 0.52 1.5D,t0.04. 2.55.:!;1.17 0.47 3.02 1.52 

Feb. 0.52;t0.11 1.64;t1.31 0.61 2.25 1.73 O.~;t0.04 0.92;t0.41 0.18 1.10 0.66 3.5D,t0.30 7.53;!:3.42 1.99 9.52 6,02 

Mar. 0.81;t0.09 1.85j;0.74 0. 55 2.40 1.59 1.18;t0.11 2.14;t0.41 0.52 2.66 1.48 8.85j;0.70 16,19.:t3-95 

Apr. 0.51;t0.05 0.73;tu.52 C.19 0.92 0.41 0.18;t0.02 0.46:!;0.19 0.08 0.54 0.36 1.19;t0.26 2.96:!;1.76 

2.38 18.57 9.72 I\) 
~ 
0 

0.67 3.63 2.44. 

May 0.83;!:0.13 1.&;;t0.65 C.22 2.061.23 0.23;!:0.02 0.75.:!;0.18 0.09 0.84 0.61 1.23;!:0.18 3.04;t1.83 0.50 3.54 2.31 

June 0.47;t0.26 1.39;t0.26 C.18 1.57 1.10 0.22;t0 .13 0.51;t0.09 0.05 d.56 0.34 0.87;t0.07 1.62;t0.52 0.31 1.93 1.06 

July 0.79;t0 .13 1.5:<;t<'.22 c.22 2.21 1.42 0.19;t0.02 0.65z0.10 0.07 0.72 0.53 0.98;t0.20 2.35;t0.27 0.33 2.68 1.70 

Aug. 0.52;t0.06 2.05.:!;0.53 (,12 2.17 1.65 0.17;t0.03 0.58;t0.14 0,04 0.62 0.45 1.38;t0.22 1.89;t0.31 0.19 2.08 0.70 

Sept. 0.71;t0.12 3.81;t0.74 C.43 4,24 3.53 0.79;t0.03 1 45;!;0.29 0.15 1.60 0.81 6.13;!:0.27 8.06:!;1.25 0.99 9.05. 2.92 

Oct. 1.51;t0.19 7.85;t1.02 C.81 8.66 7.15 1.58;t0.11 3.72;t0.28 0.33 4.05'2.47 12.05.:!;1.24 21.97;!:1.90 2.4.8 24..4.5 12.4.0 

llov. 0.5CJ:.0.09 2.97;t2 . 23 t.53 3.50 3.00 0. 25.:!;0.04 1.34.;t0.60 0 17 1.51 1,26 1.99.:!:,0.4.3 5.03;!:2.39 0.66 5.6<: 3. 70 

·rot als 

~une 1966 6.92+1.67 22.83+4.. 70 5. 23 28.06 21.14. 5.38+1. 08 11.95+1.50 2.3814..33 8.95 39.63+1.90 71.67+10.43 20,61 92.28 52.65 
July 1967 - - - - - -
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LOSSAINT,RAPP / ROUQUET 
TAOLEAU XXXII 

Le Uil:ln il)'('liC}\11.! au noucjUC'I (1967) ~clcm b lll l:lhudt• tiC TURC (1t6cn··: d'cau du sol = 51 0101) 

I:A: fncrr.ic dc 1:~ r:~di::~tion qui r.ncind r ~i t lc ~l•l si l'a tlll<t!.pl.i·r ·.: n·c,i ..; t:lil p;t5 (l'clil cal /cn~~/j<t(H); J1: dua:c :'l"trc.!lcmique 1.1u 
jour cn hcurcs; h: durt~c d'i ~ •..,vl..til'll c•1 l:ru•c .. ; I ~: r~hli .llion {!:vbJI .: {l 'l' t i t c:d .1.:m~iil•ta}; T "C: tcnq •,: ~.atur,: Joh'tcnn~ mr:u!>udll·; 

P : pn::ci1•it:~tion 'mm/llll'i"; t ,. : tvapNr:ln<.pÜ;l.tiuu: A: deficit du s0l cn c:'HI Cv~pe>r:dJk ;1u <!~h~.:t th: mois; 
rCscrvc: r6cr\'c da ~o l cn rau utilis:lbk :,ur <!0 cm d.: pmroiHh: ur. 

1 ) " M A 1 ~1 1 1 A s o ;-I-tl :.""'' 
I•A ~- -- · • -- --------

c.. 31.?,6 ·~10,1 tJ :L' ,}; I SO::i,O ClJ<i,l 1) ~; !,1 lJ)fJ,O~"' Sl7,0 b72,'7 4"\~~~ ~ .)7,9t1 ~?\,~ 
1------- ---- ---'--- r------ -- ---- - --'---- --- ·---

lf -d0 3i' ?.~;~,9 :9J,I 369.~ ·'ill l ,7 ·15~.~ lltiO,:~ ~65,4 1130,8 37J ,S 3·10.:: :.!:\9 .. t :~ 
-------------- ·-----1------------- -- - ···-- - ,----
~---- ~-=-:~ .. .L'.::!.::.!--'.712_ !.~ :>·1G.:> 311,0 m.J -~5-~ ~75 ,5 -~~~ ~~~-IS>.~_L~'27.2 _ 

Ir. (c:tl/.:-tft1 JJ01 .. r) J.n ~:.!01,5 :'9S ·D I -1SI5 59S 595,5 .ts;.s Jl7,0 2~7 1 4~.) l-11,tl 
1---------·-+--- -·--- -- -- . -·--- -----

l0C (n•oy "•'II>) 63 S,O 11,2 13,2 15,5 19,7 24,7 2J,I 19,0 17,2 11,3 6,? 
1-- ·----- - ---< ~~-- -----1---- -- -- --- - --- ----+----

E.T.P. {n,;n/;1wis) ::3,2 J?.~ 59,:! 1 S9,9 
1 

I_OS,9 14),7 160,1 J:-8,9 8I,X 5C),01 32,Q 22,1 94~ ,? 
~----- ----,---·-I-

I' (nun/.noi<) 1575 203,5 61,9 I 9,3 65,8 ::!0.5 50,5 ·B,O 39,0 25 ,0! <•3.0 9,5 74~.5 
----- __ ___j'---- ---+---1----+--- 1---~---l---l--- --·-+--1--~ 

J:T:;(I,9rn} :W.~ :!9,0 53} C0,9 9S ,O 131,1 144,1 11&,0 73,6 53 ,1 2•>,(,1 19,\l 

j...:..:.:.:::~~,:_':,.:.:="=·=,··=,_·_··=c=~=-5:_3=·-o:_-1--~--_-.:_5=3.~0-~--:~ --~.-~---~-~---~0~~:~===:~==0==~~~--~-+· ; f ; I_ :r-:~-:~---
!__ ____ 0 0 0 -53 -53 --53 . -53 -.;3 --53 . 53 --19.~~.=-;1,01-

ET ~- P + s.~ :.. _·tJ.-:-:_· I_o.:..s-J._:>.:_s_6:_.5_~_11_4..:..9-J.--9:....J..J---6-5..:..8-+_2_o:_.5-l-5o.s 43.o Jo,o 2s.ol %, :I 3::!,5 __ 

~
.:n::l~mi•I'Ch I 
fjcit 

"I>- (P r ;·: 

:>0,9 ;.!Q,O. 53,1 9,3 65,8 20,5 50,5 . 43,0 "J,O 25,0 :!~· .( i9,9 405,8 

136,6 17~.5 8,6 31?;7 

so.6j 43,1 125.2 109,6 85,9 42.8 34.01 521) 

-- '----'--·-

. I TAßLEAll XXXlll 
Le bil:tn hydriquc au ltOUliUC'l (196S) scl~n l:'t lll~thollc dc Tur.c (~Cscn·c d'c:m clu sGJ .Sl lltrll) 

Sicnification des symbdcs: voir t.:~blcJu XXXII. 

F A ~I A S 0 N D 1\rmt:c I 
~--+----~---}----~1----~--+---~----~---~---~---b----l~ 

lgA 31~ .6 4·16,1 63~.8 SO~ 935,3 93-1,:1 ~SU,S 837,0 67::!,7 4'lH,1 337 ,~ 271,2 
1----~---+--~--~---'----+--~--~---~--~~~--1----1--~~--~~ 
II 43• 37' 28~,; ::!93,! · .•W,l •101,7 45·1.~ 460, .~ .;65,4 430.S 373.~ 340,~ 2~'1,3 277,4 

r:-l----l----1 
1R1.1 ICO.S 213 .~ 203,7 244.5 299,-1 J(,0,7 :>7·1,3 190.~ 170,-11 , 1,1 9~.1 ::!"2R,9 

--~ 
17R,5 171,5 J.ll,5 401 4~1.5 571 625 4Jl ,5 JJ.I 239 126 107,5 

II 

lg (cal/r.:m1 /jour 

,r_•_c.....:..(_m_o.:.y_. _m_c_'"-->+-_7.:.,2_1-_7_.:·~x.J-_I~u.:.~1~~ 12.3 1:' ,9 1'1,3 22,5 21.5 IR ,? 17,:! 10,5 7,0 
r l·---- --~1-----1----4----- ~-

E.T.P. (mm/mo'is) 29,5 27,9 63,0 ~3,0 IOS.9 141,6 161,0 125 ,1 8·1,~ 62,7 2~.~ 19 ,9 93"1,.; 

1' (mm/mois) :I +--- ---1---- · l-.;_.....:.. _ _.:..._~ __ 4.:.,o-+._9_7_.:•::_91-__:_:5·~l-IIG.2 11 3,.1 73_:~1-::!5S 1 14~~ 9u,7 23,5 115,0 ·12,J sss,s 
,r::...:r __ =_o_.:_?_r:_:_rr_~-~2~6.:.,5+_:_'5:.:·::.1_1-...:5...:6.:.,7_~ '14,7 n,o 12.,,.1 I45,S j 11:>,6 76,3 56,4 25,9 11,0 
r -+--t--·- -l----I----
~V:::•r.:_i:.:.'l;io;:;:":_':.:":::'':;:'"_:_'':_'+-·...:2:.:2<: +52,5 -·51,1 +..;(,5 _. .9 ,6 -53 • l_ +2•},•~ +iQ,.J -J1,1J~ --I-

~R_,_'s_crv_e ____ ~ ___ O.:_,S+-53_:_,_0.j__l.:_,9_1 __ 4_3,:_4 _5_3_
1 
__ o_+-__ o_1 __ 2_9_:~~ -~:: ____::_~~--!----....; 

A 2,5 0 - 5 I.~ -9,6 0 - 53 --53 -23,6 - J,:> .. 36,1 0 0 
-- ·--1---1--- --

~-o- p_::sJ-..1 4,5 97,9 7.5 159,6 166,•' 7:1,G 25,~-~~~ 16S,O .J.~: __ _ 
~E_,·_n_(_<_m_m_l_n_,o_i'.:.' ~--4.:.,;+-2-5_.:,~1 ~ _7_·1_,7_.~:~ _ 7?!!._. 25,~ 112,6 76,3 40,·1 _ 25,•: _ _ P_,o __ 5-~0.~ 

Dr:lin:t&l! 20,3 5,8 53 25 ,3 104,4 

DCtkit 
ETP- (r + R) 2S .• 55,5 22,3 - J07,5 
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TABLEAU XXX IV LOSSAINT, RAPP / ROUQUET 

l.e bilan h;·tHque au Rour1uct (1969) sc:!on Ia mC1hodc dc TliRC (R~"crvc d'cau üu :;ol == Sl mm) 

SiJ!'Iilic~lion d-:J symbol~: \oir l:!blc:au XXXII. 

J F M A M J J A s 0 N D ,\ n:\~C 

lcA 672,7_~ 
--

312,6 446,1 632.~ SOR "?35,3 9SU 950,3 837,0 337 ,9 271,2 

H 43" 37' 288,9 2?3,1 , 369,2 401,7 454,8 4~0.1 465.4 4;0 .~ J1J.sl Jolo.: 289,3 ~77,.1 

h 139,7 172,3 129,S I?S,6 241,0 172,2 J47 ,2 271 ,2 185.8 IS:!,7 147,6 1-11.6 2 ·12'i ." I 

1: (nlb:m1 /jcu:) 149 :!43,5 25 I J91. 476 537 613.~ 477,5. J~9,_5 :!(,6,5· ({.75 134,5 

T"C (moy. mcns.) 8,5 5,2 9,2 ,12,:! 15,6 t:,•l 23,1 l2,3 18,9 16,7 10,5 5,1 

E.T.P. (mm/mois) 28,6 -27,9 45 ,7 7S,9 106,8 129,1 160,6 tc6, t 84,J 66,5 30,? 18,6 9C~.J 

P (mm/m~is) 161,1 !72,8 238 ,3 114,8 49,0 37,3 65 ,0 77,2 :!01,7 323,9 11 5,5 71.0 1 6"2~.1 

1:.1 y 0,9 EH 25 ,7 25,1 41,1 71 ,0 ?6,1 116,2 144,5 113,5 76,1 S ~'.S l7,3 16,7 
-r--· 

' Vari:ation r.!scn:c - -47,1 5,? - +53 

Rtsen•c 53 53 53 53 5,? 0 0 0 53 53 53 53 

A 0 0 0 0 -· 47,1 -53 -53 -53 o · 0 () 0 
1--

1:.1 = p +53- A 214 ,1 ~2S .~ 2'J! ,M 167 ,8 54,9 37 ,3 65 ,0 77 . ~ 254,7 376,0 t r.~.5 1?.4,0 
- · 

ETR (mm/mois) 25,7 25.1 . ~1 . 1, 71.0. 54,9 •. :I'I,J t'i5,0 . 71,l 76,1 51J .~ · 27.~ 16,7 577,7 
-

Dr.1i1l~~c 135,4 147,7 197,7 43 ,K 12,6 264,1 87,7 54 ,3 100.1 .. ' 

D~lki t 
. 

ETI' • CP + R) - - 51,9 91.~ 95,6 ·:~.9 2S~.: 

-

TABLEAU XXXV 
Le bibn h)'dric,uc ... Rouc;uct (1 910j sclon 1:~. mCthodc de Tt.:r.C (Rl~SCf\'C d't:lU du sol"' 53 rrun) 

--
J f :.I A M J A s ;fuf N D 

A:1nt~c.· 
IGA f--- ---

31 2,6 4•16.1 o~.c so~ .o 'J35,3 9$<! ,3 910.R 8J7 ,0 67~.:2._ --- 1J7,9 27 1,2 __ ,_ ----
II 43° 37 ' 238,9 293.1 3G'l,2 401,7 ·154,8 460,2 4o5,4 430,8 J73 .~ ~~- ~S?.3 277,-l ,...-- --f---- --'-----
lt 99,4 14 3,3 1 9~. -, • 256,7 ~71,0 272,0 352.6 271,5 210,-1 i42 ,1o I 12S,4 25"1"'.~ 

I& (ca:/c:n2 /jour 1 :::.~ :! ·~ .g 3':'5,7 <65 ,4 s 16,3 537.~ 61?,0 477,6 )S?,2 26<i,•l ~ I(.~ .? 126 ,1 --,..C (r.mj'. nt~n s. ) t ,O 8,1 7,6 11 ,8 Iu, I 21,7 2J,G 22,5 20,9 15,41 12,3 6,0 

E.1 .. P. (mm/rnoi~) ~4 ,0 J4.~ 48,9 87,5 II 3,2 135,0 160,5 126,5 IOI,S 6J,9 38,J ~0.1 954,:1 

~ (mm/lllOi:ri) 183,•t 14,S 54,7 185 65,2 10,6 ~~ 11 8,9 • ' 7 ~ 50,1 655 71 8,? 
'------'----

1:.1 = 0,9 ETI' 21,6 31,1 44,0 78,7 101 ,9 121,5 144,4 113,8 91,6 57 ,5 34,5 18,1 

V;.rbtion r~~rtc - 16,3 ... 10,7 -47,4 + 5,1 - S,l + 37,5 + 15,(, 

RC~:ve 53 36,7 •17 ,-t 0 0 0 0 5,1 0 37 ,5 53 53 

A 0 - 16,J - 5,6 -53 - !' -53 -53 - 47,9 -53 - 15,5 0 · 0 

er=,. + 53 - tJ. 236,4 51 ,5 102,1 l €,5 65,2 10,6 0,5 124,0 41,7 IJ2 ,5 IOJ,I I 18 ,5 

t--:-J'R (rn:u/mois) 21,6 Jl,l 44,0 18,5 65,2. 10,6 0,5 ~I 3,8 41,7 57,5 34,5 IS ,I _ 4S7,2 -· Orai!l:i.(:C 161,8 47,4 709,2 

Ocricit I 

I:.T~- (p + R) . i 69,o 48 ,0 IS4,4 160,0 2.S 60,1 464,0 
'---· 
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LOSSAINT, RAPP / ROUQUET 

1965 

CYCLE DE LA MATIERE ORGANIQUE ET DES tLtMENTS MJNtRAUX 

1690 
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ROUQUET 1 
( Outrcus lln ) 
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Liti6rt totolt 
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IOil 
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fru ils 
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1968 

FIGU!U~ 9. - Retcmb«s mensuclles de Ia liti~rc au Rouquet de juin 196.5 l mai 1969. 

1965 1966 1967 1968 

FIGUaE 10. - R.ouquet: variation.\ mcnsuellcs de Ja rctomMc des (euilles seulea. 
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In= V.3. 4a 

Site: Virelles-3laicont 

Foreat type: Mixed oak forest 

Level P:-eeipi ta.tiona 
(m) (c:m H20) 

J:ie~ 

+16,00 (= 1!20) 

/:p2o (dat& o! 1968) 

.. 0,30 
Throughf.f'oody l&yor 

: ti.erbaca oue layei- . 

St. nov 
o,o 

Surrace run oft 

son· 

. Infiltration 

Intern run oft 

A<a2o) 

-0,50 
Drair.e.ge 

GA~OUX / VIRELLES - BLAIMONT 

'ri:..T2R :St.L .!J~c::; 

I Poriod. 

:rear 1964 Foliated Fhenoph. , ~fol. I Year 19651 Foliated rhenOFh-L Dofol. y 1966: Foliated phenoph. 

1 

1964 1 P-•r.oph. ! 1965 •• her.oph. ear 1966 

1
1.5-31 . w (184j) j 1964 I j 1.5-31.1 0 (18t,j J 1 1965 1.5.-14.11 (198j) 

I 700,7 -
; 

357,2 343,5 . ~ 1.159 ,5 497,0 662 ,5 1. 219,3 586,4 

i 
2,7 q,o 2, 7 4,1 o,o 4,1 1,9 1,3 

I 
+1,2 +1,8 -0,6 +1,-2 +1, 8 - 0,6 •1,2 +1,8 

484,8 232,7 252,1 892,6 361 ,7 530,9 963,2 44e,5 

480,8 228,7 . J- 252,1 886,3 355,4 530,9 958,4 443,7 

34 ,5 9,4 2'5,1 88 ,9 23,5 I ·::: 97,2 25,9 

. -
o,o o,o o,o o,o o,o o,o o,o 

975,21 1596,3 515,3 238,1 277 ,2 378,9 1.055,6 469,6 
I 

o,o o,o I '·' o,o o,o I o.o 
o,o o,o 

o,o -9,6 +9,6 +15,7 +12,3 +3,4 -8,0 -15,6 

263 , 8 35,4 -~~8 , 4 591 , 6 51,5 i 540,1 650,5 146,9 

Dofol. 
l'be:'l.~ph. 

1966 . . : 

632,9 

o,6 

-0,6 

514,7 

514,7 

71,3 

o,o 
I 

i 
! 

I 
556,0 I 

I 
o,o 

+7,6 

503,6 

1\J 
-1'" 

I ~ 



In a:11 V.B. 4b l.'.tTZ:t Bl.L.UCS 

Si te: V1::-elleo-3laimont 

l'qrut type: land oak !orost 

ear 1967 
Foliated pbenopb. 

1967 
E.5-13 .11 (190j) 

Level Preci;.i tat1oM 864,8 459,9 
(11) (mm H20l 

Xiot 2,8 o,o 
+16,00 (.".. li2o) 

/l H20(data o! 1968) +1,2 +1,8 

... Through!.{ Wood;y layor 661,4 335,6 
0,30 . herbaceou.a layer. 656,8 . 331,0 ' ! 

St. now 6),2 21,1 
o,o 

Surrace run o!! o,o o,o 

Soil 

lD!il tratian 720,0 352,1 

Intern ru.n ott o,o o,o 

/J. (H20) +19,4 -10,1 
-0,50 -

Drainage 372,2 96,6 

GALOUX / VIRELLES ~ BLAIMONT 

Poriod 

· Defol. 
Year 1968 Foliated phenoph. Do!ol. 

phenopb.. 1968 benoph. 
1967 1.5-11.11 (188j) 1966 

404,9 866,3 551,2 315,1 

2,6 7,4 o,o 7,4 

·. 
-0,6 +1,2 +1,8 -0,6 

325,8 706,3 431,2 277,1 

325,6 703,1 . 426,0 . 277,1 

42 ,1 38,8 16,7 22,1 

o,o o,o o,o o,o 

367,9 741 ,9 442,7 299,2 
1 

I 

' o,o o,o o,o o,o I 
+29,5 -8,7 +20,3 -29,0 ' I 

I 
275,4 392,9 117,9 275,0 i 

N 
~ 
~ 



,iE,..f.RaL SJl[ Dt.SCJdPT JUi'l~ 

-- - - - - - ltESEARCHER I)'; "·~ON I TA I c ,iJ ND 1 u I 'f. MLIC:AhU 

- - - -- -- YEARISt: lY•O•I9 

FOREST TYPE; SUI:U4ED1 T[JUN[AN DECIOUOUS _fOREST 

~OlL TYPES _ HE~~ll~A 

___ ____ __ liEOLD•n _CaLTAClC CALCaM 

SilL; _d~tiAJAG 1 hu~t.-NlA 1 SJTt. ' 

PRlNCJPLE !LANT_ T_Y~ESZ _ ~UERCUS PUiESCt_,.,s, _ CDTINU~ C0611Yt.tLIA ! _ 11.-LJ~H DAS_YPODU"' PAEDNJA_ f"Ek[la~~~~ 

SOlL- DliiAINAY[: "AlNLY .• YERTICAL 

AG[ 0i . STANU: 37 Y[ARS L.LAF ARLA INDEX ö ~, tt ... s ..... ,s~ ... 

------ IASA-L Aii:EA: 22e7~t SQ.M/HA - BASAL MoH(A JNCICEH.; lJ.,2 ~Qeft/I'U 

-----; STAND HLifutT! . •• 8 SToCKihli OE~SlTYö ;t7Ji.l STEM5/i1A 

~i/SW.H-·- ST ""'0 I i"'- CHOP, . aELO•CikOUNO: ND I.IAT .-- - r.-1 Sfil-. ;-··- -· -- - - · . Sl,t,NOJNft CROP, - AtaOVL, Ji OJNO: 'UlY•F. 

- ·P,f OOI.ICTJVJTY .i&OYE~ifCDUNU:· 't37t9 GtSW•M P~<o~uc f1 v JTY " stLO .MG_ ~<_ oUNJJ: "toto ua T A--c.ts·;. ,..------

LATITUUU tt't OE' i't .,. L.ONC.JTUOE: :ti 0[0 "fJ IÜN 

ALTITU~E: 170- ~ET[RS AdOYE j[A L.E~~L. -

Ht~N- ANNUAL RAoliATIO.Iol, IILOÖAL rti NO lo)ATA -; · RAUt DALAHCE; kD . DA Ti _ _ _ 

"{j,N ANNUAL TEitPEHATUR[; I Ot6o lo)[C. ' 

M[AN . ANNUAl PREC I p 11 AT I ON i tt80 L/SW,H 

Ll.NiTH Of - ,I<O~~tlNG SE.ASON: "" Do1. Y S 

---- -· l(Mf'[iUTURf DUR IN., YROollii~Hi SEASJN: 17•9 

- ---- H(AN -- Pkt.Cli'JTATID'-1 iJURJN' CiND•lNCi 5&-AS LJ N; liH L/~..1• " . 

- ----MEAN RAC lA Ti ON - OF" (ii'COIII IN' SEASON, CiL.O&AL. ~ 1 NO i.t• TA lhu,- iAAL.ANCt.: 

- ----,.HJ ·, -;a· · II[PTI1 Df ROOliNG ZONL: lU '" 

STATUS OF . DATAi 

----------·---. --- --------- --- -- ·- ··· ··-

IV 
\.n 
0 



R::SE.\<::::ii:RI;>J: N. JO~l_!:T_~·~·-3_II•_~- ~':i.'~~~1_9_:::_A'lU - ---·-- ---- -- · S_!T~:_ 9A3~D~GoRJXANIA• SIT~ 2 

FOR:::ST TYP::: SU Bt:C DITt:R.-:::ONT:::NENTAL OE::IOUCUS YEARISl: 19SC-l . 
--------

50IL TYPE : L::A::H::J ~~:RNOZEM 
- ~rc[-0-n'!LöE-s-s------ _·_::_:::..:=..:.:.__ _______ ____ _ 

_ _ _ _2 ~!_L ~-~~ !_N_.\_?_ :0: : ~~ :;: ~;_LY _V: :H!:_~A~-------· _ 

PRI~CIPLE PLANT TYPES: 3UER::us · PEDUN:::UL!FLORAo A:::ER TA~ARI::u~, BRA:::HIPCDIUM PIN~ 'TUMr :::rNTAUZCA STENOLEPIS -· ------ --·----- ------ - --- .. ----------- ---- ------------ - ------ ----- ---- ····- ------- - -- ---- - -- - -- ---

-------- ------------------·----- ·-------- -

-----q-:rE - OT - STANJ : - n -·- -- -- · v~ARS _______ It ~F .nt~ · -INDEX: 3. ~ 3 s o.uso.M 

-tl-ASf.CAREA:--19~[ s::r:-i1J HA BASA L A-REA IN:::REH-::- .-75 sG:-rf/il4 _ __ ·· -----

STA'l) HEI3Ü: 8.6- M STO:::KI~3 OENSITY: 1970 5TEMS/HA 

--$ TAt<DüiG -:::"·b-P7-ABCVEGfibüNb:--~3Ö5 .6 c/s·G" .t1 sTAt\Dac- ::: l'icr; BEL- c:JGRour;o: NO- 'lATA C I sc-. M 

-----:;-~0"5J:::TIVTTYA30V <:- :>ROUN.J: 626.8 G/S!l.)1 PROOU:::TIYITY BELOW3ROUNO: NO JAfA 3/SQ.H 

1\.) 

V1 ..... __ 
I 

··-----rATTTD"Dr!4_4 ___ DEG_54_ !-:IN LO IJ.GlfÜcE: 28-----oEG·· -~~3--Mif..:-· - --- -- - ------- ------ -
~LT:::TJDE: 173 MCT:O:RS A30VE SEA LEVEL ----- ------- - - . · ··- ·- - -· ---- -- -- ---· ---··----- -· ----- -- - - ----·------

·- -- -~N ANNU A~_~DI~E_!~•--G_LOBAL R: NO DAT ol,___ • ~~~--~~L_oi,~_;_ E.:_~ C __ f"'loi, ____ :;_AL_!_S ~• _Cf"_,_ __________ . __ _ _____ _ 

M~~N ANNUAL TE~P:O: R aT~ ~ E: 10.2 ~~G ::: -------·- ----- - - ---. - --·- . --·-

MEIN AN NUAL PRE:::IPITATI ON : SGG --,----- . -- -~· -· ··- --- ---- - -. ·- --- - --"------
l/S Q . M ----- - --·- ---· 

L~NGTH OF 3 R_Q__~IN~ ~~_S_9_ tl _ : 163 DAYS _ ----- ---- ____ --------- ____ _ 

- ~__Y._PE!!~!URE _!)l)RI_!:!~-- ~~!-'_I!:.~-~EASOI~ _ __!_?.!.? __ 

~==-::--~~ -=-~CE_! ~TI 0 ~ _ DU R__!~~~ R 0 W IN G -~~4 ~Q~ : -~8 ~-------_____!-_! ~- J! _M ________ ·--

HAN RAOIAT~CN OF !ORCIH_N~ SEA~~.!.. GLOBAL __ ~ N_Q~_A _ ____ __! __ Roi,C_. __ !!ALAN_i;;_; _N()_ DA _TA :::AL/SQ. ::11 

PH : · ; • 4 ------- --------- Df~~.Q__OTII!Q__;'::l _NE :___l_fl _ _ ____ _ _;!i __ 

STATUS CF DAT4: 



R::;::~'l:::H:Rl~l: P.J~XJ:;s, '-..?~PP 
. . -- - ------ -··--

FOR:ST TYPC: C~f\-OiCCDo ;;u .?ETR.-::: ERR . 

3C!L TJP:: 3~:J;~ ~C~:~T 

CE(:..ccY : f::::o::::t-~E GR-'V::: L 
______ ?}_!_!: _~--~A: ~~A:: : _j_j_ ~ _ p_,~}_A __ _ 

~:J IL 

SITE: SIJ<~o.-:UTdüNGARY ·----·- ------- ---- .. . - - - -

YEAR(~l: 1572-

PRI::C IPL[ PL .'\ tH TYPES: OU .PCT R[.'\ , Qt:.:::ER R:::s ,:CRtit.;S ~ASrA:::ER :::At-:PEST RC: oA.TATARI:::U~:.:::RI\TAECUSoELO N Y~:LiSo :::~REX 
!-! J 'I T:\ !JA • " E: T J::: Ä-- H;: T [ ~ 0 P: l . -- - . 

-- ~:?E -3F ___ Sf~·o:• 6G- 5 5 --{[ÄRS -----Ü~.F - ~~EA IND:::x: - N:J OATA S~.M/~::l.i-1 

-- -- ---·--g-A:;·z:L·-· AR E-Ä: · 1s-:1j~ SQ . i-1 /HA BASAL AREA IN:::REM.: NO OATA S~.V./HA 

Sr'~ :-; ":i -- r-1:: - :fj~- r": · :7. 3 M STO:::KIN3 DENSITY: 9J6 ~r::::-:stHA 

sTü.:: ::: 1\L·- :::RoF; - t;[;(, V-~"G;:ou ~"Jo!zzi-9:-~o------U S G. X ST~~DING ::: nc?o BELC~GROUND: NC DAT' c 1 so·. t~ 

·---------=>~· : · : ··:f: t--:···([ T ~- A~ :J V-~-3~-0 j N J : - NO-- DA f A G/SJ.~ ?RODu:::riVITY 5ELOW3RGUND: NC JATA 3/ s J . ~; 

LALTJ D:::: 4C _ _____ DCG - SC -- tÜN ____ LOtJGrTliÖE= 2o ___ D_E_G ~46 rnN 

L TITJ~!: ~- E J :- 3_[]_~ -- --''lfl :::_:~:;__A_ß_O_~ __ S.S_L LE ':EL 

_ - ~~ :_r.~_: __ :_A _t~i'<~!'_L _ ~ -:;~~ -~!~_0:\ !_ q_~_g 3 A~: NO D .0__~ ____ r RAD~ A~ fi_!~- -~_; __ r" 0 CA T A __ ;_bL/ _5~-- ~--- :- ~----------- _ 

-- .. -~~._:_ ~!~ ---~-~ : -~-~~~ ... ~- ~~1?::~-~ T~ ~f ! _ _2_·~------DEG 

~! !:M; ANt.' UAL PRCnPITATIC!J= 560 L/SQ . M 
~------ ·-- ----- -- ·-- - ··- ·- - -·-------- ---- ---·· --------- -·· ---·--

:._:: ~ 2 r:-t ___ p=- 1 ~:1 - ~~~~~~2 ... ?~~~-9~~ : __ l __ ?J-:~-:: _~_~.._ o _____ Qp._y_s __________________ _ 

T ~ ~~ -~~ ~! ~-~ ~ -~~r:; !i. ~ .. C R C_~ I r_i_~---~-~ -A -~_9_1~ ~__! -~. q__ _ -- ------ ------ ---------

:-1: \ ~J -~ R;: :::p !T 4T_J: _O'< ::1_~ R ; t: 3 _GROnNG _s: .\ S_QN = 3 3 5 · -- -----·-~-L/:;:}. !'1 

!~ [t. L h~\CIAT: CN OF C~-~- ~ ; ~t~ C- ____ ~_EA~.-~I~ .' G_~03_tq_ R: t ~_ O_ DAT~ -- r R.1.~. 3ALAi,:::C~= NG. DATA :AL/SQ. :::H. 

_:->H: :~ . 0- 5 . 7 J ~? T_~ - ~E--~-? _q _ _T ;!'J G ZJ r~~ ~-~~- ___ -- ---------· : M _ _ _____________ ________________ _ 

Si:..- G::: (~ c::.. -:-;.: 

I 
N 
V1 
N 
I 



.~:::..:::: ~ ~: . ;:::: _~ ( 5 }: 3I.; . ~";:>::;;~y SIT E: 3 1\ 3 , ::z;:::~GSLO\/A i<IA 

F 0R: Si TYPE: r ACET C- :WER:::En.,r-:, PR:~ULAE VERRI~-~A _ ________ --~_EARtSl: 1S72 ... .. ____ _ _ 

SOI~ TY?E: ?ARABRAUN~Ro: ________________ __ 
. -----CEGLo-C Y: - L cCss ___ ------ - - - ------ -·· ---------- --------·- --· ··-·-··-------------

s:r_~ _?~ -~ .. ~~~- -~~~ : __ v:._~~ .. l .QO_Q __ _________ _ 

r R I~CIPLE PLANT TYPES: :::ARPINU~ SETULAt A:::ER :::AMPESTRISi GUER:::CSo:::ERRIS, QUER:::US PETRAE~• :::ORNUS HA5o ::RATl 
:': :ius·· ·JÜR'Ü,~Tif~-;-ITi: iD1 -:::ÄMPESTR.LS• RO-SÄ:::ANi iiA _________________ .. -- ---------- ---- ..... · - - -- -·· · ·· -- ···- --

--------------- --· ------- ---- -- -----

--T.,:: -5-=- -s TA~· ::i =- sc-=-n vt-.üfs ______ CE-AF A~ e:-r; -·rNoEx =--·s .19- 6 .lz :; Q. ~,, s:l. M-

---·-::i4s-AC"Afit·A"-:2s .sa ~G.H/HA s"ASÄLAREA rN":"Rft'.-~: ·tio öüA" ·----·sG:MIHA 
-- ·- --- - --· .. - ------------- --- - ----------- -- . ------ ------ ---L 

iTa~J HEI3iT: 13 M STD:::KI~G OENSITY: 733 :;TEMS/HA ~ 

ST ~i-!D ::N:;- .tROPI- ABÖV E(lROUN0!-16C~;-ij. G/SQ~- M STANDING - :::ROP• a·ELCIOGROUrm: r:o DATA GI SQ~ H 

-- - ? .~OJ j :t17ItY-A3öVE: 3ROUND: 3/SG.M ?ROOU:::TIVITY BELOW3ROUNO: 3/SJ.H 

· - rn·!:·rooL:Ifa ___ ctG --lt. _ __ MIN LDNGtfücE: 11 o(G" --53---"Mi:_N ____ _ 

_ __ :_!I_': ii_!~~ ~--; _!?_J_::: Z.!_9._ ____ _:'!_~!E~S -~a_Q~ SE~~VEL ------- -------------- ----
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Monthly values of rain input, litter fall, ·mineralizati on, canopy-drip, and output. _
1 

_
1 

June 1969 - · •iay 1970 (from:ULRICH et al.Gött.Bod.Ber.~,1973) All values in kg . ha .yr 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR 
rain input Na .23 . 96 . 9 1 1. 05 .42 .23 .22 .77 .23 .97 1. 00 . 31_ 7.30 

K .1 .o . o . ci .20 . 17 . 13 . )4 .28 . )4 .)4 . 10 2.00 
F01 Ca .4 1.7 1. 6 ) . 5 1.1 .7 . 5 . 9 . 6 .so . 6 . 3 12.40 

~lg .09 . 25 .19 . 27 . 15 . 09 .07 . 17 .09 . 16 .18 .08 1. 79 
Al . 21 . 40 .49 . 68 .08 . 16 .11 .)2 . 22 . 14 . 15 .09 ).05 
p .020 .0 15 . 0 18 .049 0 .058 .052 .041 . 09 6 .064 .042 .019 . 007 .48 1 
N 2.J4 1. 08 1. 14 3. 2h 2.:?5 2 . 2 1 0.86 2.65 1. 40 2.J5 3 . 34 1. 06 2J.92 

litter f'all Na .0 . 0 .0 .0 .o .0 .OJ .04 . 06 .7 5 . 02 . 0 .90 
K · . o .o . o .0 .o .2 . 5 .7 1.2 14.3 . 4 . 0 17.30 

F14 Ca .o .o .o .0 .o .J . 6 1.1 1.5 18 . R . 4 .o 22.70 
Mg .0 .0 .o .o .o .02 . 04 .08 .11 1. 38 .OJ .o 1.66 
Al .o . 0 .o . 0 .o .0 . 02 .OJ .06 . 65 .02 .o .78 
p . o .0 .o .o ." o . 056 .140 . 196 . 337 4.014 . 112 .o 1,, 855 
N .o .o .0 .0 .o . 55 1. 64 2.19 ).83 45.37 1. 09 . o 64.67 

1\) 

mineralization Na .1 .1 . 1 .o .o .o .o .o . o .o .4 . 2 .90 \J1 
Cl:\ 

K 2.1,9 1. 85 1.37 1. 05 . 72 • 56 .48 .40 . 32 .24 4.50 J.J2 17 . JO 
Fll) Ca 2. 16 2.01 1. 95 1. 9 1 1. 80 1. 68 1. 62 1. 5.1 1. 41 1. J9 2.94 2.32 2? . 70 

Hg . 15 . 15 . 14 . 14 . 13 . 13 . 12 . 11 .1 1 .10 .21 . 17 1. 66 
Al .08 .07 .07 .07 . 06 . 06 .o6 . 05 .05 ,Oll .09 .08 .78 
p . 573 . 500 . 45 1 . 388 .3JO .28 1 . 262 .2J7 .208 . 1tl8 . 767 . 670 1, . 8 55 
N 6.49 5.94 5.44 4.94 4.49 4. 14 ).79 3.48 3.21 2.96 2 .74 2. 511 50 .1 6 

Cano-py-drip Na .93 .63 2.20 1. 93 . 50 .81 1. 94 1. 66 1.58 .74 .40 .28 1J.6 
+ stem flow K 1. 6 • 5 . 6 1.J 2.3 2.5 1.6 4.9 3.2 4.9 1.5 . 7 25.6 

Ca J. 1 ).0 ).2 5 .6 1. 8 2.0 1.8 4.3 3 .0 2.9 1.J .4 32.4 
F13 Mg .52 . 49 .39 . 39 .Jo .29 .1 8 . J6 .26 .46 .40 . 10 4. 14 

Al ·55 .33 .29 .44 .09 . 12 . 11 . 33 . 17 .25 .25 . 12 3.05 
p .OJ 1 .059 .04J .087 . o1,5 . OC8 .OJJ . 088 .077 . 110 . 0 13 .01 1 .605 
N 4.75 2.)4 2.6) 2 .44 1. 85 1. 32 0.78 2 .J4 1. 23 1. 62 2. 35 1. 36 25.10 

output Na . 53 . 26 .26 2.97 .70 . 59 .JJ .45 . 011 . 22 . 40 . J6 7. 11 
K .24 .05 . 05 .48 . 18 . 27 . 18 .27 .03 . 17 .22 . 16 2.)0 

F90 Ba .80 .70 .70 ).05 1. 18 ·55 .40 .64 .05 .) 1 .58 .54 9.50 
Mg . 18 .07 .07 .86 .22 .14 .08 .10 .01 .06 .12 • 12 2.03 
Al .58 . 16 . 16 ) . 65 .85 .7 3 . J 1 .30 .02 . 13 . 37 . 38 7. 611 
p .0003 . 0003 .0003 .0019 . 0003 .ooo6 .0016 .0031 - .0003 .0003 - .009 
N , 110 . 14 .1 5 2 . 98 . 82 . JO . 16 .20 .02 • 12 . 25 .27 5. 82 



'E 5: ~ ~ Cii~ ~ -' .i 1 __ : . .i OLL ~~::; _P~OJ E_::i._ ____ __ _ S!J~: .iCLLI~G 33r W!SJ 3ERM~NY 

FC Rc ST TYPC: LUZU LC-F~GETUM YE AR (SI : 19E 9 --------------
5DIL 7Y?L:: 4::0 3~A~ :CrtDE 
GE:ci..cc v:·-scNtSÄr\ssr:::rN ---=----------- - - ---- - ----- - ·-
SJ_!L __ JR~_INA2 ::_:_ ~0 _ _J_:..T .\ 

___ !:_~ ! NC_!ii::_~ -~L41-:T _ T.YPE ~: _i_t\CUS SYL~T_ICA 

-- -- -~:;: -- j::' STAN):_ ii_o_ ·- --
YE~RS 

··------ ·-· -------------- - .. -·-
LEAF >IRE~ INDEX: &.72 5:l.M/S~.M 

--äiS AL AREA:- 25.19 ___ SCl.Mi'i·U --...,---------- -----· 
BASAL AREA I NCREM.: .76 SCl.M/HA 

5T~ ).i j -il[T:iü::fo ·~3--- - __ M ________ _ srocK± ~·f.J(i"{N'sYiv: · ü9o :; T: ;1S /HA 

- ---·sr t.r:;ö~NG--::;;cp-, -t. sov[G'Roli'N-o: 1!;9l:8:4 __ _ cTsil .M -- .. - -- - · ---· --
STANDI ~G CRCPr BELCWGRGUNO: NC DATA 

=>~:ft:fi.JCTIVITY A30VC::GROUND: 1007 .a G/ SG .M PRODUCTIVIJY BELOW3ROU ND : NO JATA 

---cAt: TUDt·: - 51-- DEG- - 45·--:ÜN LO NG i l 'uf[·:--g--DEC 35 rnr; 
-- ~ -~-!~_!_~ DEL __ '+_7) _• _ ___ __ f'1EERS AuOVE SCA L E_.'{f;L. _ _ _ _ 

G/SQ.M 

3/SJ. 11 

I 
1\) 

\J1 
--.J 
I 

HEAN ANNUAL RADIATICI-:r GLOBAL R: NO DATA --------- - ---------------- ____ _o_r R_~~--tl_~_L-~!'C_~ _;_ r• o DA Tf. C~_L__,t_~q_.!' __ C~---- ----------.. -

MEt. 'l ANNJ AL TEMP_S~ ALJR::::: 6.2 JEG:: --------------

____ ~:_~ :. ~~~N_r•y ~~ - P_!3~!_!:_!_T~TI_9!!;_-!-S: 39 ____ L_/_S(l.M ____ ~ 

LENSTH OF ~RQ_WIN}_ SE ~0_1:1_,;___!_,?_9___ _ 04 Y S ___ ________ _______ __ _ .. _ .. 

TEI'-P~~A_TU~~E _DlJ~JN G_~ RC\.i!_N_~ __ SE ~-S_ CN_l_ NQ_DAT A __ --- -----· 

ME A~ __ ?_RE_i:_~ "_I!. A TI ON _ _?.:.J_:'HN_G _ G_R_O ~_n;~ _ _ SE~O ~ : _ ~ l)___i!_~ _T~-- 1.,/ S_Q_. M 

- - ---~-AN R~!JIA TION C_f.: GR O~J:N_G_2f_A_~ ON !.____f_;,OB At __ R: _l!_Q__ll_~.!_~-- __ _ !_ _ _RA!J_. _ _B_!.L~f:'_::_c_;__ :Nc _ D_A TA ::AL/SQ. ::M 

.?H! !J.2 q_::=>T_H _ _ C_F_B:JOTIN~ Z:lN_~: 1'-Q_Q_A_I~ ___ __;~ ------- ____ __ _ 

STATUS OF :) ATA_~- PU_~~ISHE_~------- --



.~::;:~<:: 1 1:1! )l; :O'-L.D3 ?~OJE::T SITE: SCLLI~G ~~ ' W~S T G~RM4N Y 
------------ - -· - -. ------ -- - -- -- --

FCREST TYP E : L UZULC-FAGETUM YEAR ! S l: 1 S E9 

SOlL TYP S : A:I) 3~AU~:RD~ --- - -c EOL c·c;r : -B Ut'l"TS A~:C S TE I N~.:c_ _______ _ 

----- 5Q_I_L :J_~Aif'A~i=_: _ ~~9_ g_H ~-

PRI ~C!PLE PLANT TYPES: FACUS S YLV ATI:A 
---~--- -- -------·----- ------- ------------- - -· -- -- - -------------

·------ ------------------------------ ------- ·-------

-------- -- 11 sr:-or- ·sr A"l Y:- s 9 ----- -- Y SX:.s - ------ - LE: AF--fR ·~ -~ -. INDEX ; - 5 . 51 ~::.H/SJ.M 

---- --- --- s ASA L ARE A : - :!0 . 44 -- -- - -so·~ -~~7HA ____ BASAL-AREA -!NCRE11- ~ : . 1:_-36 SG.H/HA 

-- - ----sTa:N ) i=f~r:r:rr:t ·s:--c-- M S iot~:(fN3 DEN SI T Y :36 Z b------; T f ::Si ff,C--

- ----- --·-- s T 1\!;D HiG - ::Ro_p_; _ A 80-V: GROUND :·: -s4-:33-:2- - -GIS !l -~ -~------ - S TA NDi t\G C!:CP t SE L CJ.;CRGUND : r~c rAr" 
- -----? -'1:,-::>T::rr-..n--v-.üov~c-:=l :fJN";:; : 1 224 .4 G/ SJ .M ?RODUCTIVIiY 3E LOW3ilOUN u : NO JATA 

-·-- --L-ÄT'fluct ·:- S_l _ ____ DE-G- --;;-5--M IN LONCITUDE! g CE.G 35 f-11~! 

_____ _ ~L _TITUJ::: . n} __ cH:T;_ßS __ _;\_[J_!)_VE S~ _A LEVEL ______ _ _ 

_ ____ !~~ A~~ - ~_:.;C<U _AL _R_~D! ~I_ I? i: , __ C_L__Q~~___B_;__t:~_Q___fl AT_~-- --------'--~-~_p_ !. __ S_~LA_ N:; E_: _!\ Q_ _C_~ T-~ -- __ C ÄL /S O. C~ 

11~~N AtJNJ~L TE'~P:RAT:.JRE: 6~_2 _____ DEG __ :: ----- -----

~CAN ANNUAL PRC::IPITATICN: 1L39 L ; :::; Q .M ---- -----·-·-··-

!...:::~3 T~ o.=- :RoH:~: :; S::\:;ON : 1 5Q ::lAY S 
... ------ · -------

- -~~I<PERATURE ~URI~i§_ ~ROW!~!!' _ ~E_A_SG_N_ : __ N9 CATA __ ___ _ . 

: ~::A~ ~R::::PI_!AiiC~. DJiliNG_ GRO:WI~G SE _~SO ~J : c~D _ JHA _ L/ S J . ~1 

- ___ ._ ____ _ 
N 
Vl 
Ol 

C / SC .~: 1 

3/SQ.H 

: :[ :,~; :1AD:!:~.TI.ON C F_CR_C~JINC _ S;::~:Of:i t CLOSAL R_; _FC _D_ATA . ' RAC. BALANCE : NO DA TA ::AL /SQ. ::H 

~ :1 : ~ . 2 __ 0_~1:!: _1:!_ _9 F:__j_W O_L!I< G ZJ fl_;;_ ;_ J!.O D_A T __ \ :M 

STATt;S Or CATA : PUBL_lS~f;p _ ______ _____ _ 



~ S::~~E_!"f~ ~-~- ~ l ! _ _!!:! AMD_!!U P ~-T - - ~~---- - -- -- --- - ____ _____ 5_!_TE:_ :-IES_T EHV Dlt_ DEN~j\RK 

FCREST TYPE! f(MPER~TE OECIDUCUS - 6EECH YEARISl: 1<370 
·--····· -·-

>O!L TYPE: ?.1.iUBRAUN~ROE IGREY SROWN POOVLICl 
- --GE oi. o cfv: ·wuRM - M OR AINT-- - ---=-=-=---,----- ------ ---

_ 5 _0IL J R~INA~ -~; _li_~_INJ,._l _ _yp_r_r:~_L _______ ___ - - - ------ ------ _ 

PRINCIPLE PLANT TYPES: FAGUS SILVATICA• ANEHOt;E NEI'.CR.OSA• MELICA UNIFLORA• ASPERULA ODCRATA • ::AREX SILVATI - -cÄ _ _ ____ _ - ---- -- . - -- - -------------. -- ------ ----- -- - -- - .. --- . .. . 

- -------- ---- -------------------

---AGE-ÖF- sn'NT:-- fs:-ß ___ - Y EARS 

BASAL AR(T:zs-.32·- - - s-a--:M/HA 

SH'fl HEIGÜ: 28fOVRHYl M 

- ---- ·- S"TAN_ö_i"Nat-Rcf>-;-'A1f()VcGROÜNO! .22110. 

?~'JJCTIVITY A30VEGROUNO! 1480. 

LEAF A~EA INDEX! 5.0 s G. MiSil.-H ----- - ----- .. 

BASAL AREA INCREH.: .67 SG.M/HA 

STOCKINS OENSITY! 396 :>TEHS/HA 

G/SQ .M STANDING CRCP• BELC~GROUNO! 423r. 

G/SQ.H PROOUCTIVITY BELOW3ROUNO! 275. 

- - --r -- --
1\) 

- - . \.11 

G ISCf. H- -- - ""'f-

3/SQ.H 

------:-rrTITUDE: 56 OEG 18 HIN LONGITUCE! 10 
- ·---- __ _____ ...__ _____ ·------·--·· ------- - ··------

OEG 29 Mit{ 
__ - ~_!IT~_Q_!: _;_!_1_-_ 2_3 _ _____ M __ ~_ERS ABOVE SEA LEVEL 

MtAN ANNUAL RADIATION• GLOBAL R: 88362. • RAD. BALANCE! NO DATA CAL/SG. CH 

MEAN ANNUAL TE~?ERATURE:_~7~·~3~---~D~E~G=--::=----------------------

_ _!!_~~~-~~!J_A_t., _ _!'B._ECIPIJ_!_T~_C!l: 569 L /S Q...!.M_ __________ _ 

LENJT~ o= 3RO~IN3 SEASON! 145-152 DAYS 

TEI':PERA T URE OURING __ G ROW IN~-~!_~CN: 14_._j. __ 

_ HEA~I ?R~:;t~~I-~TIQ_N ___ ~UR!NG _ _ ~ .. Q~ __ I_ t!_G._~ I;_A_~Q~: 2_77_ L/SQ~ _I! _ .. __ _ _ __ _ 

- --~~t; RAo1AT~ON OF cRCWIN _G SEASONr GLOBAL _!l _: 6552G • RAD. BALA~j:: t::_Q _ _Q_ATA CAl/SQ. _:;11_ . ---------

?lf: ~-6-5.3 ~~?TH OF ROOTING ZONE: :M 

___ _ _ ~~ T~~~_D~'!_~~~ ~L IH ! _N_AR_:_Y __ ...,-__ _ 



Partici pani; 
Tharndruo et 

- 260 -

Annex 1: Site descr i ntion, Table 2 

Site F~res t type Beech Fagus 
Hestehaven Temo.dec i duous silvatica 

Global radiation (cal/cm2/month and /year); calculations based 
on numbers of sun hours recorded at the meteorological station, 
Odum. 

l-1onth 

January 
February 
March 
Aprn 
May 
June 
Ju1y 
August 
September 
October 
November 
December ·· 
Year 

.. 
Odum 197o 

1o35 
277o . 
48o4 

7237 
138o6 
19o2o 
114o9 

1336o 
7925 . 
4153 
1534 

- 13o9 
ööjb2 

l g_~ 
Le~index, Hestehaven 

1967 
1968 
1969 
197o 
1971 

5.7 
6.7 
6.1 
5.0 
6.9 

.. 
Odum 1966-71 

1o35 
27o8 
7oo4 

lo963 
1299o 

. 15912 
14539 
13o16 

78o4 
3865 
1766 
98o 

92582 



month 

Jan 

Feb. 
March 
April 

May 
June 
July 
Aug. 

Sept. 

Oct. 
Nov. 
Dec. 

Total 
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Annex 1. Si te descri ntion, . Table 3 

art1c1pant 

hamdrun et al 

Precipitation 1970 mm. 

+) 
Ulstrup 0dum/Tirstrup Hestehave site +) 
Met .st. Met.st. mean 1nc1aent t hrOUßh!Bll 

20 - - -
32 24.7 - 23.7 
48 72.7 - 47.0 
74 66.7 - 44.3 
40 36.0 41.1 21.2 
48 36.4 46.5 30.1 

107 71.1 70.1 I 41.1 
37 39.7 33.3 I 15.5 I 

73 38 .0. 36.0 I 49.4 I 
76 57.3 44.1 I 25.5 

113 123.8 115.1 74.6 
39 24.0 14.7 11.7 

707 

s!_em-_flow retens1on 

0 -
0 -
0 -

3.6 -
1.7 18.2 
5.2 11.2 
6.4 22.6 
2.8 15.0 
3.1 28.5 
4.9 13•7 

21.2 19.3 
2.5 0.5 

+): Values from monthly periodsnot exactly coinciding 
wi~h calendar months. 

Ulstrup Meteorological Station: ca. 10 lern SE of Hestehaven 
Tirstrup " " ca. 10 km NE of Hestehaven 
0dum " " ca. 20 km W of Hestehaven 
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Annex 1: Site description, Tab1e 4 

Si t e Forest type Beech Fagus 
Hestchaven Temo . deciduous si1vatica 

Precipitati on recorded at meteoro1ogica1 stations near the 
research site in Hestehaven. 

Month Tirs t rup Öd um 
197o (1917 - 1945) 

January 21 44 
February 22 31 
March 4o 35 
April 58 28 
May 54 4o 
June 37 5o 
Ju1y 79 54 
August 37 62 
September 72 52 
October 75 65 
November llo 41 
December 33 67 

Year 638 569 



Nonth 

January 
February 
March 
April 
May 
June 
Ju1y 
August 
September 
October 
November 
December 

Year 
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Annex 1: Site descrintion, Table .5 

Site 
Hes'::ehaven 

Beech Fagus 
silvatica 

The mean month1y temperature (°C) at site (197o) 
compared with temperature data (mean mont~1y) from 
the Meteoro1ogical Stations Tirstrup and Odum (about 
1o km and 2o km from Hestehaven, respective1y) • 

.. 
Hestehaven (1it- Hestehaven Tirstrup Odum 
ter and + o - 6 cm ) 2 m 1970 (1917-45) 

o.6 - -1.8 o.o 
-o.1 - -4.o -o.2 
.o.2 - o.2 1.8 

-1.7 4.5 3.2 5.6 
8.7 1o.6 11.o 1o.1 . 

13.2 16 .8 16.3 13.6 
14.1 14.9 15.5 15.9 
1?.7 16.2 15.6 15.3 
12.1 12.2 11.7 12.0 

7.7 - 9.o 7.8 .. 
5.7 - 5.0 3.8 

3·9 - ).7 1.3 

6.5 - 7.1 7.3 
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Mean 
tion 

with 

Annex 1: Site description, Table 6 

Site Forest type Beech Fagus 
Hestehaven Terno. deciduous silvat ica 

temp~rature (°C), precipitation (mm) and global radia
(cal/cm2) during the growing season, defined as days 

0 a mean tp. / lo c. 

Mean air Precipitation Radiation 
tßmperature 
( C) (mm) 2 (cal/cm ) 

Hestehaven 197o *) 

Tirstrup 197o 

Öd um 197o 

Ödum 1917-45 
(mean) 

Ödum 1966-71 
**) 

ca. 

14.1 

14.o 

-

13.4 

-

~) level 2 m 
**) (mean) 

ca. 277 -
ca. 279 -

- 65,52o 

ca. 258 -

- ca. 64, 261 
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Annex 1: Site descr1pt1on, Table 7 

Pa~t1c 1 pant 
Thamdruo et 

Soil profile 

Si te For est type Beech Fagus 
Hestehaven Tem . declduous s1lvat1ca 

Summary of observations in squares J 3 and H 20 representing 
fairl~ welldrained areas. 

Qi~g!!o~i~: 

5(2)-0 cm · A
00 

Surface litter, mainly beech leaves. 

0-14 cm A1 

14-30 cm 

30-60 cm A/B 

60-85 cm 

85 cm c 

Mull horizon. Colour: very dark - grayish 
brown (10 YR 3/2). Loss on ignition (L):5.7\. 
Clay (C): 12.4\. Dense penetration of fine 
roots. pH 5.3. 

Colour: dark brown to . brown (10 YR 4/3). 
L 3.0\, Cl2.7\, pH 5.6. 

Transitional horizon. Colour: Strong brown 
(7.5 YR 4/6) smaller parts with dark grayish 
brown (10 YR 4/2). L 2.6\, C 22.2\ pH 5.8. 
Coarser roots concentrated to this part of 
the profile. (B)horizon vagely developed at 
50-60 cm. 

Jnhomogeneous horizon. Colour from strong 
brown (7.5 YR 4/6) in the upper part to yel
low brown · (lO YR 5/4) and brownish yellow 
(10 YR 6/6) in the lower parts. L 2.5%, 
c · l8.6 - 14.2%, pH 6.6. 

Parent material of coarser texture. Colour: 
yellow brown (10 YR 5/4) to brownish -yellow 
(10 YR 6/6). Evidence of Caco3 • 

Colour given according to: Munsell Soil Color Charts. 
pH determined in water extract (proportion soil/water 1:1). 
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------------'A:.:.:nn=ex 1: Si te desc r i ntion, 'l'"-'a::.:b::..;1'-".e'-"8:.:.·--------

I FG r ti c ipa!1 t /,\u tnori Si 10e 1 
J'h;Jrrdrup et . a l. P.estel'.aven I 

Soi1 ma i s ture 1970 

y• :1 ter cont cnt as nercenta o;e of weü·ht of dry soi 1 

r::onth I da~~ 0 - 10 deY.Jth ~ n c~~ - 20 I 20- 40 I 
------t--- q)-6 1 6- 9 -f-2;ill 12-151! 15- 3o I 30-4 5 t5- 6o 6o- a o ac-1cc 

_!__-+~L -±[§.-=-$ · 5 I ? 4.:.1:.+23.9 - I - - - -

: t:~j~·ln:~+;~:~ i
1 
= t tT t = = = = 

' j-:::- ~,-r;,:'-5- -::-I- 114~7 j16~1 1~.1 1;.3 14~5 
6 

22-l27 . 3 12ttL= . . 1
1

- I - I - - +---=- - I - --- 1-T- -+-=--,-- ---- . 
7 I 20 ,,l/.1 t-25 . 5 - +=----L-=_---t-=-1-- I -
~?Q__~~7 u6.5' _ I +=-~-~- , , 
:~ 

2

~_~
1 33

. 9+?
3

.~5:,.0- II T ~;. 6~1=G~:1 1 , -I I 1~.3 1 1; .1 I 3 . t 

20 t 2. 9 29 . l - - I - - I - --+--=+--+----
ll_ l 9 4?7 3~ . 2 - · - --j - - - ~= - I 

40- 60 



~~:;_;:_ ~~_CH:::ill Sl! LI:'l_D:il~~~ - ~N~ _NI~L,_G:'R~_ .. _ ----· ··-···· · ~n:::: LANH'tCJo SWDEN 

FCr- ESi TYPE: 6ECCH: DESCHÄMPSIA-TYPE YEARCSl! l9E6-19G9 
------~----·- - ------ ·----- ---- --- --- -- ----- ---------·----------- ---- ---

S~IL TYPE: PODSOL 
- --- ·Ci-E"ciöcv :··-:·Äi1CR::: Arr-sÄ r:o·s-rcr-.;-E:-;cVt RCAro -evi>l;rM ARYRö:K Möii·ü~E:~ -i::c~tü;-=-a-v-s ~~~; o :· -- - - - ---- - ···----- -

. _____ sn;, ~~.U ::< -' ~ -= _ Go_g _oi_J~JJ_ __ ····- ···---------- ··--·-· . ··-· ··· ·- ______ ···- · __ ·-- . 

_____ ___ P_R_I_N~.!.f".l:_~ PLANT TYPES: FAGUS SILVATICAt DESCHAHPSIA FLEXU.9S~A"___ _____ ________ ·- ------- --------

------------ - ---- ------ -------

·-·· --- üC:>;:- ·-sr.üi:::-TcJ YEAH ü:fiF~ü - if.i.öE:ii:--3. z ------- ----· 
SJ.M/SQ.H 

---HS"ArARe:-.\:29.:"1 sa.l1iHA BAS~LAREÄ rN:Rtr1-:-: - Nilö-AiA -s"G-:ii-iHA- --- ------------------

s-r-,f'lT H:::"f~:fr: zz H STOCKIN3 DENSITY: 32J :> T.::MS/HA 

------·-STARti 'fNG _t .;fo-p;- ·;.·oov[Gf;ouNo: 226~--e/sa .M --------- -
STANOING CROP• BELCWGROUNO: 3E6C. 

?~1,JCTIVITY AJOVEGROUND! lCiC. G/SG.H PRODU:TIVITY 3ELOW3ROUNJ! 170. 

1\) 

0\ 
. - . -..l 

Gtsa:-.ii·• · 

3/SQ.M 

-----LA"fnCb;C·:·- ss-- tl t"G - -iiS MI~ [ 'öRG-ITUOE: 13 DEG 55--MY~"J- ---· --- ·-· ··-----·-------- -·- · 
_ __ ~.:.:LTIT:.J0~_!_!_?2_ _____ ~ _ETER~E}_f)VE SEA __ L_;_)I'_EL ------- - ----- · 

f':EAN ANNUAL RACIATIOr;, GLOSI.L R! SS-9C~[j_!J ' ~.!Q:• __ fjP,I"l< _N_;:_E~ .. ~ .o __ D_AJ:!._ _;:_AL/SQ. CP" __ 

_ -----~~-~-:-.1-~ NH ~-~-L_T_~~'1j'_E_R_A !_~RE: 6 D EG __ f_ _ _:__ ____ _ ------·-

___ I'!EA~ ANN~':_ PRE_C_IPI_!~!ION! 900 ____ _ _ L!_SG.M --------- ·- ------ ·- - __ _ .... 

LEN3TY QF 3~CWIN3 SEASON: 220 JAYS ·--· - - --- - -----------· -------- --- -- -- --- ---------------- -- ------- ---- ---

__ _!_EMP~~~_!l~-~~~I~~ G_RD_~.!_~~ -_g-~s~~_: ___ lZ _ ---- ----

___ --~-~~~RE:I~ITAT;~-~u~.f::!_C_GRCIII~~?EASO)I_ ! ~()D L~~J~ M ___ _ _ .. 

l'!EAN RADIATION OF GROIIING SCASCN• GLOBAL R! 7(;CCG - ---------- --- --- --- - -- -- - ----- - ---- -- -- ------------ • RAC. BALANCE: __ NO __ OA TA CAL /SQ. CH 

__ __ ?_H~_e_P_::- _~~--- - -·- · _ DE?Tii___Q_I=:__BQOTII'_l_G __ ~:J!!,;~ _ _]_O ____ -- =-~---

. __ S_ T~!_US_~F DA!~: ~.!!:JAL _f_9~--------- ·---- ··---- --·-

- -- --·- -------- ---- --- - -- -------------- ------ ----- -- - · ----



_:<_~S;:~;_:.H:.~( ';I: __ G. i lU~:; .t R ) ____ _ _ -· ·-- ·- -· - -·-·---- S IT.E; KON3ALUNJo SWED~ N .. 

fOREST TYPE! BEE:H fORESTt STELLARIA-LA~IUH-TYPE YEAR(Sl! 1~CG-1 96S 

5:HL TY?i:! 3ROA~l FO .~ i:ST SOlL (A ::: !Ol 
·cECLGSY:" -·:M-:sR : ·t.N ::HAI...E:::: - AN D--SAt.DSTCNE • STCt,EY-SM~CY MCRAINE 

___ _ _s_o ~-~ _]_R_~::: _i'j_ ~ ~ E : __ C_Q :J 0 

PRINCIPLE PLANT TYPES! fAGUS SILVAT::::A• S TELLARIA NO~CRU~it LMiiU~: GALEOBDOLC.Nt QXALIS AcEBOSELLAt ANEMONE - - -E-..,H05Ä-··--·--- - - - --·. -----------· ·· --·. ·--- - -- -- · - · -----· - . - . . . . 

-- - T:is __ _ ÖF-sYA~ J: -rl-s~l3ö- -- YEA~s-----LE 1\F - Ä i -ö.- iiJoc:x: 3. 4 ::; ~. M/SQ.M 

· - - o -A"st:C.tiiit ii -:--3I_:4 _ _ ----- -sG-:"M/ ·i-1-~~---- ßA sA L -- AREÄ -~ir~:R"Er-!:: No oA rA s:: •. M/HA 

--- ~ r ~ :; )- ii::r:f-ir :···g-;-· ···--- _M __________ _ sro·:: xBo -o-~~sY.fv:--z tto 
5T: i~S /i-IA 

·- ---STAfiOlNG-: -RoP ; ·"AsovTci;ou ~-0: 3Z4cc -. --GIs o~~-: -------·sfÄr~ oir; c : RO P ; - BÜ c WCROUt: o: 510r. GI SQ. H I 
N 

?~ O::-J::Y!Vffv--A30VE GRG UN r: : 1 5 <; 0 . G/S Q . ~I ?Roou::rrv.:::rv aELO>J:>KOUN:>: >2'tO. 
GI<:,; --;; -- --~ 

~~• n _I 

---- [iiTifGo: :- 55 ---DEc - - 59 ----M-IN ______ LONG IT ui:iE: : 1-3 --D-EG 1c Mn 
- ---~T IT_~~-~ -~-1-~-~ -- _______ ll f;_! E~ S -~30 VE __ S_C:_i!_J,._l_VEL 

l·TI\t: ANt>~ Al RI\DIAT!CN o CLO BAL R! 90CGO ·------------- ---------- - - -- - - -- • RAG~AJ~;!=_:_!LG _ OA TA ::AL_/_~g_._ ::_~'----··-··-----·----

~~A~ ~~NJ~~ TE~P~~ATU~t: 7 DEG : --- -- ------ -·------ --------·- ... ·- ---- -------- ------- ·-- . 

----~~-A_.~-~N_t~~-A_I:...__f'R_C::I_P_l!~JlON _: _ _?~-------~S9 .!.~-------- ·· 

c.::~~T..:.'-1_ ~~ 2~P ~ I_.:'g __ S <;_ ~ _5~ i l !~?_~ ____ _i?~1:.S 

__ T~~Ti:R ~ T u ~E _ :::uR;~~-G c .[l_Cl{i:N L _s_:: ASO~L: _ _ ;~ ·-~- __ 

. -------~-:~-::_?_~:;_~p AT!O N :)JRI_!'; : __ C ~.Q_W]:t<_f? _?E A ~_D_:'! : }5L ______ l"_{ _S~.J1 . 

. ___ ~:::- ~ :~ . ~-~-GIA_T I ~~ - ~~ Grt. 9_1Jit: C_~ E il~_!i..!__ .§~~_tl_A_t,._ R: J(;_lG_O ______ _ _ .!_ _RAC . B ~L.,At{;E : __ J:G_ O AT<\ ::Al /SG • . ::H _ 

'Cl: ~ . 0-4 . 5 ·- __ __ ____ _p :_?_!_H __ Qf __ RQ_Q_!_Hl_~ __ Z_J t·IE :_]_Q_ __________ ::_~c. ----- ------
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/ Te.!:>. b. ClJr.:tt.!c do.ta , a:l(raGC valucs. Estirr.llted precipitntion a.t Södervidinsc anci-t~orrvidingc Hitl-'.in ( ). The putt;rrt!c.l 
cv~pctrnr..spir~ticn fro:n a gra~s surface a'ld thc total slob!ll soll:.r rc.diat.ivn er= fror.; \'i.:!ll&!1 (1066). n·.~ e.ct~.:.c.l 
evapotu;.n~pir:ltior is calcule.ted according to Aslyng (1965). In th!l m>ter balances, ETA 1s .from 1!731-60 and· P !rcm :J>< 

----;'& 

~~ 
;:f" 
:j 
(" 

the ttentio:-.ed prec ipitatiori perioas; ·· ·· · · ·· ·· 

rr.o:ot.'l 1~ !~ ~ 1~- ~~ ~T~1~~~1~1~ >-er r- Year I m 
S~;> . . 7'::) 

I ifq 
. ! c 

Precipitation (:r.-:-,) I' . j ! i i I I 
Sve.löv 1931-196o 62 47 · 33 41' 43 56 88 -76 I 68 ' 6G 57 59 372 j 
_Sve.löv 1920-1971 . . 59 . 42 . .. 35 __ 44 . 47 59 85 So 1 71 . 67._. 61 61 I 386 . i 

6:;6 
711 
660 

l~ 
I !s Kiivlinge 1900-1971 56 . 35 34 48 46 56 69 64 I 59 58 · I 68 67 I 342 I 

örtofta 1946-1971 45 32 29 40 43 52 . 73 65 I 57 52 I 62 53 i 330 I 6c3 
1 

Arlöv •lS46-1971 44 34 30 39 40 44 64 66 I 52 48 52 50 1 305 11 
563_ 1 \ 

1/crrvidinse e.:>d - I · ' G"'. 
SCC.er•rici:Jge 19o'l-1971 (54) 1 (36) (32) 40 . _51 51 61 54 j (62) , (59) 1 (63) . (60) i 319 , (523) ~~ 

1-t.:.-•r tanp~raturc (°C)-- I I j . I ·. I ~~ i ! j lc; 
sve.lCv 193l-196o -1.5 :1..7. 1_0.7.15-6_ 1 n.o· 14.8 16.9 16.2 12.7 7.9 3-911.0 ,_12.9 .I 1.-: , &>: 

...+--
> Glcl::!.l solar rt.O::ie.tion (col x cm-2) j t · I i .. i 11 ~ 
"' Svalc\" 193l-l96o, pe!' r.:cmt'li .1 1395. ~00 ., qD45 5j300 1~415 1. ~4,400 14,1.05 1Dl5 7800 }255 I ~350 775 i 71,335 

1

1 86,$55 • 
(/' P<l!' dt'y 45 100 195 310 465 48o 455 .}65 260 105 45 25 I 3851 . 233 i 

I 
., I Ev~potrar..spirc.ticn, ·potential, ETP (m.'D) _ I I 

~ Sva1öv 1931-:<.960 I 0 I ' 7 . 21 1 50 94 108 106 85 51 12 2 -7 . 49~ . 536 . ~ 
~! Eva;ct:c:o.:•s;~:caEc:::, actc:::l, ETA _(...,.rn) ,, ., . 

1
1 I I ' I I !I i I' I J ,_g 

N svalcv :..s31~~960 I o 7 21 5ol 78 I 7l I 75 !' 72 46 12 I 2 -7 392 i 43~ I 71:;: 

~) ~/at:~ -~~"-"'Ce, P - ETA (cn) I ll i I I I i j i .,. I I :1 i ~ g · Sv"-:cv 2.931-l-96{) I 62 4.0 1 12 1 ~9 -35 .. -15 j 13 j : I 22 ! 54 55 59 , -20 262 : ~ 
-:-c Evü;;-.- :92C-l:;'/ j I 59 I 3:5 ! 11' ! -6! -31 I -12 'I 10 : b II 251 55 59 cl I -6 I 277 ! (;;.-
' r -· I I . . \ ' \ I - , • 1'-

~~ :::,::· ,::~;:::' I :; 1··: I ~ i _;:1 :: I ::: :: I :: I :: I ~ I ~ :;1 :~~ i ~:~ i ~ 
:.:. ;~~:~~-~~~;~~ "-"iS;c9- l97l I (54), (29)i (ll)! -lC I -27 - 20 -14 -1~ 116)1 (47) 61) 160) -73 i (12:?) ! ~ 

7'-



~ :::s .:::: A.~: :-i:~(S): F. 4.:iJ:::: ~:J ; -J SITE; LI!'\'~E3JC:i<t SW::J:::N 

Fc;-::sT T'(FE: C A:<-HAZE:....t ::o~~v.;~L4K:::A-OXALIS 

SJIL TYP~: 3~0~N FOR~ST 50IL OF G~[Y TYPE 
!::tlXtv: - s::Luf:::fAr, --:;;:_·ÄTE - -------- - - - ----- - ------

_so:~ J~~IN~J:: GCJJCJO~~L) 

YEARCSl: 1JE4-1~68 

!' ~:Ct;::: :::PLE FL:J!T T'IP<:S: JUER:::GS ROBURo TIL!A :::cRDATAo SGRSUS AU:UPARlAo :::ORYLUS Avt:LLAt:Ao ANE~ONE NEMOROSAt -- ---axA:..rs ____ A:E-3ös:CCÄ-, :-ö-;\ .VA· L-~ -Aff(AMAJA"Cr:; -- -------- --- ---------- --

~::: J=- STA~:: :2-1'3G YE:ARS L[AF A1a INDEX: 5.4 3;~.i":/SQ.M 

-- -u ASf.l - ARCA: - 31~-C sä:t-riHA _ ___ BASAl. ARCA- J:N:::REM.: t~O ÖATA SG . i":/HA 

-- --;TA 'ü--fi~ü n-:--z-:-z:,- - -- --- :-t s TD::: :\!,.-:J- öE:-:isr fit-:-~-7 2:. ST:XS/dA 

-·s T t:.r-;j It-~G :;:iO ~F , ACC V ~-G ~ O ~r~ D: - 26-ii-0--: --- ----GIS Q. r.-.------- STANDING :::RCPo BELCWCROUND: 390[. C/SO .M 

-- L. 
1\) 

--J 
0 
I 

----?~SJTtT.IIFft-'i'-~-30\i~-.;RcdNJ: 1290 
- ~- --- ---- ----------- ------------- - ---·-- - -------

G/SQ. ~~ P~OJU:::TIVITY 3ELOW3ROUN~: 230 3/S:l.M 

L:, i: TU~E.- :-~-55 --- ----"ccc·- 4L; ---i~IR" ___ l6~JC I Tt.; C[- :- -1} _____ 0~- G 15 r.I~~ 

~:..T.ITJ::i~! JJ "1 ::::-::RS AJO_v:;: _ S:~ _!,_[ 

____ _1-:_E_At~ -~NU~~ -~-1\~-~TION, CL_Gß_A~ - ~-~- ~5_:-_?(JCCC· RAD • .SALAN:::E : NC DATA ::AL/SQ:. :::~ . 

~lEn ~N~UAL E''oP::'l~TnE: 7-8 :JEG :: 

PEA~ A~;~UAL PRE:I?ITATIO~! 7LO L /S Q . i-1 
--- ------- ---- -- --

L:~~3T:-f o.=- :i .~QIJINC Si::'-SOt~: 230 iJAY S 

T [~P~RATURE DURir~G ~RC W I~~G SCASC~~ : l3 

: ·~ :: .\ '~ :> R;::: CI =>I T Ai I 0 ~ i J J ~ I ~~ :; 3 R 0 ;~ Ir~ G S ~ A S 0 N : .; ::. ...;_ L/ 5J.M 

!·' E ~ t: RADIAT:..CN GF CROI:HC _S[ASONr C:..031\L R : 7_LLOO o RAD. BALAN:::E: NC DATA ::AL /SQ. :::M 

~d: 'l.0-4 . 5 ~=? TH ~E . BDQ!INß __ 7JN: : 5G _ ~M 

::; T ~ TJ S Cr D 1\ T A :_ ~:.; 8'-_:iS HCJ C 3J;CMA~? lo [~E L_I I ~ IN AR_'!'_( ~iiNERAL l 



~~ s~ ~ ~ :H:: ~ 1 ~, : !'~? c.1 ~ ~ o:·: d •.i-!.YT_r_.:_iic 'l ~<. , r_.? O:i'l :>;; r-.; S~T.E: ANL;~R~8Yr~!\GS3A:XAR . IIIr SWC:O"N 

FGRlST TY?C: OE:IDUGU~, OUER:US-BETULA-:ORYLUS YEARISl: 1963-72 
- - ~~~··- --- · - -- --- --- -- - ---·-- --- ---- ------ -- ---

SCI!_ TY?~: BC '.'N :::A:H-i IH TH _HULL AN_J HO_DE'l - -- ·----
CLCLCCY: TI L.:.. Ar~D :;_Ay 

__ ,. __ ?}I:, .J_:UINA3:::: t~J cJ.\~ .\ _ 

PRH:CIP'-E PL.\NT TYFES: TREE LAYER: GUER:US R0BURrBETULA PUBES:ENS ANC VERRU:OSA HIGH BUSH LAYER: :ORYLL 
-·---~li~Ü~NA -- " t_'Öti 3iJ5 -i -L~i,-ER_:_ LÖNI:ERA XYLJ~TSUMtRI3:::S · A~PitJU11 - Fif:LDLAYER: i'-H:>AHA ~ES:~rAN:::I10NE 

NEMCROSAt A.HEPATI :Ar :CNVALLARIA HAJ., GERANiül-: SJLVfiT:;:::;u _M• LATHY RUS .. !'.Cl'> TANUS rRUBUS SAXA.TILIS• TRIFGLIUH H _ 
---- Ö iJ~- ;:: .\L ~Üi_R_o_s'irs .. ÄR u~-.IJ i:u,( A ;DES-:'fiA~P S IA F c_-E-XiJ OS A, L UZJ LA PIL 05 A 

·----:filCor--s T'ÄtTö·: - uN""E-vt"N- - "vf4ii-s LEAF AREA INDEX: q.c-5.4 S Q .H /S Q. H 

---3;;sA-c-Aif~"ATTI:-3-· ---5 i-:i1;HA ÜsÄC .. 4REA-INi:-REM~-: --~'iii -- S:l. M/HA 

·---s-rÄt;-tf-'H::.ITH1·: -15":=2·c.-:- --· _ti ___ ___ _ sYöO< IN ri -öEN's-rrv!- 45 2 STEMS/HA I 
1\) 

-.l 

sTANJINif :'lo?. Aso-vz:Bou~o: 9760 
-------- --. ----- - -- -a--

0/S:l .~ STAN~I~~ :~O?r 3~LD~3RDU~D: 1884 GIS).<.'i 

FRC[HftTIVITY ASCVEGROUNÖ: 67G G/SQ.M 

_ .. _____________ __ _ 
PRODU:TIVITY 8ELO~GROUNO: NO DATA G/SQ.M 

---~Anr:J'lt:-;"J·--o~n- -- - ·iirN Lo~Grf1T!:lc: 1~"3-- · arN 

___ A_LTITUD~- ~-~.!L!._ ____ _ H~Jf;BL.!,BC'th,_g:_!_ _LEVEI" _______ _ 

II:AN ANN:JAC. RA)IATIO~• GL03AL R: 34560 - - ··---- _ ____ .:.•__;_R:..;.A.:..:):...:.• 3ALAN:~: tlJ ::>HA CAL'-.SQ. ::;~----------

HEAN ANNUAL TEMPERATURE: 5· 3 OEG :::. _ _ ___________ _________ ____ _ 

___ ~~AN_~~.~~_?~:::_CIP _I.~A_!IO~~~---....!:!_?G!__!:! _ _____ _ 

_ _ __ _I::~!'_E_!,!i_9~ _G,B_~_ I_: !!!_~ S_E ASQ_N ~-~G 4 _p_!_~S 
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Further Data. 

folinted phenophuse of main trees a nd bush 

bcg i n of· foliation 

midth II 

end of co rllplete II 

of yellowing ? 

Quercus robur 

31.' 

9.6 

20.6. 

Betula pube scens 
and verrucosa 

15.5 

long shoots 29.5 
short II <' 3.5 

long shoots 20 .7 
short II 6.6 

Corylus av' J 
lana 

23.5. 

2.6 

15.7. 

D:1tum of begin of defoliation : ne a rly i mmediaitiy afte r folia tion start 

10'fo II 28.9 15.9 17.8 

1/2 17.10 15.10 8.10 

3/4 21.10 20.10 14.1 0 

qua s i complete II 30 .10 4.11 22.1 0 

Site : Andersby ängs backa r; Porest type: Deciduous ; Further identificatio l : 

Quercus- Betula- Corylus . 

H&.kan Hytteborn 

I ns titute of Ecological Botany 

Uppmüa 
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Si te ;Anderaby &ncabaclcar Poreat type :Deciduoue,Quercu.a-Betula-Coryll.l& 

llea.n Yalu .. 19) 1-60. 

K J J A s 0 N J) Year 

Global rad1a t ion , cal/c=a2 175 22~0 5735 9750 14105 - 14 550 148ßC 1l160 6750 31 00 750 4~5 = ~560 

Prec1p1tat1on,_ 4!J.~ 30 . 3 30.8 )2. 1 3l.7 4L4 60.4 73 . 6 50 . 6 54 . 2 56 .5 ~6.0 ~66 

t aa.,era ture , °C -4.B -5.0 - 1.9 3 -5 9-3 u .. o n .o 15.5 11.0 5.6 , -3 -2.0 +5.} 
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RESEAR:HERtSl: LI WCGREN o"IHL GAR~ 5ITC: OVECo SWECEN 
~~------· 

F:JqE:;T TYPC: SCE:::-;: '1:;:R:;J .HAL:;:5-TYP;: YEAR(5l: 1S6o-1363 
--·--·- -- --- ----- ----

50IL TYPE: BROI.I~: FOR[ST SCIL IIITH CLEY HO~ZCN ·------- ------·- _ _ --------- ------ - ---- ---- -
---.c;~-:..~ornv:STC:JJ:liT.'·f- SLHE-ÖVERl.-,\"ID-By-::LAY+SLHE AND PUMA~Y Ra:::< MORAU:E 

s 0! ~ -D_~~ ~N A_Q~ _: p 0_0 B __ ---·-------- ·---

~~:::>.;;Ipl:;: ?L~NT TYP:;::;; TAGUS !>ILVATI::Ao :1E~::U~IALI5 ?ER::NNI5r HLIJM JRSINJM• AN::HON:: Nc:-iORO:>Ar ANL'lON:: RAN - --- ui<cT!IXIDES____ ______ - -- - --- ------·-·- ···- --- -- -- ----·- . ----- . - - . -· 

-- --- ------------ ------------

----~.·cr-·ar·-s·r·A-~o:eo--::lco-·vE·ATs·---ccu- t.R-EA -nioo:: -4~3 SG.M/5C.M 

-~-As":\:.:A"R.:-A-:-·:n·:;-r---:;-J"-:-M7FiA BA-SALAREAI~it-REI1::· No DATA S.).M/HA 

---STANtlHr:rGHf:- 2 6- 3 2 M 5TO::KING DEN5ITY: 18C 5TEt-:5/HA 

---- :>·r·Ä ~ä!NG·: ~ b ?- ,- -f<j 0 V ~J'< 0 lJ N5 :--:ffS(,--y-:----G) s:i •. M s T A :-.1 DI '.J G :: f! c? ~ - B:: L 0 :.13 f! a·u ND: 4 3 4 [I. 

I 
1\) 

--.1 
:; I S :l.•M···-r-··-

---PRCD·ü·::rrv:nv ABOVl:GRCÜt-i"D: 1670. G/5Q.M PRO-DU::TIVITY BELOIIGRCUND: 23(. G /SC. M 

LAT~t':.f:J::-ss---D~ 3-riZ ___ MiN LD:-.IGITUD.:.: 13 bT:i -39--MÜ: 
----~l,J.]:__!~~L61J ____ __ _____ !1E TERS _ _5_§__()_V_f_g_A __ L_t::V EL 

---~~-A;; ~NNUAL ~ OI A_T IQ.'!_.__,___G_;._O BAL R: 9 5- 90000 t RAJ. 6 -~ _L.,__A ,'!_ _::_EL _ _IiD __ [!~_T~ _____ ::_!I Ll_;)_Q!.._:: ~ ____ _ 

~EAN ANNUAL TE~PERATURE: 7. ----"-D,E G :: --------·-· ----- ·------- ···· 

M~~~-~:.''IN~ ~.!:: .. !"_R~::~? I L~_T JC 'l_; __ §_§_g_. ______ !-.! 5_~--~-t:! __ _ 

L~-~~9.!.!!_C~ _~R('_II.!_~'_~ S~A50N:~~G ___ __ __ {)~S ______________ ..... -·-- · --·· 

TEM?::qATJR~ )URIN3 GROIIIN3 s::~SON: L3 
-~-- - ----- ·- -----·-·-·--·- .. - --- ------ ---- ----- --·--- ------- ------- -- ·-·--- -- ·· ----. 

I~[ Al\ PR[ _::IPITAII_ON [)_~ fiiN ~---Gl'_0 _\1 !~ G __ ~E_AS_Ot; ~ 35 Q__ _____ Lj S Q. M 

~iZ A~! 3_AJI ~TI?_!~ Ci'" :>B_Q_'!_IN 3 __ g!<_~()N_r_Q_~O !!._~-~- . '<L.~l_O_O _____ _! _RA)_. _3_Ull N::g:: NC_ DA TA ::AL/SQ. ::H 

----~H ~ -- 6 _._5_-_7_~_5 __________ DE_i'.T H _ _Q_~ _f3 Q_Q__I_I~.!L Z O}IE_!.__?_Q _______ _ _ GJ1 

ST~ T JS _0~ _ __) II! f._~i EL IMJN A_R_Y _ ___ _ . ___ _ ···- ·- -------- - ---



RESCA~CHERISI! C.BINC!UtV.MCCANU -- ------ ~ - - --- -- - ---- --- -- - - - . ------- -- -- --
FQq[5T TYP~: ß~EC~-FIR FOREST 

SO!L TYP(: SRCwfl FCREST SOIL EU3ASIC 
GE:GC33Y! CC!CL:lt-E>'lAE.; COVER[!> f. Y LOA~ 

__ ___?_Q_I_t, __ :;,_~ A_I!i~GE : _ __;~ _Al_N _I, y V [ RJI C_A!-___ ----- - ------

SITE: SINA!AtRUMANIAt SITE 1 

YEARI51! 1S67-197Q 

_ --- ~~;~:!_?Li: _ _?L~N_T __ T_YPE_5.! FA_~U_;i_ _ _5..!!:_VATIC~1_65_ ~ :::'l CENT I t A3IES AL3~ 135 P~R CE_NTlt _ f'UU10N~qU RU3U, OENTAAHA G 
LANC.ULOSAt SYMPHYTUM COROATUMt ASPERULA ODGRAH,, OXALIS ACETCSELLA 

- --A GEO-fSTÄNÖ-il=lis_Ö ____ - YE ARS LF.AF AREA I~DEX! 9.74 SQ.M/SQ.M 

--rxnc-ii~-~-A:--iii. 96 ---- s::i--:i1TiÄ ____ 9As AL.---.\ii~{N::-~~-~i.: --1-.-cis _____ -S:}~- !-1/fii --- --

- -- ---s-rt.~n-Htic ii·-r: -38:5-4 z .5 M STOCKING OENSITY: 842 STEMS/HA 

----sTÄYHFicf:}ö-::>~6 IF:~"< o JNö!2949ii-. 7 G/SJ. M 
- -- . - . . ·- . ---- . --- .. -- --
STANOI~3 CRO~• BEL~WGROUND: ~C JATA 

- --PRCGUCTIVITY ABOVEGROUNC: gz5. G/SQ.M 
------------------------

PRCDUCTIVITY BELOWCROUND! NO CATA 

-----LÜ tr-:irfE:-:!is _ _ __ :>t3--Z-3 - HIN LO-~ GIT UDE: 23 :lE:i 15 MIN 
- --~!_I__!_l!_D__!:_~~~-----11_E:_T~~S ABOVE SE_~_I:_Ev_E_r,_ ___ --- ------· ----- - __ _ 

:l /S:). 'M 

G/S(l.M 

I 
1\.) 

--..l 
- -Ul- - --

1 

M~~N ANNJAL RaJIATIONt ~LOßAL R! 117 --- - --- -------- -------- ----------0-'----'-R-'-'A-'-'J=---=-· -'~ ~L~"'I-~E : NO 0 AT A ::_A L_!_S_g_.___~ti__ _ _ ___________ _ 

XEA:< MHWAL TE:'oPERATURE! 5· 7 DEG _C ------------

____ M=~~-~N._~~-~-~~~-I__!_~_!_I Ct:!__:~~-!,) _____ !,1 SJ_~:1------------------------

----~~!:_~~____9-~--E~~-\:/_;NG __ s E A~N :___~55-_!]? ___ p~-.:s ___ _____ _ 

____ _!_~ ~~~~ -;< A _T ~ iE _ _]__lJ ~~ N ~ __G R O_)i I N__3. __ _?_E_~_5_0_"! ;_],_p ~_I ___ __ __ __ ---------·- - ---·------ . 

- --~o_5:AN~EC IPI_~A TICt_~_~l!_~!N _q __ GßO>IJJ'iG~_C ASf)N~ J!q_5 _______ L,_L_SQ •.11 

------- -~·~_A_~.3~0I~!!P_N__QI__ 3RO w IN 3--~-~SO]~ _'. __ G_:...Q ~-A__L "< _: ~3_-._? ______ _ , . _f'l~~~- -S~_L,~!l::~;_:-Jf) _ DA_H CAL/SJ • . CM 

PH! 7C OEPTH _Q_F RCOTI~ZOJ:E_: 12"--'E:.._ __ ::M 

STA7Ji; o~ )HA! 



_____ fi_E:Si _~_R_ ~H!,":B_ _I _ S ~=-~-~_!_!'_D~I,J --------:--- --------~:PE _!_ SH;.UAt Rt;t·lANIA• SI TE 2 

FJ~~~T TY?~: FrR rOR~ST YEARI5l! 1958-1973 
- --- --- ----- --- ----- ------

SCIL TYPE: ßROWN FOREST SOIL EU3ASI: 
-----GEO C:D"Y!- "L'ß:-=c;-- - ---- .=-:..~--'--='--'-------

$ 0 I_~-E~~! NA GE _:_ r•_, A_I~~_II E_!3_.! I: AL _ _ ___ _ ---------------- .. 

"Ut-::IPLE PU.Nr TYPES: A3IES ALZsAt OXALIS A:~TO:iELLA• ?L:::UROSIUM_?_~H~F;_:l_F;_8 _!_ __ 

-- -- - - A-G"E"'CF- SrArHi':1TC _ ___ YLARS LEu- AR_E_A_ IND-EX: 12~- ~G .~~ /SQ.M 

·- _---3 A's -~ :--AR~-A : -?"S~G2 _ _ _ _ .:;-:J--;M7HA BAS t~L--AREAIN-::RE_M_~ :-T. 4 s SJ ~ 11/HA _____ _ 

---ST4N~EL~~~~. M STO:';{JNG DENSITY: 405 STE·t-:·S;oc/-;-H;-;-A-;-----

-----------·-----~-- ·- ---------- ------ ·--

r-
"' - - --..J 

---:;-n:-ät-rid::~:f?.---Asov~3~oJ~f5:iitoocf.----Gis:L~ STANDI~3 :qo:>, BELOWGROUNJ! NO JATA :; I S ~ .·M----- cr ·· 

---PRt:!n; ·:;TIVTTI'A1l'OVEGR"OQND: 113L:. G/SQ.M PFfoouE''fiV'i:T-YBtLOWGROUND--:N0DA"fA--GJSQ.~-----

1:'.\T::TJLT"L : 4 5--:ltG 2 3---------;;rf N L 0 'i -G iT u D i: : 2 3 D ET" 1 5-----;'!:f'rT--

AL ~~!-~-~-t: _: __ ~~Q-::~9-~~-- -- ME _T~__I3_~_ A::JD~~-SC_I\....!:EY f_!o ______ _ ____ ____ _ 

M:::A~l -'NNUAL RA:Jl-'TI0\1• 3L0!3AL R! 117 --- -' R_~_!__EI _~Lf.'J::E: __ ~O __ ;>~!f<. ---- - -~AL!~Q. :;M 

MEAN ANNUAL TEMPERA.TURE:! 5.1 DEO :: 

t'.EA:-i ANNUAL ?rt:::::IPITATIC ~ : 1JZ5 L/ SQ. r-! 
--~----- - ·· ·-. ----- -- - ·--·- --· - ----· -- - - ·- -------------------

L[t lCTH OF CR.C\·!H:C SEA SON: 175 DAYS 

!~!lP~-~-"0:~~ :: _ __J_ ~~I N _3 -~~~I IN:> __ .?__t:: A SOI-J__;_J, J ~-L --------- ________ _ 

PC_~N- ~~C::IP IT-~~-~-N _D_~Ritl g_G_f3_0_!! I~lC_:_g AS._ON : _7 :!. ~- ------!,._{ S Q .M 

11::: ~.·; ~ .< DI.\TI~N_ ....2..i:: __ ~R~ i-.1 IN? ... . ~~S-~'.j.' ___ g_:..O_B_AL .'1! _ __?~5 __________ , _ R.<D. iHU N:f:: ND DATA ::AL/SQ. ::~ 

FH: 6.8-6.2 
---- --------- - ____ _ ____ D_~JJ:!_ -~~O_Q_T_ I!'!_G__ Z 0_~ E ~ 0_· ________ ::M 

STAT'JS Ci" JHA! 



RESEAR:HERISI: GRIER 

FO~CiT TYPE: P~CUDOT S JCA ~ENZIE~L 

___ s _;rE: ANDREIIS EXPER.fCR •• tiATRSHD lfoSEATTLE 

YEARC5 I: 137'2 

SD!L TYPE: REGASCL-REGDISH BROWN LATERITI: INTERGRADE 
:iEO~~-:iY:" -·Mro:<:)fE- TUFF:i- · A:-lD_ S_Iffti:\5 --- --·-- ·.- -·-··---- ---

---· -~ -C!_b-_ qRA ~N AG1:: _9 (j-CD __ _ 

Pil!:-i:!?L: "L~:-JT HPE:>: PSEU;JOTSJGA ~ENZIELL• TSUGA HET:'?C?;.JYLLAt :~STANOPSIS ::iRYSOP:HLUo T~:JJA P!..I::ATAt P - ----Ikus i:Ät-1E:ERTIA~.f:; - -- - ·----------·----·-- ·- . ·-·--·--·--·· . - - -- - . . . . 

---- - ------- --- - ---- ---- --- ---- ·- -- -

. ---AG( (ff . SHND': - 45(. ·---- ·-YEARS _____ __ - LEA.f AREA INDEX: 12.5 SC.M/SQ.M 

-----n ·s4:-ÄR"t A :- 6-z--:-r---- - ·-s::r:f.i"T:i.i BASAL AREA IN::REM.: .25 S~.H/r-tA 

- --STAND HEIGH T: 70 H --s-=-r=-o".-:i<- rNGD_E_Nsl:rv:- -2-9c - ··--- srcKstHA - · -- --

---ST~~DING--::fi)p, A30Vi:3ROU ~n: 53&,.3. GIS~ .M 
- -- - ·- - ··- - ---- --

STA~DI~3 :Ro?, S~LDW3RDUNJ: 92Q1. 

I 
1\) ·-- .. -.)-

3/S:lo'M -l 
I 

PROCU:TIVITY ASOVEGRCUNO: 193.1 G/SQ.M PROOU:TIVITY SELOWGROUNC: 19.3 G/SQ.H 

- --L- ·ffff'JöT: - 4q GE:> 15 MIN LO~GITUO;;:: 122 DE3 20 '1IN 
AL_~I.I._IJ_~E_;_ _Q_3_~_::QC ___ ~-~ T_~fl.U§.~ E SE t._ l,_E'.'_E;L ___ _ 

M~AN ANN:JAL RA,JIATIO~• GLOBAL R: ~Ö OATA ' RAJ. BALAN::E: NQ DAU :AL/S!l. --"'::-'-''1'----------

__ ___:.:~EAr~ ANNUAL TEMPE.~ATU)<E: NO CATA DEG __ _ :: . - - ------- -- - ·-----·--· -----

----~~~-~!'! !!Y~~ __ c_R_~_:~?_D~ I_!D~:_Zf.?.Q LI S(0..! _:1.._ _____ ______________ _ -·· ·----

__ -.::L-=:::~ri. CTH 0_[ G~~H~G SEA~i-1. : NO DATA DA'(_:) _ ________ _ ----·----- --- ------~------ --------

_____ !:O:r.?::R_~!U.R_:~_URIN} _ _QlQ.UIN~ _~E-~~Q~!_...!!.Q._j)_.\.JA __ 

-----~~~~~- P._~_E :_IPI T_~TI 01.!_ 0 UR_I:-.J JL~~C_W_::t_~G-~EA~9_N : .. _NC_P_~T.!\ ___ _ L_.(S Q •. M 

_ __ ____!;__~'< _l_A_~~TJ_Q!J CF __ 3R:l H I:!_G SEASON • G_ 0 SA~_ ll _;_ __ ~_Q_jl_AJ_A _____ ,_B!h_S_~_L~Ji~j:_;___,'JQ_ __ p>\_T~ ::ALISJ. ::11 

PH: s.s-G.c:: ___ q~PTH OF RDOTING ZQ.!:JE~_!JO _. :M 

. _ S_~A_!.~~ 0_~. J A_T A_;__ _ _____ -------- ---·· 



RCS:AR:HLRf~J : S . F . C~~SELt P . SC~LI~S SITE: THCMFSO :\ RCS EAR::H :;~ ~-; TERt SEA TTLE 

F~q;::~r TY?[! D~U3L4~ FIR PLANTATION YEARISl: 1951-PREiENT 

501 TYPE! 7 YPI: HA?LDRTHCDtEVERETT GRAVELLY SANDY LOAM Gtü 53 v: ü ~lCr:: .~ ;U,:;:s ---- --------- - - ---- --------- --·- ----------------
. _____ SO! GRA IN_A El__. ~.~ E Ll: . ?.HA~ ~! _::_q _________ _ 

--·----~_3~ ~: IPL: -~~-~-_T-~-~~-~ --~EUOO TSUG A :'1 EN ~-~ -E;~~-I_!_ TSt)_Q_A_j_ET~jO_P_HY_LL A_ 

A2[ -Oi'" --STAND:- ·3cli967 1 -- YU, RS ----- L EAF ARE4 INDEX: NO DATA SO.M /S G.M 

------- rfsr:: - .R~· x:-- 3---:-'h - ----s :J;:,:.,-;~ ~ s•s~-i: --"Afi:-"t;-:frii:fif.:-r-1:: - Ne oAT • S) . M/ HA 

--- --- s·n ;;:b HE· :c·s~;"f :- 1( . - -- --- M sfci::t<r~;G DENS-ITY-:zz"2"3 SHt-:S/HA 

------- · :;r~ ';HN::;-·::-~-G?-, -::.5ov~-;;"~o0iJ:1T4 -3o .--- -GlSJ~------ST ANon:; ::~o-?· , - s~ LO>I3RDU'-n : 3J70 . 

·---P~~T:STJ::r:-vrrv -Al30•2'i:GROÜN D: 1436 . C/SQ . M PROOU::TIVITY BELCWGRUUNO : 363. 

·- ----- - c:. rrr:JJ:::·:- "'i --~ --r-- J ~ :> 2 3 -----rfr:--l LO N crruD·:·: -w--ül D::> s1 iHN 
_____ _ :._LT~ ~U:JE_; ___ ZlC 11:::: J:E_RS _ ACOY_LS E A__ L EV_EL_ 

- ------ ~;:: A'~- ~ NN_JA:.. __ R_~::l~ ;\ !_!0~_, G~Q 3~ __ 13__:_~2_~_Q_ ___ ___ --- ~--RA)_. 3 .\LA N:; E: 7 Cl 55 7 ::AL/SJ. :M 

_______ t~ E:At_-;_ _ ~N~l-~A_L _I~~PE;~A_I ~i< E :__ _ ~_Q_ _D~}_A ___ QJ;G _ : ___ _ _ _ 

'1C: 4~~ - ~_ :\li~ ~:._ _PR<:_~I ?_~_r~ TIOJ l !_ 13 <i_D __ ___ LI SJ. !:! ____ _________ _ 

_ __ ___ U:~; ~ _T_~ _ OF_ GRO~INC .~~ ASON : __ 21'1 _____ _DA YS 

TC~~~~~.\ T:J q:: .J ~~: :·~ :; __ ~~.0 \~~ .~- ~-· ~: ~ sp_~~! _]._!! _ _ 

~~~~ PRE::IP:TATICN CU~INC C~G~ING SEASON: 67G L/ SG .M 
· -~- - - ·-- -- -- - -· --- . . . ---- - ---

I 
1\) 

;;tSJ •. '!-1 - ~-
1 

G/SG.M 

~i:A'J iAD:AT:8N Ci" JR0__11 I N3 SC:ASON t G~03AL .i: _ N_9 _ :J~TA , R AJ • 8 ~ L 4 ti : E: N 0 DA H :A L/SJ. 21'1 

F H: 5 . 5 DEf' T H _CF -~_90 T _It:JG ZO~J:::_: __ C_O-HC ::~ 

:iT ~ T J S - ~_: ___ J_AT ~_;_? ~ ~;:-_Y Pj!_?_~J;_~_!:!-~_D. _ _ _____ , __ 



___ _ i\~~;:~::Ht:RfSI! __ ::.<:.MURPHYt C.Oif;LL~--- - ---------- -- SITE: DUKE FORESTr N. CAROLINA 

F3REST TYP<:: PrNC PLiHTAT!ON YC:ARISl: 19ä8 

SDIL TYPE! GRA~VILLE ::OARSE SANCY LCAM 
GtL-:f:>Y: A?PAL-AC:-tiA:' PIEDMOi-;T .. ---- · · ---·--· 

-~CI__L,_Of'?~JN ~GE :__ _ _11 CDIB._A_TE L_'l'__liEI..,_L,__ C_li~I~-~- ----- --- -----

-- - __ _ _!_~!_.'I: !PI,-_:: _~~-~.!_ TY~:>__;_ -~:t_~f,!~_I~[Q.!__ __ _ _ 

--~( Cf SlÄN1i: 16 YF;ARS LEAF AREA INDEX: NO DATA 

-- -~SiCA"R~ A :- ii 9. SQ.H/HA OASAL AREA INCREM.: 2.18 

SO.M/SQ.M 

SJ.M/HA 

·- - --srir·l[:i-HEIG-HT:~G--- --- M -·------------- -- ---- -- STEMS/HA -- --- -
STOCKING DENSITY: 2243 . I 

1\) 

- -- ----sT-.\tniNG CRO? • A3ÖV E:;~ol:m :>: l5äli0 ClSJ • ~ STANDI~3 CRC?t 3~LOWSRDUNO! 3630 rits-J.,li- ~- -

------P~ROD U ::tTVIT Y A 80 VEGR OU~! D: UL. G/SQ.t·l PRODUCTIVITY DELOWGRCUNO: NO CATA G /SQ.H 

· ----L-ATfT:JJE:-:-:i~---ot-i> MIN LO~cnuo<::: 79 OE:> HÜ,- - ----------------- - ---
ALTITUDE! ~49 METERS A60VE SEA LEVE~~---- -- -- ----------

-----~- A>; A~UAL ~A)IA_TIO~t GLOBAL R! \10 DATA t R:<\::l• BAU,:-.JCE! ~;0 OATA CA~/SQ. C"-'M'------

~:EAt• ANNUAL TEMPERATUR[! 15·6 DEG C ---------------

KEAN ANN!JAL PR~::rPIT~TION! 1150 ---- - - ----· LI ~~·_ .!.!H _______ _ 

-··-- ___ L_Et\_'G_-T_H ___ ~~-GB._D_~!~-~~~ A_?ON_!_l_~l ____ __ Q__A YS _______________ ·--· ____ ___ __ -------

- - -~!_'!?:::RATi.JRE JURIN} :>R_Q _wiNL_?_;;_!~~N: ~_Q_,J __ 
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FC~:C5T TYP::: PI :EL.PUcJTHIOr< 

SO!L TY PE : APP L! NG SANDY LOAH 
---- s:::: J::. j :;y; ;;.;, ~ .fl".f:: ;iLÄ;r ?Tc 5 M ö:l"f 

SITE: TR!ANCLC-EDfBtSAXAPAH~~.N.:A~CLIN~ 

YEA RIS); 1372 
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------·"3Hi~p I tiG - :~o?l AJ0\1:::3 ~DUNJ:-9zE 3. ··· c/si~-X------ - - ST AN:li.'lG - ::: ;~ci? ; - 3::: L-O!J3 R OU~O : ~~ 34. :)/S~. !i ~ 
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--- - PRCD-üt-'r fli:::T vtiCOvtGRCuN[f: 1 c c 3. -------------- -- - ·-- -----
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---li\f!t:J::>::: : 3:; 
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------ ··---- --------------
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RESEARCHERISI: Y. KITAZAWA SITE: SHIGAYAHAt JAPA~ 

FC~EST TYP:: :o~:FE R J JS-SU3ALPIN E YEARISI: 1~68-1972 

$0IL TYPE: WET !HUMID l PCDSOLI: SOIL 
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---------- - ~------ --------- - -
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KI TAZAHA / SI!IGA:i .~. : : A 

Eleme~t fl"'-.X -t'o-rD~<'~(j~ Soil horiz.oYL 

1.\'1.. K3/-e.a.._. · St{~a.~a.~tt. 

So.; Q. t7p~ I 'f? I 1'7721 
I Ho 1\.i. .z o n, J J A s 0 J J A s 0 ! 

Cfl~ 
. . 

-~ ·-,2.Lf 
Pw(h) lL1. 

3H 1.3 > '3,6 ~.2 0.3 2.0, '75",LJ- o.oSi 
I 

M8 1/1 o.3 -;/.~ I. I o.2 o. ot '72.'(~ 1.7 '72!t- o.o I 

B, 
K 4-/. ~ /?.~ >~2.l) /3.7 /.4- o. I '7 O.'f. .2.! '73.0 0.03 

! 

; .) 

~ 

N S:7 2..r '7/0.'8" ,2.2 0.2 ·o.os ..,Lt-:t. 2.S -,o.6 o.o2i 
I 

Cet. 3.0 /. s- 3.2 o.&' o. 1 r o. 'r ?'3,0 J.3 )2.4- - I 

'Pw (h) li Ma /.3 /./ o.? o.l 0.3 O.J 71.2 o.6 71.2 - i 

A2 K 3.0 I·S /. 5" o.~ 0.3 o.2 >0.6 O.f 70.6 -

N~4( /.0 2.6 tJ> 0.,2 0,)1. o.~ 73.0 
1<-

0.3 ,.0.6 -
I 

*No ~-~1-c. -*ot- I~onaa.~.:c. N (Nol-N .+ NI-+'>--N) 
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BAUMGARTNER, HAGER / EGLHARTING 

Monatssummen der Strahlungsbilanz l.t , des laten-
ten Wärmestroms V, der aktuellen Verdnnst tmg V 

.'\ 
sowie das Verhältnis V/Q 

Jan. Feb. März Apr. J\.1ai Juni 

Q 1333 2044 2449 6000 9393 7680 cal/cm2 

V 1212 1820 1500 4020 7502 653 1 
..., 

co.l/cm" 

V/Q 0.91 0.89 0.61 0.67 0. 80 0. 85 

va 20.6 30.4 25 .4 62.5 128 .0 111. 0 ~nm 

Juli Aug. Sep. Ok"t. Nov . Dez . 

Q 7963 6758 6180 3627 360 837 c o. l /cm2 

,., 
V 6435 5394 4650 3689 210 741 cal/cm'· 

V/Q 0.81 0.80 0.75 1.02 . o. 58 0 . 89 

va 109.5 92.0 79 .5 62.5 3. 5 12.4 !lllll 
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BAUMGARTNER, HAGER / EGLHARTING 

Monatsmittel der Energiebilanz des Waldes 1969 
Einheiten in cal/cm2 d 

Jan. Feb, März Apr, Mai Juni 

Q 43.8 73.0 79.4 200.0 303.0 256.1 

V - 39.1 - 65.0 - 48.4 -134.0 -242.0 -217.7 

L - 4.7 - 9.5 - 32.1 - 62.0 - 60.0 - 36.3 

B - 3.8 - 1.1 1 • 1 

p 0.5 1. 5 1.1 - 0.2 0.1 1.0 

Juli Aug, Sep. Okt. Nov. Dez. 

Q 256.3 218.0 206.9 117.2 12.0 27.5 

V -207.6 -174.0 -155.6 -119.3 - 7.0 - 24.7 

L - 44.1 - 40.6 - 50.1 1.0 - 6.5 - 2.8 

D 1 • 6 - 2.8 - 1.3 2.5 

p - 3.0 - 0.6 0.1 0.6 1. 5 o.o 
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Tabelle IX: M~.natl iche Summen der- Globals trah~tmg und der Wärmehaushaltskomponenten 

G . Q/G Q , B . V L -V/Q 
~!ona t 2 . 2 P · 2 2 -2 

calcm- . % calcm- calcm- calcm- calcm % 

Hai 9o33 68 6156 7 - · 4256 - 19o7 69 

Juni · 13o29 72 9399 -142 - 6675 - 2582 71 

Juli 117o1 ~5 . 8737 - 52 - 561o - 3o75 64 

August. . 11432 ·71 8o9o 23 - 4933 - 318o 61 

Septemb;er 87GB ·61 5353 · 93 - 36o1 - 1845 67 tll 
I > 

Gesamtsumme 53963 37735 - 71 -25o75 -12589. §! 
• 0 

> 1\) 

Verhältn'is der . 69 9 . 66,5 ~ ~ 
, Gesamtsummen ... ·.:·,. .· ' . l. . gj 1 

Tabelle X: Nonatliche Summen der Wasserhaushaltsl!:omponenten des Waldes - - ::tl 
Monthly &um& dl6ll~ ·of the components of the water balance . . . . . ~ 

Monat N •· EIT (E+T) I ~EIT/ N (E+T)/EIT I/EIT -(N+EIT) ~ 
mm mm mm . mm. % % % mm ~ 

. ~ 

~Iai ! 163,t,l - 7;!,9 - 41,3 - 31,-6 4o 57 43 - .1.11 ,o t 
Juni 2o9,1 . - .114,_o -86,4 -27,6 55 76 24 -95,1 > 
Juli 155,9 - 95;7 . - 51,9 - 43,8 · 61 54 46 - 6o,2 ~ 
August . 77;5 - 83;·9 ,.. 65,4 - 18,5 1o8 78 22 6,4 ~ 

. 0 
September 98,3 - 59;Q · - 39,3 - 2o,6 61 66 34 - 38,4 

I 
Gesamtsumme _724,7 -~26,4 -284,3 -142 ! 1 -298,3 

Das Verhält-
nis d.Gesamt- 58,9 66,8 33;3 
summe - ~ -
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Annex 6 : Graph size for time dependent variables 
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~~Si: ~..:~~~-3~ il ~--~~· I. _;< ~~~IIRO_~_!:!_~_r~R_czg .V_A ______ _ _ - -~_ITE: SirE 2 • - - ~ssq 

FOREST TYPE: V~::INIC:UM YEARtSl: 1965-1S6S 

50IL TYPE: iJH~5 IRU~ PÖJSOL 
- - - c tot: o ifv: - s-Ä Nb- x cDfü N E.-'--=-=~-=-----

----~so I ~---D_R_A~_N_A_:>_::_: ____ ___ _ 

PRINCIPLE PLANT TYPES: PI:EA ABIES ------------ - ----- - --- --

-- - - ··-------- - ~-------· 

----n:-C:f:=--~TÜJ!-'15--------,i'E-.\~~S----- Li::~F .\E~ INDEX: z. 6 S :l. M/S::l. M 

- ----- B -ASACAREA: ________ sa-:MTri:;----·- 6ASAL- AREA- i:-N::REM. SC.M/HA 

- ------s-To\sJ Atr:>H: :;.9 M sto:-:<rN3 DENSITY: 95Z D 
---- - -

5 T EMS/HA 

·----- -srAt.:oifrt>--: -~-o-?-;-- AsoiF:: c Rö u No:ii-s-gz:--·- --- c/ s il-: M- ---- ----- s T At\o IN c :Re P ·; - ßE:L c wc R c ur-.:o: 1u4 • 
I 

"" o -
GJSQ.t-: m 

I 

Yf:J::ru~-n:v-:;:Tf~fHiV:::fRj JNo: "1 a. c/s·a. M ~RDDU:;T IV IT Y 3(LOW3ROU-~5:--7o.--- --- :>ts:i:-11- - -- -

----.L-,ATnuor: E2 · orc·- MIN T:cFfGl:TuoE:3-~~--oEc ___ Ml:_r:i _ 
~LTIT~DE: 17J METERS A3DVE SEA Li::VEL --. ----------- -·-- · ---· - -- - -- · ----------- --------- - -- - --------- -- ----------

MEA~ AN~UAL RAD!ATIGNo GLOBAL R: 721Cl • RAD. 8ALAN::E: 315[0 CAL/SQ. :;M ------ ---- ------ ·- - --· -~-- ----- - ------- --- -- -- --- ---------- - - - --

---~E-~ __ A N_'N_~ ~_L_T_E~?_::_R ~TJR E: 2-_:•:.__,2,__ __ _ DEG : 

MEAN ANNUAL PRE:rptJATION: 65G L /S Q .M - -----

'- ~ ~:_r _~ ___ o=-__ ?~I ~~ s_;:'::; oN_: __ l_?_Q __ _ _ DA Y:; _ _ _ _ _____ _ .. ··----- ___ __ _ 

TEMPERATUR[ DUR!NG GROWING SEASON: ll.S ------ - -- ---- - -- -- - -- ----- -- ------------ ·-

_ _ _ ____ !1E ~_ ;:!_ :'~.S :~?!_~r:.o~ _JJ~~N~~R:J_WI!!~ -~f A~O:'I !_} _il J____ ______ L/S J. 11 

~EA~ RADIATION OF CRCWING SEASCNo GLCSAL R: SlqCG --- - - - - -- --··· ·-- - . ·- - ···--------- - ---·- ------ -- - ----· --- ---

__ ?_H_:__: 3 ~~ ------ -·-----OE" T H_Qf.___BSJ_QliN G __ Z~!:!~!__:!_fl-: _'!._5_ 

STATUS GF DATA: 

• RAC. BALAN::E: 3GCGO 

::M 

:AL /SQ. ::M 



____ ___ 3.; _~_;:_~-~~H: :~-~~.!._=_ - ~-~!. · _ KA ~rl1r~- "'-'---~~-~~_Ro n y~--------- _s..:r_rc:: SIE __ 3. u~s~ 

fORE:ST TY?C: MYRTILLCS.U!'! __ __ -- ----- - - -

SO:L TYPE: iJMJ5 IRON PODSOL - ------ - cr:ciOtf:·· -------- -- - --- ------- - --
_____ ___ ___ SO!l, )}AHa_E: 

-------- fBIN~!_PL ~ _FLAN .1 _I).P_C: S : PI _:_~ ~-A_?IEJ) _ _ _ _ 

YEARISl: 1!::65-l~ES 

------ ----------- -- - - ---- ----- ------ -- ·- ·-------- -- .. ---- -

---- -- -- ---· -~ G:- -Jf- ST A~ if!- 3 3-- ------Y EARS _____ _ ... ·-··· - --
LEAF A~EA INDEX! 3.~ :; :;.. M/SQ.M 

-----B- ÄSALAR(4:--- ----SG~-11/HA BASAL.--ÜIÜ INC-REH~-= - -- - -- --- SO.H/HA 

- -----~ti,.THÜ~iT: 7~9-- ·---..,--- ~TOCX!N3 O:O:NSITY! 998Q iTC:MS/HA 
I 

VJ - - ----sr.\t;;öiNG -:r<op; - Aliöii"tiiiüluNb!t%6. G/SQ .M STANDI~G - :·~op ·, - a"f:LCio:GRCUtl O: 1'161_- C /SO-.M_s 

3 ~iJ:>T:rt•nTY A30VEGROUNJ: 629. G/SO. ii 
__ ____ _!_ 

3/SQ.H PROOU:TIVITY 9ELOW3ROUNO: 93. 

---'L' A"'Tifl.ib-[!6"2"· --0EG . HIN · ror;;:fi:TUOE: 3'1 OEG----~iii;------ ------------------·· 

__ ______ :L!_E_~~~;__!l_~ ---- ~f.-~ :~~~SOVE_SEA L_EV_EL __ _______ ___ __ _ 

HEAN ANNUAL ~ADIATIC~r GLOBAL R: 7210C 
-~----'-=--- - -------- --- -----~•__:R~A~:l~·~B=A LA N: [: 315 0 0 _ CAL ~~~-!.___;_~- ----

______ ~-.~~~~N_J_A_L_T_El1_?_E_i< ~TJR E: 2 • 2 0 E ~_:. __________ _ --------- --------- ·· -·-· -- - -- -- --
_ _ l,JS Q .11 ____ _ HEAN ANNUAL . PRE:IPITATICN:. 65G --------- --- · 

------=L-=E..:N.:.C.:_TH 0" 3ROWI:.IS S f:_A_i_9N: 150 _[) _A!S --- ----- ------ - ------------- ---- ---------
_____ __:T_EMP~~ A_T. ~~ E_il_U R~N G _ G RJl_!i_l N ~ E_A_~_Q_N_:__:i, 1. ~-

___ ---~-~~-.. _:_RE :I?_!_!_ A T.I ON_CJ_!!);N G __ G_f3!JW _IN G__ SC: ASO'< ! 3 8J ___ _ L/SJ.M 

_ ___ M_E.:_:A_N RAO_IATION ~ GROioiiNG SEASONr GLOa_~_L _ R: Sl~p ________ ,_~~~!- I!~_J,._!~_:E!_2QCOO _:AL /SQ. _CH 

!'H: IJ. 2 OE?TH Of ROOTIN _(!__ZJN~; 50"-55 :M 
STATUS OF DATA: 



~;::s:~~:H:::~c SJ: ~~.I. ~<~Z-~-~f~ __ e__v ___ , ____ ~~- ~ ~·~-g_~oz~_V_~------·- · - .?..I_J:::: SI_T:: 4, USSR 

FORCST TYPE: OX4LIDOSO-MYRTILLOSUM YEARISl: 1965-1~69 
--------------------- ---

SJIL TYP:: 5~NJ ?OO~QL 
---GCCLOCY! ~-S~A!~D - !·lÖRAii\'" -------~- ·----- ---

SDIL JRAI~~J:: CCOD 
-·--- ---·-- -

PRINCIPLE PLANT TYPES: PPICEA AGIES 

~----- - r. ~:: . OF . S TA N J~ :, - 4 3 ---~~ --~--~ y E ARS ~----·~ L t A F ~- AR (r,-- I Nb EX : - " • 3 '; Q. M/ S Q. M 

----s A~4L-ÄREA:--~---~ -!;lf~M7j:f~----GASÄC--AREA -I:t.fC-REM-~: - - - ~ ~~ ~~ --- ~-~-~ so. M/HA ___ _ 

---:--sn\;r-fftt:fü: 9 ~;-:J--- ~ M s ~r·o-::Kii'ic-oc'T."sü'Y:--6310 :>T:f{$/HA 

STAND::.NG - CRO?_I_ ~.-.so\.i[~GROÜi~b~:-7538. G/SG .M 
- - · ·-

STANDING CRCPr BELCWGROUNO: 1675. 

I 

"' . -· ~ .C . -~ 

C/SO.M Cf 

----"'fo:rJ:trvn n3ci·-v~-~"R:f:JN;;: 715. G/S:i.M ? R o o u:r:iv rtY3E L ow 3 Ro u'No_:_i~ö 4--:-- --:,-, s :J ~"M--- -- - ··· 

- -- --LAT:tuoc: ·: . cz·-- - ·oEC- -----MtrT _ _ _ _ Lc'NciT_u_b_[: 3_4 _ _ __ D_E_G ___ -·-··rür.Z 
____ ~_LI_:;:T_ J _~_:::_: _ l5_L ___ __ M_~T_~RL~OVE_ S:::A u;:yr;L .~----

ME AN ANNU AL RAD:: ~:IJ.~ Ii r ____ G_~C3._A[;_ __ I3..!.__7_D_CC ·----~-- ~! .. R_AD • _ _B_ALANC[: _31500 CAL /SQ. CM 

~:~~ ~NNJÄL !~~P~RAT~~E: 2.2 --------- ·- ----"JC..O 

~EAN AN~UAL ?RECIPITATION: 65C L /S 0 .M ---- - ------· ·-·--- -- ---- --- -· ·---- - - ·· --- · ···--- ·- - ------ - - · ···- ·-·-----·- -

__ "'----~~- ~~~.!_i _ OF 3 ~0 tJ: ~J~_ Si:A 5 O~; __ ~SQ ____ ___ _____ 0 A Y S 

TE!"~C~~ T_Ui<_C _!)_!:!_Rit\G _C ROI-'_I!'_g_ :;EAS_Q_1'1_; ___ 1_1.S _ __ ___ __ _ _ 

---~~ ~-.; _ "~-~:~"I_!_~ TI _ON D~ .~_IN G __ GR~Q.I:!ING __ s_c;~SO~ : _} _9!l ___ ·- ---- L,t S :l. M 

___ --~[~!~ H~ DIA TION O~ __ GR G;. IN G S_[A::; 0..!'_• GL_C 3 AL R_: __ _!~ :l4C C r RAD. BII.LAN::E: 30GOC: :Al/SG. :M 

"H: ~.l! _:J_f~_P._T_ i:J _ OF_RC OflN G _Z:l ~_: _: __ :ö0:§5 CM 

STATUS CF DATA: 



_ _ ____:R::: s.~~ ~:_1:1~_.:~ _~_1_:~~~-~-A i:IMnOVr R.M. MOR~-~~_yA SIT_~_: ___ ~p_;_ _: s r_U _S?ß. _____ _ 

FCREST TYPE: OXALIDOSUH YEAR!Sl: 1SE5-1~6~ . . - ----·-------·--·-- . ---- - ·-- --- ---- -- ··- - --- . . . 

SOlL TYPE: SAN) PO~SOL 
... --- --- GEOLÖGY: -MORÄINE-- ·-· - - ·----··------ ·-- --·--·-·--

___ _ ?.?I..L __ )~_A:;:~A~_E_ :_ G..Q..9. ~_:_ _ ___________ __ . ·- --- ---· . .. 

__ _c_P..:..:R..=I :..:..NCIPLE PLANJ_..!_!~~s: PI:EA ABIES 

----,Gf--oF- siüi"5:-3a ________ YEARS 
LEAF A~E~ INDEX! ~.~ SQ. H/SQ.H 

SASAL AREA! SQ.H/HA BASAL AREA IN:REH.: SQ.H/HA 

·----s·rr .. )l-i·:-r3-:-ir:l.-2~-z--· 11 ---·-- - -- --- ------ ··- - -
STO:KIN3 DENSITY: 4'30 :>T<:MS/HA 

ST ANOING CROP • ABOVEGROUNO: 8748. GISG.M STANDING :ROPr BELCWGROUND! 1827. 

,ROJJ:TIVITY A30VEGR~JND! 779. G/SQ.M ?ROOU:TIVITY a<:LOW3ROUNO! 117. 

--- -------- ----- -----ü 'tDUöt:: 62 
'LTITJ!)E: 16) 

DEC HIN LONCITUOE: 34 OEG HIN 
:-IETERS ABOVE SE.\_LE VEL · ___ ______ _ 

I 
. . - - -~- - -
G/Str.H 1.!> 

I 

3/SJ.H 

_ ____ H~AN~~~~~~.!_A_!I.Y.~~!. __ ~LOBAL R! 7210 0. ----------'''-'R_,_AD~ß_!.b_~t~_;:j: : _315Q_O __ _ __; ~L_{:SQ _~H _______ ______ _ 

______ H~~'!_ANN~~TE:-: PER~)~f;: 2.2 D_f;.§_ : ________ _ 

HEAN ANNUAL PRE:IPITATION! 650 L /S Q .M 

----=LE=-N.c.:GT~ o_: _ _l~!_N3 SiC~QN: 150 DA_'(S 

----'-'TEI'!FE_B_A_!_~-~E~.~ING .Jl ~l!.!t-l.~ __ S_E_!\ S...Q_"!_"----!_1. 9 __ __ _:..:.. __ --------- · - - - ------- ·---- ·- - --

~EA~ ,RE :PIT A_T_ION _l)_J_f!_~NJU?J~.Q.~:rn.!? SEASO'II_ :_)~) ____ _ _ l.J_SJ_, H __ - ·--·-·------ . 

11EAN RADIATION -~~.Q_~ING SEASONr GLOa_~t,. _ R: 51~C_O ____ ____ ,_R~ __ B!J_~_ti;_E.l..._3p_CGC :AL /SO • . :11 __ _ _ _ 

_ _ __:f>...:.H. : ' • 6 ______ _ __ --=..D=.E?c....:...T,_,_H_ "_O,_F......!-'.R"-0"-0_,_TIN ~--Z.~!'l::: : 7 0- 7_5 __ ~----

STATUS CF DATA: 



_ ____ _:'l_:_ ~~-q'l_:_':!~ 'l l~_l_ :_ _ rl-_!_. ~AZIMI:'l0V_.!__ R.M~MOROZJ v_A _________ ~I:rö:: SIE _; , USSR 

FCREST TYPE: PCLITRI:HOSUM 

~OIL TYPE: "~AT 
- -- ---- - ::::ccocv: · sA:~o ··-;.:cRÄ-rli!c 

S:JIL JRAIN A3E: 

YEARCSI: 1~65-1!6! 

------ --- ·--------- - ------- ---~---------

PRINCIPLE PLANT TYPES: PI:EA ABIES 
----------- --

-- ---- --- ~Gr o;:- ·-S"TAN)-: --42 ------YEA~S LE~F A~E, - !~Dtx: 2.0 :) Q . f-1 /SQ. i~ 

-------- 2ASAL --AREA: - ---- - -S(f~M7HA a A SAL - ÄREA - INCREM .: SQ . M/HA 

·-··---:-- s r A :u --Anc -rr:---5 ;·a ___ ----M s·Toc i<üt~ ~E:jsTfv-:-9"i!_ü _____ s r:r1s-i"Hii __ ____ - - ----

----- - --ST At\DIN3 .. :: Rcf;·-· :-30V::: GiiOU~ic· :-31!5-6-:--- GI SQ .M STA t\Dit\G : RO P• e~LCWEROUND : l~S. 

I 
V l 

G/SQ .M c; 
I 

-------". _'lo:; j :r :vr r 'Y"T:;c v-::~'fJTINo:- :r:-~ . G/ _S_Q~~- 0 -Ro-aü :::n:v rtYa t"lo1f;R-c u-N"o:s-2. 3·/s:)-~:;,- -----

----TÄTITUDE: -52 _ __ -~-EG - · MÜ- Lci~ciTuoE :34--öff ____ M_Y~J- ·-----------
~L TITUJE: 1 JJ .'l ET::~s A90VE S_::~ Lf,VEL ________ ___ ____ _ 

ME~N ANNUAL RAD I ATIQ ~ , GLOSAL R: 721[ 0 
.. -- ---- - - -- --- -- ---- --------- -- --·- --- - ----'- _ R _~_D . BALAN:;E : 3150(: :AL/SO. :;~ 

~=='~ 'NNUAL TEMP ERATJ~E: 2.2 Di:G :; 

___ _ ___ MEAN ANiW_AL -'=-~E ::::_PIT A TI CN_: E 5_[ _ - --- -- - L / S Q . M 

~E~ 3T ~ 0~ 3~~ -W~ N 3 S:\50N : lS G 0.'\ y s 

TE ~P[RATURE DURING GKOW INC SEASCN: ll.9 

'E~N ?R ~ :r:>ITAT!0:-1 DJ !UN3 GRO:IING SL:A SC ~: 33J L/$).M 

~~ ;:A t\ RAJ IATION CF C;(Cwi!'iG SEASO!\_t CLC GAL R: __ 514CC • RAC . BALANCE: 3LCLC :AL/SQ. :M 

? :-! : 3 • ~ - ------ __ ___ ;)_ ~~J:.i! _9_F __ _RJOT_ING Z:JJ:J:: _~ _ _iQ:-_~0 __ _ ::M 

S TAT CS CF DA_~ -~: __ _ __ _ 



:X~ SC: 4 ~:n:: :~ ! _~_ l __ : -~~~-;<~}.:_I'._!_R_~..!.. R."1. ~:~Ro_ z._o_v.::A __ _ _ _ _?.l_T_E: _SIE ·. 7 ' - USS::l 

fOREST TYPE! ULIGINIO-HERBOSUM YEARCSl: lS65-l969 --- - - -----
~OIL TYPE ! f'EAT 
GE C-~ 0 GY:-- PE AT c i~-:L. A Y-.M 0-R Ü NE ________ --- ·-· 

____ _ S_QI_~-~~A_I~r.]_ E_ : · - - ·- ·- ·-·--·--- ·- - --------··-··- ·-··- -

_ --~-~.!.~~_!_~L~-~~NJ_!_Yf'[S! PIC~-~BIES 

ilüE ofSfir:i5:4 i ____ __ _ _ YEARS LEAF AR~~ INDEX: 2.~ SJ.M/SQ.M 

ais-iCARiT:____ sa.H/HA aÄs-A"LÄfii"ArN-::REH.: SQ.H/HA 

--- :it"iiü- HE:t3:.tT:- -;:-7 11 STOCKIN3 DENSI-iY:--9930 :iTEMS/HA 
I -

VJ 
~ 

...... 
STANDINS- cRo?;-46-ov[GROUt:o: 4176. GIS G .H ·s-rliNoir:.6 :il-o!>-.- a·ELc-wGRcuNo: 947r· ~- -- -- -- - "/5-a.H 1 

?RO)~cfrvrrv A30VEGROvN~: 432. G/SQ.H PRoou:rrv!rY aELOW3RCuNo: 63. G/SJ.H 

·--- - -- --utiTüoE:Gz-- -DEG- H.fN LCNGITUOE: 34 DEG HIN - ---------

____ ::_,L~T~ITU~E_;_~---~~-~_L-~OVE SEA ___ l,_E_VE.,_,L,__ ___ _ -- - -------- - -------- -·---·· ··- --- --

_ _ __:1-lE~~-- AN !~~~-ADIATICNo GLOBAL R! 721C_C_..._ , RAD. BALANC_E;___)_l~Q__O ___ ___;~_L_l.~Q• :~----------· -

~EAN ~NNUAL TE~PERATURE! 2.2 OEG C 

_ __ _.:..:H.=.:E AN AN !_W_A_L_P_Rf_C_I P_I_T ~TI 0 N: 6 S 0 L_~SQ.M 

___ ...::L:.:EN:HH Q~_3R~Oj_J;_~~3 ~:0:-~0_t:!_: 15_Q _gA_YS'!---------cc-- ----- - ----- ·------- --- --

·-·-- TEMPER~URE OURING (;RCWI~_Q__s._E, _ASCN: 1}._.9, _ _____ _ 

_ __ _:~:.::::::_::A ~-2._~~ CIP I TA !I ON_D~I!'l}_g_!(_C _W I _NG __ ~CA SON_ :_2_~.} ______ L..{_S J . _M 

___ M....::'·E:..:A_~ ~~.!-~ TIO~ _E_f_ GR_Cl-'!N G SE~SON • CLOB_f.L R: 511;00_· ____ ___ _!__RAQ• B._o;I__A~; ~ _:...cJp GOO CAL /SQ • . Cl'l 

PH: ;.o O::::f'Tn CF ROOTING ZONE: ~0-50 CM 

- ·· -- ----~T~_!us_~~ _o_~~ ~--·----------

--·--------- ·-----



~::: ~:: \~_:_':f;: "l I:> I : t_J._!:. X ~~I~F~~V -'- - ~~:i .MOrtOZD V_A _____ ~-!_·n: ; ::; IE 3 r J SSR 

rCRE:T TYPE: HYRTILLOSUH YEARISl: 1965-1~69 

SD!L TYPE: i~HJS IRO~ POOSOL 
- ---- ----CEOLCCY: ·-SAND t{OTAII\E·--'-'---'---'----- -------- -· ------------ -- ---·-- ------ ---- --

-----~.Q~~- ?_~AINA~~-; ___ ___ _ 

PRINCIPLE PLANT TYPES: PI:EA ABIES ------- ---- ----

- --- ii:>Cd-F--STAfö_:_ zz _____ YEARS LEAF A"lEA INDEX: 1.a :>G.H/SQ.M 

-- ----e AS"AC- ARtT:-- ------SQ~ H/HA BÄSALAR[AINCREM.: -------- SG.M/HA 

-- -- ---.-·sn~D -HEI3 ü:z·~;--- M ~TD-t i<IN:l OEN-Sll-Y:-34-S.:io---3 T~!1-s/HA __ _ _ 

-·--sTANüiNC · :ROPo A"b0VECR-OUNO: zii9G ;-- - -G/S·Q-;H 

~-:f,-:J-:r:-n:vrtYAJov:: 3.io JN::>: 35J. G-/SG.M 

STANDING :ROPr BELCWGRCUNO: €20. 

PROOU:TIVITY aELOW3RO~NO: 65. 

I 
\.)j 

G/SQ.M ~ 
I 

G/SJ.H 

·-----TATITu-oc:- 62-. -- -~-EG- MI_N _____ LCNC1Tuct::3-'I--DEG _____ M.fN ----·-------------- -- ------ ---------- -- -

---~-~. T_:_~~-~~ _;__ t:g_. _ _ - ~TE~S ABOVE SEA _L_fV._,E'-"L'-------

HEAN ANNUAL RADIATIC~r GLOBAL R: 721GO r RAD. BALANCE: 3150C :AL/SQ. · :~ - -------···-· - - - · - - - .. . ___________ .. ___ ·-·--·- -·· --- - . ··-- - -----·-·---·- -··· · ··-· 

_ ---- ~:_:11_:~ ~ ~~~J_A~_!_~~!P_E'3_A_LJRE_! 2.2 JEG : ________ _ 

MCAN ANNUAL PRE:IPITATICN: 650. ----- - -------- ----- - - · - ··· --- - ------ ------ L/SQ.M - ---·----- ·- -· 

LE:-.~::;n Q;:" 3ROW!:-J3 SUSON: 15!:J D AY S 

TEMPERATURE DURIN3 GRCW ING SEASCN: 11.9 

!'1:0: A ~ ? RE: I? IT A TI C:-J _DJ ~IN G __ ~R_O>IINQ_ s:;A SO'J: _}_d.L ______ L/_S 0. M 

MEAt; RADIAliON OF GROWINC SEASQf'!_r G_l:_0 3 AL R_: __ 5]:4CO r RAD. cALAN:E: 3CCCC ::AL/SJ. :M 

3 H: ~.3 ___ !l_:;:_l'_TJL9f.._J_"lf)O_J.IN C Z:l !'l~: _5Q • __ __ _ ::M 

STATUS OF DATA: 



___ :t~ -~~-~ -~~H;: :~_1 i_l __ : _ _ ;~~ -~· !<~ Z~-~~~Q~~--R~. HilRO ZJ V_l!. _________ S~_E: SIE J, J SSR 

fCREST TYPE: MYRTlLLOSUM YEARISl: 1!:65-1!:6!) 
·-- ------------- - · 

SOIL TYPE: ~JHUS IRON PÖ~SOL 
---- ·-------G[ÖLO(h;:--sAND V.OfiÄINE -'----

SOI_!._~_~A_I_N_I!.~;:_;_ __ _ _____ ----------- -

. ____ P !!_!~ rP!-,f_F'L t.N T TYPE_S: PI::E~A~A~B~I;:_E~S _ ________ _ 

------------ -- - -------- --- ------------ - --· 

- - ---A .:;t-- 0 f s T MÖT-3F ___ ------- VE ÄÜ 
LE~f ARE~ INDEX: 3.0 i:ii.M/SQ.~ 

-- --B- ASAL A irüi-: SQ.H/HA BASALAREA IN::im1-:: ----- -- ----- sG:M /HA 

- - --- ---S-fANj --HE:t~clr----:;;~9----- M STOi:KIN3D-ENSÜY: -i375D iTEMS/HA 

---------- ----

I 
Vl _.. 

--ST-AtioiN':f:RoP, -ÄeDVE G ~-out~c: 620D. G/SQ.M STANDI~G CRGPr BELCWGROUND: 141C. C/SQ.H 'f 
,~~JUCTIVITY A30VE3RJUND: 539. G/SQ.M ?RODUCTIVITY BELOW3RCUNO: 90. 3/S:l.H 

- ---.-LAfiTUO-E: 6-2- ---bEG-- MIN LONGITUDE: 34 DEG MI~ 
------ -------------------- -- ---- -

-- -----~LTITU~_~;__ll~ -- ---- - _!i_E;!~~-~~OVE S::A_ L_f,_I.'El ----------

HEAN ANNUAL RACIATICNr GLOBAL R: 72100 - . r RAD. BALANCE: 31500 -~~_!,_L~i). :: !!'!_,__ _____ _ 

HEl!.~ ~NNJI!.L TE~PERATJRE: 2.2 OEG ::~----------

~EAN ANNUAL PRECIPITATION: 65G L/SQ.f1 

LEN3T'i Of HOIII_NG SEA_SON: 15D O~S: _______ _ -------------- ----

_____ _ _ _!~'!!'ERA ! _URE DUR!NG_~R_Q~!-~~-_?E;-~~ON: 11.~ -------- - -- ------- - - -- ---------- ----------- -------- -- - - -----

_ _______ _!~~~"~-~_!?_!T .HIOS _p~i!_; !'_! ~~_Q_-~_,!~2l;_ASO__:'i_:~---- L/S:l. M __ _ ____ -------- -

HE:AI~ RADIATION OF GROWING SE:ASON• GLOß.~L~: 51400 ___ __r____R_~!.-8 !L AN CE_;_}~ 0 0 CAL /SQ • CH __________ _ _ 

,H: 4.1 DE?TH Of ROOTito_~ _q__Z_=!N:;:: öQ. CM 

STATUS CF DATA: 



ESE~~::HE~I:il: N. I. KHIMUOVr R.I1.MOROZ:l VA SITE: SIT~ lOr JSSR ------·---------- -- -- -· ····-- -- -------------------- -- ---- ------
FOREST TYPE! MYRTILLCSUM YEARISJ: 1~65-1~6~ - . . 

SDIL TYPE: ~JMJ$ IR O~ POJSOL 
------G-EOI ocY:- sA"Rö- -MORAI1-;E__:_::.::..::_::_::_ _ ___________ _ 

S()IL !JRAINA3:::: 

PRI NCIPL~ PLANT TYPC S ! PI::EA ABIES 

- - ---~G:.--- :;r -·stii'J:f:-45-- c-- ---- YE-ÄRS ______ L:AF A~E~ :CNDEX:- 3.2 S .:l . t-: /S'l.M 

----- !fASi;L- A R E"A: __________ SG~MIH A EiA SALA-iüt-A iN- :ifE M-:-: - - SQ.M/HA 

STA~JHETG'IT: 3. S M sro ::KrNc o::Nsrry:-- 9zt.:r. ST:::l1S /HA 

-----~T Äfi D-INt - ::Rcf?t ÄGö\i":::ciib-UiTo: - 7i32G--:-- -- - C-/SQ -~M 
. -- --

ST AND ING ::ncp, BELC~GRCU~O: 1:;sr. 

I 

~ 
G/SQ.I1 "f -

---------s-:f:fD_J_::_r ·fvYrTT:io-V'EGR-DUND: 535. G/SG. M P~ODU cYrvl:T Y 3ELOW :>RDl.lND:lD'I- .----- 3/$(} . M 

- - ---uTnurft:--t--z·---rft e;-- --- - MIN 
---------- -- -------------· -- - --- -- ------------ --

LONGITUOE: 34 DEE MIN 
__ _______ ~-:... L~.I ~~:: :_l-'! L MJT_~~?_ __ ~3_()_ '(E: _:;;EA LEVE ~--------

~EAN AN~UAL RADIATICN, GLOBAL R: 72100 -------------- - --- --- -..------ ------'·----~---~L_A_f:j _::E :_~1_? _[JQ____ -~~L/_SQ. _ ::,_, 

MEÄ'J ANNUAL TE HPER ~TJ RE : 2.2 OCG -
---- ------+-~--- . ~--- + + ••··----~--·~-----.- -~----

__ !1~~~~ -~NU~i.._?._!<-E:: IPI TA I~O_N_: __ ~~--L ______ L 1$=-Q~.M"'----

LEN~TH OF ~~OWING SE~SON: 150 ::lAX s _____ ___ _ 

TE_':_~~~AT l!_RE_E~ RI!J_G __ C rtO~-~~---~f-~~Q~; _11. 9 

~!::~ :-: "RC::V!!~riO~l :;J~}_!'!_3 __ G~QII ING_ gASO~ : 330 l/ S J. M 

~-:r AI\ R _~_D_~A_TION_ O_I_ ~'< O~I_!'!_g_ _~~~S_O_I';_t _ Q!,O B AL _f!_:_ 5_1'1CO ____ _ • _ RAO. BALAr;::E: 3uCOO :Al /SQ. :;H 

·-- -- ----_?~=-- ='-·~ - ----- . __ D.IT_ T H __ O[ _R_9_9_IIN G_ Z:) N~;- _§_Q _ _ _ _ ::M 

STATUS OF DATA: 



R;:scn::H;:RI il: N. I. KUIMIROYo R.H.HOROZO VA SITE! SIE llt :JSSR ------ - ---- ----·---- -- - -- - --·- ------------------- --· -···· -- ------.------ - - . . . . . . 

FOREST TYPE: H Y.RITLLOSUH YEARtSl! 13E5-1SE~ 

. SOIL TYPE: i JMU!i IRO"i PODSOL . 
--·--.. -G[CLOt.Y:SANÖHClR.ÜN.E - ----·--· - ··- ··---

SOIL J RAIN~G.~.L_··---- · ·---------· ··---------·-- __ _ 

_ ___:P...:R:.=INCI!'.i::..E PLA!!!_I_!PES: PI::_;A ABI~~---·---------· 

·----------------~---------------- ------ ------· 

~c oF -sn"N:>Tsri ___ ··-rr-Ä'Rs .. LEAF A~tA INDEX! 3.6 SQ.H/S3.H 

BASAL ARE:A: SQ.M/HA BÄSAL AREAIN-::REM~=---- - SQ.H/HA 

----:snrn HE!<:u: 11.1 H STOC-IÜNG DENSITY: ~Szc ___ - i TEMS/HA ___ _ ·· -. ···- · .. .. 

---S-f1~0ING CROPo AtOVLG~ÖUNO! S81L. GIS Q. ~; 
- -------- -· - --- - --- - ----

STANDING CRCPo BELCWGRCUND: 216Co G/S~H 

>~OJUCTIVITY A30V;:3RO:JNO! 621. G/SQ.H PRODUCTIVITY BELOW3ROUNJ! 110. G/SQ.H 

LATITUOE! 62 DEG HIN LONGITUOE! 34 DEG li!N 
'LTIT:JJE: 13J ___ ~EERS .\BOVE SCA !-.l;~E)..,__ __ _ ---------- - ------ .. ______ ------- ------- ----

HEAN ANNUAL RADIATICNt GLOBAL R: 72100 , RAD. BALANCE; 31500 CAL/SQ. CH 

HEAN ANN:JAL TEHP;:RATURE! 2.2 DEG,~C~---------------------

HEAN ANNUAL PRECIPIT~J~ON! 650· L_(SQ . ..:•c.:H'-------------

LENGTH 0" 3 ~OWrtiG SEA:iON! 150 OA _,_Y.:!.S ________ _ ____ _ 

. TEMFERATURE DURI!_;_u~-O~ING Sl_!!;.9N: 11._~ 

!CAN ?RE:..!_~~TAT~.~.U!!~I!!t;:.2.~Q.!I.];I'l.!L~.E:~S()~: 33J .VS .. ~ .•. H. 

HEAN RADIATION OF GROWING SEASONo GLOBAL R: 51400 . • RAC. _llAL_!_NCEI_2~_QQO CAL/SQ• _Cl:! 

i"H: lt.4 DE~TH OF ROOTING ZON;:: 65-70 _____ ~C~H~--------------

STATUS~~TA_;_______ _ -· - - - -----·- - - ···----·------

I 
VI -=-- · 
VI 
I 



__ _ __ _:_"l~ ~~- ~ ~ ::_H _0:_ ~I :;~~ N. -~~ i<_A Z l ~'!.Bq_~_!_~-~-- M 0 R 0 ZD .J A 

FCRC:ST TYPE: MYR TILLG~UM 

SITE: 5 IT::: __ .l2• __ J s:;~_ -----

YEARISl: l965-196~ 

S~IL TYPE: ~JMU S IRON POJSOL 
--~--GE CLC ~ y·:-- s·,üfDflo Riff NE~=-=-=-=-=----~--

SDIL JRAINI\3[! ----------------- - -- ------- .. ---- -- -------
PRI~CIPLE PLANT TYPE S : PI::EA ABIE$ - - - ---------------- -- ---- ··--- - - .-

------- -- ~cr··-JF --STANY:- 5 a --- - YE ÄRS· - --- · L E AF-~ :ffA -- I NDE X: 3. 8 5J .M/S:l.M 

----· -·;; ASAL ___ I\REA : · - s·a-;M7iü. BASÄL"ilRfii- if.I:R-EM.: SQ.M/HI\ 

. SI.MO Hrt;:rn·:-r-4·.- 2- - -- M STO:KIN~ DENSITY! 2335 5T::MS/HA 

-- - - -----STAr.D:LI{G c·ROPt- A~·avt:G i10 ÜtfC:-Ü·260~-- G/SQ .M ·~STANOlt\G :; Rc P, - BEL-CWG-ROUNC: 2!lll'l. 

?~CDJ :Tlv!~öv:::~R ~JNo: s11.o c/sa.M ?ROOU::TIVI7Y BELCW3ROUND: 116.0 

CHnüoC:-~z---- DEG ~~IN L-ciNCITUOE: 34 öf(l ___ M"iN -
_____ "_L!_!.T_JJ _E _~ l?_J _ . __ ~Q_E"lS_~BO.y_Ls;_~ L:::_VE._"L'----- -

MEAN ANNUAL RA DI ATIO N , GLOBAL R: 72100 ____ __:•_ RAQ_. _!!ALAN::E: 31500 :::AL/SQ. :::M . 

_____ H~ ~ ~--~N_!~J-~_!~:'IP~R AT_n_~_:_ __ _?_o_~_:__ OEG -~ --------- - __ ____ _ 

MEAN ANNUAL PRE:!PITATION: 650 L/SQ.M 
----- ------- - ---- ----- - ------ ------- --- --- -- --- ·-· -------- -- -- -----· - - ---- - -

LE~~TY CF 3~0WI~G SEA50N: 150 DAYS ----- ----- ---------- - - -· -- -- --------·---
TEMPERATURE DURING GROWING SEASON: 11.9 --- - --- - -- ---- - ·- -- ·-------·- ·--

~lCAN "RE:I?I!~TI~~ iJJrtiN G_GR Q :HNG sqso~ : }3J _ __ _ L/S_:l. M 

I 
'-" 
~ 

c ;sci~t>!-f 

G/S:l.H 

____ MEAN RAD_~ ~T!E_t:!_ OF~.~o.,;~~~-f!ISO~ - GL9BAL R~ ___ S~lGC • RA,C. BALAN::E: 3LOCC ::AL/SQ. :M 

:>H: 4. 3_ _ :l ;;f_Tjl __ Df _ f?_DOTING _ZJ t:~::: : __ 80. :M 

STATUS OF DA TA! 



;~: 5: 4 ~ : H: ~!:;) : i ~. 4. t\ ~ l I ~:I q 0 V, ~-~i_-1 _ . ~!. 9. . ~ü :o VA ________ _ Sf:E: ~IE 4 3 o JSSR 

FOR~ST TYPE! MYRTILLO~UM YEARISl: 1565-1~6~ 

SOIL TYP~: ~~MUS IRON PO~SOL 
--- (;~6Lifcv: SAND I'ICÜit~C 

SDIL DBAINA~: 

_____ _P_R_Y~CIPL~~-':_AN~ . .!!_P~_s: P!~f_~A_BIE~--- ·--------------- ··· 

----~ !>0:- 0F- ST AN:f:!l2 ---- - --- -- y E :ds -
LEAF A~E· INDEX! 1.a 5 G. M/S:l.M 

-- --BASAL fR[:T:--------·--sa:r-~tH_Ä _____ BAS-ÄL--iREA INTREH-::··-- SQ.M/HA 

···-·-- ----SHN)Ht:r:?if:l 7.·1 ·- --;.j . ·------ - - ····- -
sro:~IN3 DENSITY: 1393 ~TE!1S/HA I 

-- - - - ··sTAND:NG ·-tRO-p; AGOVEGROUND: 14420. 
. . ~ 
G/SG.M·-~ -G/S·G .M STANDING :RCPt &ELC~ERCUND! 3320. 

----~p=~=o=)J:TIVITY A30V~GRJU~N~D~!~5~7~D~.----G~/~S~Q~.H~-----~P-R-OD-U:_T_I_V.ITY 3ELOW3ROUND! 104. S/SJ.H 

"_ ·----CATftüc t : -Tz-- -Dt"G ____ MI N----e c"i;G'iT'ü"ci: 34--DE-G---- ~tii-.; 

- ---- - ~ ~ T!TJ~E_; _y1: .. ___ !i_E_T_f;~L~OVE SEA _LJ:_I/CL ____ ____ _ 

_ - - --- _I'I~~_!-I_A_~~4-~A_L,_~DI_A Tij:N_o GLOBAL R: 721CC___ , ~~-Q • _ _?A_L~N_::~: _ 3_:1,_!1_0_0 ___ __ :;_A_L_LSjl. __ ::':'~------

---- ~E-~-~?if~_J~I:_~'lP~RA_!J~~---_:__QEG ~"----------

____ Hi_~-~-~lJ~~_f_BE:IPI_I Al::_ION! 65_G::..::.• __ _ L/SQ::..::..M~-~---- ------ --·- - -------- ···---

LENSTH o= 3~JW~WS SE~50N! 150 D~YS ---- --- - ---·- --·-- ---- -----· - --- ··--- -----· -

______ ! E I~_P ER ~T URE _Q_I,J R::: ~ _(> ;; 0 W ~~_§ _ _? q ?_ Q ~! ;_j._l • 9 

.. ----~E-~'1 ___ ?_~-~ _:~_"IT AT::: 0..!'1 _ _QJRXNQ. __ ()R_Q)I I:I!Q._~_r.S0'4: -~3-~ L!J! J. M ________ __ _ 

- - - ""-='E A~! RADI AT~_~_i__GB~-~N 0 S!::_ASON t GLOBAL_ ~-1_'!_Q_Q_ ___ _ _ __ !__fU<J;_. _ _ß~!-~H_;_~_!__3Q!'GO :Al/SQ. :M __ ___ _______ _ 

;>!i: ~.1 DEP T H OF RO CTIN G ___ ZO_NE:: 5_9_. ______ _s~ --------

_. __ _ _ _ _?I_~_u-~~!__0 AT A : ____ _ 



-~:: s: ~ ~ :::fE ~~ S l: N. I._r: • Z~M-~i(_OX• __ R_~~~_I_1_QRüZ~ V~----- ---- SITE: SIT: :'l, JSSR 

FGR~ST TYPE: MYRTILLCSUM YEAR(Sl: 1 965 -l~E~ 

SOIL TYP::: iUMUS I RO~ PCJ50L --tt"öL-oc v:- s-ÄND--Noiüfi;c ___________ _ 
_____ __ SOIL _JR,.IN .. ~::::: _____ _ 

____ P_R~~'-~_IPLf__f"!-_~T____!__Y~E S.: pi:::EA ABl ES 

----- - ---- - ~s: OF .STA~~j=- SJ Y(AR5 ____ _ - -- - -- . 
LE:.F IIREII INDEX: 3.6 50.~:/SQ.M 

--- -3-IISÄC-ÄRLÄ :- SQ.M/HA 6ASII L AREA IN:::REM.: SQ.M/HA 

--------ST~J-H[I-3~r-!- !.9--:-6 - - - M s Tee ,Ü'J :;--.:Je::z-s-ü"Y: - Ül9 >El'< :> IHII I 
\.N 
~ 

- --- ---- -STAt:DING :::;:t()p-, ABOV[CROliNÖ·:--ies·3-o- . - --G/SQ--:-i( _____ ___ STANDING :::RCPt BELCwGROUND: 41Cr. G/SG.t-: Cf 

?~:f)I:fTv1:fY-.Ü- G V E 3:~5UND: 4 8 1. G/SQ .r1 PRODUCTIVITY aELOW3ROUND: 92. 

-- --- - --T A.f't"Tüb [ -;- 62-
~:..TITUJE: llJ. -- - ------· 

DEG ----f:.i~J----LG-1\G-ITUcE:-34-- D-EC --------- --t1IN 
:t~"!_ps __ _Ai:)G','_E__S_E;_II LEVE'=-L _ __ _ 

G/S::J.M 

------ ------ - -----------

---- ~:~~!! __ A_N!~_U_ AL~AD:!:__A_TI_ON_!_ G_!,_O~A- ~ ~ R: ?21CO ___ - --- --'- _RAD. _pA LANCE: 31::00 CAL/SQ. :::11 

H~AN 4NNJAL TE ~PERATJR:: : 2.2 o.::c ::: - --- ---- -------
MEAN ANNUAL PRE:IPITATION: 6500 L / S Q .M 

-· ---------- -

L~~~_ T_:-1_ 0~ 3~0_:till~_SU50N : _l_?Q_ _ ____ DA_YS _________ _ 

______ H~~~~A_r LiRE _ _Ql)RI~G _c Row : _N Q. _s P·~fN :_ll. 9 

_ -- - ~:~~ :B!:~~?!.J_~TIO~ DJ~ING GßQWI~.j_G __ ~E;A:iO~ : _]_3J ________ _ L(S:l.M . 

~ [Al; RADI A TICN 0~- ~R C IIIN G __ ~E ASQ_t_'l_t G_LO G AL R_; _ 514 CG , __ .RAD. ßALAt-;::E: 3L[CC CAL /SQ. ::M 

~:1: ~ . c ___ __ __D_~:>T 1::1_9 f_BO O_I_I;~ C ZO_t{i:! 30. ::H 



~:s::U::HC ~~ :il! ;~.I. K~ZIMIROVo R.M.XOROZO VA 
· · -. -·· -· -- -- - . .... -- . . -- ·· ·- .. --.. --------- SITE; SIT:: 15t JS:;R 

FGREST TYPE! MYRTILLOSUM YEARISI! 1965-1569 -------
S:J!L TYP::! ~ tJMU:; IRO:-.J PÖOSOL 

-------- GEOLOCY!-- SAND- MCRAii;E -------------

----- _ _5CIL JRAIN~~:: 

_________ _f~~E~ IPL,_E_ P!::_A_!-1 T _ ! _YP_; S.!._f_!;ffi ___ A_~IES _ ___ _ 

~-:iC:)F- STA:.~):-- 109-----YEAR-s LEAF ARE~ INDEX! 3.2 SQ,M/SQ.H 

- ---BASAL ARE_E _ ______ - -s-ii:i·1iHA -SASAL ___ AR{A-INC-REt1.: 
SO.H/HA 

s-t (~.iJ-t:itl:-~:; iTz o:-:i -------- -11-------s ra·:: Krii3 ·- ~cr-iürv: ÜJ so :>T::HS/i-!A 

-----s n.i~o ING -:: ROP-. A30 VÜROÜN o:isz 30 -=----·c;/s·Q--=-M--- - - -5 T AND ING :: RC Pr -B-EL 0 WG R 0 UNC: 4 5 or. 

P.UO-JCTIVITY A3ÖV(~RDUND! 403.0 G/SQ.M PRODU::TIVITY ßELOW3ROUND: 72.0 

-----,-LAEruct:··-r;-2-----o-r::<f ---~N · t:a·f~8Truö(: 34- - oü _______ r:irN ------- -----
___ A_~'!_;_!._~pc _:__ __ l~ _ ___ METE~S-~Q.!'.LS:I\ _ L_EV"_E_"_L ___ _ 

I 
\.>1 

ctsa.M~ 
I 

3/SO,M 

____ _:_ME AI~-~N__~_y_~L_R ~~~ION_r_G_L~_AL R: 721CG _____ ____!._o______,_,R'-"-AO...!~_l,-~!-J__;E!_3___!50C_· __ --~~1,__/_S(l_._~-- ------- ------____ - ~=-~~-~-~~-~-~ ~___I_f ~~- ~.2_ ~ J RE: 2. 2 0 E G _ :: _ _________ - ----- ---- --- --

MEA~ ANNUAL PRECIFITATION! 650 ___ _: ------ - -- -- . - L /S Q .M ------- ··--------

_____ L_~~~T_~-~i" :>~IN:; ~U~9_t!~_!_SO _ ___ DAJ~------

____ ___ ! ~!!f' ~R_A T URE __ D__ll R:;!-J_s> _G R91J _J:!-JG __ SE AS.Q!I; __ p. 9 

----~~-~~___l-~~~I?IT AT ION _DJ~~N __ L:>~Qli_ING_ SEAS0\1 ! _H _J _ __ ____ 1,./SJ. M 

HEAtl RADIAT10N OF GROWING SEASONo GLOBAL R: 514CG , RAC. BALANCE! 30COC -------------·-··--·---- --- - --- . ---~-· ---- - -------------------- ----------- -· -- . · · - -- ----- -- . CAl/SQ. CM 

"rl: 3. 9 ----- ------ - -- DE:"TH OF R_QOTDIG_ ZQ_~~Q ______ ::;IL__ ____ _ 

· --~TA'!:_~~-OF !::ATA: 



~: S: 4 '! : rl:::: 'l C ~ ! : ~l . I. <\ ~ : I ~i 0 R 0 V , R • !·! • M 0 R 0 Z J VA SITE:: :;rE 16• JSSR --·- --- ---
FCR;:ST TYP<:: M YRTILLC3UM YEARISJ: lSES-1~69 ------ -- -~ - . -- - . 

SGI~ TY?S: ~JMU :; IRG~ POJSOL 
~-- - c c cr.-oc Y :·· ·s Ät.:Lr -M·on ·A"l t~t~ ----- ------- --

;:}:_~ J ~ _AI~~-3 -~; _ __ _____ _ 

PR I NCIPLE P LANT TYPES: P!CEA ABIES 

··-- ~ :;:::-··;,p ·srA ~lY:-12G--------·YEÄ§S _ ____ L E AF~'i'E~ - Ü~DEX: · -z:-7 -·- - - - '; ~. MISQ ~M 

- --~s 4SACAR0i:---·---·-sa~7HA BASAL AREA I NtR EM.: S Q.M/1-!A 

-·--···--. ~ T A'IY---H~-f:nT:zz-.:; M sro·:~{f:-JJ o::N~ITY-::-as 6 ·---·-5r-:::r1si"H·,;.--- ·-· - ------ ----------------T 
1\) 

-· --- ---sT Ano ING-·::Rol'I- A 2ovn:Ro 1.m o: zc a 10 • ·GTs·a. M s T ti -f~ ö:ING-- : Rc·fi;- aE:Lc wG Ra ü~ci:· · ~6oC: · ·- - - · ·G isci: M -1y-
------? 'f3'5 J: r:tviTYT3-övt-:;~o :TN::> : 303 .o Gi'SG . t1 ?RODUCTIVITY 8ELOW3RCUN::J: 5 6 .0 3/S::l.M 

· ··-----c·A 'T':ftL:ift·:·-c-z~--öE_c ___ ___ r;:_:rN Lc;;;rirruoE: 34 :lE:·G'--r::rt~· 

_ · ···---~!...T IT~::l~: _! ~;J _______ :i~!~_iiS ABOVE S:::A LEVEL -·---·------ __ 

MEAN ANNUAL RADI~ TIGN , GLOBAL R: 72 10L . __ _____ ...!__ R A_Q ~ []AL At-.:: E: 315CO ...... . . CAL /SQ. :~ 

~:: ~~ -- ~ ~'1~_:1-~ ~- T ::::1? E ~~T} -~ E _: _ z .. •L ____ _!) .f G C - ------ -- -

·- ___ _1-:~ -~':!_~NN U_A_~ __ .fB_~ :: ~~:f._T_~ T_!_~~~ - ~5_l; _ ___ L .(~Q_!_M _ ______ _ __ 

____ L::';~ _!} 0~" 3RJ_wiN3 SE~SON: 15Ci _____ _ j)AYS 

. -- · !E!:r_ERA T LiiE D_~:'l!i\G G_~ :: \J;:~~g_ ~E~SON : __ 1~. 9 ..... - - -----· 

.. ---~E 11:• . .} R_~_~I?I T_A_lf 0~--~ ~ iU~~-GR) >i i N_G __ s:_~_ sO .'I _: 3__9 L _____ ____ L/ S J. M 

!JE Är; RADI A TIO_,~ 0 F _Q_R G <I I~G _S CA~ON ! .. C:..Oß AL R :_ 5 1 t:GO • RAC. ßALAt~::E: 3CGCC ::Al/S:l. ::M 

~ .'1: 3. s _.Q_E~H__ Q_F_ _ ~-0 O_T.JN G Z:l 'I: : .. .3 0 . D__ ___ . : :1 

" :r.. TI !C: nr n t T~ ~ 



'l ~ S: ~'l: :-E il ! ':; l: t:. I . r< !I::I NIRO Vt R. !~.H:JRO ZDV I\ SIT E : S IT ~ 17o JS ~ R 

F"OREST TYPE: HYRTILLOSUH YEARISl: l%5-1S6S 

SOIL TYPE: ~JMJS IRCN PODSOL 
GEÖLOGY:- SANC-M~RAÜ(. - ---- - - - --- -- - -----· ··-·· 

__ _ 2_?..J~-~!!_~4_~E1._ _____ ·- - - - -- --- ---- ·-·-··--- ···· - ·· - -· 

__ P_'!_IN~~LE_.':'L A~T~~~ ~_: __ PIC~A ABl.!_~-- ·-- · --- -- - ----. ___ .. . ·- _ .. _ _ ____ . 

- - tGE-- OF" STÄNY:139 _ _ ___ y_ÜRS ------ - -- -·---- ----
LEAF ARE~ INDEX: 2.~ iQ.H/SQ.H 

- - -BAS-ÄL AREA: SC.M/HA BASAL AREA INCREM.: SG.H/HA 

··· · ·--·-SHNJHEIS~Ü: 22.8 H :>TÖ-EKING DENSrTY-:--io87 --- ---. iTEMS/HA 

____ ___ _. _____ ----- -
- - -sl'ANDINGCRÖ~ABOV[GRÖUNO: 200~0. G/SG.M STANDI~G CRCPt BELCWGROUNC: 4750. 

I 
'-" l'(l ' 

G/S<LM ~ 
I 

"RO):.ICTIIIITY A30VEGROJND.: 255. G/SQ.H PRODUCTIVITY 3ELOW3ROUND: 45. G/SG.H 

LAiiTUDE: . 62 DEG MIN LONGITUOE: 34 DE.G MIN - - ---- --------- . 

'LTITL!_D_E: l~_J _ _ _ _ _:'IETE:RS ABOVE Sf;_~!-E_'!_E_L"_ ___ _ 

---~~-~A!!f'!.~~l" _ 'i_A_QIA_E9~• _I>L0_!3Al R: 72100 _ _ ____ _.!,__._,R Ml-'!_!!.~b.~.r(;:E :_ 3_1_~_0_0 _ _ _ CA_!-_LSQ_L _>;fL __ ____ ____________ _____ _ 

HE4N 'NNU4L TEHPERATJRE: 2.2 OEG C ----- - -- - - - - _ 

___ ____ HI:AN ANNU~ PREC_~PIT~T!._o_N: 65C. !,.I_?O.!.tl. . - --- - ·------

LEN:H'-1 0!" BOWII:3 SEA:>ON: 15~ DAYS ------- -- ------- - - - - - - -- - --- ------ - - - - ·· -- --- -- --- - - --- - - - · 

____ ____ TEMP!._RAT!.!!<~ DUR _:i:NG G_!lO!!;~-g~~ON: ll!_~ -- - - ------- -- - - ---

_______ H~N _P~~CI?IT AT_IC!!_j)_~RI_I-Ul___Qil _~~Il'!_!L_S_f;_A_?ON ~- ;3_8_D _ ___ _ __ LI_~Q. 11 

_ -- --~EAN ~.Q!_A.!_.!_ON O_F QROWING SEASONt (! _LCOAL _R~!_I!Q_C! _ _ __t___ R_~_O. _ B_ A!,._AN:E_: _30 COC CAI../SQ. :11. 

?H: 3.9 DEi"TH OF" ROOT!N9_ Z_:)J-H:: 90 ;:_M ___ _ _ . ____ _ 

ST4TUS OF" OA _T~A~:~----------------------------------------

----- ·--- ·- - ·------··- -- - ----------· 



:r: S: :\ ~ : :-E:: ~ ( ~ > : 0 • i :-'V i. S 

FO RC ST TYPE: HYLCCC:iiUM -MYRTILLIJS TYPE 

50IL TYPE ; 0 00SO~ 
-:-·-(; E C [ OT Y :· - G u-li R r-z! T t: TöOCO-f.rtTt l 

SO I~ ) RAIN~3:: : __ LC >I 

______ ___ SIH:: OULJ,FI NUN:> 

YEAR ( S l: '1-!: 
-· -

FRI!,CIP:..E PL~NT TYPE S : PICSf, EXCCLSAt VA::::::INIUN MYRTIL LUS t VAC:::H: IUI' VIriS-IDAEAt HYLCCO MIU11 SFLEN:J<:NS, Pl 
U~:JZ!UM-s::~· ~::a-tR:i:" ---- ·· ·· -·----------··--------- -- . --. 

~ ::;::: J= -- Sr ANJ: -2U:: ·y E .<~ S-- ------ --- l Ur ARE-~ I ~::JE X: Ii. 9 :>~ .11 / SJ . M 

- ---!lÄSA L·--ARtA:-·zz.z - ---· s-a:M7HÄ BASAL AREA INCREM.: C.O SQ.M/HA 

--5Tfi\j)-H~:f-:nT:T6~- ~ l1 ---- ---- - --------- ~ E 1'. S I HA 
S TO::: K I~3 DE~~IT Y: · 550 

S T :.::CINC ::: RüP ,- - ASCV"C-GROUf\ 0: · lGlScl-~3--· G/ SG :-p·-------- . S T Af\DIOlC CRC Po - BE L CWGRCUN::J: 375". 7 

I 
VJ 

- -- PV 
C/SG-.M N 

I 

·- - ---?~o:n:nvnv~v~GR(fJ.N:> : 4 zc . a c;s·a . M "~ riöu :r flirfv - a:::: L ow :> R-o uND :-za--: o-------~/si:-,:;- ---

- ---o r·: TUo t: - 6 o ----o EC- 2 z ___ FCfN _ ___ Lc NG I T Jo"E:z-s--oc: "c--- ---in N 

~L T:::no~ ~- 2?J ___ . _ ~ ET~_3~--~-~g_y_E_g~L ~V. F;. L _______ ______ _ _ 

t:_~-~t:!._ _ A_!JI~~ AL _ ![l_~~ ll. T ~9-~• G~-Q_~-~~_13__:_ 751 ~~ ____________ __!__~_AC_._ ~ ~ L AN::: E:_. ! 563C ::AL/SQ. ::M 

MEA~ ANNU AL TE MPE~A T ~RE : D.D DEG :; 
·-- - - · ------- - -· 

};[AN iiNNUAL PRE :::r?IT:. TI C_N._;__ ~-~~------L IS 0 ._!:..__ _______ _ . __ _____ _ 

LE ~GTH a~ 3 ROWI N:> SEA S 0 1~ _: ___ ~ zq_ ___________ -~ A Y S __ --···- __ _ 

___ T_E!l~E_R_A_T_~_RE CU_R~I\G_ S''.Y\,I_N~--S~ _A?GN_;_ 1!_•1 

____ ~~ A ~- "RE ~I:>! T ~_;_ O'J __ _ ~J :~ IN G _ ___(l :~_O_!: n;G __ ~_E~ S_Cc-; : 2 5_] ____ ____ L/ S :1. M 

_ _ _r':._E_AN_ __ R~-~.!_~TIC~~ ~~OWI~_G _?.E~~_Dt-J • __ GLOBAL R : _ 1:!_~-~0C _____ _ , RAC. B4L AN:::E : 183CC: CAl/SJ. ::M 

?H: '1.7 Df?_T_:-l __ Qf. __ ß_QQTI: ~_G :p_ N~_; __ l3 ___ ____ __ :; M 

S TATUS OF DAT~_: _ _FRP,._IKINAR_Y_ -------- -
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-----~~-~_S_E_t_~_C!i_~_R_I_i!__! _.J_. -~·_BU L_L O~·_::K:_ _ _____ _ - - ---- SI_TE_; _ f>AS:lH• __ W. MALAY SI !_ __ _ 

fOREST TYPE: EQUATORIAl- LOWLUIO DIPTEROCARF - - ·- - ------ - - · ·· --·- --- :_ _____ _ YEARISl! 1971-1~72 .. ~- --·· - . 

SOIL TYPE! SANJY CL~Y LOAH/CLAY 
---~ECL.OGY! SHATt7GRANITC -- ~~..;..;_c ___ _ 

SDI L J RA_]~ NA:> E~ PCOJH!~I=-U~H ______ _ 

PRIII:CIPLE PLANT TYPES! FAMILIES: DIPTEROCARFACEAEo FAGA::EAEo BURSERA::EAEo LEGUMI!-!CSAE • EUPHORBIACE.U: • HYRTA CEAE . .. - --------- - -· --- -· -·- . . . - --

---~·C:fl<-s'fi"N): HUlfRE - - YEA~S 

llSAL AREA! 27.311 SQ.H/HA 

---st""""iN"lHU:Git : · 35- 4-ä H 

SUNOING CROPo ABÖ"i.iTIR-ÖUND! 3536C .e 

LEAF - AREl- INDEx: a-10 SQ.H/SG.H 

BASAL AREA INCREH.! NO DATA SQ.H/HA 

STOCKING JENSITY! 590.7 iT ~MS /HA 

- --- ------------ --- - ·- ---- -·-- ---- ---
G/SQ.H STANCING CROPo BELC~GROUNO! 

·- ---- - ----- -

I 
Vl 

---- - - -· - ··-- N . ·-
2652o0 G/SQ~H 'f 

~~OJ~CTIVITY A30VE3ROUNO! NO OATA G/SG.l! ?ROOUCTIVITY BELOW3ROUNO! NO DATA 3/SJ. 11 

.LATITUDE: N 2 
'!..TITJDE! lJJ 

CEG--s9 HIN LO NG ITUCE! 102 OE G 18 HIN 
METERS ABOVE S:O:A LEVE._"L'------- ------------- --- -------

"[AN ANNUAL RADIATION• GL.OBAL R: 130140 -------- ·-------•~R~A~O. BALANCE! NO CATA CAL~~._,:;_H . - ---- ·-

MEAN ANNJAL TEl!P~RATURE!:~2~6~·~---~- D~E~G~::~---------------- ____ _ 

MEAN ANNUAL PRECIPIT.\TICN! 1800 L/~-~M!-____________ ____ __________ _ 

LENGTH OF lROWING SEASON! 365 DAYS -----·- · __ . -------------- -- _ . _ 

_ _ ___!!:~P~R~-~_!lE DU~~G- ~OJII~_?.f:ASJl .I'!..U 6!_ 

!'IE A!'f ?SE_f_!_?I!_~ TI O!• __ DUR;IN;?_ Gflil \-I;I.NG_S_EAS_P_'l : J. 3_J_;; _ _____ l...(S Q. M 

"[AN RADIATION CF GROiiiNG SEASONt GLOBAL __ ~-~~_ATA ____ , _ ~~!.)_. __ fl_~~AK~~-NJLDI!.TA CAL /SG. ___ ::M 

PH: rt. 3-11. 8 DE?TH OF ROOTING _z_:)J~~ : 100 -~~ -----·-···-·--·- ·· ____ _ 

ST AT ~~-_D!_p A !A.!_ ______ _ ---· - --· -- ---~---· ·· --·-···----· - ----



il:::"::q::: :-E .~(:;): i' . :1ALHS~-~------·-· 

FCR(ST TYPE: M:OHSO-~OCDLAND 

iJI~ TYPC: ~~TO:CL 

C~OCCCY~ NC b -~TÄ 
SDI ~ JRAINa3~; H~JIUM 

PRI NCIPLE PLANT TYP(~: KAR3UES IA MA:::RGUR~ 

____ ---·- -- _SH~: L!JSJM3A~>II ! ZAiiEl 

YC~RtS >: !SE3-1~72 

· ------ ~3:: -· ::F . S TA ~J : 12~ -- ---{(ARS _____ __ Lt: .\ F ~:iC:~< INDEX: 3.47 ~ 0 . M/S Q.M 

-~ - SAS~L- AREA: :(t : ss ·----- - SQ . M/HA --- - 2ASA.L - AREA · n;::REI'. .: .14 SQ.M/1-iA 

- ----strü:Y:1t-:t3~T:1~~ -i!! _ __ __ M ____ ___ S'Ti:l:::-:Ü~C-DENSrri:-41/5 ------ ~- i::;-15 /HA 

srr\~ : c:a\~ :::Rcp·,-- ~ a cv::.Gf'<fü -r-~o : ·--fEsS5. C/SG . M STA~DINC ::: RD Pt EELC~CRCUNC : 2 ~1!7. 

-- -"-~ ·:f:JI: T iVI TY-T3ov ;:-til:iJN_:::_:--i!Tj-. C/SJ . 11 P .~ODU::TIVITY 3ELOW3ROU:--JD : 150. 

L AT :Cru bt:--s - n ___ _ b-E:G ___ i 9 ___ MIN · L o r:G r TUDE :-:--z7 ___ DEG --36 ·· r-nN 

____ ____ 2 L T:::~ JJ : _: 12 J 8 . __ _ M ETi: .~S _ A 30 V E __ S~A _ L E V[L _____ _ ____ _ 

r.E t.~~ A:-\r\l! AL RADI A TIGT\, C LCS A_ L . ~ ; __ ~E. ~~~5 FAD . B~LA NCC : ~0 CATA :::AL/SQ. :::r' 

M::AN ANNJA~ TEMP:~ATJ~E: 20.3 DEC ---------·-··· -- ---- · ··- ----~---- --· --- ---- -- ---- -- ----

MCAN ANNUAL PRE:!PIT~TICN: 1273 L /S G . M 
- - ·- - --

L:~GT~ C~ 3~0~I N 3 S EA~ON : 11 3 DAY S 

T ~l-1~~-RA_! UR~ _ ~l!__R::: r\ ~-_G-~O~J _~~l~ ~[- AS .9_11!_: _22. 2 

~::.\N ~R: _:I~I~ __ A~~C~ __ :; J ~IN3 __ pKO~IN_~_ s:_~SC'J: 123) L/S :J • .'1 

~ 1 s a .• :~ 

3 /SJ. :-': 

:-·!:~t: R~D :!:ATIO~ _ _ OF_~_RC,. If•G_ SEASON~_ GLD<lt..L R: __ 93SC9_ • RAC. ~ALA~:::E: NC D~TA :Al /S G. :~ 

" '1: 5. 0 _O_~.:l_f! _.fl_[ _R_O O_T]:t-J u ZO ~~E : _ 3_:1 ! _____ _ CM 
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KLINGE,RODRIGUEZ / MANAUS 

AMAZONIANA I , 4- KLI/'\CE and RooRJGUt:.s: "J .. lttcr l,rod.uction ... Part IP' 

... 
Ash 

::] - /\. -
... ~----~ _-·::· .. "<-::.:.::_;;;:: .. ::~::.~· 
• .• ! 

p 

K 

~Na 

... 
Ca 

Mg 

,111M . n&. NM. Ar•. lllolf Ji.l fli. JIHf AU G. '-l• t . OC T. IIO V. 'i[(:"""Uir."' 
. ~----' •• , """'* 

Fig. 2 : 'Monthl)• a.o;h and nutri c:-nl rctum uf Jcaf Jitter in J!>G..J {a~ pcrcr.nlagc of 0 . ~{. ) 



_ _____ ___ R~ s::_r.'< ::n::_r< 1 s 1 __ : . s~ :~ _JdJ SITE: CHA<I~• INDIA 

FC RE ST TYPE: TßCPICAL- JRY o CECI~UCU~ YEARISJ: :!.971 

SaiL TYP~: ~~D• S4NDY TC CLAY LOAM 
- - --GEOTö-c v:·--RED --$1\;;iJ$-Tu- N::: --Ä"Nb- of:f Auifilu OUAR-firty------ ---------- - -

s:n:.. :J~:..::N~3 ~--'-- ~: c __ J.H ~ ______ __ _ ___ ___ _ 

FRir\ CIPL.E PLANT TYPES: SHOREA RCBUSTA, BUCH4NAt;IA LANZ.'\No ANOGEir\US LA TIFCL:::A, rERMINALTA TCI"ENTCSA - ----·- ---- ---~--·---- . - · ··- · ·· ·· ·- -- . -·-· ··--- ----- - . ---- . --· --. 

~ 3:::' -. :>F STÄ~{J: ··- s c ·-·-···-YE:ARS ·----·- -- - L E.'\F f.'{[~ INDEX: Uo S Q , i1/S:}, M 

-------s· As7ü.:-t.Rt"A:-3C~tz----s·a·:-r-iTi1ii _ _ _ ct..sü - ÄREÄ · :!:r~::REM.: No DA TA SQ . M/HA 

- - -·------sr ET-~ü3 -lr:s- :3-- M STC C Xf~c : ;~sÜv_:_ !;u-~ - - ----. :; T: l'o :i/ HA 

-------: ST AI:CING CRCP;-- :,;:;ov CCROUN.D: - 2-C 540o6 GIS Q, M STA NDING CRCPt BELCUGROUND: 3q27,3 

I 
'-"' 

. '-"' 
C/SG.M ? 

?~:>:rrr-:::rrvrr~3ovEGR:J LiND : 793 . a G/SO . M PRODUCTIVITY 3ELOW3ROUND: 136.4 3/S~ .M 

- ----:::At:ru::c·:--;,--zs- - ct1f - - 2G ___ M :lr~-----LONG rru o·( : --t - 1i3- -DEG MH: 
. - --· ·-----~~TIT :..'~ _:::: _35J . __ :1EERS ___ ~30 VLS;;I\_ LEVE l,_ __ _______ _ 

HEAN ANNUAL RADIATION, GLOBAL R ; ND DATA - ----- -----·-- ---· .. -- . ·-··--·- -- -· --- - --· - - · - - · • R A D • 0 AL AI> C [: t: 0 D A T_A_. ::AL/SO. ::M 

:-!0: A:1 _ 4N!:!_iH _L TE~ :>:::_3 __ A TJK <: : _ _ti_O ___ J_~-~--'- __QEC C 

MEAN ANN~AL PRE::IPITaTION : aqq --------· -·--- -- -- L /S Q !.M --··-- - ----

LEN3Tn OF :; ROWI NS SC:~30N: 270 DAY S ----- ··-- -. -

___ TE ~CERATURE Ll_UR::: ~:-~_ 3_fiOII_IN_f_ SE4SON : NO C4TA ----··· 

~::A~~ ?R~:I .:li i_~TIC~ __ :;_~rtiN_ S_~RD ~~IN~-- ~~-~-~0\J_ : ~_ O _D_ATA L/S:l. ~1 

-~-- ____ ~;E:Aii RA_DIAT!'2_t:!__0F__§_R0WIN G_2:EASCN • __ GL0ß 4L R :_ _~~0- .DAT A • . RAC, BALANCE: NC DATA ::AL/SQ. ::M 

'~: ö.SS-6.8 _Di:Un OF _~_OOT_ING Z)NE: _UP TO 150 ::M 

STATUS or D:, TA: P:_,J_~:_ fS H~DJ8IO_tj.'\~;? l • !'_B[ L IM I NAflY U~!NE RAL l 
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BANDHU / CHAKIA 

MONTH TEMPERATUR& HUHIDITY RArNFALL' SOLAR RADIA'J.'IOtl 
Max~c• Min, % (1t1""J t.._kv.!(?i<2/)t ) 

Junet••7•) 38.6 28,1 91.2 1$6 432? 
July 34.1 2?;3 85'.4 . 5'6 3930 
August 33.4 26.4 91.? 135' 421? 
September 32.2 25.5 

. ,. 
93.1 22? 4220 

October 33.6 22.1 . 86.9 46 . 3?10 
Nov. 33·9 1).3 ?9.2 348? 
December 26.0 13.3 ?6-;1 3165 
January ') 23.0 8.6 ?3.6 50 3325 

{1,7/ 
10.2 6?.2 11 4255' February 26.1 

"·:--
March )2.? 15'.2 65.8 . 10 ?04o 
April 35.? 22.2 ?1.0 5? 5500 
May 3?.? 24.5 ?1.2 9? 5980 

Note: Hum1d1ty (relative) 1s measured at 8 a.m. 

Data of solar radiltion 1s ~alten from Dw1ved1, 19?1 

Thll dnta. r;iTI!ft" tw- recordctl a\. llannr<LO ßin<IU Univcr8i ty 
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'l:;::u:;c;:: :< t~l: i'.HT;: :;;:L.~ SIT::; MT Jii A?PCIN T ~EN TtAU ST'lA LIA 

FCRi:ST TY PE : ERC :.:J :.. EiWED [V ERG~EEN , EU ::A L YPTUS YEARCSl: 1955-1S72 

- 50!~ TYPt:: ~ ~ A;;w;: 0:!1 I Ri:D FRIABL::: PO RC US EAR.Hi l 
. . -~ 

GE OLO GY: MET~MCRr H CSEC SI L U~IA N HUCS T CNES o SA~D STC NES AND SHALES 
_______ :;?_:;:~ _Cl Rt.I~!\ 3:: : EX:!..LO::H 

----~~~~~~-F~L~ __ P_~N_!_ TYP _§:;>:__ E\)::ALYf.I_U_S _ G_fl L_::;QUA 

~ 3!:: 0 F S TA ~0 ! 51 ·-·---·- ··-------LEAF AHA INDEX: 4.1 YEA RS SQ,N/SJ.M 

----·srD.:.:- fiRD,·:· 54-:-1.:.·63 . 3 SG .:1/fiA 
·-·--- ---· - - ... --

BASA L AREA IN::REM.: . 55 SC . H /HA 

· --- -·sn. ~n--HzY:>~r : 21 .7- 23 .1 M sro::«IN;> JENSI TY! 7u.'l-'37 5 STE~S/HA 

.. --- sfANo!NG~Rof;-Aßciv<:cRöuiTo : 31236. G/SO . :-: STI\NDING :: RC Po BELC WCROU ND : 7 53 4. 

- --"-'IDJ::TIVITYA30-\T::·R::JJN5:--612 . 
. ·- -·--------------- --------

G/SJ.M ?RODU::TIVITY 3ELOW3ROUNG: 143. 

·---LATifuc::: : S 37 - ·o:::G -- 2S -- - :'. IN ·-- -- i:_-Ö~iGITufi(:[-i4.5DEG 10 NIN 
------~ ~ r ;_~~'J.E_: __ }~?_- _ .. ___ M ET::Rs_ ~~O 1/_[C_~:~_E VEL 

I 
Vl 

- • Vj •• 

C /SG.M N 
I 

G/S:::.H 

__ __ .J"._E_~~~N ~ ~~!-_f:_A_DI ~!}GN o_ CL,_f_~~___Bi____________ , R ~.C_J~L_AN:::_E: _NO __ QU~---::_~L ,fSQ_. ::M··-·-··· ·-·-· __ .. 

____ -- ~~-~ :~~--~-~~.;~ ~~ __T_ ::~_f.~-~ A!_~rt -~ : _).J .. ·--~~----~~_G ____ : 

.. ___ ::':~~~ ANNUA~--_f'_~~~;:;~ I-~TJCJ~~8~----- -'=JSQ . M 

__ J._::: ~;3 T~?- q~_ ? ~ 0 :~:::_ :;:; _ :>_<;_~:;_9N : --~§. 5 ______ _ D_~YS ___ _ 

... ___ E f": PE RA T UR [ _ 0UR:tJ C G ~011 IN _~ S [ ASCN : _ _1.1._15 

··- - ·· ~; :: \ :~ __ ?RS:::I?ITAT_I~N ~~u:.::;_ GROWJ;t:!G _ _?:AS9 '1: 3 3 2 __ __ vs~. :1 

:<oA~i RA<:, IATICN CF G~D-ii N C __ ~ E:_~_o~ , _G_LOB_A_L R : t:!_O _DAT_!-_____ _! __ RA~_ . BALAN ::E: _1\0 __ DArA :::Al /SQ. :: r-: 

? '-1 : 5 • 21 - 5 • 3 1 :; ::? T ~ ~_F_ __ ~o __ ~-r_ I~ z o t;: : __ l _q o . __ __ _ _ ~-~ 

::: T :. T l! ~ .• :r: r· ."'::."t • "-' '"~· r·: ~,-,, 
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CD,i1PaiH.~tENT 1111A5 I'I[ASUi<[O JOJNTL.Y .. JTH (Q i'11Tl~UOU3 Clli'IPAiii:Ht[NTS SJI'IlLAiii:L.Y 
S't'rtth)I .. !Z[Ih AS •1:.LL. t.S TI'IE F'Jit~T COMPAIIilli'ic.NT ilt.LIJIIIII IT "'UCi'l 15 !IIOT SU 
SvP•IIlOL12ED• THE YAL.u[ Of TriJS L O•E. ST COt\PAhlll't[NT JS TriE TOTAL. YliiLUE 
Of TrtE SUM.ItED COI'tPARTI1[NTS.) • . • • - - . 

SJ Tl:. 11 S J TE " SITE , SITE tt Sil l:: 7 
KAZIH'DY lli.alJ~o~tOY . KAZJP'ItOY 

51 TE II SJ Tt: "' 
(A.lJHIOV . (AZJI'ItÖ~ 

I(Qiii:IJZOYA . M.:liCOZIJiJA I'IOHU70YA Mvi'CUl'-' Y• __ I'IU~OlOVA 

51 TE I 0 
ICA21~"~' OV 
H \:IH OtUI/A 

KAli P'l t OY- .. J.AZ J P'1 II'\ 'II 

1\0.iCUlOV• --~OKOZUva 

51 TE ll 
. (Al 1 1'1 I OV 

MOROZ O VA 

----- 01/EHSlOHY L.LA'wES __ _ _ .Y9JO• OJ .t.S.J n•aJ .l~.s n •ol .;!.uo•Ol -~"1uo•oJ _ .-tao u •ol • 1 o<ru•o~t • 1 I S.U•n't • I I.,U•oJ"' 

F'RUITS,fL.O.-t.RS 

8iUNC•H.S'"5UI"' 
DfUNC!otE,•ftAHK 

-·-- -- di"U,NCPtES•AOLIO 

•l2~l•o~t • 1uoo•oJ ~blY L. •Ol 

•;;,: ow~t+O't 
.:tDJ .J +OJ 

• ~UDO+n 1 • 2YU<J+iJ2 

·•=:~üo•ol ·-. -,u.o•o<t • 121 u•ult· ·, J't~O+a<t· ··-. 1 s 1 u•not •l•ä u•u .. 

• 1 J'~ o • o " • 't2Jo•u; • ~ttJu+-.,"f •IO&U•n~ •li&U•o; 
•l ~.i rl+\.I J •"t 2.SO•UJ • iOI U+OJ e/'tZu•nJ ,bYo u+OJ 
• I ~J7•U"t •lou7+Q"t • S 12l•O'i · .'i&Stt•n~t •1 a'f'u•os 

•Ott 80+QJ .141LJ O+OJ 

aQL,E•SIJH 
iiDL.E•ihl<( 

·-----~ BOL.E•~~tDOO 

STANDINI.I O[AO 
. SUM•OYEkSTOIII'f' 

• 6;J~t•Oit 

.S2)0+0J 
• 601 }•Jit 
•• iiso•oJ 
.91tJJ+O't 

• ~Jif 7•0"t 
.z.so u•oJ 
-ti:I•7•0"t 
• ;t 7oc. • oJ 
•J4:7 0 +0't 

• :tl"tit+Q"t . 

•J'fl.lu•ol 
-• .,; lo•o .. · 

• 1v1to•ol • ll!:tO•UJ • 'tl tii.I•UJ 
• :t•9~t •lol't . ~O!.J§. + O'I - ~ •D2J••O"' 

•7l..tti•Q't 
.5o~ U •JJ 

•h7J7•o'f 
•Stt.tU•oJ 
•IJ.s7•o~ • IJYO•-ris -. • I Slo+OS. ~------

UNDERS TORY •L. E A 1/[ S 
UND• F'HUITStFLD•ERS 

----~-- UNöh !iih. NCric.S•SUI't . . 

UND • d~A~CI1i.S•aAR( 

UNO. äiUNCHI:.S••OOO 

------- UN I). 80L.l•SUI'I 
Ulo!O. &OL.E • HA.iU 
UI\ID• &OLE•AUO D 
IJNO. STaNOJIII' i)[ÄO 

--- -- $1J".•UNDEiii:STUioiY 

H[R:HACEOUS IFlELD) 
EPIPH'f'TES•TOTAL. .. 

------ TOT-,L PLAIIITS 

L.lviNCi H00TS•SUM 
LIYIN\i HOOT~ >5 Pt.'t 

LIYINCi lo!OOTS · 2·5 "" 

LivJNr. "ocr~ <; "" 
----- _ _ _ OE. All HOI.ITS 

S O lL TOP OiHaANIC 
ROOf INY ZONl 
lNTiNSIYE RODTED 
EXti. ... SJ-.E itUOTED 

------ _suasoJL. 

"E H. ~O T re OP,.~ .. SJ" 
AbO'IGii\JU ,~U (.ONSU"'ERS 
DLC0)4P0SEH f AU~A 
DEC"KPOSEH f LOIU 

0 · 
0 • 
o. 
0 · 
0• 
0• 
0 · 
0 . 
o. 
0· 

u. 
J• 
J• 
U • 
u . 
U o 

u. 
o . 
o. 
Oo 

u. 
o. 

'" 
. ~ . 
Uo 

Uo 

Oo 

"' u. 
o. 

.7thJ o•oJ: •l~U11•ul .~~tou+ Ql 

.ts 1 • •o~t •'f07 n •o'f .. •'f7tt7.•0't 

• lli<l7•0'f 
• 15'r'8+Q'f 
•I S'fO+oJ 
•7s oo •~;t 

• 1 9:.C:U+OJ 

.7wa o•ul 
•lt 'fO O+Dl 
•bb J n •uz 
• 7U:J CI •CJ2 
•H.il n •cl 

•2000•0it __ ,JJBn+O'f 

•l ! 7'f+OS • 12~n•D5 

•Y'fl ~• •oJ 
, 7 8/<J•O l 
• 1 :JiJ,,•nJ 
••UL.J ti •C14t 
•12't u •o:S 

•• IUJ+O't 

• :tlt'l n +OS 

"' 
"' Uo 

J • 
Uo 

U• 

"' 
• 1-lUo•ol 

• :td1it+Q't 

.o~uu•oJ 

.·do o•UJ 

.o!) I.Jo+C2 
• ::Ji'..Ju•u.t 
... ttuo~l)~ 

• al~to+O"f 

Uo 

Uo 

"' o. 
O o 
o. 

"' Oo 

0• 

"' 

0· 
U• 

"' 0 · 

Uo 

u. 
Uo 

u. 
0 • 

0• 
O o 
u. 
u. 

"' Ü • 

u. 
o. 

"' Oo 

o. 
u. 
Uo 

o. 
u. 
o. 
o. 
_u •. 
u. 
u. 

o. 
o. 
0· 
o. 
o. 
o . 
o. 
o. 
o. 
o . 

~ Jsuo•oJ •t•oo•uJ ·~J~ o •ol • l2ou•nl .Jzou•o:s --- - --- -· ·- --- -·-
_ •OODS•Q"' -~ ,äJ9t~o+ O'f •IO:at~o+ n ~ •l lfiB•n~ •iSSO+Q; 

•l"t10•0it •I~& U+U"' • 2 loU+Q"' •:l9JO•not 
.JitiO+IJ't .12ll+..J"f , )S.i'i•O'f .Z~I;J•n" 

•ll20•U"f 
.:til"t 2 •0"1 -- ------ - ·~ .. -

•1"1.J Q+OJ •IObU•Jl •20~0•oJ •l"'IHJ• n J •l LJ lU•Ol 

•i1uo•u:t •I01u• Jl-· ·1:t"O• ol •1S2 0 •nl - ·17~0• 03 

.'. I 1 .tO•O~- - • I_IYU•Ol __ • I ll.tiJ ~oJ --~ 1 bia•n~- • 22S.u•uJ~ ------~--

tJd SO+O't _• I ! _~O +O"t__ •. ~ 22LJU • 0 ~-~ -~~ ~0-· ~~ --- ~ 2·~0+ 0 't ------

\>. 
+-
""' 



:D!tiPARi i ONS ttt ON ~ VARlOU S t CO!;YSTDt S WlTH if(SPECT TO 'NOUNTS OF Oi1ClNI: MATTE~ 

U EL.ANK ~P.t.C[ HCANS TH.t.T THE Yol.LUC W.t.S NOT M(ASURE!:!. THE SYI":SOL. C. 
M(ANi HI:.T THL YAL.UE IS ~EGL.:::C;:JL.c, HTHn iiY !':.Eo\iU~~~CS T OR IN -··--·- ···------ ---· ·--·--- ---
lk[ JUOGH[Nl OF TH( lNYESTIG.UQA. THE SYH!OL. •• HEAN S THAT THE 
: oNPARTMENT WAS NEASUREO .JOlHTLY WITH COHTl:tuOUS COMi'AATM[NfS SIMIL.AALY------ --- ------ ------ - - 
~YMIOLIZEC• AS li(Ll AS TH( riAST COHPARTMENT J[L.OW lT WHICH I~ NOT SO 

. . :;JM3QLU[!). TU VAL. :JE OF TMIS LOWEST CO!tPAIITHtNT -- U -THE- TOUI. ---VAL:I&- -· - - - -- - ----- ----
011 THE SUHH[D COMPARTMENTS. I 

- ---------SITE 1' -- S!Tt 15 - - SirE 1G -- SITE 17 - - FINI.tN.O.- IULAY SIA- -- l'CIO"'aD --MANAUi - --CH AKIA -- - ---------
KAZI~'OV KAliM'OY KAZIH'OY K.llli'I'OY HAVA$ BULLOCK HALoliSSE KL.IN C:E .A BANOHU 

- .. ----· --- ltDROZOVA ... HOROZOVA-HOi~OZOVA--.. HOIOZOVA - - ------· - ---- ---- - ----ODRUUt: Z- --- - ----- -

_ _ ___ _Dftft$TO .. T LEAY[:; ____ .lCIC•C• _ .,7DC•C~ - .11CO•D3 . :liiOD•Dl .,6li•Ol ----·751•03 - .2,1C•C3 - -.ll3C't0'- 5AC9•0l --· . 
,RU[Tir,LOV::IS .. 31DC•DZ •• 1DC•02 .UOD•C2 •lltDO•ilZ .z::l:::O•DZ .JIIO•Cl .~3,C•02 .53SC•01 

BRANCHES-SUM · - - --· .USO+IJ4 .1UC+C4 .1UO•C4 .1710+Clt .171hCII 
---· .UA~:H!S-3l1K __ · - ·- -

.!;9113•011 • 7a:!'C+Olt .197~05 • 51129•C.
· - ·- . • lGOJ+Dit - ·-- ---·- -

IRAt.'CHtS-WOOC .6Zl7+0lt 

-----i~L::-SUM -·-- - - -- .1SIC.rD5 - - .1SS0•05 - .lHO•DS .lJSO• DS .67J2•01t .2171•05 .GJ ~O •Oit ,.ltSSS•lS .. 1319•05 

----:gt~::::~ ---- - ----=~=~~:g:-- ·:~;:~=~~ -· ::~=~=g~ -=~~~~:g: . =~~~;:~: --~·-··~-:~~;~:~:--------------------- - --
----{~:~;~;s~~~--- -- --·: ~~~;:~~-:~~~~:~~-:~!~~:~;-·: ~~:~:~! - - :~~! j:~: ---:;!!!:~; -:~:!~:g:-:~;~~~:-.-1 ;;t.·o-. -----~----

- __ _: ___ -- · ------- ··--------- -·- --·-·--··-- - ----
UN:'[ISTORJ-L[I.V[S D. C. D. D. .33CC•D1 .1071•03 .-.zov•ol .,IICCI+Cl 

---- UND. ~ ~UITS•F"LOWER$. ____ Q. _____ C•--- -- C. -- - - Q. ·--·- - - ·- - ---------- .- - -

L:ICD. 2RANCHtS-SUM C.. 0. c. t. .J3CC•01 .19,2•03 .11 3DC•03 .8369•02 
---- -- U~:. HAN:Ht:;-SlRt( -- Q., .. -- ·- -- C. -· .. O. - -- -··· - 0. 

U~:l. JIUN:-H:~-;,oao C. o. 0. 0. ---- ~:: :;~~::~:.( -::----~= ---- g: ·--- - ~:- --- · ,.,100+01 -.1037+01...__----~ 
----~ -ute. aOLt-woco - --- - -- o .. ... --- ··· '· o. - ------ o. 

UN:I. iTANJIN:; !)!AD Q,. O. D. D. .. 7CJ o··~z 
·- . ____ SUI'!-UN:ltiSTORJ --------C•- ------ . .C. .. . - -- C- - ------ D. -- -- - .1J-.O+D2-.-l J\D•O_,._. ·----.ZlODi+C'--- 19&7•03- .---- .:__ _ _ _ 

___ ME~~A:!OUS: I F"ItJ..DI ____ ,.JlDC•Cl__ .15Ct;+Ol _ _ .ltCODHI3 __ .1f ,O!J• Cl._ .5S!:l+OJ _ ...,2959+016-JlOG•OJ- . • 1fiC~•-:U - -
EP:PHJT(S-TOTAL .a67:•C2 .ttE.lC+CCI 

--- -- JOHL 'LIHTS __ ___ ....1nlrQS_ . 2C3• •0S- .• 2ZDJ•D5 • • 213C+05 - - -·1011•DS - 3799•05 -•l?~l•C&-7U~t•:!S--l9~1•05-----------

--· ___ _ LIVIN' RCOTS-SU.M ·-- --• UCD +Oll_ • UDC•Ofl · ·-• "CC•OII __ .4!.750 •Olf _ _.. 3 753•0-'1 _..2959 •Ot&_ ..ZS II J _•Q!l .----2.55.J:St..C5--J.Z.U.•03...__._ _ _ ____ _ 
LIVlNl fiOOTS >S MN .l57l•Cit .lUI•Oif .ltOSO+Dif ... Ll1+01f .2U.S•Oit .~115+0 .. 

---- t~:i:~ :~g~~ ~;s .. :"-~-::~!g:~~ -:~~~~:g~ .. :~;:~:g~ :~;~~:~!- :~;~~:~!--· --:~~~~;~-----
____ ..DtAt RDDTS -· - ----...2D1C•Dl - - .19110•03 .17&C•Ol .2C1C•Dl --- -- -- - .1C3C•CS - --------- ----·-- ---- --·· ---· 

----- SOI~ TOP O~~ANI: ____ .Z"O•Dtt __ .JZ&D•Ott .. . lSSD•DII • • :UOO•Oit . .• U6:I•D!l .. _ • .1251+C\ 
____ :zsnn..u.. _ ____ ___________ _ 

ROOTI.,_,G ZONE: 
_____ I.NT~I.UVt IO:Jfr.) ________ _ 

EITtNSIVt RODTED ____ su.-a:L __ 

MtT,III:)T IOii'MS-SUM 
----AIOVGRO~O CONSUN[RS 

----~~~;:~: ;~~=~------· 

.&919•04 

-----------7177•:J•·--- - ------
.SDTS•DII 

··--- - - --- ------ -

,.,CIOO•CC . , 930•01 
_ ·- -- -•lCC.O•Dl...- ----------------------

\>J 
+" 
\>J 

I 



CO~Pt.R!:c:~$ At'ONü VJ.R:o~:; ~c;:,:;y::;T(M$ '" lTH Ri::i PE"CT TO AHCUNTS CF OR:;:.NIC ~I.TT(R I~~ UtPTS OF G~ :.MS/ SQ .~!:TE R 

11. :!LA"jK ~PAC:: ~~t. .'ol: HUT TiiZ VUU~ \J:.S 'DT HE.I.:; U!H::;. T-iZ SY:-:90L C. 
~[AN:> TH:.T TH[ Vt.LUE IS NE GU:GEI L(o E:Hi-IER EY ~(SI::;U '( i:f':(N'!' 0~ !N 
T,.;:: ..;:;:::;~: ~JT ~F TH: INVEST!~ATO.~. T.YC SYX30L •• M:.I.Ni TH:.T T H~ 

~OMFA~TMUH 10;.5 H[ASU~ED JO!N T LY lOITH CCNTIGUOUS COMPARTM~NTS Sli'! ! LA RLY 
SYMJ.:LIZ::: • .\~ j,ji:L~ AS THC FIRST :C~P4.~T~E"~T 3rl011 IT loi :HCJ-i :S N:JT SO 
$YI'!Sr..LIZED. T HE ~I.LUE OF THIS .t.CWEST COMFARTHEN T- IS -- THE-- TOT AL--IJALUE · ------------
OF T.iE: SU~K:O COMPARTHE...,TS .J 

---·-·- -·~--- EUCALYP------------ ---------------------- - -------·--------------
TU$ 

-- AT'!'IWILL 

:J"Jn:;r:JiiY :.::Av::.: . <:32C+:!J __ _ 
FRUITS oFLC.;;[R$ 

;;u•; : r!::::i-i..:M . zz:c•c .. 
__ _ ________ ~~:.t;cnrs-EARK 

:l:U-t:rt::S-\JOOJ 

EOLE - SUM • 272!:.+ 05 
--- - _ :.:lL::-JAFil( ___ _ ... '4::1+010 ---~-~-

~:~E.- i. COO .22 a5 + :J5 
:T;..~ . J:~;:; ~EI.:> _ - - - .llCC • OIIo --- ------· 
~:;~-~v;: ::t:r:lRY • H2'4•CS 

- ----- ----- - ·- --------------------- -
;.; ~;: [~ S TCR Y-LE ..\ 'J :~ 

____ __ _ :.::~:. 1 .=t:..:.!r:; , :Lo..:~a:; ____ _ 
U._C . ERA~CHES - $l:~ 

t;•..:::. 3H.!\::(<::-~ARl< 

t:tl:. EiU!i CME::.-1.'00~ 

I,; ~C . 3:)L>:;u~ 

t.:~J~ . :;CLE-r.t.r.K 
:.:~: . 3:J:..;:- .. :;l~!) 
UI-I:J. ~T:.NOIJ;C :;I(A:::l 
~:.::-:-;.~~::<:R:.io;n 

HL?.i:A C( Ct,; ::; CFl(LOJ 
[?PH t ES.-TOTAL 
i'C;'!':.L P LA NTS 

L:v: t;: MCt;. T -~ :.J.": 

._! '/ : ~:;. "c:;;;i >5 H/'1 
L:'J :i:l iC RC: T 2 - !: M~ 

:...: ·1: ~-1 ::. E<o:r < 5 ~" 
~u.: Rcc.r:; 

:::n_ T :>P o .~:;uuc 

RC.CTit.G ZOI•E 
::u .::::r;:;rv~ r~:~::TD 

[Y.HN:;!'I[ iHiCTEO 
: :.n.:o: ~ 

rt Ei: M~ rrtc~ .-1 :;;- :;u~ 
AO C'J GRC:..t~O CCN!::..:I'i(R:S. 
.c[:JI'!~:ls;:R r~to!U. 

O(C CKPCSLR: FLORA 

.l7 .. C+CJ 

__ • 7!il't•Cio 

.19211.+01f --- - --- --- -----·-- - -

-------------- --- --- -- -- ----

-------- - ---

''-" +· 
.:-~--



- 345 -

~ . ~ 

~ 

" 0 
~ 

~ 
0 
• I 

~! 

! 

1. 
~~ 

II 
I, 

~ , .• ·· I ~ I o ,o o n 

!:; ~ ~ ~ 
~ ~:y 
0 

., . 
;;; 
•' 
~I 

, . 
• n 

~ ~ ::: . . 
.. r," 

- .") .... 
<'l , 7. 



""' -oT 

"" 

•n •r. ___ ---------------~ ·------------:~~~1 :!:~==~~~.;:;~----
----------------~·""M]_W~~~~~ .. z~-~-I~ijf{!c"_ ___ _ 

•n 'fit"Sfrs 

-------------------------ii~~-i~~~-!+r~:~!::-;:;-----
•o -------------;--;H .J:~z-.. -~1~ ~~b-;----

- 'ii'Jöi--r.;--Ja.------

--- ------------------------------,.::o:-.. lj-~i :~~~-~ - -~-:- : H~,c------

zo•nr• .. ---------------------------···•·"'•"•"''•"· __ __,.",~., ~ -;~~!~~i-~~::: .. ~r----
~ J. .. .., ,4""1•J. "e ,.---------

----~- - - ---:~:-------- ·------,-------------------,,._ o;-:;.cno•o•"•"'~----..;, ";;~ ! ;f ;~~~~;:!~!--
in•O"O"-; • f') •n • O lD•O"tiii"'i---~iri:i St!lOHil;wfii ___ _ 

_____ ___ _ _____ _!O• !'Ir. nz• :~ ~"D•ttfll"* :~ :~ 17nr. ~ ~ ~ ! ~; ~~!-~-{~~;----

--- ------------- 7'0•-('!f" (! llj• :g--;~::~i-~: :~ :~ !~~=~~~~:--;g~~----

• n --------.: ~ :~ i~~ ==~;:~ ~ ::: :~~~----
------- ." :~ :~ Sl!;: ~ ~ ~?; ~·i ~~-~- --:-~:.:<~----

____ _____ l_O • OI"'~_I•~''-------------- •!'1 •O SPY]:'_~~_!~ ~ :.;S•,_,.,C-'C_:':_" ___ _ 

·------------------------------------~-------~~~~!~=~~:~7~:~---
-------- -- --------~~:~~~~.;-~~;~~~; :--~O•nO~~~~:::~~: tD+OO!:• .. o. " t~! • t0+ 00~:• !~:~~ ::: ~~~:~}~~:.----

- --- --- ·---·-~-_! l"•_r7t__:_: ___ t t'•C:o;O~I"I..!~~"i ., ~---!~_-rO~"i ~Q._I• •• •• •• t'h0tt~ • -~~-5-"'.!.._"'.C:C . • ,__ ___ _ 

7 " • 01'1 -"1·· •• 70•111oo/lo• •• • "" Clt'C •- Cil~)~'t'I!P 

,-"."" .... . ----•• - - 7 0 •"•'5"[ • •• .- ,. ,,.;.p~Sl"')lrll 't' ~ f----

- - - - -----~-~~~~_!_~~~-~~~~~-~-~~..:_--- ~-~r._!' •l_rt t • •• •• (O•O'itli• Wt'Sooc;]w)~'f)f, .. ,·~-~--

------ --- ----00-• nrtti'i-;---- -- ---·--- T~:;~.cq:~~~!~Za-'----
-----".-~ fj;'!l- I"IN")ow·--o--.;; ~1-"f-fN- -N"ijC, ] i{j,-~ lrriO~ tlt!'f., , l-41 H fll;::t.,"'IQN f,--,,=,-,~---------------

---------=-·;~~:~=-:~:~::: I ·~-~-~ :~--~~~~;~n~~:~~~-=~;-~;~zn a!r~~~: O~H ~~~! ~ ~~=~;:;~~:---------------

------------------- -,1n1WA ·Hi01 j,,-1- s f"Tiili!TiWo~wo' 1S1~-,. ,!: 5 ! ~ 1 ;~:-~;~~~~~;7-:ro 1T.t~ri! •• ,;.~~;-----------
o!i l n N SI .. ')lW• 11 •t","UT llrri~WUI,fiMO~ l'CifiJ l~-41 SW ,,]"' S'f 0 0)Z110~MA!i -----·---- --,r,,." , I Will; 'Cl"' ] WJ!!Wftwl'!') 5M0f'.,II~OJ- iol1 f ;;- A"'' foiH: i'- - "' "' fi$ y]w - 5•• · .L "' 1ifi-8W c1W fl ' 

~ ~.,~0 1 ;~; ..,~ :; :: ~ : • -~"=~~~I i"' ~ ~-~=~·!;~!~:l;; 1 ~~~!~ J~w! -w:::;!_'~'~!; !- - ----
· ~ 1 0 AWA"i_ ~W J_ _ " (I?I" t"c;.,~lol ._ ft'l!tl ~~~~"!_!_~ _ _! '"' ~ __ !_ •_~I ~~-~~-- ~ ? !~-5.-~~.~- ~- ~ 

w: rt~/ 111 '!_"~- j"' S.lf llln troii.IPUYW "li'WYfl)ft" Jn CT"qW ] )! ~"'T Ol ~ )] ~ 11;1111 ~JJ • ~W'1t~H;I')')~ ~n O I.I<•~ __ .,\Ir,ww _ S_Irllt"S I I!_!~If ~~ - -------



~ 
'" 

------------------- ·-··--------------- - ----------
----·------------,::~~ !-=~: ~ :: ~ ;i~.----

---------------''-'"'-'-]w:~;~~ .. ~~~-1~:1~-;;-----

iTo sc,.!li 

-- -----------------------c~-~~ ~~::- ~: : : :;!~ic-----
-----·----- ------·-·- - -.----- ., .,..., 7 -:lf I tC~II 

~l"~"'+' "~>~ o o~ ~ l .,,r:s 

SJ. OIJ~ r"'t] ~ --------------------;;,::;'\-:;-=~~~ : :~: ::-~c----
-.- ---- -- _____ ____t.D.~(_6_5_t__!_._'.l!.~.D.t: ~ ._, '- ·-----cor"'o"'• n=-=,, 1 • tn.~o'-,o"•""• ~r'"o"• "'""''"''""·---""-'\~;: ~-! ~~ ~ ::! :: ~1------

.. o•t•o 1 • - ---.. ! NY1-;. · "l u · r: -. ---
.. ., l" l ... !i]Jitoo,.f-4] 

tn •r ;;Cir;------~-- C <l,~IJI <;r'')],'t'!~:' .. 

.. - ------- --- ·"'" _______ _ 
".i.t! ;j 1S illtti. l •;t.t,.-S 

------- ~ -q .. ------- .o-
· n 
•n 
•n ------------. 0 

·--------· o 

____________ _______ _,._owlr 11 ~:!~~~~: :~~~-----

""'"' " · l"~t: & ·~ ~,. 
- ~" 5 - J""r::'! • , .. ,. 

---------------------~-;~:::~ ~~ ;~ ::: •c•:" 

-----------------------.s'i;j~~~~:~~·,~ ~:~ -:~ ~~.------
-------------------------------~• ::clAY_!~!!o_J ~~~~~~----

J.,.01S ]'~U•triii''S ·c;,] ,., ,. ,,;;;.-Js- ---tO+fH? ~''" tC •f'tli Cj• • hO+.,'Iftt• fiU+t90I" (O+C"O'!l:• 

co•l:'"••· t O•t f"i'-' r o •t.•or• t l'! •f" t6., . tD•Iri., O't' r, C•·l 1r: p 
---------- -l o •cr~> r;--,.n•f'"~r·-r ro · ""7. '"' , c-i6T••• " ••·:! ~ ... - - --

_ r r" .c;" ... ~~~- rt~ ... ,."~ ... [f' .~w[<; _• ____!.!!_•....2..!....W~•t f't!f1" t: Oo l"' ft'i"":_:"c_:.:rn"-'""-"-"D-'-••ö:- ''--------- - __ _t:~ !o- ::t1 0_! ___ _ 

~C'•I"'[[<; • ;.,.. • ro•rr • 7.C' •I'11" t c; • r.t n~ ,.·'i:!"'J""''~' 
TO• Uf'foo"" • - lf' o·/'l ,."c; • - I C•'I'IO 't" Jlo!'I J.! •'i ]"JPi fWII ___ -

1 C o~U~~ ---~~ ·~"~.~'~H• __ ~ n • ., rn•·-~n-~o~zr. • rn•t•l 1 • ~o. r:on u• ro.~o" 1 • 7.0+00l_!o " w ~~:'"~~~.'-~! ::.":__ ___ _ 

Ci'l, .• o ,J" s .. tf"'WJ 
~l'ir• ,o.ettt• s1~ .; ,, hOHifpo·----

------------rw;.-.;, .,- 1114 ~~-; .... .\"o-II'!"W 1Tc;~ 

- ----- · · ------r;~r~~ ~~~~ !~-~ ; ,,.~-~'i ~, os-~·~ : ~,"-s-:~;i~:;~-~~~ ~:-f~ ; 1~:~~:; J s~~~~~:;~~~:~:--------------

---------~;, , .,-i -1 iilnliWl ST -lHlw ~Wö'3lSfi'Dni 1 ~: s ~ ~ ';-~: !"~~ 1°1
: ~-;.;.• ,..;';.;"~!"• :;.;•:-------'----

os J.nN SI '-')lW• J.l •1'111P J.H,WJ.IU"~WrJ1 J.!j;IIIIJ ]"'1 S' 1,J• 5"' ' C JZ! l '!fiW.._5 ·-·--------------------,, .. ,,,..,,'5 o;J. ,.,.·fwll"'f-4"'"' c;ro o,.. .,r,.o-o 'J- ... J. I • - ,-,J.o"-, o ,..-- ,..~ .. ,.'5.,, ..,-- ';'f • - .h" w.i "b".-l~ f.· ':l -

, , ~ .. !" J.:~~ .. :: ;~: l :
0 

,;":;~~ J ~"! ,~=~~;~!~:~~~--~-~~~!A ~~ '-'~-~ ~~ ~·;~~;N:;!:----------
0 0 1Q CI W.l <; ~ _WJ • (1 '7 Jo1 1H ; w'7 ':' {tl,.- <;_"!_:_ _ "? ll:n_.-_,~J ..2._:~.: --~~~~ -~-~~~5-~':_:~~ '11-~--------

,. _._t_~_IM !~-~ - .H'I __ IIö_J._! .N /'1 _~ 1 H, JJ.'I!'Io/ ,INY.,tfl'l Jll II;J N'1W]M,HI OJ. J~1~CiJM ~.L I• SW'lliSA~f'J~ . §~0 1 _"-~~~ ,.. ?~'!...._!~~!~E~l-------



. , . .. 
~ · . 
~ . 

, . 
' 

.i 
I 

.. 
' ' · 
~ ~ ~~ 

j~: ~ ~ 

- 348' -



(]', 
.;r 

"' 

ll1 + 0U!'I7 • lO • n " Ol • 

-------------------;::~t~~~~~=~-~-;~---
___ _ _ _ _ _ ___ .:_< "'"'--;w :~; -~~-... ~~~{~:;-~;:.----

-----,10lit! "5 

-----------------;;-i-t~i~--~~~::;t: ;-:----
z~ . nti t7 -; . 7.-"~-oriti;-7ö~-Q F'!-,;7 . l0 + '!M6 1• l t:'I + ! 'C!" I• 70+0(!"' , .. :" ... ::~l.t~:l~~~=----

--L• o.-n-nn;;-:-~-~n,;."~ ;:.or. I"Cof;-;- ·r·a~ o"o-,.- -r;o~-ciioljt;-.-~~l'(i";~;OD-oilt•------··-s iCi: i-rtTo 

-----·---------;;~ :~~~!: --~~=~~~~ : - ~~:~~~~ : :; : ~~~;:---:g : ~g;:-:-:~:-~ :;!-: -:~~~~~~:--:- ~:J;,~~-: --w~\:i---=~3~;;- ~::: :~·----
-------:~ = ~~~;;-:~ : ~;~:~ -· ~~:~ ~ ~: : - ~~ = ~~~; : :g:~~;~-:-~-~~~-~~:~!-~~~-~;~~~~~~~;:---•-w ;;~:-~!~~i -::! i'":-dc~----

---------,o.f.7"c·-Z.O;"ri;~ -rn;oh-{f•-r n . " "' "' '~fl,~O';---z;----ro-;ö~~l · ·-<l..-.. -,-;,--iiJ.eJ. 
~ ,. 1 ~ ! • 511 "'"'"'I ~l 

·------- - , ti . oon.,-.-- '0•0"~ .. ~ tt•.nnoto• TO•O,.,flc •--tn . 'lnt~r •---r"U;n r"'l r-;--rll..-r;C! ... r;-to;c~Ol •---,r, ., lrJI. sn~lJ•o~l .. - -

• o 

' 0 

.. 
•o 

--·--- ---- - . " - --- - o,;----. -n - - ·-., 
· n--·--in----.·;; 

• o .ti! ·;.-H.til;: ii~t -i-,.·s 

•o ;~ on~ ,. -~~~~;~~!..-;_.~-~,----'" 
rt~•n"ii"i;"c;--- o l" ____ on --~-- --: ~----:-~ :~ :~ :~ :~ :.:;;:; ~ ~:--:~~~~-----

------------- : ~ -- --- :~ ---: ~------: ~---~~---;~---: ~---;~---~~~::::~~::· ::; . :~~~"-----
. " •'! on · •n o" •o .. ,.S .. 'i, ... ~ .... ~ o r.">r ·-----. "---.".---.r 0 1':1 •"t!---~n---.-.. l · o, _• ' <J.I " IlJ .,._. ,. - - --

• ('1 • _: _ _ __ · ~---~-c •n on OI'J · c ~l~'fl"': .. ~~~l -~~~·:f"'.'------

IO • ttUO .,•• 7.D•07t.( • ZC•OI(II " ro•OI(t • f' O • Iill~t o ( U•tn z t. • t O,. •t.,t.• tO • C('SC" .t.~o~CJ.S.,ll't,; .. .,~s 
. ---------zQ;ti,;-~~-no-"7-·~I"'-;0 " -111-;:-I Ö;-""li<7Vf,-;-tfnr',.--Ti1.;ifri47-;---"i-u-:;:--nn(!i • ZO• f'.' •nl • zö--;Qn~ 1° cf.j(l -..;;, I c"---.-is----

--- ------- -~~=~~~;;--;-~=~~:~:-- ~~-;~~~;:---~~ = ~~~;~-;-h~~-~~f~ci;;~~:-:-~-=~~i:: ~~~-~~::: ~~~::;~~=------
-- --------- -------- 1!'1 •.!':" .!~-'-l f'.' • l'lf'!"!c o ,.r. . ,..",t.,~_Z''! _.!"! O l_ ':__:__t:_~•O~ (~':_r:'.'!:E ... I~~~~~~_!_~.*~!l_~~·n.~ o .. ,.!o _ ,,t'~ 

<i'"C!•-'i? .. ) ... >!O 
--------------------------,.~,•f-c;, "?~) .. -,.Jj .. -- - -

------ - ~!.,·~~-' •_ t 'l .. ~~o~-!~1?..! ~-' r: · ~~ n~~ ~~ -~~-~!-...: __ .!.._'!_•~_!1_!1• • IU + !'OO II• lr.' • [l0 < 1 • 70•0~ 61• wnS - <il"'' "" "" .::.• _ __ _ 

---·, u;_on·~f~:~~~; ~;---~~=~~~; :-= -~~ = ~~~= ~-7~= -~~i;~ :-_-•_o~_o_<~_•_,-n-• "O 'iT•--ro+öO tt 1 o n::;~~;~~~ ~ !~:.•~----
---.,. ,\r;·zo;;;;w-y~;nw-y.,,.. -,c, ;;-r.-~~~ ·--;· ~ot-,;w,;w----.-"~rnw,..w ---.~ otr.HifW-----y"'-ll- 1 ff.:i i':W----y~~.o-z tii.-öit 

------------n,.!~:;~--~~;~~~~;~~ ; ~-;:~=-~~;w~!;;-"~;w~!~-;-~~ ; "~~(;---! ~i~~~;~~-~;-~-at:-~~ ; w~1~:c:-----

--~", ;;-·;-.,-.~. ·O""Jj-;f"l-SrJN =tWT~W~WC)"'"'i"S ·~o;--rrbi.!}~...!..;~~{~~~f"..!~~~~:~!~.,;';.~----------
I'IS 10,. SI ~ ") lW"' 1l .,0,,. J..,.,wu••.f .. O"l Hii!IJ 1WJ. !i., 11J • 5• ' O)ZIIOC!W.I.S 

- -- ------· .1. 1JOV1 1 .. I 5 c;J."'].;,-1 in.tWI'!:I - or,;no"., I 1 "'0' H 1 1 ;-- · i,J.I'I-1 0-,..- -~- ]Ji ;i !;'ilW -s,.--y",Wii"W~W65 

1u.1 L'l•~<~.l c;.,.." , .,. •• 1" t1 WJ.<; l .. .l 0 "t'!J..,.,IJC,A"'I lWl jQ .l ~. )lot '.: '"l ' f' ! .. 1 
"' I l'!fl J.ro.' ,W"OI~I"$'1,1.' 19 ~':lWJ ll 0 "l1Clf!)l1"ll!1,' .!I ],,.,.A- ]WJ. .l'"~J.-- C ~ \flW ___ _ 

0 0 100W.I.~ ,.,J 'Cl"n<;'f'JW l r'l "' ..... "1"1•~ ,U1 1 7 111 c;~'f,W ~ '),~5 ,,. . ,<1 'fl -- ---------

W0 0S/w'fw"l 4" C::l'"'n "'I H "~.lJ'I'I.I 'li N• ':' )I" .40 o;t li JW]~<~)"'I 01 t1l .. C.l .. · UJI"' .. WlJ S A<;I'l)l ' !:' (; ! "~-~ _"l_"> r. .,:_ ':'~"_'i.~a:!.."'4~~ -' -----



...... 
ux . ·-
~ ·-
~: ·~ 
:.'!1 · 1-

d ~ i 
•(1.1 t) 

- JO: .. 

.... 
~ 

" 0 .• .. 
0 

" "' . 
~ 

' ~ ... 
~ 
u 
;: 
~ 

"' ~ 

I 
I 

I 
N 

" . 
" .. .... .... 

I i ! ~ 

!E I ! 
j wl 

' . I 
i" I " ,. 
' U 

~ ~ 
: 
' i 
I 

. 
" " ' '·' .... 
0 

" 

N 

" . 
" .... 
0 

l 
I 

n~ 

~g 
~~ 
~· ~ no 
~· oes: 
~" ..,~ 

350-

" 0 

~ . 
~ ~ Q 

I ~ 
:1 

I 
I 
' " , , ., ~ r i: 

... =· :J ~ . > 0\.'1 (;) 

s ~ :~ ~~ 
;_ ~~~ ~ 
n: .. t &!O.:: 
o ::. ,.~ 

~~ ~ ~ 
'·' .. .. 
~~~~~~ n 

z 
~ :J ~ )::) ::l " 

. i 
I 
I 

i 



351 -

' 

0 ' 
o~w oc . . . '. ~ ., 
ouo ~0 

'w' . ' 
'' JO J 

·~ " ,, ,, 
'. w> J 
-' . 
~. : w<-
z.-~ 

0 
~~ 

.~ 
, .. 

' . ' ' 
_, 

0' J. . ..,_ .... .."..../. J 
1:; c. .II- <( 0 ~ ~ 
lt "J ~ 1: ;l 

.-.4\..1 ... 
aol ,_ • 11::-
t: ~ c - ~ :.1 . 0 ._ -M-,. • 1: ' ' . -• .I II Ol.- J. 
~:.: ~ 1C- 111 J ::: "' ~ • n - 0 
]I: •.II ' -' u , . ' 0-
• w ~JZ . ' • 3 " ... 

~ • ~ ..D E ~ 0 

' - ' - z .., _, _, ... ,. 
' .... :t - ll!: .. JO 

:t'l!: II.,_..,. ,_ J 

~ 
J;; • .,C:?..1: 11:: 0 

t:. 0 ... 0 ~ 

tt lool.-11:<\. o- ·• r ... c:v " ........ - ~ .... 0 . 
::)M C-.1 tt ' . 
...J _,. 0 ,...,ar .. o-...J 
• - ~ ...t \II J .., ...... ,. ~ . ..,._ cz-1:_, .., _ ... ' ,.. ",_0 0 ...... ~.., 0 , 

- Z II t: ; 0 
c ... ,." .. , 
%.11 .. .., 0 . ... - z 't •.II - ., .. , 0 
~w • . 
Z'':l ...... J< 
.. -' 'I: ... 
.. • - t; w 

' .. ' 0 

' ,_,.." r 
ww o •<ll,_ 0 

; u l: ... 0 0 . . ., . 
, , - . 

"' ; 
, 

' 
ö 

• z .• 
' ' • w' 
~ ';; 

_,_ 
, . ' ::! 

w 0 
~ 

' J ' . -.o 

~ . -
w ' ' 

~ 

n "~ ~ J 



C\J 

"" 1<\ 

zn•nr•H• 

fCI•fAtt• 
(r'•• .. , ". 

" .,..,11105 

to••c n t• 
lO•O.Clt• 
IC'+( .. ll" 
lO•fl<;l"'" lC•CI"it• 
IO•('iit•• 

tO•"I 1"* r~ • .,(nc;• 
tO•tl"t • ro••., .. s• tC+4t.ll" 

tO•CJflnr.• 
tO•CJnot• 

tC+Of'tt 1 • 

lCJ+OI't!f" 
lO+OCO .. • 
7(1•0flll" 
r n •OAt'!7." 
rn. o•r t• 
rn.C!.,f!i"' 
rO•CI11'".( • 

ro•nn•l• 
lU+ t',.O l• 
t0+1"!+ll• 
ro••tr .. • 

TO+tl!""" 
fO+C'6'1" 

ro••tzt• (0+1('0 ,. 
ltt+.,lAi"• 'C'•Ot6tl" 
tfl+•'ii1"1.• fO•Otttll" 
tn•t&•t • tO•I•ltt" 

HOt 1 ,.,o:~ ~J oi•J.rt.uno 
NOI~CI'] ~)1Y••J,f't411"10 

NOI'!iOIIl 0NI••.l,.,o111"1{'1 
tnol'l "' O 

Sti]U'1 1105 ""'"'"'JYl., 
•01J W}J,~ 

Joi'SY" JY), 

""' IW1YJ1 

liiiOJ 1Ylfl J S f•O ]t;Y'J 
IJSf!OIS11Y1t"')IJ.rYol Uf'! 

"' 01.LY1 lt11T:Il1U 
11"14..,1 JIP1]"0'5 CloiU 

S1AWolfol':t•11Y .U)U 11 
S!,lfJ·,"'YJ I!'! llf., 

l"'P.P•11YJI!']1111 

.. ,"'""'" .. ,,. J"~!11, 
J.II"'MJ' ~l•r.1 .~·1,., 1"'l1 .1. 11 

J•f'l1•,,WJ"]111., 
,, ICI.L•11YJ,.].I.J 11 

1W t Ot•noo•·•s"Ol 
snr ,, •~ 'I l~""• • s• ol 
A ~~ 1 S to l('frll'• • S Jo'J) 

,WJ."I. •SlCOt'••S"'U) 
A J!O 1 S a~ ]~ .. ,., .. ,.00 " • • '!i..,l' J 

A wn 1st!.,~ u-""" • ... • s., cJ 
JJo'OJ!Ioail~ IJ ·•or;: .. u ) 

,Y101•]!J1' I , 0 J• • 5"' 0 ] 
1w .1."'1""' 0 IJ.OIIIWn'S"'Iol) 

Y•YlY1f'JI ,I.W~WI"W 

A"'ofl'fi"W 
lS:U.OJ 

Jlffl(l 

135'5'1., 
~.lN:I•S]N 

~OSoiWCW1 

11'1TM' 
'HOJ•ollt'l 
s•J"eN• 

CllfY~1Ioi,IN 

"']~I)(!H I 1 

0)"0 

fliUffl:]l!.&Jol 

'HCSSt1'34 
A"SW](T~f 

NOS 
•SWJCHU 

llf'f]N"'I1 ~W.I. Y'" _.~ ]1'1HY PU 

1 " 510.:]WU! YoiW0:1 Q]W .. t'!S ]Wl J(l 
]rt1w.r. 1"'10.1. ],.1 SI J.N )WH!Y~WO) 15~•01 SlloiJ. .40 ~r'I1YA ] w1 •O]li,Of!WAS 

OS 1r'IN SI ~-')lW• 11 • tt 1Jq 1N'2 .. 1,lW.,oiWI')) !!Pt!J '1Wl S'!' 111"' SY 'C11.11 0tJW ~S 

J.11"Y1Hlls <!""l"J"''"'w"' St'!On~tJ~· o1 .,,, ..... ,J.,.tor ~"]w"'s•Jw s,,.. ' "' l"'l!:f"oi"' O, 
]"'1 1YJJt c; Nw] "' •• 1 0 P:WAS 1W1 '1101Y.,I1"Ö]II N I ] .. 1 JO 1N]W.,f"ll,. ]wJ, 

Hl 1'10 P ' "lW 1Wt"S'f ]W ~" ,.l ... J.Il 0 ]1PJO)t1!)]lrol SI ]l'l1YII 1WJ. 1"Jol.l ,;"'Y~W 
•0 1r)tfl.U,; "'W1 'fi1'!"'5"3W J(IN S'f• ]!"11YA lW1 l'Wl ~N Y,W ]:IYOIII'S )'lorY'HI Yl 

,.Y,liW'11~W·I'I~I W'"''J Jn <IINI" N I N1JJ'YW ,,..,Y')Ifn .~0 !li'lC~:"1 -~ W01 SW)J.SA!Iof'J~ "lJOOio!Y SN~"Sit''loiWOJ 



"' lf\ 

'"' 
I 

ze•t'ICIO§• tl'loC!t{l • 
7.0+,.,'11Z• Z'OoOO'i"" 

ti'I+OISI• ro.oz tr • 
ro·~·zz• fO+O"'"t"' • 

z c·r ~r~ • tC!oO'I'Z I • 

(Q+rlo\ Ql • t:'Oo06~"'" 

{0of'~I'IZ• ( i) o0o\'i .. 0 

ZO• I""I'I'• ro.r.no t • 

t0+!"6"J I • ro.rtozr • 
ft'+t'li'IZZ• {Ooi"Orr• 
fo::'+l'l7tt"'" r~+O'it •• 

" 11070fiO W YAf'lQiolf'W 

IIOtWIZ'f'f 11.0 ,w IZ •'ll 
., 1115 '§ ll I~ 

rC+O .. T.I • 

7fi+OI'!Ot.• 

f~+O•II!IZ• 

fC+I"'Airoto 0 

rr:.nt t 1 • 

rr..,.rz.,. 
f"t'+O f7 h 0 

ZO +f'lr'llll• 

roo nr t!l!:• 
ro•"' tr• 
rc•nc:top• 

lf~'lltlloiO W 

II.OtW !?:W)I 
.. "1.115 

ro.",ot• ~0•0""'" l0+004t• 
ZO+ !JOt t• 7'l+01"16l• ZO+I'IO•t• {0+"61 .. 

7.0+ f'l'l ' I • 
('Col"t•z• t0o01"1Z7.• ({!o01)"' I 0 (' 0 + t1 '1'(t.• 

t l!+" c;O"" f:O +Oflt:" f"l'hl'lc;A 1 • r.uorn l"'' 

(' 0•0(0 ,. 7 0 +0" 1,. ZO+OC!"' '"" 

ro.rn tt• fO+Ot.O:• {0+01,1" 
ro.rntr• f0+0 I tr• ro.ot,, • 
Z Oor!O tl" I'O +Of'Zt• lOoOOttl':• 

(O+'ltl'~,.. (0+01.07• ('lfh07• t. 
(0 .. 1"1 87. tC!oC,.r7.• r o.onc; t • 
((' o l"<;'§l 0 r o• o 19 '5• ro•oo;c;r• 

y ll f'1 0Hfl .. \'lltlZI'lW!'IW \'llr'lf'INI'IW OIIY'l'H'IN 
,110 0 1oi I Z'llt lll'lol07'f)t II O , W IZ'fll ])0Nof5 

{" 1115 l 11 IS ' :H 15 Ollfn.,"JNOll 

(0ottl6'-' tOo,LCt• 

[J lJ 
!JN I 1105 !H I 1101 

HO IJ.Y10:Url4•111411"0 
NOISClfl lf]1'f'._J.f'llllli"O 
NOISOtl~ ON I••H'411" 0 

11'141f"'C 

SH]AY1 1105 •'HJ w)'f] I 

•01J WlJ.S 
WS'f~ .n11 

'"' llol')'f)1 

NO llYI f~ lr' O]fj'f lf 

llii'IOIS11Y1n"lll'"fi .1.1!1" 

•• OI1Y1Io.'l:'1~d 

1"41111 Jl ll!]to45CWA'I 

su.w.n41•11Y .U JUI1 
S!•JI'J-11t'JI"]111 1 
]1Ct:~-11.,Jif]i11 1 

loi) N'I' l'0•11t'.I I!Jt i11 

.L tniU 0 ~2•"'1 .i•,1't .Hi 1J.11, 

j'!' ] .,• .,, .,.:! ~ ~' 11, .,., ,c, .. ,, , ,H! ltit., 

.,,101- f'I CC•-•s..,vJ 

'i"n l''""' 1 ... • '!;<ro", 
.I Wf' 1 SHlCNI ' • • S"' tl ) 

"'lyJ. f' t-510 011 •"'5'"' 0 ' 
.1. •0 i Sll]f'Nfl•I'" OO• • • '5 "'UJ 

AI:!015 . "1 A(J •"' 0!:" ••!; NI..' ) 
,1, .. 0 1 s"'} ~ 1,;-. 5 ,. .... , 

,'fHI1 •'1 "!,.t1C4 •"'i '-C l 
1Y,lr.J,-'-"0f liiiWr'§ NU;.! 

t•S1 '1' ]W1~'f4WC) C]MtonS JW1 .10 
]01'111 1'f101 ]1-1.1 SI .11111 '] WI)I'f'tfW0) 15 ].,0 1 SIW1 J O ]01'111 ]._,1 'CilZ I1 ntJ WA$ 

nc; in~ SI ._.,,._.., ll •0119 J.t.i~WlHYtfWn ) l'OfJl ]t-41 S'f 1111"' $\' •oJlllr,o~o~J.S 

,.,", .,.,,.., !<; <J. "':H•l~",fWC!1 II;O(lt1"Jii ~0) Wll'" A1i "t 1Cr' ~J,ao f' ~Y]W 5'f"' l "'JW!I! .. oj WO) 

]"' l I"Wi ll; ""'f ?W •• 1 r!P W.I.S )W.L ••HHVI)JJ. IIj"3jiO/ I "~"' 1 ' JC l">]WI)I"IIr' ]Wj 

NI t!C jiii~W1Hno;Y'H,j Af' ~ 1Wlll 'J.,~I'll10:]"1 51 ]1'...,'111 ]Wl l'lloiL 'i~! 'f]W 

'0 "l9W.I.S 'HU • (111!t1 S.,]W l('llrol S'f• ] t1 1YII. ]!oll l •~H SNY~W ])'fiiiS )IN'f1tl! 'fl 

H '1''1AI M'H'HI•I'I§ /WUIO) JO •il:liNn "' I M1JIYW ,I~W!IIfl'l .10 S'1'1' 1',J HOJ !tW]t!U!tO)] lfN0 W" Sllf'!SIIJ!'I'If'MC) 



-'T 
lJ\ 

"' 
I 

l'O•f'I~C"t~• (0+r'JIJ'11. 

lO•C'"!'il" l0o00G)I'+ 

tO• O•hZ• co. or •,.• 
(0+0(9( 0 ro• o .. "r• 

l'O+OIUt~• ro.nztt• 

tr.+Oh!Z• tO+O'i•l• 
tC+r"lo I Z• fC•O';i•7• 
Zf'•nn I<•" zo.nuc;o. • 

t"•"<;~d. fO+r''l I 7• 

ro•"""z • fl}oUI Y7+ 

f O +f'lh~':i· t0+i"!tf{'o+ 

'f'~f'llf:HCW yflnlOlolnw 

fiOoWil'f)l fiO oloi' llY'f 
SI "1.liS tol l1 TS 

f0+'1hl!• 
7Co01" 0 t• 

rC+I"!t>!l:• 
t"C•n•r.,• 

tf'1+0<;ZI• 

ro•o,..rr• 
rr.or"~'~tt• 

""•"!"'~ .. . 
f'ro n,.,.,,. • 
r Mof'lgqz• 

f"oOflol+ 

Yfll"li'INOW 

flnoWTZW)I 
t T ~J 1 S 

rn.n•ot • 70+0"Lt~• lt'!o0.,Al 0 

zc.nop. • lO+O~"Zio•. i"O+C!I:'Int.• 

rr.•"'""A"" t"+0tt7 • rO•Otc;~:• 

t C •t'lfCh" f.'C+07!1o• tO+Ct"tt.• 

rr.n"z t• rn.o~:z I • rooO!I!I• 

to.nn•t • f(loCJo,(o I"O+Oht.f'• 

{'Co'1 0 "( 0 rr:.o-,•u.:• ro.n~o~or• 

ZOoi"!C' lt • 70+011C"t • Z0•0"<;7.• 

f (\ •"LS7• f'0+07<;7. • 
(f'of1f!q7• { 0 • Q7q! . 

r n o'1/ll" .ro.o .. tt • 

rn•OT ..,,. 
ro. o """• 
ro.rJ<;7.L• 

Y"~70MOW 

110 1 \11 Z•ll 
ll 3115 

WIIOlOt'C'IW 

A0ololll'f"ll 
1 1 ~lTS 

"1\0lt'IWI'IW 
I\01WI1.Y:I 

01 ::t.liS 

1.0+0fJL•• 
zo.rr.•c • 

tO•" ltl• 
(C+f't,(t• 

{0+'1101. 

to•rr tr• 
rO•r>z t(" • 
7.0+f'r"'!!7• 

tO• l'"' lll• 

{C•"7.'!i7. • 

ro • r"'; """ 

yl\fl.o!OijOW 
1\UaW I l'f"ll 

6 lJ.TS 

7.0+ ~" C"1.• 1.0•01;~.,. 

z r. r~c tt 7. • r.o.oc,.z• 

cn.rr" I• (0•011!1• 
tO• ' l tl\1• tC•IJ'S.t:l• 

l'O• OO .. l. • 7.0.0011.. 

tO+• ll. l!o t• (0•01."(. 

ro. tt t6' • ('fl.C'l.h( • 
70+ 1"!C' I 7.• 7.Co00Cl" 

(0• 'J (Ci1. fO• CS ll I • 

rn• """'" ro.oc;ct• 
rn. cs"" • tC.Ott'2• 

Yl\ t'llOHO W wi\OlOHO~ 

/IOaW ll'J)I I\0 1 wJ z•ll 

" 311'5 l HIS 

"'01 J .,.,CJ~<l_,•J1"141Jf'l'l 
"101SC"11 1!1.1',. •1fl4Jn" 

"'OISOIJ!"1 rl~l••.ll"-41f'O 

J~clli'IO 

'5)4]A'f, ,lOS •"J"'lloi)Y]I 
•0, l W)lS 
~o~s•• JYJ, 

'!:l'fllo', "], 

t.ICI1'1XI1 S I"'O ]S"t'" 
IJSnCtS11Y,I"" 1'!'4 Ud" .,o,,.,,,.,,:n,.. 11i! 

H'lll"'l )l!!l'"'45Ciof.l' 

S.l.lloloffctl•"'~lY.JI!']J.J,I 1 

SS•~J•""I""IY .H'].I.II 1 
],r:R•,1 Y.H""!J..li ""! 

)J'f>'e'I'"·,,•J1']1.111 
.1 I Mlf.J" ~]•r1J•11Y J~].lil 1 

jy]l-11,.:1'!3111, 

,, I C J•1 1 "f J~ l 1.111 

""ly.l'l.l- '100 •-•5,.0) 

snt:JJ ""~ 1 .... • s"'v' 
l .. r, .I S ~ lC~•·· • c;'u:J 

,'e'l"l•S.I.CC!:r·•S '-'.! ) 
· .t.IIOJ s "],.~ .... rcc•- • !iO.. !.' :J 

Alr0.lc;N"11\ (l ·f'r. O.:: ••• 5"f " :J 
' .. c; l s I" j ~ u-. c; .. t.. :J 

1YJOJ .. ;p)y I lOJ .. •'ir.:O) 
," .l''l .1-o.;~ I .ld .. 1"1S~u) 

(•S.l!OIJWIMYJWOJ O]WMflS JWJ .JO 

]n1YJ\ 1Y.I01 1"'.1 SI JN::IWJ~YJWOJ .153'"01 SIW.l .J'l "1t'1Y" ]lo'J. • O"HI1"@WAS 
C'S J.n .. SI W)l"'" Jt •('1"1ß 1N11-1U!Yc1W(':J .I.S)IIJ ll>tl SY 1.,3 .. sw "C]t110PWAS 

.l1aiY11WIS c;J.N]Wlf'f.lloiOJ t;I'IO!""II J ":'O) WJ.I" A,JNIOr "]~nS.,"!W SY• 1"'1"'.111Y~W0) 

]WJ JYWJ. 'iNY?W •• 1t!PU.I.!i ]WJ. •~(IJW"JIJ<;3A•'I! )WI JO l"]w~nnt" ]"'.1 
N I ~n lN~~<~::I~I'IS"lw tfl w~WJ.I1 """~1Pt !!l1"l3"' sr 31'11" .. 1w1 J.'i'WJ. !iN•lw 

•Q 10f!W.I.S "1 ... .1 ·~·:pj"4;W]W 10P.: lliY"' ]n1'f'A ;-wJ J "I-! I S"'Y~W ]:J"ft!S )'Nf,q W I 

J<IY.,.I./1<!""1l~W•f'!c;/"'"~"l .H' 'iJINf' NI N"1.ll'f'W :JINY')ttn Jn S1Y",~ ~Ol SW]JSl§oC)'J "I NO WY SNnSIJ!'Yt!WCJ 



CO~PARIS.Ot;s, IJ':ON :;: !:CO~YSTO:S rOR FLUXCS o r ORGANIC HAJHR IN UN!TS or GR AH /SD . KrT'"R/Y[:.R 

I A 3:.A .'4K iPACE :ot z:.:4S T:·U.T TH: VALU[ WAS N::IT H E A SU~[:l . T"'E S V ~30l ;: . 
l":[AN: THiol TH( V;.LL:t !S N[GUC·IL.LC• [l'TH(R GV I':(ASUq(K(NT OR 1110 

T1iE .J~J CI'::N T C.:" THE lN VE S TijAJO~ . TH ~ SV1'130L •• H EAN~ lH.\T T H ~ 
CCHF4iil ML P.: T ltA:i K[ 4S U~EO J OrNTLV "iiTH CC~.'l!::UOUS C CMPt.RT HE NTS SlM~ LA Ri.. V 

:;Y!1l:.!..IZEJo AS -!LI.. AS TH~ F'!RST C01'1PARTH~NT JH. OW Ir iHIICH H NOT ~0 
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- COHPIRISONS ~ONG 'IARIOUS ECOSYSTEHS WIIH RESFEtT JO IH:::UNT S OF CIRBONfC) IN UN'TTS or :.;RIHS-ISl.HETER 

II eLA NK SPICE HE4NS TH&l THE 'tiLUE WIS ~-:JT HEI S UREO. THE SYMB:)L D~ 

!':[ANS THIT THE IIALUE IS N[GLI:IIBLE• E ITHER BY M[ISUREt':ENT OR IN 
---- ------------------ THE JUC3 MENT OF JHE INVESTI3ATOR. THE SYMBOL " H[II~S THIT THE 

COHFARTMENT 1./IS H(ISUREC JOINTLY WITH C:Hni:;UO:.JS COMFIRTH[NTS SIHILIRLY 
SYHBOLIZEC, AS IJEL L IS THE FI~ST COHFIRT!!EIH SELOW IT WHICH IS NOT SO - -------~-----

SYHBOLIZEC. TEE VILUE Of THIS LOWEST COtiFARTHENT IS THE TOTAl VllUE 
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---- - ~~~: :~:~~~~~:~~~~ 
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0. 0 . 
c. o. 
c. 0-
o. o. 
0- 0-
o. o. 
o. ---· o; 
o. c-o.------ o. 
o. o. 

·9410•0'1 ----.tllJ+JS -.J090f.OII 
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o. 
c. 
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o. ---- -- - -------- ------ -
0. 
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---- - -------· ---- - ---------
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----- LIVING ROOTS )5 HH------------·------------ ---- .1340+0'4 
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LIVING ROOTS (5 -HH ·- ---·-·· :.~&00+03 -

OElJ ~OOTS 
-- ·------ -

SOll TOF ORGANIC .2310•03 .2100•03 
' ROOTI~G ZONE - ---- .1225+05 ·---.7010+011 
INTENSIVE ROOTEC 

----- rxr,H ;nr ~oorrc---·· 

SUB SOll 

H[f[ROTROPHS-SUH .I~ 1! +02 
- - --- BOV3~0UNC tO'NSUHERr-- .1290•00 ____ _ 

-----g~;~::~:~=-:~-~=:------: ;~~g:g: 

.3&90•03 

.2H10+04 .191;0•014 
.z3oo •o" · .Is•o•o~t 
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.2610•03 
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· ·· -·--- ~--- - - CQMFIAISONS AMON G V&RIOUS LC OSYSTEHS \IlT H RtSFC:T T::J I M!'ll ltHS ::Jf' CIRE::JtU C J IN UN!TS OF 3RIHS/S).KE TrR 

----- -- -~------- -- CI CLINK SFICE HE ANS THIT THE VILU[ \l~S N·:)l H[ ASUR[O. THE SYH e ::Jl O. 
M[IN S THIT THC VtLUE IS NE~tl :USU:, EilHER BY ~[ISUR[H[NT OR IN 
-THE JUC GH[NT or THE INVESTI:l&J,H. THE SYI'180L •• Httra TH&T THE 
COHPIRJHENT WIS H(ISUREC JOINTLY WITH CONTI:lU:lU S C:lHFIRTI':ENTS SIHILIRLY 
SYHBOLIZECr 15 WHL 15 THE FIRST Co t•F •R T MENT BELOW !T WHICH IS N:lT S::J . 
SYHBOLilE C. THE VILUE OF THIS l~-EST C~KFIRTHENT IS THE TO TAL VILUE 

· aF THE SUHHEÖ COHPIRTHE!rtTS.J .. . . ... 

- - - ----- --- ------- - - -- -----
SHIGIYHI SOLLING S::JLLING S::JLLIN~ K:JNJLUNC 

- -·------------KITIZIIi& ____ ff ·-- - ·· · rz · - -- fl -· - -SFRUCE 

tHHl31~C 

SI TE I 
KAZIH'::JV 
H:JROZOVI 

Sttr 2 SITE 3 
KIZ ! H• OV Kl ZHI' :JV 
H:JR~ZOVI HOR:JZ:JV& 

SITE • 
KIZIH'::IV 
M:J R:J ZO VI ---------------

- ------· ~:~:~;~:~:J~~:~ -EecSe__ ___ _________ _ _ .2EiSO+Ol .3!70+03 .IIHI1+03 •'1'420+03 
- .1100+0] . -··-

BR&NCHES-SUH -------- -- -- - - .1300•(iiC .3150•03 .115?0+0] --- .5!1tot+03 • 5960•03 -------- -
BRI\I:H~S-BIRI( ---BRINCHES-WOOC -- - - --- -- - -----

BOL,-SUH --- -~--- ---- ----.123C•05 .9370+03 .t q 17+0" ---. 2~t sq •:Jtt -.29G!•Oif 
BOL[-E.IRK .1IDO+Oit . :noo•oz .tSlO•Ol .2360!+03 .25!0+03 

- -·· - - - --- -- ··---- -- -·--
B~L,-WOOC -- - --- - -···1190+05 • HOO•Ol .t 370 •Oll! • 2219 •""JII .211~)+011 

STINOING C[IC ---- -- ---- --- - ------- ----- -• 100 C •O 3 .!!! 0 •03 .2100f•03 .3160+03 ----- --- -----
SUH·O't!~STOAY .t521+Cit .z~t,!J•a~t ---·. 37 52 •""Jit .q 3ZZ+Oif 

·· - - - - iJ. ·- - - - --- ---- 0 ~ -- - - ·--. --- - ---- ---- -- -----UNOERS TORY-l[ &'t[S o. 
UN,. ~ ~UIT S •rLOiJE~S o. o. - --- ---- ---- - ---· 
UNO. ER&t~~HtS-S UH 0. o. 
UN,. 8~& N ~ ~ ES-8&AK o. o. --- -- -- ---- -- ---·· UND. BRANCHES-WOOC o. o. 
UNO. 90LE-SUH o. o. -- - - -·- ·· --- --UNO. BOL(-BIRK c. o. 
UNO. aOt~-wooc o. o. -- ---- ---- -UNO. ST6NCING CEIO o. 0. 
SUH·UN)EASTORY o. o. 0~ o. c. ----- ---·--· 
HERE• crous c fiELt J .tcttH1 +03 

--- EPl'3HYT::S•TOTil ·---- --------- ------- - ·· 

TOTAL FLANTS .1530+05 .166 5 +01& - --- ------- --·- --
LIYINS ROOTS-SUl1 .Z!JJO+OS .3370•03 
LIVING ROOTS >S HK-----··------- ------- - ·-· .2 !!J(i•Oit .2610 +Ol 
LIVIN:; ~OOTS 2-5 "" .. • 3900•02 
LIVING ROOTS <5 HM - ·-- - -- -- -

.10CIO+G3 .11n n •DZ 
DEI) ~OOTS • ltOOO •02 ---- --------------- -. - - - ·-··· --- -
SOlL TOP ORG&NIC .155!1+05 .281tC+Qq .&ltS~+Cit .30 J 1+Cit .9500•03 

----- R~OTI~~ ZO NE -------------·. ------

INTENSIVE: ROOTtC .1100+05 .11t50+05 t.JtOD •OS 

.91(10+03 
.)031t •05 
.-q 2"0 •GIIo 
·.uoo•as 

•• 900 '113 
- ----- EXENiiYE ~OOHC ------------ --- -- --. 
____ _:SUB SOll 

HETEROTROPHS-SUK 
----- . UOVG~OUN~ . CONSUHER·,------,-- --------- -

OECOMFOSER FIUNI 
------ OEClK'OSE~-- FLOR I ·--- -: 2"0lti03 ___ _ _ _ - - .... 

o. o. 
o. o. o. --- --- - - ---- ---- . ---- -------- ---- -c. o. o. 
o. o. o. 

.. ---·-- .. ·-----·----- -· -------· o. c. c~ 
o. o. c. -·-·---- ·· ----- -------- --- - --·-
(!. o. -- - - ---- . o. 
o. o. o. --- --- - ---- --- -- ·-· -·---··--o. o. o. 
o. o. o. --

• ssro •oz .71 OCI:'+OZ • 5000+02 ------ ·-· ..... -----
.zs •J+Oit .J!SJ:+Oq • lt37 Z•Cft -- ---··---- .. ··-· 

.5110•01 • 7lt S'J •"J l .!S«lO•Ol 

.q]'"C'C•Ol . • Gctzr.:•Ol • 1'4" 0•03 
• 53110•02 .EilJ~h:JZ .76C0•02 
.])1'\0+02 .3 &00:+02 .31&0 0 +02 
.(i5 1'i 0•02 • B'2 J~ +""JZ .3100+0Z 

--~-------· 

.9&"0+03 .390Cl+Ol • 103C•O" 
- + • - ----- - - · -

·-~~- !E~--~ 2a_~r;·o~ ___ -~ 3'- ~ -~·0_!__ ___ _________ _ _ 

"" IJ1 
~ 

I 



------ ·- COHPARISONS I~ON~ 'ilRIOUS (COSYSTEHS WITH RESFEC:T TO IM:UNTS :lf' :aR6:>NCC I IN L!N!TS :H ~RIHSIS~.HEtrR 

---- - •• CLINK SPICE H[INS THIT THE 'iiLUE IJIS N<)l HEISUREC. THE SYMBOL Q; 

HEANS THIT THE 'tiLUE IS NEGLI~IBLE• EilHER BY ~EISUREHENT OR IN 
---- - ------- --- THE JUC3HENT OF THE IN\'ESTI31T:JR. THE SYKB::Jl " :1E1Wi THI T THE 

COHFtRTHENT WIS HE lSUREC JOIUTLY WITH c ::mTIGUOUS COHFIRTHENTS SIHILIRL Y 
SYHBOLIZECt lS WELL IS THE F!RST C:JIH:::&IUHENT SELOY IT WHICH IS N:lT SO 
SYHeOtlZEC. TEE VILUE Of THIS l::JWEST C:lMFIRT/'1ENT IS THE TOTIL VllU[ 
Of THE- SU/111(0 COHFIRTI1E~TS.1 - . --

SI TE SITE 6 SITE l SITE 8 SIH 9 
KIZ IH 'Oif KIZIH'O'I KIZIH'OV KIZIH'OV KI1IH'OV 

__ _ ------~-~ROZOVI HOROZOVA :13ROZ:l\'l H:l .=I07 :JVI HOROZO'I .I 

SITE 10 
KIZIH'OV 
M!:IR:JZOVI - -

SI yr- 11 
iHZTH' GY 
HOR~ZOVI 

SITE 12 SI TE 13 
KIZIM'::tV . KIZIH':lV 
H3~373VA H3R::tZ::tVI 

0\'ERSTORY l(llf(S .~E10+03 .30CI('I+0l ,J50C+03 .2560•03 .11230+03 ,lt560t03 .5070+03 .535Cl•03 .5300+03 
FRUITi,FL:lWE"S· ----- - - -- -- ----. -- ---- -- . ·- --.I.IOOJ+:Ol .lltOOt-02 

-- ------------- -

----- - BRINCHCS-SUH -------;E]Ei(i +03 ·--~ 36CI(I+03 

9RI\I:H~S:-81RK 

.'1260+03 .. ',3390 "+03 ,5510+03 .629-0+03 • 13.0 +0 3--. J g 50. 0 l ,!JJO+Ol - -·-- - ·- - --

BRANCHES-WOOC - ------· 

- ----- · SOL!-iU/1 ·-- ----- - ·-: J2ShO&t ----: to65+0Cf- ~ 132 3+0&t .1l!IO•Ol - .21CI7+0CI - .zgs~·oa, 

BOLE-BARK .2570+03 .1130+03 .121(1+(13 ~J500+02 .2 C 70 +03 .2 qgr. +Cl 
BOL~-wooc 

----- -
• 30 J(j+ 0 .. - .352::1+ 03 - ··: 1136+0'1 ··· ,&.CI30+03 .1 :~qo •OJt .2EIO+OCI 

STINOING CEIC .3ct90+03 .13SC+D3 • 1 130 +[i 3 .5300+02 .1 71 0+03 .2130+03 
SUH·Oif~RSf;JRY - ------... 733•0"q ---~1 971+0'4- · • 2272 +QI,j .136 5•0'4 .]292+01t • l,jl 51+011 

UNOERS TORY-LEI 'i'ES ---o·.-----c·.----o. ----- o. o. -- 0. 
0. 0. 0. n. o. o. UNO. tR:JI T 'itFLO~E~_S _ __ ------ 0.--- - --- -- ---- - - ---- ------ --·--UNO. I!RIUCHES-SUH o. 0. o. 0. 0. 

U~:l. !IRINCHES-BARK o. 0. 0 . o. o. o. ----- ------ . - - - - UNO. [R4NCHCS-"OOC ___ _ O.---- 0.--- - o;----- o. o. 0. 
u~J. sou:-suH o. 0. 0. n. o. o. 

- - - - - UND. BOLE-DARK --------0. -··--·-- O. ----- -·a. -- -~----·4 - ------n. o. 
UNO. !OLE•WOO:C 0. 0. o. o. o. 
UNO. "STINCING CEIC----o.------·-- 0~ -- ---- 0. -- --·-- O. ·· - -- o. 
SUM·UN)!RS:TOR-Y o. 0. 0. ---- ·------- ---· ------- ·----------
HERB I CCOUS I FIUC I .3100+02 .169(l t03 .11 !IC+C! 3 
EPI,HYTE:S•TOTIL --- - · --
TOTAL FLINTS .'1710+0ct ~2(139+Cif .239C+rH 

I.I\tiN3 ROOTS-SUH .931G+Ol ,l,jQ)0+-03 ,q9J0+03 
- - - - - - LIVING ROOTS >5 Hw--- . .!150•03 --.3260•03 · - .oOl O•P3 

LIVIN3 ROOTS 2-5 HH .1900+02 .lf500+02 .5100+02 
- ----- LIVING ROOTS <5 - HM ·----: ·39CG+CI2 -- .36Gr!+02 - :31G0+02 . 

DEI) ROOTS .9900+02 .5200+02 .6300+02 - - -----

n. o. 

·' 200 +02 . -1 200+02 

t.l Cl2 7 +Cit .] :!Elf +Oct 

.]160+03 .71~0+03 

:.zt~ttC+OJ - .6030•03 
.1.!:500+02 .12C0+02 
.2900+02 - ... 1100+02 
.2300+02 .5700+02 

-
0. 
o. ..... 
0. 
o. 

.110 P •CZ 

·" 23" +QCj 

.5QE0+ 03 

.(Ei~O •03 
• !1500 •02 " 
.. szr.n +02 
. GJOC+-02 

SOll TOP ORGaNIC ,1000+0" .1690+0Cf .3050+011 !.9700 +03 .9250+03 . !UiOO+OJ 
----- ROOTIN3 ZO•E ------------ ---

INJ[NS·I~E ROOTEC .59Hi+D'4 .GCOO•Oct .12«&5•05 
EXT~NSIVE ~OOTEC ---------------- ------

SUBSOIL 
·--- ··----

- - - --· ~~~;~~:~~6~~;~~~HER s- - ----------
OECOHPOS[R FAUNA 

--- --- DECJH' DSER . FL-oR,----·-- - -------

- - ------ ------

• 3 711: •Oit ·- .s J 'H•:J«~ .53Dt•nlf 
.2~rr•o1 .3630:•03 • llf 10+ Cl 
• JCI~O t-Oll - -. SOJJ+:OCI ,SSGO+OCI 
• 2 97'0 +03 .35Ul:+D3 •'fllO+Cl --.52'19+011 • 706!! +::Jct .11 31+011 

o. o. o. 
o. o. o. ··-·-· - --·-···-r.. c. o. 
c. o. o. 

· -· -----o; --- --- o. o. 
n. o. o. 
o. o. o. 
o . o. o. 
o. --- - o. ---- o. -
o. o. o. 

· - - -
.l(j 10 +03 .1 C6Qt+ 03 .tS ~O+Cl 

-
.sp~- s +Oll • 7 1 1 q ~· CCt • 1 !9 5+ Olf 

.JO'!B+Qq .11f!IS+'Jtt .1G31f+ O'I 

. 92~0+03 - .12!1l.i+Oif .tlf51+01l -- --------·· 

.IO?O+-OJ .t27J•-Jl .151f0+03 

.E3110+02 --.170cr+02 . • !19CO+C2 

.!nro•o2 .36JJ+4Z .ttSO+Ol - . ---- - --------- --------

.llrO+O~t .1235+0«& .1300+016 -- ·- - ------ -- -· -- ..... ---------------

···-------------------- ------- ------- -~ 

,,, 
"' ':> 



I 
. ------~.OHPIIIHONS - IH0~3 ~lUDUS ECOSYSTEHS WtTH RESFECT T~ IHOUNTi OF CIUONI Cl . • IN . UNTTs · orGRIHS7Sl.METER 

Cl BliNK SPIC[ pt[INS THIT THE VILUE ·was flOT HEISUREC. THE SYttBOL O. 
HEINS THIT THE VILUE IS NEGLI:JIBLE• EITH[q BY HEISURE11ENT :H~ IN 
THE JUC~ HENT OF THE IN\'ESTitHT:JR. THE SYMBOL " M[INS nur THE 
:OttFIRT11Etll t.:IS HEISUREC JOINT !. Y WITH CONTI3U::JUi C::JHFIRT"ENTS SI11Il1RLY 
SYHBOLIZECo IS WELL IS THE . FIRST COHFIRTHENT BCLOW IT WHICH IS NOT SO -------- ------ ----- ------

~~"--~~~~~~~EC T ~~H;:~ ~~E~~S :i IS_ L _o_ WES_T_ C OOF I _RTHE~__!__S_I_!!_E_T_?~L_VI !:_UE:_ _ _ _ ______ _ 

SirE H SIrE 15 SirE I& 
- -K IZIH• O~K- 1 ZI'1 •ov-KAZt~• ::JV 

HOROZOVI ptQR070VI ttOROZOVI -------------

SIH I 7 
KIZHt•::Jy 
P'l:lR :JZO'II 

-----;::~i~~~;~o~i:;-Es _ _ _ _ -:~~~g:~·~-: ::~~:~;-:~~~~=~~ -~;:~~~; 
- --- - -!IIRI'I:H::S-$!JH- --- --;!15iO•Ol - ;ilSO+Ol- . -!16lD+Ol - .!11id.:ol---- --··------- - - - - - - ------·--

- -- :;:~;~~~::;~~:------
----- BOLE•SUH - ---·- - : -!fiii .. +Oit- .!I'COltQI(---; 936Z•OII - i"-5961+0'1 _ _ _ _ 

-----!~ii:~~~~ - -- :~i~~:~:- -: ~!!~:~!-~:~~~:~! 
----- ~~~~~~:s;~~; -- -----:~~-~~:6!-:-~~~~~~~-~~~!~:~~ 

• "J~1D•r.l 
'· !15 10•014 
• 31 ':10•03 
:.1060•05 ___ _ _ 

----- -u~O!!tiTORY-L(IYt:f _ _ _ _ tf~---- 0 .----- 0. ----- O. - - ---- ------
---- - UNO. FRUITS ofLO•ERS 0. 0. 0. a. 

UNO. a~aN:-tt:i-SiJM ·---0· ~---- 0. - --a.··- - --- n. - - - - --- ----· 

---- ~:g: :::~~~~~:=;~~---g:----~;--- ~=---- ~= -- -------~----------------
UND. BOLL-SU" o. 0. . 0. rr. 

- - - - -- UND.- lOL[-BIRK . 0.- - - o:·-----o;-------- - o. 

-----~=~: :~~~;~~gc c'arr--g:------g~- ---g:---- --- ~: 

-- - ----

- - - - - SUM-UNOERSTOR! ~~- __ ______ o_ • __ _____ _ll• __ _ 0. - - --- - - ·-· - ---------- --
H~RUC~OUS IFIELCI .IUO•Ol .1130>03 .ll20•0l .2210•03 

--- EFIFHYIES-TOTIL '" - -- ·--- ----- ---- - -- - ----- - - ---- - -
.99!11tDfi .t03Z•DS .111!•05 .Ja!Z•OS ___________ TOTIL PLIHIS - --- ----- -- - ---- -- - ---- ----- · 

LIHNC ROOTS-SUH .209C•o• .23DO•oq .2lOE•o• .2q2n•o• 
" LIVI~3 ROOfS ")5 MI1-- - .I!Z1•011--- -.zoz!+O'I--.zo&J•DCI -- .OZ132•nq 

----- - ti~:~: :gg;~ :;~"="---: ~:~~:g; --;~~~g:gr-;:ri~g:g; ::~:~:g: -------------
- ---- 0[10 ROOTS • - -- - .IOSO __ ~ __ l _ ._9_9_0 _0•_0_2 _ _ ·~_1p_o•~_! __ .IOlO_~l _ ____ _ 

SOic TOP O~HNIC 
----- ROD TING ZONE -

.tiU"•Dif .16110 •Oll .111 5•0'1 .J9SO•Ofe 

--- - - ~~~i:g~i . ~~~i~~----------------- ---- - ---- -------- - -
SU3iOIL --- -
HET~R3 I ROP~S- SU~ 

- - --- - ABOVGROUNC-; C ONSUHERs------
OE:3H.>OS[R F I UNI 

- --- OECOHFOSER. n.oRa-·----- ------ - -

------ ------- -

"' o--
--" 



- COHFIAISONS I~QN:; \IIRIOUS E~OSYSTEHS WITH AESFECT T:l I~C Pf~i:NJS :IF CIRB~NICI IN UIIITS ~r GRIH/Sl~H 

II BLINK SPICE MEANS JUIJ THE VILUE IJIS N:lJ H[l'iUR[C. THE SYHB::Jl Q. 
HEINS THIJ TH[ VILU[ IS NEGLI3IBLEt EilHER BY MEISUAEHENT OR IN 

-·~ THE JUC:ö MENT OF THE INVESTI31T::J~. THE STKB::Jl •• H[UIS HUT THE 
COHFIRJHENT t.:IS MEISUR[C JOINTLY WITH CO NTI:;UOUS COHFIRTHENTS SIHILIRLY 
SYl'180LIZECt IS W(ll IS THE FIRST C::U1~1RTMENT BELOW IT WHICH IS NOT SO 
SYHeOtiZEC. T .. E VILU( Of THIS L::IWEST COHFIRJHENT I'S THE T::JTIL VILUE 

- QF THE SUHH[C COHPIRfHE~TS.J -- - .. - -

OIKRIO~E HESTEHVN LIN31ROO 
REICHtE -- - THIHCRUP- - BEECH 2 
SHU31~J ET ll LINDGREN --------------------- --- ---- ------ -

O~ERSTORY LEI~ES 
- ----- FRUITStFLOWERs-·--- ---- - --- ---------- - ----

K:JN3LUNC 
-BHCH I 
NlHL 31RC 

----- BAINCHES-SUI'I - - ;"2:700 •02-- ------- •• - - '• • 
BRI~CH~5·81RK •• h 

- -- BRINCHES•WOOC ___ - - ---

LINNEBJR :lVEC HIINGLE K::JN3LUNO SITE 1 
• INCEAS._ LINCGR(N . HURFHY SFAUC[ KlliH•:JV 

s ~· NIHL31RC NIHL31R:D H::IROZ::tVI - ------ - - - - ----
.J2f!O•D2 .3700•01 - ------ ---- - --

---- . :331"10•02 - •• ---"- -~6200•01 --

- - ---- aoL! ... SU/1 ·- -- --- --· ;-uzo•ol - - --•• -- .. - •• ---- ----- •• ---.33flO-t-a· ~ -- --- •• --- - --·--- .lf770•oz - · 

BOLE-BIRK •• ·•• •• •• •• .SifOO•Ol 
----- BOL~-WOOD -- .322C•O r~-.!JJJ0•03 - _-30GD•03 - ... 900•03- ----------- ... 9G:J•::f3 - . lf23:J•:JZ 

----- -~~~~~;~;s~~;~ --- ------;-rl9D•[fl -------- • 2COO•Ol 
----... 3qD-.113 _______ .59GO•OZ 

UNOEASTORY-l(I\'ES- - - - - -- o. ---- o.·--·------ n. ···--- - ----0~----- 0.--- - ---·- ··-· 

UNO • . :-~ U IT5•rLOYERS O. O. Q. O. O. 
----- uND. ERINCHES-SUH --- ;Tctö <~I c.---- 0. -- ------ · G. ----------0.--- -- 0 . --- -----·---

- - --- ~:~:- :::~~:~;:~~~~----- ~:----~: -- ------ ~~------- ·--- ~:-------- ~:---- -- - -----·-
UN~. 30LE-SiJH .3000•01 O. 0. o. 0. !l . 

- ------- UNO. BOLE-BIAK ·-- - - -----·-··· 0.-- --- o. ·-- - ------ 0.-----· ·- - ·--0. -- ·-- -- O. 

UNO. 30LE•WO~C O. o. o. 0 . O. 
----- UND• STI NCING t[a·c---- 0.---- n. · -----· o·.--·---------- o;----- 0. 
- ---- SUH·U~l E RSTOR_Y -----~DE_II~~I O. 0. _ _ ______ 0~- ____ ------~'------ - -0• _ 

HER EI CEOUS I HELC I 
-- --- rPt'HYf,S-TOTil ··"-'----

TOTIL Pl&NTS 

LIVIN3 ROOTS•SUM .2ZD0•02 .JlOIJ•Ol 
------ LIVING ROOTS )5 HH---; 1100•02 

--- - - ~i~i~~ :~~~~ ~; ~ "~"----1~~0-_:2:_ ___ _ 

----- OE I) lOOTS - -----------------
SOll TOP ORGINIC • !C(jQ •DD 

----- ROOTING Z.O NE - --- .S!OO•O c ------- --
INTENShE ROOTEC 

----- rxT,NHvE ROOTEo ·-----·---
________ SUBSOIL 

~;~;:~:~~~H~~~~~HERS _____ ,.-----

-----~:;~::g~~:- :~~:: 

• 11fOO•OJ -------
•CI3 10 Q•Q3 e61 00•0Z - - ·---·----·---
.&arJD•D2 .13SD•D2 

----------------- - .1 0 80+02 

.1 500•01 ---- - ·--·-·-·- -- ------ .1200•Cl _ ___________ _ 

.!000•00 

• 3~00•01 ------- -- - -------- - -

\_ .. , 
rr, 
N 



·coHPIRISONS IHON~ VIRIOUS ECOSYSHHS WITH RESFEtT TO INCREH[NTS OF CIRDONIC) IN · uNI TS OF GRIH/Sl.H . 

-------· (I eLINK SFlCE HE INS THIT THE IJILUE WIS N::JT HEISUR[C. THE SYKB:Jl Q. 

HEIN$ THIT THE ~ALU[ IS NESLI3IBLE• EilHER BY HEASUREHENT OR IN 
'" JHE JUCGHENT OF THE INIJESTI:UT::J~. THE SYN1!1JL •• HEIN~ THIT THE 

COHFIRTHENT WiS H[ISUAEC .JOINTLY WITH C:lNTI~UOUS COHFIATHENTS SIHILIRLY 
SYHeOLIZEC• --~S WELL IS THE FUST C::JHFI~JHENT BELOW IT WHICH IS NOT S:l 
SYHBOLIZEO. THE VILUE OF THIS LOWEST COHFIRTHENT IS THE TOTAL VILUE 

·--------· -·· or · THE SU~HEC COHFIRTHE~TS-.1 -·· -- . -· 

--------·- --------------- !!~~" ~ov-:!~~H ~ov - !!~i": ov - ~!~i"~ ov - ~!~~ H~ ov 
_____ HOROZOVI HOROZOVA H::Jil::JZ:)VI H:H::lZOVl HOROZOVI 

SITE I SI I' I SITE 9 SITE I 0 
KJ Z IH' OY -- Kl ZTH' Ol/- KA lll'1' OV -· -K AZIM' :lV 
HOROZ::JVI HOR~Z::JVI MOROZOVI H::JR::JZOVl 

O'IERSTDRY LEIVES .5200+01 .UOD+Ol .JOOO+Ol ~11100+01 .IIJOD•Ol ·SHJO+Ol .t .. rQ+DZ ,JOOO:+OZ .6700•01 
FRUITS,FLOWERS _ ______ .. - -----. 

---- 8RINCHES-SUt1 - ------; 1!100 +Ol- ·-;ll"O"+D2 -~ 13(jQ+C2 ·- r.t qQQ +02 - • 73CO+Ol---- ~830(I+Ol - .1510 +02 .t25G+02 ---~ ggQQ+Ol 
BRa~:H!S-81RK 

- -· BR•NcHrs-wooc · - ----·-· ·--··· 

30l~-SUH -·-. -- - -- ---.7 660+02- - .1 033+03 --~ 11 :n +03 - • 1 Z 13+03 - • 610.0 +02 . • El7n +oz ··· • E H'O +02 - -~ ~U J:h"'JZ -- ·.1 D! 3+03 ·-
BOLE-BIRK .!lCC+Ol .IOJC+DZ .11!0+02 :.IJ3C+02 .EIH~ O+Ol .1300+01 .. Eti~"O+Ol .,!!00"+01 .S!DO+Cl 
BOL~·WOOC .. . -------.6!30+02 -~llOO+Ol·- ~lO!!Q+Ol -· .li&O+Or .SIIED+DZ .62,0+02 .5'Ui0+02 .!!5)+-:JZ . !1350+02 
STINDING C(lt: .3700+01 .5300+01 .EJDO+Dl i~rCOO+Ol .2!00+01 .,]CißD+Ol .az"O+Dl .!IIIIOD+Cl .720C+01 
SUM• O~~RSJOR'f ----- - --- ; 9530+02- .12!1 -+0l - .111' 1+03 -- .1 557+03 .. • 75!0 +02 • !fi50 +02-· • 91!1l0 .+02 elZSZ +"'"Jl .1 321+03 ____ , - ---·- - ·- - --·- ---

··uNDrRSTORY-LEIHS- - --·o. 0-.--- o.- --- o. - -· -- ·· n;-----·o. o. o. 0.----- ------· '-"' 

~:g:· · ~:~~~~~~~~~~~-s----~;----~·-: ___ ~: ------ -· ~: _ ~: ___ . ~: __ __ ___ __ ~: -- -- -~: -·---- ~:~----- --- ---·---- -------- - C/ 
UN!). l iUNC!iE~-BIRK 0. O. O. 0. Q. Q. Q. 0. 0. 
UNO. BA&NCHES-WOOC· --- · o~----0·~------ o. - - --· a. - -- 0. -- ---·-· n. 0. 0. 0_-- -- - · ------·--- · 

UN!). 90LE-SUI1 D. O. Q. Q. Q. C. (!. D. O. 
----- ·" UNO. BOLE-e&RI( ·· · - - --··a. · ·-- - - o~·------- 0. --- o. - 0. --- --- o. ··-· ---- (j. 0. 0. -- - ·--· ·--·-

UN). SOLE·WOOD O. 0. 0. 0. 0. o. C. 0. O. 
UND. - STINCING Q[&C---· n.----o~ ·- --- - ·--c. - --- a. --- - o. r;. a:··--·- o. D. 

SUH·U~)ERSTORY 0. 0. O. o. O. c. O. 0. 0. - ·--· - --- -- -- -- - --
HERBICEOUS CFIELC) .2.DO+Ol .1900+01 .1000+01 .~COO+OCi ' .3.00+01 .ItcOO+Cl .50"0+00 .SOOCI+OO .1000+01 

-- ---EFPHYTE~·TOTAL --- - - - -· - -
TOTAL FLINTS .911ti+Ci2 .1300+03 .1 .. 11•03 i.J5,2•03 .1320+02 .9190+C:2 .99•0+02 .12!1t+03 .1331+0] 

LI'dN!I ROOTS-SUH .1,00+02 .2 .. 00+02 .2650•02 
----- - ·LrVING Roors >s .. ..--.nsc.c2·-·.2asc•o2 · ---.231C!•D2 

------- ti:~=: :g~~~ ~;S H~H---;~~~g:~~--:~~~~=~! -~ ~~~~=~! 
OE l) ~OOTS _ _ ___ __ ":_~ - ~~~~~_! ___ • ~ -GOO ·~-!..._ ~ -1 _90~• .0_1 __ 

SOll TOP ORGINIC .550Ci+OJ .6500+01 .6G00+01 
-------- ROOf I~:; ZO~E ·------------------

-- - - - ~::~::::~ :~~:g ---------
SUBSOIL 

HrTrRoTROPHS-SUH 
- - ---·· - l90oG~OUNC - CONSUHERr-- ---;---,-

OECOHFOS(R FIUNI 
---- O(Cl~'OSER - ~FLO~& 

• nso•o2 
.. Z,10+C2 
• 2500•01 
~1300•01 

.1r,!a•n2 

.1130•02 
• JljQ[]+QJ 
.13CO+Ol 

.]6 .. 0+02 
~1350+02 
.uoo•c1 

-.1 JOD +0 1 . 

.20110•02 .211l0•""J2 .Zfi&Ot-02 

.1510+02 -- .2020'+02 .2200+02 - - -----
·2!00•01 .21i0~h""Jl .Z300+01 

-.19rG+Ol ___ .1SOCY.+Ol -- ~ 1~00+01------------

• 1300 •O ~ -- - ~ 10t;0 ·~ 1_ --~ 1300•~.1 - -·~Z":_~ •01_ • 2'J ~~"l l. __ .ZJDC•Ol __ ~--·---·------~-

.-5CHl0+01 .1000+01 .1ooo •02 .ssro+ot .6ooo:•01 .JOOO•Ol 
. - - -·-·- - ·-· ----- - --· --------- ------ ----~ 



COHFIRISONS Jf10N:i ~IRIOUS C:::OSYSTEHS WITH RLSFECT TO IN~Rr'_HLNTS OF Cl RC: ON I C ) IN UNITS- OF 3R&H/Sl.M 

(I t!LANK SF&C( HE INS THAT THE VI LUE WAS NOT HE• S UR(O. THE SYMBOL C~ 

M[ANS THAT THE \I'AlU( IS NEGLI~lBLEt EilHER BY I'!EASUREHENT OR IN 
THE JUC3MENT OF THE IN\I'ESTl3AJJ.q. THE SYMBOL •• H[IUS THAT TUE 
COHPIRTHENT WAS H(ISUREC JOINTLY WITH CONT13UOUS COKFARTt1ENTS SIHlliRLY 
SYMBOLIZEC• AS WELL AS THE FIRST C:JH!=IRT:iENT BEL0\.1 IT ~HICH IS NOT SO 
SYMBOLilEC. THE VILUE Of THIS LO\rr:EST COHFARTHENT IS THE TOTIL VALUE 
OF - T HE . SW1HEC COHPIRTME~TS~- .. -. - - ·- --

S ITE 11 
------ K'llH'0\1' 

_ ___ __:MROZO"A 

SIT E 1 Z SITE 13 
KAllH'OV-- KIZIM'OV 
HOROZOVI HOR:JZOVI 

SITE 14 
KAZIM ' :JV 
H:JQOZOVI 

S ITE 15 
KiliM' OV 
H:JR:JZ:JV I 

SITE 16 
KlllH'OV 
HOROZOVA 

KAZTH• 
HOR~ZOVA 

_____ ~~~;~:~:~~;~:~!_s _ _ _ _ _.~_3oo ·-~~--.-EiOO:J+oa- .:~ao•oc --:;;~g:~~ -=-:~~gg:g~ -.2soo •Ol -.Jsro ~-~ -~-------~----

-----8RINCHES-SUH - -----------;-79CC"+O·l - ··;t& 700+01 - ;3100+01"". ;2100•0 1 - ,.I CI C:O+Ol - --. 5000 +CO ___ .SOl" Cl 
9RI"(:H::S-BARI( 

- --- BRANCHES-WOOC ----·--- · 

-- --- ---- aot:: ~ s:uH - --- - ---- ---- ·-.113!1 .. oJ - - .1o 73 +OJ ·- . 3t SD•oz--~ 61 t&O •n2 -~ soJo •o 2 --. 2120•o2 - • 2 sno •ol 

------ :g~~~~~:~ - · ··· ------:- ;~~~:6- ~--::~~~=~~- :~:~~:~~- - ~~:g~=~~ :!i~~=~~- -:!~~~=~~ -· :;~~g=~~ ---~-------------------
STINDING CEAC .SE"OO+Dl .310ll+Ol .1SOC•D1 .3000+00 -.EirD0-,.00 

- --- - SUH• 0\I'!RSTORY - - --·-- - .1JOS•Ol- .1fS7f-03-- . 355[]•02 ----. 6!10•02 -.14:!160 +02 .17:!lO -+D2 - ~-1Bno•Dl _ _ _______________ ·---- ·-·-·------

----- UNDERSTORY-LE A~(S ·-----o~---d-.----0. 

UN:I. !="~ :JITStFLOiiERS O. O. 0. 
UND~ BR&t~::HES-SUH --- - -0~~ ----0 -~---- O. 
UN'l. I ~UNCiiES-81RK O. O. Q. 
UNO. BRANCHE S-WOOO ____ ·a : -------6~------ 0. 

- --- - ~~g: :~~~:~~=K --- - ~; -----~: ----- ~: 
----- ~:~: ~~~;~~~~ 0 ccac----- ~: --~----~: -------~ ~: 
_ _ _ __ SUH - U•ERSlORY . _ __ _ _ _I'I~ ____ --~~ _____ o_, . 

0.- -

o. 
o. 
n. 
a. 

o. 

"· o. 
o. 

HEReacEOUS CF:IELC) .150C•Dl .1500•01 .lSOC!+Ol .!500+01 
- - - - - rPI,HTTES-TOTIL ----- ---· - - . .. ... . ··- - - - - . 

TOTAL PLINTS .1320+03 .1172+03 .970Qt()2 1.6960•02 

LI'dN:J ROOTS-SU!ol .2700•02 .l530Hl2 .2130+02 .127 0 +02 
--- --LIVING ROOTS >S . HH--- ~2230+02 --;2170+02 - - ;1920+02 .IG3D•02 

LIVIN3 ROOfS 2-5 "" .26C0+01 .230J+01 .2C00+01 .1ZOC•01 
--- - - LIVlNG ROOTS <5. KK---.1500 •01 ·- ·.130G•01 - .11CO•C1 -· .,OOO•OG 

_____ DEI) q:JOTS __ ---·--- --~ -!_5_ 0 _~~ -~ -1~...:"~-~_!l _D_!._~-~--·-5000+00 __ ___ Q. 

SOll TOP ORGANlC .1000•01 .9500•01 o100G•02 •1050•02 
--- -- ROOliN3 ZONE .. ·- --- - - - · ··- - ·- ·--·----· -

- - - - -i::~~g:; :~~:;; 
SUB SOll 

HETERO TROFHS-SUM 
- ---- UOVG~O .UNO CONSUHER·s ; 

----- g;gg::~~~=- :~~::;----------~---

0. o. 
o. o. 
0. 0. 
o. o. --------
0. o. 
o. o. ----- ·--·-o. o. 
o. o. - ------o. o; 
o. o. 

.1 goo •O 1 .1900 •O 1 

.snso•D2 .19!10 +02 

0. -
o. o. ------
o. ____ _ 
c; 

o. n. ---------- . --------------· 
o. 

.I ~U.,0•01 

.101"0+00 

.16 0 0+01 .]QOD+Ol .l{l l'l O+Dt 
-~GEiCO•Ot . • lfO O•C1 . !101"0+00--------- --

.7000+00 .2oco•oo .1o n o•oo 
--.3ti00+00 .200D•CO · o~ .. -=-----------
~ 2~00 .. 0~-- -~2_000 +CO _ :-~ _3!1~~~!_0 -----------·-----·· 

o1050•0Z o1000•02 .10~0+02 ----------------

'-'' 0"\ 
-!'-



---- ··· -···-~o~PII!ISONS tKO•~ ECOSYSJ[MS FOR FLUXES OF Cl!iBO tHC, IN UNITS :lr ~AlH/Sl.H(Jf!'R/YEIR 

·------------- --· (I [LINK SFIC( H[INS THIT THE VI LU[ WIS NOT HC:ISUREC. THE SYMBOL Q. 

HEINS JHIJ THE VlLUE IS NE3 LI3IBLE, EITHE~ BY HEASURE~ENT OR IN 
THE .JUC311ENf Of TH[ INIJESTI:.liTOR. THE SYMBOl- •• HEINS THIT TH[ . 
CO~PI~TME~T WIS H[ISUREC JOINT~Y WITH tONTI3U::JUi C0!1 FI RTHENTS SIHILI~LY 

SYHBOLIHCo tS W[ll tS THE FIRST COHFtRT"ENT BrLOW IT WHICH IS N3T SO -

---------- - - - -- - -~;·~~~-I~~~~ECT~~.~~~~~E~~s~iiS _ LOWEST __ CmtRT_mT_ IS T.HE _TOHL VtLaE __ --··--··· --·· -- ------- - -

OIKRIC3[ LIN:;IAOC KON3LUNC l( NNEBJA 
- ------ REICHI. E . -- BEECH Z - BECCH . 1 - -. ANCERS-

---~SHUGIRT ____ t_;~!i~JL -~~-~L,?IRC SOt: 

C ONS U'f~ I ION-TOT I!_ • 90CC+D 1 
CONS.-FOLI1GE-TOTIL- --- .'170C!+Ol·-----------·-··- ·· 

----~~=~: ~~~~~~~ ~~!s TOR-Y---:~~~~:~~ --------
CONS.- WOOC•UNC:ERSTORY .ZOOC+DD 
CONS.·ROOTS•TOTOL -- ----- ------ --- -----
CONS. • UN) !: RST ORY 
CONS. ·HERBt C [ OUS --------

O~EC KONGLUNC SIT r I SITE 2 -
LINC~REN SFRUCE KIZ T>POV Kl llloi~V 

NIHL3~_R_~ _ _ N]_H_LG~R!J_ . HOR~ZOVI HOROZOVA 

·17"0•03 • 2 951+:J 3 
.1cro•oz .11 1Er+03 

59"0•02 .l62:J+~J2 . . 

.11<0+02 .tS'I:J+lJZ 
• !2"0+02 .13!0+03 

__ __ _ ______ • s2ro •02 __ .11 !IJ •""J 3 _ 

SITE 3 
Kill! ... ::IV 
HOAOZOVI 

.3715+03 

.1310•03 

.1200+03 

.ttnn.o2 

.1!9C•Cl . 

.19'10+0] 

-· -- ---·· ---· 

- ·- - ----~ -~------ . 

CO~S.·W~OC·TOTtt _ ____ _ ----------- _ _ . __ _ ___ .22ro•_o2 __ • l55:J+:OZ ___ .stso•oz ------------

LITTERFILL-TOTIL .227C+03 .2120+C3 .](!00+03 ~2320+03 .21110+03 .2100+03 .!1 .. ?0+02 .15711+03 .19'13+03 
LITTE~FILL•LEIF ----- _-1570+0l --.1l15+Dl- --- - -···--.1"375+0l - •1 130 +03 - - ·- - ··-···--- .&6rO+DZ- ~ - 1 D50+""J3 -.1215+03 - - - ----- -- ·-

----:t~ ~:~:~:tt:~~~~~1-'rRu_x_r __ :-:~~~=~: -: ~~~~- ;~-~ : :::g-:-~~ --! ~ ~~g =~~-------.-s 2no ·.at---:1-Si :J•-n z--- -~- 19 ,.-o.:t:iz _ ___________ _ 
LITTERFILL-BOL[ .111!00 +02 .zorO+OZ .3 UOf+OZ • 5 .. 00+02 
LITTE~FILL•='RASS ·-----.SOOb+Ol ------- - - ---- - - ----·----· - - -· --- ·-----------

----~ITTERrtLL·E_PIFHYTS._ _ _ ______________ _ _ __ _ _ __________ _ 

---~·~~~~~:ii!~I~:PuT _ _ ________________ _ 

-----~=~E~~~T~i~~;~~~J_D_US_T_I 

[tA:HtN3-· 
LEIF" WISH 

- - STEH FLOW - -·-· - • . 

. nw•o"'•:-----------

_ ___ __ LEtCHI!j~~- _!_O~_L __ L•Y::Eo:R_:cS:__ _______________ _ _ 

____ _:O~~~~~T-VINC-· EROSION.---------------· 
OUlPJT•WilEit EROSION 

----- OUTPUT•P(RCOLtTION 

·- - - ------- -- ----

--- ----- --·-· 

- ---------

Vl 
Cl' 
\Jl 



•---------! ·O,PIRISO,_S- IMO N3 ECOSYSTEHS fOR flUXES :Jf CIRB:JNICJ IN UNITS :Jf 3AIH/SJ. HE TF.R/YEI 

~ ---------------·- ,,- eLINK SPICE H[INS JHIT JH[ 'f'ILUE WIS N:JT fo'l[ISUREC. THE SYHB:ll O. 
~ __ _ HEINS JHIT T ~ C 1tllUE IS NE3 LI3IB L Er EITH S R f!Y HEI S URE:1ENT O.Q IN 

THE JUC3HCNT Of JHE IN'f'ESTI31JOR. THC SYHBOl •• HEIN$ THIT THE 
COHFIAJHE~:T WIS HEISUREC JOI NT:.. Y WITH CONTI3UOUS CO MFIRTHENT S SIHILIRlY 
SYHBOLIZECr · as llEll 15 THE FIRST. C:JHFARTHENT SELOW IT WHICH IS NOT SO 
SYHBO:.. IZEC. THE VALUE OF THIS L:JWEST COHFIRTI'!ENT IS JHE TOTIL YILUE 
OF . THE SUHH t: C COHF&RTHENTS. ; -- - -- - . -· -

SITE • SIH 5 SITE 6 
------ --- K tZIM 'O~--K IZI"t 'O V KIZIH':JY 

__ --·-·····-----~OROZO~I HOROZO'II HOR:JZO~I 

S!ITE 7 
IC 1Zl1'1' ~'f' 
M:JROZOVI 

SITE ! 
KIZI~'OII 

HOA:JZ0\11 

SITE 9 
Ka'ztH•:>v 
HOR::>Z :lV I 

SI r r 10 
Kl Z'!"H • :JV 
H~R~zov• 

SITE 1.1 
KIZI~'::lV 

HO R ~7.0VI 

-----~~=~~~;~~~~;;~:~~ ai----::: :::~; --:~::::~;-:: ~;;:~; ~ ::~~:g :-::: :~ :6: ::! ;~ :~~ - ::::~ :~; ... :: ~ ~~ -:~: 
----~~~~: :~~~~:~~~~S TOR·y- - --· .1 3 ~ 0•03 __ _ .1 520 +0_3 ___ ~ _71100•02 • 9600+02 __ • 7120 +02 .10 SS +03 __ ._11 ?0 +0 3 .117 :l+-J l 

SITE IZ 
K• ZHI' :JV ----------

H:l~OZ:>VI 

• 39 29 •03 
.1314!+03 ·----------·-· 
.1200+03 __ _ ___ _ 

CONS.-WJOC-~NCERSTORY .!60 0•01 .11!00+01 .2330+02 
CONS.-ROOTS-TOTIL ------; 21ECi•03 .231«0+03 .tC65+f!3 
CONS.·U~)~RSTOiH .2160•03 .Z3'1iJ+03 .1065+03 

.33&0•02 ·1010•02 
~12E0+03 - .lCliO+Ol 
.tzso•o3 _ ·1D1D•ol 

.tzon•oz ·1Z fl o+oz .1'P•:1•jz .t~tso .. oz 

.1590+(!3 . • ·1Pi 5+03 .193 0:+03 . • 1935+03 

---- CONS.-H[RGIC[OUS ·- ---- ·-- ----- --- ·· . 

C ~NS. · _WOOC•} 0 J IL • 5 s_sc .~ ~-2 __ !._ Ei 30!1 +0 2 ___ ~_ 26_5 Q+Q 2 

LITT[RF&t.:l-TOUL .2116t03 .21&0C+03 .1C!I3+03 
----;ltTTE~F ILL-L[If . .t314Ct-Dl~l1170+0l .---: 7 000+02 

·1590+03 ·11~5•0 3 ___ .193~':_"1 3 ___ .1!1 35•03 ---·--------

• Jsso~oz -~37Do •02 __ _ • so so •o2 ____ • 51 -;a!a z_~ _Eil s :J•"J z 

:.1330+03 
• !500•02 

• 9260+02 
.G72Q+02 

.161 1 +0 3 
.)085•03 

• ] 7•[] +03 
.11 <~Q +0 3 

.1391H+03 
.1295•-)3 

.& ~SOt-02 _____________ _ 

• 20311+03 
.lllfS+OJ - - - - ----· 

----t~~;~:::~~:~~~~~~-•f_R_U_I_T • 2·o,.-o-; tcz--.ili:Jo•lfz- -.to7 o•o2 .J-J3·a-•·a2--:-fzzo-•o2 ___ :J !ltco •o2-.-2ot~o•oz--: ·2 ·t · '~ :f+:J2 - :-zogo.ai···- --- --

-------~i::~:~:~~=~~~~s · .&120 •02 .7DDD+DZ .z 760+~_2 __ :.3~ .!!J.~~2-~_1_1_~0_+_1!2~112D +111. _ .!.. f&O ~~~.!!_f'+_Q~_ ..!.. 5~_9(!• ~--------------

______ __c~ITTERfALL-~FIPHY~TS~------------------

-----~~~~~~~i~!~r~:PU~--------------------.-----~:~E ~~~T ~i~~ ~~~~ cu_o.S::.l:.:l:_ _ ________ _ _ _ ------------ --- -----

-----LEl:HtNO 
LEAF VI SH 

------------- --- ----- -. 

- - - STEH FLow--
____ L!_IC~I.." G_:__so_I_L _~-~Y.:..:E:.:R:cS:__ _ _____________ _ 

OUTP' UT 
---- ·ouTPUI-WINC--EROSION------ ------------

------~~~~~~;~~~~~l~~~~~rO~N----------------· 

·---- - ------------------- -- --- · 
---------- -- -- ------ -

-------·- · 

--- · ---- ·- -------
---------------------- --

~--- --

"" "' "' I 



-:o~PIAISONS - IMO~~ ECOSYSTEI'tS FOR FLUXES OF CIRBO rll CI IN UlHTS or :RIK/SJ.H[J!'R/Y(IA 

(I ELINK S,PIC[ HEIN$ THAT THE VllUE WIS N::H HE"SUREC. THE SYMBOL Q. 

HEIN$ THIJ THE \lllUE IS NEGliäiBlEt EIJH(q ey H[ISURV1ENT OR IN 
------------- TH[ .JUCGHENT OF TH[ IN\IESTI:;IITOR. TH[ SYMBOl •• HEliNS THIT THE 

COHF'IIifJHENT WIS HEISUREC JOINT ~ T WITH CONTI:JUOU$ C:H1FIRTMENTS SIHiliRLY 
SYMEOLIZECt IIS WELL IIS TH[ FIRST COHFIRtt1ENT eELOW IT WHICH IS NOT SO -
SY.eOLtZEC. THE VILUE OF THIS LaWEST CO·FI~THnT IS THE TOTAL VILUE 
of- tHE- SUP'!H[C COHPIRTHENTS.'J. . .. ,. - - - -- -- -- - --

srrr 13 srrr 1q 
- ·------ K I ZIH• 0~-·-K I ZI"' •o\1' 
______ __ H~ROZQ~& HOROZ0\'1 

sur ts snr I& 
KIZlt,.OV KIZII'PO,_ 
~OROZO~I __ H:lROZOVI 

::O~iU't?TION•TOJI~ .3655•03 .3126•03 .2115•03 .2181!•03 
CONS. -FOLIIGE-TO i •i- --- _-13 ~5 •Of--; 121 3•03---.-1155 •O 3 - .. lQa,J•Cl 
CONS .. ·OV!RSTORY .1115•03 .1010•03 .3100•02 .7630•02 

- - - - · CONS.-WOOC-OHRSTORY___ - - - - . 

SITE 1 J HINIUS 
KIZDPO,_ KLIN3EtR 
HOROZOVI OCRIGUEZ 

.1 IJ1 1 •n 3 
- .9310•112 

e6!CO •02 

------- ------ ------------

CONS.·WOOC-~NCERSTORY .2300•02 .2060•02 .21(5Q•G2 .-2!00•02 ·l1 10•02 
CONS.•ROOTS-TOTIL --- - .1695•03 ·- .1350•03 - .10:!0•03 6.1'tCIO+Q2 - .5550•02 - - · -- ---- -- -- - - - ----------

~~~~::~~!i:~~~~~ -----~_!695•~ l _ _ .135D•0_3_~ !_ 0 :U::•Dl _.! 11100•!)2 _":. 5550 •02 ____ --------·- --- --· 

____ _ CONS. • WJOC•TOTIL _______ • 6_~_S!)~_Q2_~60~-·~-~--~ 10_0•02 __ •. ltO ~~!~.2 --·~- ~5~ •~2 _ _ _ 

~~~J~:;:~~=~~:;L : :~!~:g~-;-: ~:~:~~ - : : 11:~:~; - -: !::~=~~ -; !~~g :g~-~ 2910 t.oo _ __________ _ 

----ti~:;:::~~~:~~:~~-·rRut T .1 !·,ar;az---:-tl-33"".--a·z : l-2! o·•-oz--. 11 äo•-cl -:s·100 .:ot- : !:~~~:--------
LITTERF•LL-BDLE .5!10+02 .5250+02 .ltUiO•OZ .1&550•02 efth0•02 

-- - - - LIHEUILL·'RISS ·--------·- ------- ----····- ·-- .... - - · - - -·-·· -··---·· 

____ _,LIT TERFI_ll-[PIFHY_TS 

----~ ~~~~;~i~!~~~=~-~~ ---------------- ----- - ---------
-------- ~:~E~~~'ii~~~~~~!~U~S~T~I-------------------------------
- - --, ·n:HIN3 . --·----- ·- -- -- - - ---- - -

LEir WISH 
- - - STEH FLOW 

_ ____ _ LE ICHING.:_S~!~ . ..!:..~!:YE~R~S'-----------------· 

-----~: ~~~~~1-WINC EROSION· ------------------------·-

----~~~:~~::~!~:(;~~~~~-N 

- - --------·-----------

--- - ----··-------

- - - -

- --- - ·------

- ------- ---- -------- -
-- -- ---· --- ----------- - - ------

------· -----------· - -------

. \).) 
a-, 
--.) 



COHPIRISONS IHON:J VIRIOUS ECOSYSTEHS WITH RESFEC.T T~ IIH~UNTS Of ENERGY 

(I etiNK SPICE H[INS THIT THE VILUE WIS OOT HEISURED. THE sYMB.Ol a; 
I'!EANS THIT THE VILUE IS N[~LIGIBLE• EilHER SV H[ISUR(H(NT OR IN 

IN UN!TS Of KC.AL/HECTIIRE 

THE .JUC:l.I'IENT Of JHE IN VESTIGIT3~ .. THE SYJ!IB::Jl •• HEIN$ TH&T THE 
!:OMPIRTHENT WIS HEISUREC JOINTLY WITH C:HHI~U !l US ::!lKFI'RTHENTS SitHLAALY 
SYHBOLIZEC, 15 WELL IS THE FIRST COHFIRJ~NT BELOW IT UHICH IS: NOT SO 
SYH!OliZEC. TliE \'ILUE OF TH!S LOWEST C::JHFIRTHENT IS THE TOTIL VALUE 
OF THE SUHHEC COMi'IRJHE.'IJ TS. I 

OVERSTORY l[AV[S 
FRUITS,FLD~ERS 

BRINCHES-SUH 
SR•~:H::S-BIRK 

8 RA NCHES-WOOC 

3ot:;:-sul1 
BOLE-fARK 
BOLS•WOOC 
STINOINS DCIIC 
SUH·O~SRSTORY 

UNOERS TORY-l[ I 'I ES 
UNJ. ~ IIUIJS,FLDifERS 

UNO. BRif4CHES-SUH 
UN!). B!tiNCHES-BIRK 
UNO • E RINC HES-WOOD 
UNO. 90LE-SLII1 

--------- UND. BOLE-BARK 
UNO. !OLE·WOOO 
UND • STINOING CE IC -
SU11· UNlERSTORY 

HERBA tEOUS lriELO I 
EPI:IHJTES-TOTIL 
TOTIL FLINTS 

LIVIN:; RDDTS-SUI1 
LIVING ROOTS >5 HH 
LIVIN:; ROOTS Z-5 "" 
LIVIHG ROOTS <5 HH 
OEAJ ~30TS 

SOll TOP ORG ANit 
ROOTI~3 ZONE 
INTENSHE ROOTEC 
EXENSHE ~OOTED 

SUB SO I~ 

HETEROTROPHS-SUK 
19 o•GROUHD. COHSUMERS 
OECOHPOSER FAUNA 
DEC3H?OSER FLORA 

0 IKRIO::E 
REIC HLE 
S HU GIRT 

.1762•09 
.ZZ63•01 

.1362•10 

.5072•10 

.360!•09 
• 6"993•10 

.IOJ• .. olt 

• 956'1 •OB 

.Z711t09 

.3!05•09 

.125 .. +OS 

.197 9•10 

.1615 •09 
• 51ZO•IO 

.163,•08 
.1.00•06 
.10'10•08 
.5!100•07 

BHLO
WIEZ I 
fALI•sKI 

HESTEHVN 
THIHCRUP 
ET I L 

.1 J DC •O! 

K!lN!JLUNC 
BHCH I 
NrHL.!liRC 

.1 JOD •08 

LINNEBJR 
INCERS
S OH 

.l!UiD•D9 '.'1920•09 .ZE:ZD•D9 

oiZIO+Ol 

.1150•03 

.3'1CC•O! 

.Jruc•o:t 

- : 91ZD+09 

• 3H!+_0_7 .IOOO+C' 

• 2020+0' 
.1 '120•0 9 

.5000•0! 

.31fDD•D!I 
-~500•09 

el025•JD .613!)•09 
1.11ilOO+DS .!300•0! 
.n .. o•D9 .S3G0•09 

c. 
o. 
c. 
o. 
o. 
o. 
17. 
o. 
o. 
a. 

.• sooo_ •o' 

l.l 53, _UO 

.lODD•D' 

.J 7511 •D 9 

.JSDD•09 

.25fiC•O! 

.2530•01 

S:HI:JI YMI 
KITiliWI 

.1200 •10 

.1600•01 

SIT" I _._ SITE Z: 
KIIZTH• OV Kl ZIIi' OV 
MOROZOVI HOR:J?:Jll& 

SITE 3 
K17IH'OV 
H:JR3Z:JV& 

.3020•0! .,35tr.+OS _.5Cf20•09 ____________ __ ~---

.301tD•Dit .Q32J: .. O! .S600•0B 

.J!PO•DS 

.93flO•OJ 

.7010•08 
• '"~"0 .•0 1 
·lfl~l•09 

.trt!J3•:J3 .2330•03 
.lSOO:+C! • 22'60+ OS 
elZSJ•::J9 .210tH0:1 
.1 790~•01 .. - · 25!1 0•09 
.2111t3•Jl9 .3690•09 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.t3!C•O! 

.U3!•09 

c. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.! q OCI•OJ 

.253J1•09 

• 32 20 •O B • II~Hl !h]]S 
.2590•0! .IIJifOt•O! 
.JH'D•OJ .StOJ•"'J7 
.23r" O•OJ .2:!001:+07 
• 3:JC0!"0 7 __ • 6lJ (hlJ 7 

o. 
o. 
o. 
c. 
c. 
o. 
o. 
o. 
o. 
o. 

.6700+07 

.3751•09 

.J\Q(]t-[]3 

·' 120+08 
·' .. 00+07 
• 31100+07 
_.7!00•07 

• 9~~~~0-~~--·965!J:•-.Q ! _ ---~ ~ -0.~~09 

\.N 
0'\ 
()0 

I 



COKP&RISONS 'KON3 ~&RIOUS ECOSYSIEHS WITH RESFEtT TO IH~'~_TS Of ENER3Y IN UNITS Of KCALIMECT&R( 

I & eL&NK SFICE HE&NS TH&T THE VILUE W&S N~T HEISUREO. THE SYHI.OL O. 
HEIN$ THIT THE VILUE IS NEGLI(;ISLE• EITHI"R BY KEISUREf'IENT OR IN 
THE JUCGKENT Of THE INVESTI:UT~~. THE SYrn!Ot. •• HEANS THIT THE 
COHFIRJKENT WIS HEISUREC JOINTLY WITH C:::tNTI~UOUS COHFIRTH(NTS SIHILIALY .. 
SYHBOLIZECo 'S WELL IS THE FIRST C~HP&Rri!!:NT BELOW IT WHICH IS NOT SO 
SYHBOLIZEC. THE VILUE Of THIS LOWEST COHFIRTHENT IS THE TOT&l VILUE 
Of THE SUHHEC COHP&RTHEUSol 

OVERSTORY LE&VES 
-----· FRUITitFLOIIERS 

BRINCHES-SUH 
8Rl~CHtS-81RK 

- ·- - 8 Rl NCHES-WOOC 
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3DLE-WOOC 
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.67Zo•os .zo•o •09 o2770•1U 
.J2[j0+0 J ~1910 oQ I .211 f10 +01 -· 
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------ ~:~: ~~~~~~~~CCEIO 
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HERe&CEOUS ITitLCI 
- - -·- EPPHITES·TOT&L • --·· 

- - --- TOTAL FLINTS 

LIYINl ROOTS-S:JM 
LHING ROO TS >5 HH --· ·· 
LI VIN3 ROOTS Z•5 HH 

- - --- - LIVING ROOTS (5 HH . -· 
___ _ _ DEI) ROOTS 

SOIL TOP ORG &NI C 
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- - --- - EXENSHE RDOIEC 
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.D~PIRISDNS -IHD~~ VIRIOUS :coSYSTEHS WITH ~ESFECT T~ INCREHE NTS ~F ENER ~ Y IN UNITS- OF KC'LIHECTIRE - --- -- ----

II Bl&NK . SPICE 11EtNS THIT THE IJILUE WIS NOT HE&SUREC. THE SVHBOL o. 

:-------------~~;N-~U~~:~N~H~r V~~~E I~~E~~~~!~~:~ E;H~I~~~: O~y • =E~~ -~:~M~:! T OiH~N --------- ------- ···---- -------
COHPIRHIENT WIS HEISUREC JOINT!.T WITH CONTI:iU :l U:i t:Hii=IRTHENTS SI"Ill'!ll'/ 
SYHBOLIZECo 'S WELL •s THE FIRST COHF•RTHENT BELOW IT WHICH IS NOT SO 

---------------~:~~~~I~~~~ECT~~H~:~~~E~l~S:~!~ __ L_~WE~! . COHF•mr~T _IS ~HE m•L V•LUE 

----------------

------~~~~~E~-~m~!ov--W~H~ov ·- m~H~ov-· ~!;~~~ov - -~!J~"~ov · ~!;~H~ov-- ~m.~, - ~gi.~ov ·-------
__ _ ___ _:s:o::HU3'_!!..!_ _ ____!!.~'!.~-z~~~2_?~o.zov• H'OAOZO~I H:JR~l0\1'1 M:lROZOVA HOROZOVI HOR020VI H:JROZOVA 

-----~:~~~~~gO~~:~=E.:.S ____ _ ~~~~q!S!_, __ • '~o-~·~-~- ._ ~o~_ ~n, _ _ • !IODO •o, __ ___! ssoo •o' .Sli"O •_o &___ ..! ss lO_• .. :u; .tsqo.c7 

---- --9 R•~t:H~ s-S:JH ---· - --. 2'1 1.-: ·a·-g --; &oo~ •06 ~ ! soo•a6 ·- .10 9o •o 1---.12sa •o 1 - ~13ttO •a 1 · • 701!0 •0&--:!1 aa:l+-:J6 · .1 1150+07-·- ---- · 

--- ------::::;~~:::~:~ -----------
80LE-SU" ---- - -- ---.-n -J.2·-· ·nl- .lt511Ci+C J - . 7300+0 7 - 1.'9300+~ J - .1130+0!1 • J 20!!: +0 II 

.1010 •oJ 
· • J lOCi +0 I 
.6600+06 
·1 Cl93 +01 

80LE-31RK .5200+06 .!100~+06 .11900+06 elO!C+Ol 
----- BOLE-WDOC·- - ;II02C!.+O 7 - .650[!+0 7 ·- <.13Hl+CI ,-- .1C22+0! 

-----~~:~~~~:s~~:; -------;·f_-qc -·10--: ~ ~~~:~~ ----; !~~~:~~ :~~~~:g~- :~~~~ :~: 
·uN,;:RSTORY-lEIVt-S - 0. o:---- O. 

______ UNO. FRUITSoFLOWERS 0. 0. o. 
UNO. · iRIN:::J.IE~-SUM ---.9]oot-ID- · a.---O~ --- --· n. 

-----~-. ~=~: :::~~~~~~=;~: -~~ ----g:----
----- ~=g: . :gt~~:~=K ____ ___!~!~C_!~~ ---- ~=-----g;---

----- ~:~; :~~~;~~~c cn·o--------- ~~----~: 
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o. ------- J. 
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··- - -- - --· ···--·--·-- - - -

HER3I:::~OUS fFIELDI .tltOQ+DG .2300+06 .t!!:D0+06 .3000+05 .5000+05 .JznO+Jii ,.JC!l:J+16 ,.SODD•DS ···-------------- - - EFIPHYIES-TOT•L - -- - - --- -··· · -- ·- - -- ·--· - - ·-
_____ _ TOTIL PLINJS ·~~g~-~~J .. 9'tJC+OJ .125!!:+0! •1'-C't+OS .111,!!:+0!1 .JqqQ+OJ .!36~+-:lJ .gS60+07 

------ ti::=; =~~:~-~~~""---::~~;:;: ---::~!~:~! -:!:;~:~: ·- :~-~~~=~: -:~~:~:~; --:~:~~~: .1CitO+OJ .1550+07 .1350+07 
·.11 ~0+07 --· . J2!J+:JJ .,1500+07 - ·--- ---- ---------

------ t~:i~: . =~~:~ ~;\:"----·-1-0-1 ~ ·_D_!·-::i~~:g: --; ~~~~:ri: . :: ~~~ =~: --:!~~~ :g: :!;~~=~: .u;ro+Oii .1 JOC:+Oii .2700+06 
.. 12n0•0' - -.tOJ!h-:1' ··-.l9:C0+06 

____ ___:DEI~- RDOTS ·--~-~P!_D __ ~ _! ~- ~-0!)_+~ .'-- ~.1G~~_!Q6_!_1 !!:CO+Q6 __ _ .1 SOO +0~ __ !t.p~o_+o_6 _ _ .12D0•06 ____ • ~to_o•-~-' ___ _____ _ _ 

--- --- -~~~LTI~~P Z~~~ •N~E----:-~:-g~:·~~--· -3_5o_~~~~.!_~E.•D& .. asoo•o& .. 7COO+OG .IDO'J+:J7 .5500+0& .&ooo•o& .sooo•o' 
.. . ---·- - ----- --- ---- ·-- . ·- - -----------

----- - i~~i:~;~~ :~~~~~ 
------~U3S~I -~-- ---- - -------- - ------,--

· --------- -~i~~~~~~~~~~~!~~•ER,_-----------------
----------~~~~:;~~~: -:~~=•:_ __________________________ __ 
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O!ltP&RISONS &HQ~:; VARIOUS ~CO S YSTEHS WITB RESFE:CT T' INCREMENfS Of E: NE R:iY IN UNITS ' OF KCIL/HECTARE ___ -

· - ---- -- CI ELINK SFtt[ "EINS fHAf TH[ VALU[ WAS NOT t:[ASUREC. THE SY~BOL Q. 

---------- -~~:N~U~~:~N~H~f V~~~E t!!r:~~;!~~:~ E ;H~I ~~~: O~y + ~E:~~~~H~:! T O~H~N 
COHPIRT"E~T was HEISUREC JOIUT~Y IJITH CO IHt:;uou:; COH;:a;Hti[NTS S.IHILnLY' 
SYHBOLIZEC, IS WELL IS THE FIRST tOI':FIRTHniT BEL0\1: If loiHlCH IS NOT S:l . 
SYHBOLIZEC. THE VILUE OfTHIS l3WEST C!lKi=ARTH::::NT IS THE TOTIL VALUE 
of·- TH ['- SUM"EC . COHF IR THLNT S.) --- -·--- ------------ -

SITE: 3 SITE 10 SITE 11 S'ITE 12 SITE 13 SITE 1ft SITr 15 SITE 116 SifC 17 
--- ------------·-1( AZIH'O\'~ AZI~ '!lv--·KIZIH' OV -· it1Zl11' OV - ICAZIH'OV i(IZlH'OV - KIZ!l1'0V - - i(&Zl'1":0V - KiliH'OV ---- ---- - -- · 

MOROZOI.JI HORO?O'II HO~OZOVI HOROlOVI HOROZOVI t10ROZOVI HOR:"'ZOVI HORO?OVI HOROZOVI - ---- ------· 

OVrRSlORY LEAIJES .1110•01 .75DO•OG ,310Ll+OG -. 3000•05 -.22DO•OG -.2GOO•OG -.320(h:JO -,lf300•0& 
fRUITStFLOWERS··- ---- ··-·- ----- -·-- --------- .UHl0+05 .~tCiC0•05 .ZCOO+OS e101"0•01 - - - . . -. --------- - ·------

- ---- .3R&'f:H! S-SJI1 ·------~f19Ct.O 1- ----; 311011+0& - ----; ) ljQQ•OG -- . llltOD+06 ·2 9i)Q+Db .2ooo•D6 .1 C('10 •O G - ·:-s OJ J •--:JS ,5000•05 
BR•NCHES-8&RK 

-- ·--·· aR•~:H,S•WOOO ---- - - --- .. - - ·- - -- - - -· 

- ----- BOLE-SUH - -- - ------- ; :111&0 t0 ·7- .1011+08 --.1 DEI •08 - .IClO+O 9- .!IEJO•OJ .&290+01 -· .1111"0•01 - -~135C':+07 ---~2'40C+O& 

----- -:~t~:~~:~---- · --·---~ :~~~:~~--:- :;~~:~ ~ ---: ~:~g:~~ - ~:~~~~:g~ - ::!~g:~~ ·3200•0G .23~D•OG .uDO•~G ,1000•05 
.!;370+01 e'III70+QJ-- .)910:•01 .2300•06 - - - ·--· 

STA'i::lltfG :J!&D .!000•06 .E!lOO•O' .5200•0' ,]QOO•DG .1fiDO•Oii .2o oo•cs -.Eono•os -. !ID.J::I•~s -.toaa.o& 
- - --- SUH-01;-ERSTORY - - - ·- : 122'1 .+08- .125,•08--- .122 .. •0~ 0.10:!0+0 !I ,S!I30•0J .G310+07 .. . !flf90+07 ~- .1620•07 -,21100•06 - - --- --· 

- ---- u.O,RiTORY~lEI~ ~ S----o·;---o ;----0. ----- 0.- --0. o. 

----- - ~:g: ~:~~!~i~~~~~R_S ___ g:------~=----~=--- --- g,~ o. n. 
o. o. 

UND. BRANCHES-81RK 0. O. t. O. o. n. 
u:o&o. a~aN::HEs-wooc---· a.- ·----o ~---- o:- --- --- -- n.- -- o. o. 
UNO. BOLE-SUM Q, (], Q. a. o. 0. 
UN~ • . aOL~-BIRK --- - - - 0.- ---0, ----·a·.---- - Q, - - . · ·-- ---·o. o. 
UND. BOLE·WOOC O. D. o. U. o. o. 

----- uND; iiiNJINJ Ccoc- - - ·o. a ·; ---D. · ·-·-- ·-- 0. o. o. 
_ ____ SU"·UNDERSIORY ___ ____ o. ______ _ o. _____ _ _ D. __ . _ ____ __ 11. o. -- --·- _n. 

HERru:~OUS I HELOJ .5000•05 . • 3001•05 el'tOO+Ol eliiDQtQG .1 CfOO •06 e1ft00 •OG 
--- EPIFHYIES•TOIIL --- ---·- ··- -·- ·- - -- . 

TOTAL PLANTS .122!1•0! .12G3•D! .121!+0! ellOif•O! • !1110 +0 1 .Gif: 50 •01 ·-- - - ·----· 
LIVING AOOTS-SUH .2330+01 .2520+07 .25!0+01 ;.zlfJO+O 1 .2011 0+(17 ·1230 +0 1 

----- -- LI._IN3 ROOTS >5 HI4---- ,1"0•0l ·- -.Z111J•IJ1 -- .zzoo•01 .ztOD•Ol -- .1lfi0•07 --,JDSDt-Ol 
LIVING ROOTS 2-5 HK ,21f00+06 .2EOG+r!G .21tCD•06 :.2tn0+06 .1!DO•OG .12011•0G 

---- - -- LI VING AOOJS <5 .HM----: 11fCO•D-G--;1 5Dil•06- --.1 q OO+OG .. . 1200 •DG - .1000 •OE ·, fiOOO +05 
DEID ROO~-~ ·- - .2100+06 .2_2_0C__+ C_6 _ _ • !_5~C_+C~ _i.800~~05 _ _ ._5000+0_5 _ _ _ 
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o. 
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o. o. · -- ------ -- -
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o. 

,J91D•lG .t9J !l+-"JG ,l!OOtOG 

.lftilO +0 1 .19 JC+:-:11 -,G 000•05 

.1sro•o6 .z !00+0, 
.esno•o& · .z~tJO•'"'Jli 
, 1oro •es .2 coa•os 
.3ono•os-- .2D!l::I•:Js 

• 3000• 05 
. • 9 COO•OS ·-· - ---

• 1000•05 

-. 2DI"'Q_•o s _ _:-..!_~ ooa•_ os _::_· 300~• c:s 

--- - - ~~~~r~~? l~~~•NIE , GOOC•OG .1000 •OG • SODD•D_~- • ~-50_~06 __ ~~-D_!J'!_ 'E-~ - - ~!_ D SO •_O !.._ -- · -~ _o_c;~_O !_~~~::l:l~~--·1-~00+07 

---------- - i~~i:;;~~ ~~~~~~-----------------------------
_ ___ __:S:;:U:-3_i_~I_L _ _ _ _ 

--- - --~i~~~!~~~~~~~~~~"EIIs 
------~~~~=~~~~~- ~~~=~.----------------
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-- ------ - ------- -- :ONPlRI50NS lHO N~ ~&RIOUS ECOSYSTEHS WITH HSFECI TO INC '~H ENTS OF E NE A:'iY 

(& ~LANK SFIC( M[INS THU THE VILUE WAS N:JT "[ISURCC. THE SYI':eOL []. 
M[IUS JHIJ THE VILUE IS NE3LI:IIBLE, [ITII[R ey HEISURE!1ENT OR IN 
THE '-'UCGH(NT Of THE INVESTIGATOR. THE SYMBOL •• HEANS THIT THE 
COHPI~THE~ T WIS HCISUREC JOINTL't' WITH CONTI3UOUS COHFIRTHENTS SIHitiRLY 

IN UNIIS OF KC&L/HECT&RE 

SYHBOLIZECo - &S WELL &S TH[ FIRST COHF&RTIIENT BELOW IT WHICH IS NOT SO ---- - --------- -----
SYHBOLIZEC, THE VILUE OF THIS LaEST COHFIRIHENT IS THE TOTAL V&LUE 

- - ---- -- OF THE SUHHEC-- COHPIRTHENTS;·,------·---- ·- - --- - - ------ - -- - . --

F INL I NC 
---------- - ·-·~·$ - -------

----- ~~~~~~~~~o~~:~~ s ----

------u•~=•~s-s•" ·------;-uoo•o 1 
BRI.CHES-B&RK 

-- BR• .. :H~s-wooc··----------- - - -

---c--- -- ·aoLr-suM -- --- ---- - - --.sooo··o.------------- --

----- !~ii:~~~~ - - - -------···-- ----- - - - · -
----- ~~~~~~~~$~~~~ __ __;•:.:':.:D:.:D:.:Dc_•.=0_:_6 _______ _ 

----- UNO~RHORY·L[&V[ .,------------------

------ ~~g: - :=~~~~i~=~~R,"S~---------------
----- ~=g: ::::;~~::;~~·-----------------

UNO. e OLE ·SUH 
--- - - uNo. -· ,ou:-a•RK 

----- ~:g: - :~~;;~~gco~•o·----------------
~-----suM-UNDERSTDRY 

HER31C~OUS IFIELCJ 
·-- --- EFIFHYTES·TOT&L -----------------
_ _ ___ _ TOTIL ~LINTS 

LIVING RODTS•SUH 
" LIVIN~ ROOTS )5 HH-----------------
LitiNO RODTS Z-5 HH 

---------- LIYIN~ ROOT5 . <~H~------------------------------

- ---- DE&D ROOTS 

-----!~~\r~~P z~~~·m 
UENSHE ROOIEC 

--- - - EXTENShE ROOIEC 
_____ SU3i0ll 

-----:i~~:!~~~~:~~~~~HER..,---------.,--------
-----;~~!~~~~: ~~~:~--------------

------------------
-- --------- -------

------
VJ 
---.J 
\:l 



'-------C'OKP&RISONS &HONJ [~OSYST(HS fOR FLUXES ~F E NE R3Y IN UNITS or KCII./H(CTIRr 

.------------- -- ., f!LINI( SPICE HEINS JHIJ THC \I'ILUE I.I&S U:Jl HEASUREC. T_HE ~YHD:ll D~ 

HE INS THIT THE \I'ILUE IS NEGLI~IBLE• EilHER BY H(ASUREHE .NT OR IN 
THE JUC3H(NT OF. THE IN\I'ESTI:;IT3R. THE SYHS:ll •• HEU~S THIT THE 
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----- ABOVGROUND CONSUHERS

DEC'"~DSER f AUN& 
DECDNPDSER FLOR& -

• 1ooo -oz 
- ~ _22DO•OO 

&DLLING 
8] 

SOLLIN3 
B-

HESTEHVN LIN:1iROC KON3LUNC _ _ LINNEB.Jf! •. _______ _ 
THIHCRUF BEECH 2 BEECH 1 ANDERS-

-- ET AL__ _ __ UNr.gREN_NIWLSI~O ___ SGN 

.2011•0 1 
• .St0-02 
'-'155'1-01 

.3270-01 

.10-]-01 

.2231-Dl 

.. •s•o-ot · .. zzsc•oa·· 
;.zzoz-ct .z&ZII-Dt 
.Ul5•01 .ZD2Z•CD 

-- - - - - ----- ---- -- ---- -

···--·--·· 

.. .. 
·----~z3r-o*Oo--.lsiJa; o·o ----: t·soo; oQ _ ___ ____ _ _ 

_ ________ __,_ 51 CO •D_Q 

------------- -- 0.----c·;-- ------ -- '-" 
------------- ~:-----~:------- -------- --- ----- ~ 

_ _ __ __ _ _________ c. _ ___ o. -------- ----- --- 1 
o. c. 

____ - ----------- _c. _ _ _ o. ___ _ 
o. o. 

______ __ - ----- --'--- o. ______ c. _____ _ 
c. o. 

_ - ·- _ --- --- -------- .o ... ____ _ c,_____ _ _ ______ _______ _ 

. 2000 +OC 
.31<0-01 - - .,26.----01 --- -- - -- -------- - - - ------------- --- --

---- --------- -- --- -- -

--------- - -------------

------- --- - - ·- --· 



COHFIRISONS IHON::; VI A IDUS ECOSYSTEHS WIT H RESFE~T TO IN :P~HENTS OF FHOSFH~RUSCFJ IN UNITS OF GRiH/Sl.H 

II [LI NK S F IC[ H[INS THAT THE ViLUE YIS NO T HEASU~EC. THE SYHSOl O. 
HE&NS JHIJ THE VILUE IS N E !l L I!lii!LE• EilHER BY HEASUREHENT OR IN 
THE JUC!; H[NT OF TH( IN\IESTI!liTQR. TH( SYMBOL •• H[INS THIT THE 
CQHPARTHEN T WIS H!ISUREC JOINTLY WITH CO NTI:;UOUS COH;:&RT:-.ENTS SIHILIRLY _ 
SYHSOLIZECr IS WCll IS THE FIRST COHFIRTMENT BELOW IT WHICH IS NOT SO 
SYMSOLIZEC. T HE VI L UE OFTHIS LOWEST COJ1FIRTHEHT IS THE TOTA L VILU[ 
OF THE SUMHEC COHPIRTHENTS.I 

OV(C IN CREWS THOHFSON CUKE JR!INGLE SOLLIN3 SOlliNG 
l IND~iHN EXP.FOR. RES. C NT~ FOHST KU RF HY F1 F2 

S Oll I N!; K:J N:;LUNC --
FJ SF RUCE 

- ·-- - - --· 

NIHLGIRC :;RIE R GESSEL MORFHY .. NIHLGIRC _____ ----- - -·- --

OVERSTORY l[&IJES 
------- FRUIJi,FLOiiERS 

------ BR& NCHES-SUH 

BRI'ICH~S-S&;n 

-- ---···· 8 RA NCHES-WOOC 

BOLE ·SUH 
90L::•SIR K 

---- - eou-wooc 
STI'4)ING O:EIC 

------ SUK-OIJERSTORY 

UNO~ Ri TORY-LEI V ( S 
UNO. rRUITS,flOWERS 

- - - -- UNO. 8RINCHES-SUH - · - --

- - - - · ~:~: ::::~~~~:~~~6 ·-
UND. 9 OLE- Si UM 
UNO. BOL.E-B&RK 
UNO. BOLE-WOOC 

---- - · UN~. STINCIN:; CE ID 

- ---- SU"-UNDERS TORY 

HER!IC~OUS IFIELCI 
EFIFHY l[S-10 TAL 
TOT•L PLINJS 

LI 'I ING ROO TS-SUH 
--- - -· LIVI N:; ROOfS >S MM 

LI~ING ROOTS 2-5 "" 
- ----- LI~ING ROOTS (5 HH 

OEID ROOTS 

SOI L TOP ORG•NIC 
ROO TING ZONE 
INT ~ NSIVE ~OOTEC 

----- [Xt:NSIVE ROOJEO 
SUB SOIL 

H(l [ROTROPHS-SUH 
----- UO~GROUNO CONSUHERS 

DtCO"POS[R FAUNA 
------ DECl•?OS[R FLORA 

• tc'IOO •Cl 

.1200-02 .1200•00 

0. 
o. 

o. 
o. -

0. 

0. 
o. 

-.•ooc-01 
- -.,300•00 . 

.3 700-01 

__ .ts11a •oa 

_;.~!DD-01 __ .!lp~~Ol 

.23 ~0 -01 - .lECi0-0 1 
.qJ qo -oz . 6 9311-.JZ 
.J!If:S-01 .E:i"C-01 

.2BJ-Ill 

.9395-n 
.75 ~0-01 

.1&5~3-0 1 

.29P::9-0l .2031l\-Ql .1600•00 

.323"0+00 .5100:•00 

o. 
o. 
o. 
D • 0.------------ -.---

-----~: 
---- _ _ __________ a. ___ -- --·- - -------

o. 

-------··--· -------

-----··--------·-- ---------

·----- ·- ·- -··- -------

"" '>!) 
()0 



COHPARISONS IKON3 VIRIOUS CCOSYSIEHS WirH RESFECf fO IN ~ OC'-ENfS Of FHOSFHORUSCFI IN UNrTS ·or · 3RIH/Sl.H 

(I !LiNK SPiCE HE INS THIT THE ~iLUE WIS U~T HEASU~EC. THE SYHBOL 0~ 

:--- - --- --- - -- - HEIN$ THIT THE VILUE IS NEGLIGIBLE, EilHER BY HEiSUREHENT :>R IN 
THE JUC:f11ENT OF THE IN"ESTIGITOQ. THE STft8:Jl •• H[ltlS THIT THE 
COHPIRTHENT was HEASUREC JOINTLY WitH CONTl:iUOUS COHFIRTHENTS SIHILIRLY 

- SYHBOLIZECo IS WELL IS THE fiRST COHFIRIHENf BELOW IT WHICH IS NOT SO 
SYHBOLIZEC. THE VILUE Of !HIS LOWEST COHFIRTHENI IS IHE TOTIL VILUE 
OF THE SUHHEC COHPIRTHENTSol 

---- ~-· 

SirE 1 SirE Z SITE 3 
KIZIH 'OV KIZIH'OV KIZIH'OY 
HOROZOV I . HORO ZOY I HO!fOZOVi - - - -·-

OVEASTORY L[IV[S .. IOOC-02 .. 11100-01 .2000-0J - - - --· -------FRUIISoFLOWERS 

- --- - - 8 RINCHES-SUH ---- - - - ~ --

.-ooo-n2 .1000-02 
BRI~CH~S-BIRK ---- --
sR.,:H"s-•ooc 

--- - - BOLE-5UH 
- - . ...... 

.I!DC-01 .3000-01 
SOL~·IIRK • 6000-0Z .1100-0 I ---
BOLE-WOOt ,1200-01 .1900-01 
Sll't)ING JEIC .1ooo-o2 .zooo-o2 - - -. 
SUM-OVERSTORY • 3100-01 .5300-DI 

-· - - · UNDERSTORY-LE IVES o. o. 
UN:). F~UIIStFLOYERS ____ _ o. o. 
UNO. !RINCHES-SUK o. o. 
U~!). I~AN:HES-BIAK ·-- - o. -- --- ····-- o. ---- -
UNP • B RINC HE S-WOOD o. o. 
UN,. IOLE-SUK o. o. --- - - --- --
UN~. BOLE-e•RK o. o. 
UND • 8 CL[ -~000 o. o. - --UNO. SIINCINl OEIO o. o. 
5UH-UN0ERS fOAY n. o. 

HERU:~OUS CFIELC• .•oon-o2 • 3000-02 - --- EPIPHYTES-IOTIL -· - -
fOTIL FUNIS .3500-01 .6200-01 --- - ----- ---
LIVIN:; ROOTS-SUK .sooo-o2 .1100-01 - --- - LIHNG ROOTS >5 HH -- • 6000-02 .1000-02 

.. 

LIVING ROOfS Z-5 HK .1000-02 .zooo-o2 ·------ LHING ROOfS <5 MM .1000-02 .2000-02 
0[ I) RJOlS .1noo-o2 .1000-02 - ---- · --···- · 
SOL lOP ORJ INIC .S000-02 . • 1100•01 
AOOTING ZONE - --- -
INT~NiHE RODTEC 
[XfENSHE AOOTEC 
SU9i0Il 

HE T~ROTROP•S- SUH 
- - - - -- ABOVGROUNC. CONSUMERS 

OECOH>05ER F lUNA 
--- -- OEClH>OSER FLORA 

.1oon-n1 

.HOC-Cl 
.15oo-o1 
.2600-01 
.2001l-02 
.1300-01 

o. 
o. 
o. 
o. 
c. 
o. 
o. 
o. 
o. 
o. 

.1ooo-o2 

.aooo-o 1 

.1-oo-o1 
• sooo-c 2 
.3QDD-02 
.zooc-n2 
.lonn-n2 

.Hoo-DI 

SirE -
KJIZIH' 0'1 
HOROZOYI 

:.aooo-o 1 

0.1200-01 

;.OE00-01 
.1.00-01 
~3200-0 I 
• 2000-02 
~fliD0-01 

o. 
o. --·· 
o. 
n. ·-
o. 
o. ·--o. 
II. 
o. 
n. 

.!0)0•02 .. 

.!300-01 

.160~-01 

.1200-01 

.2000-02 
1..2000-02 
.1ooo-o2 

.1300-01 

-~-- ·------ ---- - --
SirE 5 SITE ' Sirr 1 SirE 1!1 SITE _ ···----- --- ---- -- ---
KIZIK' OV KAZIH'OV KIZTH 1 0V Kl ZtH• OV KAZIH'OV 
110AOZ ~I H3ROZ OVI HOR:1Z?VI HOROZOVI HORO zova - ·- - - - ----- -----
.2200-01 .1100-01 - ol500-QI _ __ .HOO~OI __ .2500-01 __ _ -- ·--- -

.1•co-ol .•ono-o2 .I000-02 - - ; 1 200-01 • 1000-01 
-------- ------ - - --

- - --- -- - - ·· ----- ----· .5100-01 .2-00-01 .2100-01 .zqo0-01 .3100-01 
.1100-01 .sooo-o2 .10~0-01 .30JJ-.J2 .1.00-CI 
.HOC-Cl .1500-QI .11~0-01 --.1SQO~o.o.QJ • 2300-0 I 
.3CJ0-02 .1ooo-o2 .1nco_-n2 _ .30Jhl2 -- .3000-02 
• SC00-01 •• 000-Ql .so"o-ot .1500•01 • 1500-DI- -·-------- · 

- · ---·-- ------ o.- - ----·-- ---- -- -- ----- --------- . n. o. o. o. 
n. -- ---- n. - ---- D· ·-···- - - o. o. -- ----- ------- ----·-· 
n. o. o. o. o. 

- o. ----- o. -- -- - -- o. - - ---- - o. ---- - o. ------ - ----
n. o. o. o. o. 

.. o. o. ·- o. ------- - o. ----- - o. 
o. o. n. o. o. 
o. o. o. o. o. ·-· - - ·-o. o. n. o. o. 
o. n. o. n. o. -- - -- -

.ZOJ0-02 ollDO-DI ·•ooo-a2 --o20B-.IJ2 , 2000-02 
·- - --- ---- --·· 

• 3200-01 • 51D o -o 1 .5•oo-o1 .1100-01 .1100-01 --
.2 !100-0 I • sooo-o2 ·1100 -n 1 .2 OOJ-.JI .2\00-01 --------------- · 
.2ft00-Ql ... ooo -(]2 .I000-D2 .1 !00'-01 • 1900-01 
.3000-02 .2ooo-nz .zono-oz ·• OJJ-J2 .3000-02 ---- - ---- - --.2oco-oz .2000-D2 .2oro-oz .3ooo~oz • 2000-02 
.zooo-o2 .. • , 1ooo-oz . _1 ooo_-o 2 _ _ • 3 OJO_~.J2 • 3000: 02 _ _ ____ ____ _ _ ____ 

.1000-01 • .1~00-0~ _·5_~01!::_0 !._,) .• _0_?~-lj __ , _~~~-D !._ _ ___ _ __ _ 

-- - -- -- ------- ------- .• ..• ------------ -

I 

'-" 
"' "' 



:DMPIRISONS AP1QN3 "IRIOUS ECOSYSTOIS WITH RESFECT T:» I~CREP1ENTS ~F FHOSFH!JRUSIFJ IN UNITS OF :;m-M/Sl.H . 

fl BliNK SPIC( P1EINS JHIT THE \'ALU[ 'JIS N:lT I'!EASUREC .. THE SYP':E!Ol O. 
H[INS THAT THE VILUE IS NEat:3IBLE• EilHER BY HLIS~REHENT OR IN 
TH[ JUCGMENT OF THE INVCSTI:iiTOR. THE SYI'!B:IL •• HEA~S THIT TH[ 
COMPIRTHENT WAS H[ASUAEC JOINTLY WITH CONriGUOUS COMFIRTHENTS SIHil.&Rlf 
SYHBOLIZEC• .&$ W(LL IS JHE FIRST COM~IRJHENT E!ELOW IT WHICH IS NOT SO 
SYME!OLIZEC. TH( VllU[ OF THIS LOWEST COt:FIRTHENT IS THE TOTAL VILU[ 
OF THE SUHHEC C.OHPIRT11E~ TS. J 

SirE ID SlTE II S ITE 12 SlTE 13 SITE 1• SITE 15 SI IT 16 
K&ZIH •O'I KAZIH•ov KAZIH•OV IOAZIM'OV KIZIH' 0\' KAZIM'OV t(IZ!H':'JV 
HOROZOVA HOROZOVI HOROZOV I HOR OZOY I HOR OZOV & HOROZOVI HOR:"Z:JYI 

SI TE 11 FINLINC 
KAZI..-OV HIVIS 

__ _ H:lROZ:lVI · ·--- - ·-- ·-- - ·------

1)\'E =I STORY L [1\'ES 
------ .. fRUITS.fLOWERS 

. 9 RA'C:H:: S•S :.Ht 
8RI tlCHES-81RK 
9Ra-.::H::s-wooc 

----- 30l,->UH 
BOL[-BIRK 
BOL' -•ooc 
STINOING CEAC 
SUH·O\':: RSTrJRY 

----- - UNOERSTORY-LE HES 
UNO. fAUl JS.FLOWERS 

- ----· UND. IRIN::i-IES ... SUP1 . 

UNO. 8RINCHES-81RK 
----- UNO. l lHN-CriES-WOOO 

UND. BOLE-SUM 
---- · UND. !OLE-DARK 

----- ~~~: ~~;~~~~gc CEID 

---- ·· SUH- UN)ERHORY 

HE Re• CEOUS IFIELC I 
EPI:JHfTES-TOTIL 
TOJil PLANTS 

LIVING ROO TS-SUH 
LIVING ROOTS )5 HH 
LI\'ING ROO TS Z-5 HP1 

-----·· LIVIN3 ROOTS <5 HH 
OE•o ROOTS 

SOlL TOP OR3 INI C 
ROO TING ZONE 
INENSIVE ROOTEO 

------ EXTENSIVE ROOTEO 
5UHOIL 

HET!:ROT ROPU- SUH 
A80VGROUNC :oNSUNERS 

-----~i~~:~~~~: ~~~:: . 

.1100-01 

.!OOO·OZ 

•• 100-01 
.JSOü-01 
.2EC0-01 
• 3000-02 
.6900-01 

o. 
. c. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.1000-02 

.1200-0 I 

.1600-01 

.2ooo-o1 

.~tooo-oz 

• 2000-02 
• 2000-02 

• aooo-o 2 
.1000-02 

.6000-02 •• 000-02 

• •1oa-at . uoo-o1 
.1500-01 .1500-CI 
.2 !00-01 .HOD-0 I 
• 2000-02 .1000-02 
.5900-01 .OlOD-01 

o. o. 
o. o. . - --··--
0- o. 
o. o. ----·· 
0- o. 
0. - --- o. 
0. o. 
0. o. 

-.2aoo-o2 ~ .sooo-o2 -.eooo-c2_ ~.1ono.,ll2 ..:: .• 1 ooJ-.'J1 
r.I000-02 

.2000-02 

.3500-01 
'-lZ00-01 
-2300-01 
~1000-02 

.3100-01 

n • 
0-
o. 
0-
o. 
o. 
o. 
o. 

.2000 -o 2 

.H00-01 
• 9000-02 
.1100-0 I 

.2300-01 

-------·- ----
o1000-02 .1 000-01 

- - - -·---· - ·-·-·· .. -··- ·-·- -- -- · -------·· 

.1900-o1 · .!ono-o2 -· .1 on-.o2 .9ooo-o3----- ··--·-··- -- · 

.6coo-o2 .1oro-o2 

.Jloo-ct · · .so~o-oz ~ 1 JJ:l-iJZ - ---- ----

·I· 00 -(]I 

n. 
0. 
o. 

"· o. 

• 3000-03 ._ ·----- -
-1000-(]2 -.90)l-J2 

o. 

o. 

o. 
o. 
o. 
o. 
o. 
o. 
o. 

o. __________ __ _ 
o. 
o. 
o. 

·-· - -··· 

o. 
0. 
0-
o. 
o. 
o. 
o. 
o. 
o. 
o. 

o. 
o. 
o. 
o. 
Q. 

-- o. 
o. 

--- o • . 
o. 0. o. 

0- o. 

.3000-0l •• 000-0 l 

.6200-01 .5100-01 

.2600-01 .2500-01 
-1100-01 .2000-01 . 
.3000-02 .3000-02 
.2ooo-o2 .2ooo-oz 
.1000-02_ .. • 1000-0l 

0. 
o. - ·-· o. ---- -- o. 

:.6000-02 .5noo-o2 .6ooo-o~ ___ .1oro-o2 • 1000>-0l ------· 

-0200-01 .z eoo-o 1 .zao·o -01 • !!Of'ID _-oz~.zooo-oz -------· 

.2100-01 .12t0-01 

.tsoo-ot .!JOoo-02 
~e3ooo-oz .znoo-oz 
.2000-02 - .1000-0l 

.BOOO-G2 .3000-112 .1000>-02 

.7000-(]2 .30.00~02 -~ 1 JJJ-~2 -·---- ·--- ·-- --- -·- --·- ·-·-·-

.ICOO-Il2_ 

.uoo-ot .2100-ot .2•oo-o1 .z5oo-ot .21oo-o1 .21oo-ot .z5l0-3t .2s0J-~1 -- · - . . -- -- --·· - -·---

I 

+-
0 
0 
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w 
:; 
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:O ."t ? IRI~ONS IMON3 ECO~YSTEHS FO!l FLUXES 3F FHOSFIIO~U51Fl IN UNITS: :lf 3RI!1/Sl.METrR/Y[IR 

Cl BLIN;< SFIC( MEINS JHIT TH[ \llllU[ was NOT H[ISUREC:. THE SYMBOl Q. 

HEINS THIT THE \IIUJE IS NE3LI3IBLE, EilHER BY HEiSUREMENT OR IN 
THE .JUCGHENT Of THE IN\IESTI31TOR. TH( SYMBOL •• HEINS THIT THE 
COMFIRJMENT WIS H[ISUREI; JOINTLY \HTH CO~TI3UOUS COHFIRTHENTS SIH!LIRLY 
SYHBOLIZECt IS WELl as THE FIRST COHFIRU1[Nl BELOW IT lolHICH I~ NOT SO 
SYHBOLIZEC. THE \IILUE Of THIS l3WEST COHFI~THENT IS THE TOTAL VllUE 
OF THE SUHHEC .COHFIRTHENTS.I 

HEllHOF 
SIJCHELL 

ROUQU[T 
lOSSAINT 
RIPP 

S~LLING 

81 
SOLLIN:'i 

Bl 
SOLLINS 

B~ 
HESTEHVN 
THIHCRUF 
ET AL 

LIN'::IROC KON3LUI\'C liNNEBJA 

:ONSU"1 3 TION-TQJIL 
CONS. -FOLIIGE-TO T IL 
CONS.-ov::RSJORY 
CON S. -WOOC-0\IERS TORY 
CO:"'S.- WOOC-UNC ERST ORY 
toNs. -ROOTS- TOT IL 
CONS.· U~)E~STORY 
CONS. -HERB I CE 0 US 
~oNs.-wooc-ror•L .. 

LITTERFill-JOTil 
----- LITTt:~F"Ill-l ~lf 

----~i::~=~ :~~:~;~~~~ tF RUI T_ 

LIJJERF"ILL-BOLE 
liTTERFill-="q.t.SS 

---~LITTERFALL-EFIPHYTS 

AH'IOFH::RIC INPUT 
----- FF\ECIFITITION 

----· ~:~E~~~r;i~~~~~~~ CUST! _ _ 

----LEACHIN3 
l(IF WISH 
STEM FLOW 

----- LEICHING- SOll l IYERS 

_ ___ _,O~~~~~T~WINC EROSION 
OUTPJT-WATER EROSION 

------ OUTPUT-PERCOLITION 

• ZOOC+ 00 
.1300-01 
• ~000-01 

. • !000-02 
.2ooo-o1 

.2000-01 

.2900+00 

.1900+00 

.5ooo-c1 
.5000-01 

.1000+00 

.2137-01 ~303C-01 .3.33-01 

.3 369 +00 .lf359+00 • lr!Zl! +00 

.5100-01 

BEECH Z BEECH 1 l!tCERS- ··-- ·--- -------

LINr.GREN _NI~lGIRC SON 

.t99o•oo .zE-;o•oo 
.JSCiO+OO .1970+00 
.tzno-OJ . • ano-ot 
.~ooa-oz .sz~o-at 

.2!00-01 _ -

.5000:+00 .33~0+00 

.llCO+OO 

.1 tlt 0+00 

.5.00-01 . 

-- --- - ------------

.tf.&ZO+OD ol000-01 ·' 'CC..C2 • 3300-02 ·-- ----

.t QOO +00 .IOOC-01 .~010-01 
.3000-02 .160HOO . -.2300-02 

• 2000-01 
- - ----- · - · · .2100-o1 .1ooo-o1 .5GJo-:::n · -;15o-.-+oo 

·· ; zooo-ol - ·--- -- ·;tooo-oz 

-- ·---~- -----·----- ------ - ·--·--· 

-1=-
0 
1\l 



'----- ---eoHPIRISONS ·- &HONG ECOSYSTEHS FOA fLUXES Of FHQSFHORUSIFI IN UNITS Of GRIH/S3.METERIYEAR · -----

,------ ---- -----,, BLINK SPICE N[INS THIT THE ~ILUE WIS NOT HEISUREC. THE SYMBOL O. 
' HEINS THIT THE ~ILUE IS NEGLI3IOLE, EI:THER BY HEI S UREHENT OR IN 

THE JUD~HENT OF THE INVESTI31TOR. THE SY_HDOL " HEINS THIT THE -------------- ~~=~~~:~~~! ~~s w~~~s~~E~ H~o~~~~~ ~~~~.;~~~~"!~~ 0 ~o~~ ·:~~~~r~s s!~~L ;~Ll: __ ______________________ _ 
SYMBOLIZEC. TUE VILUE OF THIS LOWEST COHPIRTNENT IS THE TOTAL VILUE 
·or- THC-SUMM[C COHPIRTHEHTS ; f - - · ·- - -- ---- ----- - ----- - ·- · -

--- - -- ···-- --- --- ----------------------------
OVED ANDR[WS THDHFSON CUKE TRIIN.OLE SHIIUYMI S'!ILt ING SOLLIND SOLLIMO 

-- -- ;- -·------ - - - ---liND SRE·N- -EXP .FOR~--RES.CNTR-- f ORES T -- HURPHY -- -- KITIZIWI --fl _ ___ f2 - -- - f] - ------- ---- -

- - - - - - --- - -----
____ N_I_HLGIRD GRIER OESSEL HORPHY 

----~~=~~~::c~~;:?~~~.L,---------------------- ------
----~g=~:~~~~~~~~~~STOR,----- ----------------- -- ----- ----- ---------· -- -----

CONS. -WOOC-UNCERSTORY 
. - -- CONS.-ROOTS-TOTIL - ----------------------- --

CONS. -UNDERS TORY 
---- -CONS.-HERBICEOUS - -------- - -- -- ----------
_ __ ___:CONS _. -wooc-TOT~L __ 

LITT!:RFILL-TOTIL e21DO+OD .fiiJOO+DO . -ZODG-01 e!SCIO+OD ·2097+00 •• 020+00 
- ----tiTTERF'ALL-LEIF .tflllO+CO- --.lZSD+DO _______ --- ----- .tfll21+00 .35JS+DD --:J2-IlZ·+-Öci-~301-2+ÖO-------- - -- ----

-----~~~~~=~:~~=~~~~~~~~R_U_I_T _ _ :~=~~:~:- ::~~~=~: :~~~~~~ --;-.m::Ot·---------
----{~g~:~:~~=~~~~S -~-~I!_DO ~_o_,_1 ---------- ;H,O-Dl 
_ ___ .=LIT'I'_ERFILL-E!I~HTTS .!1_!10-01 .320~::1!2 ____ --------------------

------'•~;~~;~~~!~~~=~u! • oDl!:;-ot- -.noF o'i ---:-Hoo-~ö1 -------- ---
----- ~::E~~~T;i~~;i~~tcusTI .2_!D_ 0_- _01 ________ :__ 

-------, EACHING - ---
LEif WISH •• .ZSOO•DO .lD00-01 ,lJ00-01 

--sr.EM · FLow--~----oxiJlll!~l! o"'ODO"Dr- -----------------~ 

LEICHINS- SOll liYERS - --- ---------- --- --
OUTPUT 

- --- OUTPUT-WIND - EROSION -- • •SOO-ot -----

_____ g~::~~:;m;I;~~~~;ON .s2ou-..ur---o-2Doo-c2 - - ---

--------'---- --- ------ -----

- ---- - ------- --------

+-
0 

-\.>1 



--- cOHPIRISONS IMON::i (COSYSTEriS FOR FLUX[S :lF I'=H:lSFHORUSCFJ !N U NITS OF ::RU1/SJ.M[f'~-R/Y(4R -· 

-

CI ettNK SPICE H["NS THIT THE \IILUE was N·3T MEASUREC. THE SYMBOL o.; 
~[ANS THIT THE \I ALU[ IS NE:;LI3IeLE. EITHER ßY M[ISUR(H(NT :lR IN 
THE JUC3HENT or THE IN't'ESTI31TO~. THE SYMBOL •• HEANS TH&T TUE 
COMFIRTHENT was H[ISUREC JOINTLY ~ITH C:l~TI3UOUS :OMFIRTMENTS SIH!l&RLY 
SYHGOLIZE!:, AS WELL 'S TUE FIRST COH ;:: 1RT"ENT SELOW Ir lOHICH IS NOT SO 
SYMSOLIZEC. THE V'LUE OF THIS LO\./EST C:JHF6RHO:ENT IS TH[ TOTAL VHUE 
OF THE SUHHEC C0/1FIRTHE'4TS.l 

KQN:;LUNC SITE I siTE 2 S IT E l S IT E q SITE 5 SI fJ:" E ------- SPRUC( ----- KAZIH ' 0\1 KAlHPOlJ JU Z IM' 0\t K47.I M' 0\t t<AZIH • 3V KAZ!H' OV 
NIHL34RC HOROZOVI H:Jil OZ:JV 4 H:JqOl OVA MOR :JZ 0\1 a HOR:lZ:lVt MOR'1ZOV& 

---------~--- -- -- -
CON SUI'!F TION- TOT &l .11 30HJO .JHO+OCi .Q5)0+(J 0 .5 35 C+OO .6 310 H:!O • 30 70 •CO 
C ONS. ·F J l I a::; t: - TOT t [ _ ___ .12 91 +00 • 211) 0+ 00 • 111 o •r. n • 4 J ~t o •nn .1414 2G •00 .23~0.-00 
CON S. -0 \t[RS TORY .102C' •OO • 1 S 3C! +r.O .2G 10 tO[i .) JIO•OO ,q lEiD •00 . n.::o•oo 
CONS .- W:JOC-0~ ER STORY 
CONS. -WOOC- UfiCERS TO~ _ --------- _ . 2,00-01 • 511 ClO-Cl i..SClGC-01 ·" 100- 01 

- - C0:-4S .· RlOTS-fQfl!.. .] 600-0 1 -.650 0-01 • 3:.1 0 0-01 .1 0 J O •On 
o2600-Ql • 9Jf"'0-0l 
•II 10 t-QQ • so,..o -o 1 

CON S. -UNO[ R STORY • JGOC-01 • E 500-01 ;.gonO-Gl .t GJO •nn ·111 0 • CO • 50"0-(j 1 
CONS. ~ H~aea:: z ous - --- ------- ---- . --
CONS. -wooc-ror•t .ISOC-01 .260()-01 .• 152 0 0-01 .s ~ {j (j-01 .l !10 0-0 1 ·21r0-0 1 

LITTE~F'Ill-TOTAL .lt900+-0Q .1300+-00 .2500•CO .J21,iO+OO o&I560+00 .1,16~0• 00 .2 J 1:W •oo 
----LITTERF&ll-l(H ---------------~llliC•OO .2220•00 :..295C+O C-- ,qJ2C+OO ·" 110 +00 • 21 70 • OO 

LI fT~lF ILL-~L OW[q, fRUIT 

SITE ~ 

Kt ZIH' OV 
HOS:J:!OVI 

_". 550•00 
• 352 ::J .-Ja 
.ZOöO+OO 

.1 tcH.~•OO 
• 63 JJ..") 1 
.GJ00>-01 

.&I OC~CI 

• )G 1 :l t--JJ 

.3320+ 0 0 

--~-- ----·--

$1 T[ 8 
I<AZJH•:)V 
!'13ROZOVt - -- --~ -- --

• 307 :J• CO 
--- ----~--

. zcsa~aa 

• 1530+ CO 

.'1600- 0 1 
• 50 0 0 - 01 
.5000-Cl 

• 52 0:J -!J 1 

.1~ 20•00 

.1E!IO•O O 

- ---- LITTC'RFHL-SRANCH - . . 60C0-02:------;-1300-Dl ..Jenll-01 - .1900-01 .2lnO-Ol • ttro-o ~ -- :1 sorn-ot -·-; goon-oz -- --- ~--
LifTEqF'LL - 30L( .9000-02 .1500- 01 .2100-01 ·2500 - 01 .2300-01 
LITT~RF ALL-FRASS ---------- ---------- -- --- - --- - --- --- - - - --· 

______ __cliTTE~FILL-E F IPHYTS -------·--- --·-- ----
4 TMOSFHERIC INFUl 

----- PRECIPIT&TION . ------:-. eso0"1f2 

_____ g::!: :~: T;i~;; I~;-cc_u_sr.clc__ ____ __;__ _ _ _ 

-----LEACHING ---
LEAF WASH 

----srEM FLo.: ·----- ------.~35-[i· =-cn-:-zo-oo':" o-J----: Jrno-ot r.J ono -oJ-:~tnoo-ot .~tr.on-ol 

_____ LE_!: -t!_~:;_:___~~~ - ~!_ !_~R s • tt~_EE:~- . !illl0Q.:!!2_ .li_~_i)I!_-~_2 __ .!. ~000-.Q_~ 

OUTFU T 
-----·ouT?H•WIND EROSION 

OUTFUT-WATER EROSION 
---- - OUTPaT-HRCOllTION -'-----------

·11(10__:__0 L~ qOJ~~l •?_000-0? ________ .. -

. J Of'ln-ot- --: ~tooo-ot - --: 2oo o-ot 
.5 000-02 - -- -- - ----------

---- ------·------ ---------- -----
--------- --- ·--- -- -- ----------·-·-

+ c 
+ 
I 



------ --- COHPIRISONS IHONJ ECOSYSTEHS TOR HUXES Of FHOSFH'ORUSIFI IN UNITS OF SRIH/Sl.HrTFR/YriR 

- - - - - --·--- --- - , A t!LANK SPIC[ HE INS THAT THE 'iilUE WIS N:JT HEISURED. THE SYHBll Q. 

HEINS THAT rHE \I'ILUE IS NEGLI~IBLE• EilHER 8\' f';[ASUREKCNT DA IN 
THE .JUC:H1ENT . OF THE INV[STI!liTOR. THE SYirBDL •• HEANS THIT THE 
COHFIRTHENT WIS ~(ISUREC JOlNTLY WITH CONTlGUOUS COHFIRTHEIHS SIHILIRLY 

- ---- -- ------ -·- SYHBOLIZECo IS WElL IS THE FIRST COHPIRT>IENT BHOW Ir •HICH IS NOT SO 
SYHBOLIZEC. THE VILUE Of THIS LOWEST COHFIRTHCNT IS THE TOTAL VILUE 

-·-----Of THE SUHHEC .. COHPIRTHEUS.I ····· - . -· -·-

---- ----- --- -- -------~~;~~H~OV 
____ __ HDQOZDIII 

SirE 10 SirE 11 
K az I11'0V - k1Z IH • OV 
HOR07.0 'f 1 __ _:'10~ ?ZOV I 

, CONSUI'!'FTION-TOTAL .'I!OC!+OO .1151[!+00 .'112ti•OO 
-----··coNs. -F :JLI a:; t-ror •i----: z 57D•C~ --·.z !6D •oo·--.lo :JO•oo 

CONS.·OVERSTORY .Z310tCC .Z .. rtOO .Z530•CO 
- - --- - CONS.·WlOC•OVE•STORY___ - - --· - -

CONS.·WOOC•UNCERSTORY .SSOC-01 .SZ00-01 .Sö00-01 
- --coNs. -Roo rs-ror•L - - - ---; rqoo-o1-.uoo-o1 --~e5oo-o1 

CONS.·UNOERSTORY • H00-01 .!100•01 .8500•01 
- ---- CONS.-It::RBACEOUS - --- ·- ··· . . ··- · . ·-- ·- · 

_ _ __ coNs. -wooc- ro1•L __ ___ _, '?CD~.f1.!._! noo-p1 __ • rs_oo-01 

LITTnftLL•TOTIL .Z!!OtOO .309~•00 o3350•00 
- --- LI T TERF &Ll-LE&F • ZE: 10 +00- .Z 71C+00~2930+00 

L ITTE1F I LL·• L OWERt FAUIT 

SirE 12 
KAZIH' :J\1' 
Hoqozova 

S ITE 13 
KIZIH' 0\1 
HOR:JZ OV I 

,IIJSO+OCi .11950+00 
,J12D+OC - ·3100*00 
r.zsJo•on .z,.oo•oo 

:.~soo-ot . grco-ot 
• noo-01 - .rooo-o1 
:.!ZtD-01 .JHi 0-01 

~!100•0 1 _ .• 9100-Q1 

.:rOGc•oo 
C.3Q30+DO 

,]6110+00 
·.3270•00 

S ITE 10 
I<IZlH'OV 
HOR3ZOYI 

•• HO 000 
·2960•00 
.. 2150+00 

·--------- - -- ---

srrr 15 srrr u; SrTE 11 
tCIZTH' :J'i- KI ZIH' OV -- K AZIH' OV - - -- ------
HOA:'tZOVI _ HOROZOVI HOR!1Z3VI _____ . ___ __ _ 

.~ttro •oo .3 J~&o:•oa 

.z !1'-D •oo- .t 63 a•·Ja 

.19110+00 

• 3560+ 00 
.2590+00 
.1HO•OO 

.eroo-o1 .9oro-o1 
• 5900 -o 1 .uno -o 1 
.5900-o1 _ _ .uro-ot 

.1 060+00 , USO+ CO 

.32 ~~-.')1 ---.2400-01 ·-- - - -·-- ---- . 

.3200-01 • 2000-01 _ ___ _____ ___ _ __ _ 

.uoo-o1 • 72"fi::-01 _ _ , 73ooro1 _. 73oo-o1 ___________ _ _ ____ _ 

,Jz 1:0 •oa 
.2910 •OO 

,]1?0+00 ,z!IIC+:JD 
.ZSil 0 +00 - .2 JOO+OO 

.zu 0+00 

.261JO+OO - --------

-----LITTEAF•LL·eR•NcH-----.ITOö~ci----;T, ·oo:;·o~·iao::o-1- .1&oo~il1 --_.-1•oo .:o1 .1ooo-oc··;·1o"li:.01- ;ioo01-oz"- .•ooo-o2 ______ _ 
LITTERFILL·BOLE .1300·01 .1500•01 .UOD-01 .nOD•01 .2300·01 .2100-01 .1100-01 .1!00..:11 .U00-01 
LITT[AF"Ill-F"AISS - ---· --- -· - · - - -- ---- --· -- ----·-- ---- · ---- - ------------- ---

_ _ _ _ _!:LI TTERF I Ll ~EPIP_HY_:r,_,S,_ _____________ _ 

ATHOSFHEAIC INFUT 
- ----PRECIPITITION . . -

--------- g::E~~;r~~~~;:~!~I~D~U~S~T~I---------------------------

-------LEACHING 
LEIF WISH •• •• •• •:• 

- - sTEH FLow·------------; 3aoc -; or-;-3aa-e=-or-.3coc~ o1 ·--3ooo'-o1 - - ------ ·;1ooo-o1- - ~ ·1ooo·-o1-.1oooro1 • 1000-c1 
Lr•:<r•G- sau L•YERS .uoo-02 .5ooa-o2 .,ooo-02 .eooo-02 .5ooo-o2 .4ooo-o2 .5ooo-o1 .roJ~..:t2 ,,ooo-02 -------- --------- ---- -~-- ------- -- ---------------- ----------~---

____ .;:o~~i~JT""l~INC"LROSID..--------
OUTFUT•WITER EROSION 

- --- ouTP:sT"l'ERC 0("1 TioN· - - - - ---------- - --- - --- ----- - -

---- ----~-----------------

+ . o 
IJI 
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-- COMPIRISONS IHON~ ~IRIOUS EtOSYSTEHS WITH RESFEtT TO IH:TJNTS OF SULfURISI 

CI BLINK SPICE H[INS JHIT THE VI LU[ WIS N~T H[iSUREC. THE sYt'!l:Jl Q. 

HEIN$ THIT THE ~ILUE IS NEGLUIBLEo EITHER BY HElSUREHEHr OR IN 

IN UNrrs· or" s R•HHS3 <HE n:R · 

THE JUC!lHEHT Of THE INVESTI:i&JO~ . THE SYIISOL •• HEU\S THIT THE 
tOHFIRTHENT WIS H[ISUREC ~OINTLY WITH · Co•TI~UOUS tOHFIRTHENTS SIHILIRLY 
SYHBOLIZECt as WELL IS THE FUST COMFIRJH~NT BE LO W U WHICH IS NOT SO 
SYHBOLIZEC. TI<E ~ILUE OF THIS LOWEST COr.FIRTHENJ IS THE TOJIL YILUE 
OF THE SUHHEC COHFIRJHENJS.I 

OVERSTORY LEIVES 
FAUl TStFLOIIERS 

---- - BRINCHES-SUH 
BRI'fCH~S-IIAK 

- - - BRINCHES-WOOD 

----·- BOLE•SUH 

BOLE·BIRK 
- - ---- BDLE-VOOC 

SJINDING CEIC 
SUH•OV~RSTORY 

BIB 
!ISKUP
SKT 

.. lllO•DIJ 

UNOERSTORY-LEIIIES --- - - -··
UNO. FAUlTS tFLOIIEAS 
UNO, ERINtHES-SUH . 
UN!). IIRINCHES-81RK 
UND. BR•NCH[S-WOOD 
UNO. BOLE·iUM 
UND .. 80L[-81RK ------~=~: ~~~~~~~~cct•o 

---- - SUH•UNJ~RSJORY 

HERea tEOUS IHELC I 
- - - - EFI'HYTES-TOTIL 

TOTil FLINTS 

LIVING ROOJS ... SUH 
LIV ING ROO TS >5 HH 
LI'fiN:i ROOTS 2-5 H!ll 
LIYING ROOTS (5 HH ---.-. 
D[l) ROOJS 

SOIL TOP ORGINIC 
ROOTING ZONE 
INJENSHE ROOTEC 
EXHNSIVE ROOJEC 
SUB SOIL 

HETEROTROFHS•SUH 
ASOVS~OUNC .CONSUHERS . 
DECOMPOSER f&UNI 

------ DECON~OSER FLORI 

HESTEHVN LIN3JROO 
THIHCRUP BEECH Z 
ET IL LI~D GREN 

.ZifOO •CD 

.1520+01 

• 21110 +01 
.OJDD+DD 
.1 J]Q •01 

.1300+01 

.1200+00 

.3500+00 

.2160+01 

.1 100+01 
• 3300+00 
.1310•01 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

K:JN3LUNC 
BHCH I 
HIHUURC 

.fi!.OD+DD 

t.H90+01 

• 2! 10 +01 
;..1191:!0+00 
.2310•01 

o. 
o. 
o. 
o. 
II. 
o. 
o. 
o. 
II. 
o. 

.zooo-01 ~zooo-o 1 

.110110+01 -~210+01 r.6!20+0l 

• :uoo +00 
.szoo•oo · 
.111100+01 

,Z,OO+OO .IZIO+Ol 

.rfiSO•Ol 
'-1100+01 

t.] 500+00 

LINNEBJR 
INDERS
$ ON 

.5200+00 

.zao•ol 

.2580+01 

.9!00•00 

.1500+01 

.• 1700-01 

.]010+01 

.2020+01 

• 9900 +DD 

OYEC 
LINCGREN 
MIHLGI RC 

• 5ooo •oo 

.11,0•01 

• 1" 50 +00 
.2900 •OO 
.31 'D +01 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
n. 
o. 

._IZOD•OO 

.5920+01 . 

K QN";L UNC 
SFR UC E 
NIHL:URO 

.HOO+QO 

Tl 131 
KIRF:JV t 

ROCIN 

SITE 
KlliM•OV 
HOROZOVI _ 

•• 625:+01_ -· 11550+00 

.zo"o•[u - -:. 6tas:•ai ·---. Jtoo-ot 

.,s•o +al - .-,1-.-a·:a·l ··- .Hoo-oi ___________ _ 

.IBO•OI .zzoo-01 

.57<0'111 - - --- .1100-01 

_______ .lfC00-02 -----·---------
.,56 30+00 

o.-- -- o.-------
0. o. o. ---------- -o. 
o. ----- - ··- - - o. o. o. 
o. o. o. ---····----- .. o •. 
o. o. o. -- - ------- - 0. 
o. o. 

_ _ _ __ .1110+00_ 

• t122+02 _ ________ _ .6J•D•OD . 

elfi'50+Dl .ZS00-01 
.tZFD+Ol - - ------ .Jif00-01 ·-
•. • 5000-02 

.t!lr'o+oo --- - - .Eicoo-oz ·-----·-- -------
. __ ___ _________ .zooo-o_z 

.1316+01 .lZJO+OO _,_19..!._~·o~--- --------- ------

t; 
....:t 

I 



COHPIRISONS &MON3 VIRIOUS ECOSYSTEHS WITH AESFECT TO IH::lJNTS or SULfURlSI IN UNTTS Of 3RIHS't'Sl.METER 

f I !LINK SPIC[ HE!INS JHIT THE VI LU( WIS UJT H(ISUREt. THE SY11t3l O. 
H(INS THIT THE VILUE IS NEGLI!;ISLE• EITHI:R BY H[6SUFO.EKENT OR IN 
THE JUtt;;HENT OF THE INIJESTI~IJ:n. JHE SYMeOL •• H[INS THIT THE 
COHFIRTHENT WIS H(ISUREC JOINTLY \IHH CO f.I TI3UOUS COKFIRTHENTS SIMILIRLY 
SYHBOLIZEC, IS WELL IS THE f!RST COHFARTHENT BELOW IT \oiHICH IS N3T SO 
SYHBOLIZEC. THE VILUE OF THIS LOWEST COHF&RTMENT IS THE TOTAL VILUE 
OF THE SUMHEC COHF&RJHE~T$.) 

OVERSTORY LEIV[S 
FRUIIS•FLOYE:RS 

BAINCHES-SUM 
BRI"t::H::S-S&RK 
B Rl NCHES-II:OOC 

SOL>SUH 
BOL(-E&RK 
BDL::-wooc 
sr•t~DING cc•c 
SUH·O\t!RSTORY 

UNDER STORY-LEIVES 
U~D. !='RUIT'itflOIIERS 
UND. 6RINC HES -SUH 
UN!>. 8~1tlCHES-81RK 

UNO. 8 RINC H[ S-WOOO 
UNO. 90LE-SUH 

---- UNO. BOLE-BIRK 

. ----- ~:~: ~~~~~~~~CC[IQ 
--------· SUH·UNJ"RSTORY 

HERea CEOUS lrHLCl 
EPPH'IltS-TOTIL 
JOTIL FLINTS 

LIVIN3 ROOTS·SaM 
LIVING ROOTS >5 HH 
LIVIN~ ROOJS 2•5 HH 
LIVINC ROOIS <S HH 
DEI) ROOTS 

SOll TOP ORGINIC 
------ · ROOTIN3 ZONE 

INTENSIVE ROOT[C 
------ -··- ElENliVE RODTED 

SUBSOlL 

HETEROTROPHS-SUH 
-------· · allnwnon u .. r: ~n .. ~Ufiti<'A,!;; · 

SITE SITE J SITE q S !TE 5 s lT E 6 ~ITE 1 si rr s 51 TE 3 SITE 10 
KIZIH'0\1 I<IZIM 1 0V KAZI11'JV KIZIH'~V KA7IH'OV KIZIH'~V KIZTH'3V KIZIK•':JV KIZIH'OV 
HOROZOVA HOROZOVI HOOlJZOVI H::l'~:JZOVA HOROZ:l\11 110ROZ3V I HOR~ZOVA 113ROZ:JY1 HOR:lZ:JVA 

.5130•00 .6120+00 .396D•C!O ~lOEiO+OO .3300•00 .2250•00 .33 00•00 .55 00+00 .531DC•OO 

.3100-01 .162D•CiO .. 1110+00 :.1350t00 .7900-01 .1030 •00 . EQ00-0 1 .1 0001•00 -.1 tOO+CO 

.5!00-01 
• J2C O- C l 
.2600-01 
• IC00-02 
.7290•00 

o. 
o. 
c. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 

• 3600-01 
.5300·01 
.11300-01 
.1100-01 
.!810•00 

c. 
0. 
0-
0. 
0. 
D • 
o. 
0. 
0 . 
0. 

.1 !! D•OO 
• 9200-Dl 
.10&0•00 
.1300-01 
.1100+00 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.2360•00 
;. J 16Dt0[j 
.1200+00 
.2500-01 
.7:JSD•OO 

o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
(1. 

o. 

.11200-01 

. Z300-01 

.1300-01 
.. 5000-C!2 
.SlEiO+DO 

0. 
0. 
0-
0. 
o. 
o. 
o. 
0. 
o. 
o. 

.7!!00 -ot 

.3100-01 
• .., 700-01 
.) 000-01 
.fe)60+00 

0. 
o. 
0. 
o. 
o. 
o. 
c • 
o. 
o. 
o. 

.Jor.a-ot 

.zoro-oJ 

.Jena-at 

.q 2oa t.oo 

o. 
o. 
o. 
o. 
o. 
c. 
o. 
o. 
o. 
o. 

• ! DQJ-,'J 1 
.C&000 '-01 
.I.J JOJ..-•'Jl 
.1 ooo~o1 

.HOO+JO 

o. 
o. 
o. 
o. 
o. 
o. 
c. 
o. 
o. 
o. 

.11 00•00 
• 6COO-C 1 
.so oo-at 
• lG00-0 1 
.9 ZOO+ 00 

c. -·--· ----··· 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

.HiJO+OC. .li(QQ+CO .9 !00-01 1.ll00 -01 .2 650 • 00 .2 EiUJ •OC .13"0•00 .li( OOI•CO .16 00+00 

.!31ZO•DO .1021•01 .!IOSD•DD S.J160•CD .J910Hlfi .G~C&O•OD .ssrO•OD .!P!OCl•OO .3!100•00 

• 3600·01 
• 2'100-01 
.6000-02 
• 6000-02 
• sooo- 02 

• q!00-0 1 
.JJ00-01 
.sooo-02 
• IOD0-02 
.sooo-02 

• 9100-01 
.1 500-01 
• 3000-02 
.1000-02 
.1000-01 

.1150•00 

.,1CO-Cl 

.1 '100- 01 
.1000-01 
.1200-01 

.3000-01 

.I!S00-01 

.5000 - 02 

.1 000-(12 

.qOD0-02 

.111!19•01 .1'111•01 .18,.1•01 f.Z266•01 .3320+01 

-•o oo-01 
. 2eoo-o1 
.6000-()2 
.6000-02 
.sooo-02 

.qoro -01 
,zoro-ot 
.1000-o1 
.1oro-o1 

• !I OOJ-.J 1 
• E OOO"r-01 
o1 JJJ~J1 
.1 000.-01 
·1 OJJ:,Jl 

.s 000 -01 
• 6 ooo-c 1 
• 2000-01 
• 1000-01 
-10 00~.01 

.15,0•02 .12140•01 .132CJ•Ol .1370•01 
------·· - · - - ·---·· - -. ·---- ---- - --- -----·-· ·· 

- ---···--- --------- --··- --· 

0 
m 
I 



COMPIRISONS IIION~ ~IRIOUS ECOSYSTEHS WITH RESFECT TO IHOUNTS Of SUlfURISI IN UN T TS OF 3RIHS-I'Sl.HETER 

CI BliNK SPICE H[INS THAT THE VILUE WIS NOT HEISUAEC. THE SVHBOL . 0. 
HEIMS THIT THE ~ILUE IS NEGLIGIBLEo EITHER BY HEISURE•ENT OR IN 
THE JUCGMENT OF THE IN'IESTI3AT:Jit. THE SYHBOL •• HEINS THIT THE 
COI1PAR1HENT WIS HEISURED JOINTLY WITH CONTI 3UOUS COHFIRJHENTS SIHILARLY 
STHBOLIZECo IS WELL IS THE FIRST COH~IRTHENT BELOW IT WHICH IS NOT SO 
SYHBOLIZEC. THf VILUE OF THIS LOWEST COHFIRIHENT IS THE TOTIL VILUE .. ·- ---- - -- ------- -----
OF THE SUHHEO COHPIRIHn TS.I 

nERSTORT LEIVES 
--- -- -+- FRut TStF LO YERS 

--- - - BRINCHES•SUM 
BRI"t:H!: S-BIRK 

- - - - · BRINCHES•WOOD 

BOliO•SUM 
BOLE•BIRK 

----- · · BOLö•WOOC 

STINDING CEIC 
--- - -- SUM·OVöRSIORT 

---- UNDERSTORY·LE IV ES ·--··-
UN!). F'ii!JITStFlOIIERS 

--- - ---· UND. IRINCHES·SUH . 
UNO. SAINC~ES-IIAK 

UNO. I RINC H[ S-VOOD 
UNt». IOLE•SUH 

- --- ·· ·· UND. BOLE·IIRK 
UND. IDLE•WOOD 

---- UND. STINCING CEID 

- ------- SUM•UNJERSTDRT 

HER EI CEDUS IFIELC I 
- - - ·rPPHYTES•TOTll 

TOTIL PLINTS 
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·-··--- -- --- :OJIIPIRISONS IHQN:; VI~IOUS ECOSYSTEMS WITH RESFECT T::J INCREHENTS 3F ~UlfURISl IH UNITS Of - G~HISJ; H 

(I El&NK SPIC( M(INS THIT THE \I'ILUE WIS N::JT HEASUREC. THE SYKBOL Q. 
MEINS TIUT THE 'fiL UE I:i. NE3Ll!iiBLEt EtTHf~ BY H[ISUREMENT OR IN 
THE JUC:;MENT OF THE IN\IEST!ö;ATQR. THE SYMBOL '' ME .. NS THIT THE 
COMPIRJMENT lo'IS H[ASUREC JOINTLY WITH CONT13UOUS C::JHF&RTMENTS SIHll:lllJ 
SYHBOLiZECt AS WEll 15 TH[ rtRST C::JHFIRTM[NT BCLOW IT WHICH IS NOT SO 
STHBOLIZEC, THE VILUE Of THIS LOWEST COHFIRTHENT IS THE TOTAL VILUE 
Of THE SUHMEC COHPARTHENTS.J . 

HESTE HVN l1N31ROC MON:3LUNC OVEC KON:lLUNC SITE I srrr 2 
THiHCRUP BEECH 2 BEEt H 1 l( NC::iREN S FRUCE KIZIH':lV j(l ZHI"OV 

.. ET IL LINCGREN NIHUHRD NlHLGIRC NIHL:;&RC H::IROZOVI ... HOR~ZOVI 
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COHPIRISONS IHON3 VARIOUS ECOSYSTEHS WITH RESFCCT TO INCREMENTS OF SUlfURCS) 

l I fLINK SPIC[ H[INS JHIT TllE IJII..UE WIS tt3 T H[ISURE C. THE SYHB:Jl O. 
HEIN$ THIT THC \IALU[ IS NE3LI31BLE• EilHER BY MEISUREMENT OR IN 
THE JUC:;H[NT Of THE I N'f'E:STI31.J:J.1. THE Sf!'fB:Jl •• H[ANS THIT THE 
COHPIRTHENT WIS I'![ISUREC JOINTLY WITH CO NTI3U:JUS C:JHFIRTHENTS SIMILARLY 
SYHSOLIZECt IS WEL L as THE FUST COHFiiHHENT BELOW Ir WHICH IS NOT SO 
SYHEOLIZEC. T HE VILUE OF THIS LOWEST COMFIRTtHNT IS THE TOTAl VILUE 
OF THE SUHHEC COMPIRJHE~TS.I 

OVERSTORY l[AIJES 
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: ·a~PIRISONS. IMO~~ ECOSYSTEHS FO R FLUXES OF CILCIUHI Cl I IN uNITS OF a&H/Sl.HETFR/YEIR ··-·-
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:O~i'IRISDNS IHO~:; ECGSYSTE!1S fOR fLUX(S OF CILCIUMI Ct I IN UNITS Ot 3RAM/Sl .ME'lfR/YEtR 
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·-- ----- -~·OKPIRHONS IKO~l ECOSTSTEMS FOR FLUXES lF t•LCW~I t• l It< UNIIS OF ~R•KISl.KETrRIYEIR --

- - ---------- ,, !LINK SFIC[ H[INS THIT THE IJILUE WAS NOT H(ISUREC. TH[ SYMBOL Q. 
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