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ABSTRACT

E.cological systcin.s arc complcx and consist of inulti-level subsysteins that intcract and arc

not indcpcIldcnt of each othcr, thercforc a systcm cannot bc studicd by isolating its parts.

Using systcins analysis mcthod t。  c。nstruct simulation I11odcls for a ccological systcIIl is a cffec-

tivc rncthod.for studics on thcn1. 
·
rhc usc 。f siInulatic)】 l n1odcls as OIlc of thC tcohniqucs for

rescarchcrs incrcascs our kno、 ⒎lcdgc on ecological systcn1s whilc striving to dcvclop tools for pre-

dicting ccosystcn1 rcsponse to cnvironrncntal change.

This m°d.cl for abiotic variablcs influcncing tbc alpinc Fncado“ `ccosystcnl is structurcd to

sinlulatc rainfall, cvapotansipiration of soil 、vatcr, soil 、vatcr con.tent ill thc top 30 cn1, soil

tcnapcraturc in thc top 20 cn1, avcragc air tcnlpcraturc, wind spccd, rclativc humidity, daily

avcragc cloud covcr and solar radiation, and is prcscntcd in two parts: watcr submodcl and

hcat sublnodc1.

Climatc data wcrc dctcrnlincd fron1 rccords oF wcatllcr obscrvations at Haibci Alpinc

Mcado、` Ecosys1cnl iRcscarch station.

`Vatcr sˉ

ubnlodel sin1ulatcs rainfall, runoff, infiltration, cvai)otranspiration of soil watcr

arld.soil watcr contcn~t, and l)rovidcs fecd.1)‘ 、ck nlcchanisnls l)e1wccn biotic and abiotic variablcs.

Rainfa11 is siluulatcd in “vo approaches: (1) stocllastic rainfall gcncrator, rainfall is as

a first-ordcr Markov proc(、s,and is dctcrmincd 、vitI)lv.iont Carlo tccllniqucs. '1· bc`iarkov chain
is spccificd by thc transition matrix T△ t∶

R  .VR

T~R「 。】c叫
工Δ′̄

NR Lr21 c22J

、vhcrc R.is rain; NR is no rain; and (), is condition probability for thc Occurcncc Or nonoc-

curcncc of rainfall (i=】 ,2) givCn by thc (xcurcncc Or nonoccurcncc of rainfall (i=1, 2〉
tllc iprcvious d.ay.  IR~ainfa11 amount is calculatcd by rando11)ly sclccting fronl a frcqucncy d.istri-

bution.  (2) I)aily avcragc rainfall, daily rainfall amount is calculatcd by Fouricr scriCs froln

nlonthly aVcragc rainfa11 an10unt obscrvcd.

Evaporation and transpiration of thc plant tlrc calculatcd as functions of thc lcaf arca in-

dcx of thc living bioillass, thc total standing bion1ass,soil 、vatcr contcnt,thc holding capacity of

soil watcr, thc ficld capacity of soil watcr,thc 、vilt point of soil 、vatcr and potcntial eva。 °t-
ranspiration.  R.tInoff and infiltration into neKt soil laycr havc l)ecn dctcrnlincd.  soil 

、vater
Contcnt is tllc solution of tile diffcrcntial cqution:
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洳v/励 一 raillFall amount-cvapoti anspiration-runohnfil“ ation

whcre s\V is soil watcr contcnL.                                  ˉ

1-1eat submodcl sinlulatcs daily solar radiation, averagc air tcn1pcraturc, soil tcn1pcraturc

in thc top 20 c】 】1, 、Vind spccd, rclativc hurnidity and daily avcragc cloud covcr.

The daily solar radiation simulated in hcat sub1△ 】odel on a clcar day(SLC in langlay/day)

is calculatcd as a function of tin△ e of ycar, latitudc, solar constant, and the transn1.ission coef-

ficient in thc atmosphcrc, and thc influcncc of cloud covcr and thc plant canopy on daily solar

radiation ()n ground a11d.n.et solar radiation is d.ctcrn△ 1ncd.u.sing cquations;

sz/=sL C[1~0.53 Cll

sLB=sL C[1~(R`+0.53c1)]

whcrc sI'A.s actual daily solar radiation on ground; sI.B is nct● solar radiation; R.f is thc

reflcctive ratc of tLc plant 。anopy; Cl is thc avcragc daily fractlonal cloud covcr.

Da11y avcrngc air tcmpcraturc,daily so11 tcmpcraturc in thc top 20。 m,daily wind spced
and daily rclativc hurnidity silnulatcd in hcat sublnodcl arc calculated by the cxpansion of

Fouricr scrics from thcir n△ onthly avcrangc valucs obscrvcd bccausc of lack of sO1nc paranactcrs

for thc Fouricr heat conducti° n cquation.  F.ouricr scrics is cxpandcd as foIlow· s:

/(`)一 口D/2+∑ 【%cos(P,)+‰ sin(″ )]

p=,

/(r)cos(`9)``;(p-0,1,...,5)

f(莎)sin(P`)动 ;(p-1,2,· ··,5)

cp=1/π
ll

哆p=1//
lo

whcrc f(t)is a variablc expandcd as a dispcrsc function on timc t;ap,bp arc Fouricr cocf-

ficients;t is time in intcrval[0,2π 1·

Thc inodcl program.is writtcn by IBMI FORTRAN 77 computcr languagc and has about

1600 statcn△ ent lines.

Validation of the、 vatcr subn】odcl and hcat subnlodc1 involvcd con△ pariilg silnulatcd tilnc sc-

rics oF abiotic statc variablcs with data obscrvcd at I∶ Iaibci station. Exccpt that si1rlulated soil

Watcr Cannot bc validatcd becausc a priinary produccr Ⅱlodcl still has not bccll cOIlstructcd,

siintIlated valucs of othcr abiotic statc variables comparc wcll with the observations.

B.ccausc thc alpinc incado砜
`ccosystcm is in hc cspccia1 gcograpbical p°

sition and thc especial

geographica1 c° ndio.ons, its cliinate has mai∶ ly charactcristics.   simulatuion rcsults about thc

clilnatc obtained fr()111 thc lnodcl inay bc surnnlarrizcd bclow.

1. Thc air tcmpcraturc is lowˉ bccause of 3200 n)ctrcs abovc sea lcvc1. Ycarly accumula-

tivc air tcmpcrature is -735° C; ycarly avcragc air tcmpcrature is -2°C; days abovc 10。 (c arc

l(资ls than 30 days and accun1ulativc tcnlp· craturc abovc 10° C is lcss than 300 C,  Days abovc O° C
a1inost arc a half ycar in a year, thcrcforc, natural scason in a ycar lnay bccn dividcd iilto thc

。old(Willter)half yCar(NovCmbcr-April)and thC warm(sumnlcl)half yCar(May oct(卜

bcr).

2.  Thc rainfall amount is n△ orc than th.at in ncar rcgions bccausc of thc cspccial topog-

raphy. Ycarly rainfall an10unt t about 500 min; thc rainfall distributioll is ilot uiliforrn in

scasons,rainfa11 conccntratcs on thc warm scason(88 pcrccnt of tI△ c ycar1y rainfa11 amount).

3,  
·
I′hcrc is wind in a ycar and thcrc is inuch lvind in thc cold scason.   Ycarly avcragc
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wind spccd is 2.6m/s.

4.  Thc sunshine~is long 〈2629 hours) a】 ld thc solar radiation on ground 111uch intcnsc

(151· 6 kcal/cm即 yCar)bCcausc thc air is thin and dry,and thc sky is clcan.

5. Thc cvapotranspirati。n (1056m.m/ycar)is 1】 10rc than thc rainfall amount (500 mm/

year)·  Ycarly dry cocfficicnt(=cvapotranspiration/rainfa11 an△ount) is 2.1,thcrcforc, its cli~

matc is wct in scnni-arid arca.

6. 'rhc yCarly avcragc valuc of rclativc diffcrcncc of daily air tcn1pcraturc is 14.4° C and
thc ycarly rclativc diffcrcncc of inonthly avcragc air tcnlpcraturc is 24.2° C,  

·
rhc clirnatc is thc

contincntal clinlatc and thc Plateau cliinatc.

In a word,thc climatc is cold,dry and windy in thc cold (Ⅵ 7intCr)half yCar and is warln

and wct in thc warm balf ycar.

A list of thc FORTR~ANˉ 77 source progrann of thc 1△ 0dcl was omittcd,but thc program

diagrams 。f the modcl 、vas drawn.  
·
I· hc subroutincs of thc sourcc progran1 wcrc list(d and

thc input and output variablcs uscd in thc n1odcl runs wcrc listcd,thc listcd variablcs、 vcrc dcfin-

cd and thcir u【lits wcrc givcn.
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