N e
The Application and Research
of Mathematical Model .
in Fcology

>
B

D15 T % M4t



e dE

;l._
(17

1Bed)

35(18)

The Application and Research of Mathematical Model in Ecology(18)

MmAES % B HE

6 1% 2 & at

2012 4¢ - b



HERE

B R E S F R AR, ERENBRESRETHRERFHEYRT
KRR R RS R R MBI, LA R HRE N R EEA AL A S R R A &
REPREERIEM, ARERARER RIS, BT EBRET, TUFBEE TRESK
FRBUIRT A R FRABE TR s S AR 619U T 122 B & Fh & B AR S R 1R BRI

| RN T TR S TR BT R BRSO R AT, AN, BB R B
TMEMESRENRLBR, BRERUARESRENDE.

ABEBENEN N AEFER BRI AR AR RSB B, J07E 28 % K S
Fksh Ty, AR B RSB S TR . AR T R R T 0
B BE R B2 RS DA RO R R B

ABEGSRFE HTE GEE I Y YIRS B MR Hen
EBFMEBERSSHRTBOBZ T HEERBXLR NSRS, 155 5% SR it 4
ABFERBF S,

B HERSE (CIP) K1

BOPRRITE A2 F B RS . 18/ 430,
BRIRG0E . —bal . g i iad 2012, 4
ISBN 978 -7 - 5027 - 8209 -2

[.O% 0.0OF- Q- 1. OFFER -5
M -48% -5 V. OQ14

HE A B 431 CIP Bl A% (2012) 45 035672 &

HiEHE: & F

FALENH]: B R

1313 %2 5 5t HEEEIT

http /S WwWw. oceanpress. com. cn

R EXKEFHS S HR4:100081

AL RIEEDRIAE AR HeBEL s R T HTae
2012 4E4 ASS 1 B 2012 4E 4 HE 1 IRETR
HA: 787 mm x 1092 mm  1/16  Ei3k .20
F¥. 580 TF FEH#.60.00 55

KFTH8:62132549  HRIGER 68038093 442 :62114335
M R S B SR T B AT IR



(RO R A B B e 52 (18) ) B &

* R MEAT K #
HlEHm HHRA X KX K R R
B E (BBRESAF)

S
(e
3
™
s

THEk K % B B BAA QLM
% B BT RAE BaE AR
MR BRKA ABE ZER EEME



HrRaRBUNMIR

=R YT R

HFEEWRELUFMAIAR
HEEMELZRIET

*

#



BT HH SN A RGN EATRA A ENE, AT AT K ERR
N R KN TR, DM, U L AR 3 A A
Sk AN A AR EHATEH

EANEEEART ERLBR S X EAEL WA A AR RAT
SR E N RO E RSB AT T B

HH(ESREBRURAAEEFALSFRA)

(k%A 5)2000,24(6) ;21 24,



i

Bl

éﬁk)gj] 9%%4@‘%,@%%%,?%%&7%%3%1@’:gjkﬁﬁo
(£ - BRI EXRL)

BFEBRBFRTULPAWATE: T ES, B MR, £ 1 8
BMR“RETHA? BHRETERA?Y, EXEHFR, RUNFAEE“RET
07 BHACHARLENT, WHERAFNEANH SR BEFMBEHTT R
MOHR TEARAFANIH FE AR#TTEZEANER, AT, 4
MEFAFESEREAERIEBFTREEA N, TE BLHT LR,
WHEAMN R AT &, B R LR AR N R,

ESHFERANRR A (D EEFREMESATNE R, (2) TER
HREATR, HALSIHA RS, 3) REFSHEUTTN B RXER
Mo

EARRFEBA AR (1) BEEANZRE A TRAH I IRZ
WG, A TEMAEALE - P RETH. Q)RBAHBITERE”
EFMBEMLR T &, FEBRLENKE, NEBBREAHRRE, TE LB K
e B)EHERMTEMW BAEREFHEABRAFEANKE, AESN
TRFTEFBRAHREFE R, FHA - HBS,

EARRAERAER. (1) EAWERACE - HERE . SHES . EREX
NBHEE, Bl ARAEANNMHEENESARZRAN 1 F55 K 0
ERETBEER, XwATHRENFHRNFHRERRBREE R EW—
BESAR, A BMANERCEH - TEFEL;(2) HEAWDAREHEE
W, EBTAENER ARWAE, RBBLESALNNH ESHERNNE
KR AR . EEWREMZEANVA, XA RSE, FHERBMHAURE A,
WEME;(3) BANTEE, hTHRANSH - REAZNEEREAN, BH
TEHFHEZ  XRERIAITFABRMN, RATEE/IRIE, A AR
VLA SEIRE £ AP (4) M AESFEER, IGO0 E, T RAEFEAX

BE AR AENERRR EATEEL T T EERIHFX WA,
1



BEEAELS¥HNARFR(S)

AP UAASREBANPEA L ENFRERNFRFEBELSET
FATB P, W W AR AKX ToAFh, ARAREN EWEL
FEATHETRONA, FHERTRFEANETHEE HFEA KL K
FEMUREBFHANARNEN, AEXEBASHFHANE L hi U
RABEF, SAUFEABRFTAAREWEA SRR ERKFHEAFTN
THRABIHEFA, BRAFHNEIRHALT, RAEBRLRFTENFL
554  BALESZFNRERE, WEREARPFREREKL,

AYRENTELFRUKES WL EFFRAERHFLEgEL A
ARFEAREGTLERBEARARK P HAE TG TR FEEARE
EREERLERFELENFOEERFEL—KI T RMNE ENERER
WHHH E A Z T (05SEMCL6) ¥ 3£ B K By T 5% Ao

HBUER SRR ILETE RN P& X EE LR AFR
ERERK;AERBXBERL: DL AR: AR KR ERE AR+ F &
ERE TEXREEIAKERF, FHEEFHARATFHALIHF RENR
FHARTE, R BRNBAAELR BN 5] %, EHFFEZRE, RAIK
B2RMAETH SR EARERGHE TR,

AFNEAHHEE, BALW, WANE , EWERH  FRLE, ETHE,
LR RME, B TEFARTAR, PP REARBZL, B AH i
FHIE, '

WEEEH,HAFR, #RE, TERK,HEANN,

wWEY K &
2011 412 A 12 H



FEZSTREHIRIAET oo eeore et (1)
FEBEFE B RIREET oo vereer oo Seeamasiveeusesanssesassesnaeran (5)
JNFEHE AT « oo enemmemee e e (11)
BEASHEARBI FTEEBETH < v vveeemeee st (15)
BRI AR T EE oo (18)
PR S A AT AR AT v veeree e (21)
R S FRIIBAET] v vveeeeemnermerene ettt (24)
BEVE RS BRI oo (28)
H B R A BB AS U TEY v vveveersemmenme e s (31)
BRI FETUFE AR S REIDL ovvereeerrsermremmnmiii i (34)
FRARAT AT HG BB S FRUBEHE vevveverreeereesmmmnminiiiiiieii (37)
TR BB TK AP TBFERETR e vveeremmemreee e e st (40)
AR HE S ] B ZR AT «eeveeenenen et (43)
B AR SR T DRI e veemeemenn et n e n e (48)
BRI IR T - vevmeemeer e e ettt (50)
S IR A BRI SR BRI o cveereeeremrrmrmmr e e e s (54)
el e i R P (59)
HE S TR BRI ZRABITE] -evvvvvemrereeneeee sttt (65)
(Sl X BRI AR A ST vt i (68)
FIYTEERE TR AT oo verrerrr et (72)
B R B MBI R SEAETY - eeeee e (77)
PP ZE B R BRI «oeeereemmemmmemeenen et (79)
FHREZS [A] B AP A SR BRI -oeveeveereereremenmnnmn et e (82)
=8 ks e A e S T N (87)
HE A I UE S5 A0 FRETR «oveereernemtentnn ittt e e (90)
ERAE KIS B AR e (98)
HEEZEM SRR LRAIT  -ovennerrereeesseeraaeseseneereeeseenteeeteate e e e teenee e rereaenaas (101)
Wi T v i I PPN (105)
Gl 0] e s W TP PP (108)



RERA AL SFHNARFR(S)

ARHIAGTEMI R THERETR oo veveeeeime e (112)
FEEHPRIAYTESTREAET  rvrrrnnree s (115)
PRI B ZKEIHE BT, -weeroevrrreeremrre et (117)
R B BB B AR AERIIE  «evreemerrmemrnmr (119)
ST B CT T AT coeveeemree e (122)
BMY TS HIBEIFTTED  vveeeemrerrremmrrsr it s e (126)
MR STE B AL AR coeee e (129)
F IR REE BAEE  cooerereere et (132)
FHEE PR LRI o (134)
LS [ IGHG AN T cvvereerrmrereormree s e (136)
BRI AR BRI oeeeer e (139)
FOATK BT T cvvvvreee oo (142)
VEMPERI B K AP R FHRLERTTEL  covvvreerremrrene e (145)
VERIBRIZERI N TR, crereerrere et (147)
B N e € OE s /= W T PR (149)
PUBEMEIELAIAEED  covevrereremrsnmmiiii (153)
LTI SABIE FEFJHFEE  cooererrereeserr e (156)
B K BT HIBNARET oo eomreee e (159)
PP E R RIBETTE  c-oveerr e (164)
KINEVEIBIAERBIT  creoerr (167)
FREIBIBRGE BN ER covvrerrere (169)
FIEAKER BRI e PP (171)
MBR FLE BRI E BATE oo PO (176)
FEBEAI TR EIARAIBEED  oeeeeeerereemee e (178)
KE G FIEAFEAEITL e (181)
FEATEIRIIFIE  +orervverreererersmnneeranir i ettt e (183)
IR RMGEETTE e P (185)
ILAA B S BE AL <eveemeememrerenenreeneensene e B T PR (188)
REAEDBEGTEBE L coveveerrmmeeree e (191)
BT KA BIEREL < rereemeerreer ettt e (193)
RHEZEBITBITTE AT v (197)
e 3 A TS Rt = . NN (200)
- E AR B K B L TE BRI  ceorr e e e e (205)
FeE B EERBEJITE o (209)

2



FIBHBEBRMBGERTTE - (212)
B AR GERBFAILREER] e e (215)
BUREFEEIIYHIED +oovvvreerrerrmm e (218)
SR EREBRET  cvrerr e (220)
R AL REITR oo (224)
BB HGSABEAEFE T HFED  coveere et (227)
YR TEAE I IELATE crerrererer i (230)
Rt 4 e v W T NPt (233)
FHBEBUIIICHFEL oo eeeeeermre e e e (236)
A BN FIFELETTHR  c-ooreereererererrerrer e e e (239)
TRIMTHE IR TFEE AT o vvvrevrrrrrereenseeeenrenee sttt s (242)
BRI AR R BEBHEL - (244)
HEEFE A MIIEFREEOTE oo (246)
4B M LT T L P P T PP PP APPSO PP (248)
VIR TS YL BUTAMIEL - oo rer et (250)
BT R ZE BT veov et e (253)
S AR RS T R AE BOMESRALT oo eremn e e (257)
BRI B TOEIIT IR cooeeverrrrr ettt (261)
VUK RIE ) NH, §BGE B TFE e, (265)
TKALE BRI IEERATE  corererererrrrrarier e e s (267)
T T L DD g /o= Wi o (269)
1P B = 1 <= ) O (271)
Y RS BRI TED  ---ooeevreermmenrere et et (273)
R ] TE S S -8 i = AT P (277)
A RBEEBEEIEM/ATE oo, (282)
TR AL L = SR = B 7 2 2 11 U (284)
VT E B TLBYEST TR i, (287)
Al BB A SR A BUFEAL IS TL creevevrerrerrermmemnu ettt e e s eee (291)
FHELET A BB AT - ooeeereeeens R R R R IR R (293)
AR HIBEBEERT  vveererrrrrrrrerreeeter s etiie ettt e te s e et s e aan e e e s ee s neana s (298)
b3/ 1: 0L, 1% T T LT T T T (303)
F i B PR RN BB A HLIRATE  verrrererrriii e e e (306)



A SINE A KRR

1 "R

AR AKERNERGEASM, 25 SR BOYRER, D fg
WA ASTRGS , S HTT R A RV IR, 2 24 4t SR BT I S [RI [I E o F  25 AR PG 30
BFEEIK A, B A BB A A R B, LA EMR, 28+ A B E
AL S ARk AEE , HiEE VU RERLASHEREZ IR ZRK . ZEEM
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2.1 BUYKEHRGHNFHEEY

RSB H1 2 FR SD( System Dynamics ) , 1956 4F 1 36 FE R4S FL T 2% Bt 48 5 37 4% ( Forrest-
er) HERAIAY . BRI NER, DS ENG AR AT B, IRERRLENAT
K, FIES RAE R RG34 H K (Professional DYNAMO Plus) #2571 #U8Y, }
25 [l LR R R BT 421X, Bt ] 1 58 2 2000—2020 48, (AR A O BRIR R 2 T R
FEEAY. BE 3 MERBIR  OfE 2 02 MEE ARG, BRR S AR 5 M
A S Q& T REH A DT E B 16,2000 4EF AN D$(14 672 A ) FIEF H
AC$(18 298 N)MEARK., BB LHMMNEF LRI, A DTEHFARSERAH
Ak, ARRZE T AEARAOTH K ESR, (U8B B R KRB A DAL,
@FER K 20 4F LB + HUBFIR OSBRI, 37 LA 00 5 K i R 2 3 0 A8 A
#,

BRI RGN 2R, A KR T L, X RS E B B A ISR ST B4
PR b B R R B E R R BB STE (E 1),
2.2 FRESH .

KEWRAESHEREARE 6 N T RS, BIA D LI AL E ROl A28
M SBH TRR M EEH T REIERRIEF T RS,
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[ i S O wWmehieE <X HARFE

A1 RENESHYRAEBGEHRE
POP S0 FN SETR; PA $FHUE AR FO BT & FA Mt
TR GA BEHL T B, SA 26 0 T B ; GO 7= 2L 8 FS R Rt
TDA $k% B PI RO ; ST BB s FI AR AT Rl
WA EB Mo 753835 sNGR B8R K % GIR B a3 i ; SDR $£48
MR/ % ; PDR #3038 /0 3 FIR PR I s AIR HE % B %

2.2.1 AuF&&%

NERA % RN RE, FUADRREFEAAARSEAAY . 2RERER
BAHAO BB ADZECE ADNKES FETEEAOGKETBENE SRR E
1, FREYWAOER Hir. ADRGHEEITRE:

AO#& L POP.K=POP.J+DT x (POPRD. JL-0)

R POPRD. KL = POP. K x POPR. K

AHER A POPR. K = TABHL( F1, TIME. K ,2000,2020,1) /1 000
HH,POP. K RELFEAN O EBEL, POP. ] 933 3 A\ 0 B34, PDPRD 4 A\ 07254k & ,POPR A\
FIAS{E#, F1 A A OB BRI K 3R, DT s it E][EIFE, L R A 3 BIFRA KPR B #
BT
2.2.2 IRFTRTEHK

FRHE 2000 4F + #b B UER) AR . 24 0 SC Brye phE (L A B2 B BB R R B, W R &
THE AR VELAK VER 3 AP S R R AEAT 4 26, M B 210 314 hm®, [ B U E AR
42.86% , KB EEREHEE, HAKBER B TRABEK. B TR KEAHERE, B
S BOKBRAE NS, 8RS E R A E A DK, R BRI
£ 1

THTF R EE T

ANUA.K = TSA —PA. K - FA.K - GA.K - WA - ML.K — TA

N, NUA. K AARF A MR, TSA Oy S iR, PA. K A#FMIE B, FA. K A4k AR,
2



ESHEAXER

GA. K HE s AR, WA Rk, ML K JE R HH, TA A3 E AL,
£1 XL HmAERD

TR g2 BB At TR BV hm® B &S A 4
W 67 T Y/ hm? 487. 900 100. 00 AT BB km 492
#h/ hm? 84.314 17.28 7K/ hm? 73.20 15.00
Pt/ hm? 51,30 10. 51 5 F F + 1/ hr® 170. 900 35.03
B s/ hm? 74.700 15.31 F 5 1/ hm® 11. 300 2.32
A% 3% it/ hm?® 5. 500 1.13 £ b/ hm? 138. 50 28.39
&:3%/km 134 1R ¥ Hb/hm® 18. 50 3.79
LB/ km 378

* 5| B % MR KR E RE TG BT (2000 4F).

2.2.3 #HHLFEL
A P B TR, D ROC AR IRE ST o 18 i 23 Y
HREERRALREER, RIE R RS, miES " RS R EF AR,
R ARIRS IR KA R 7 B Y A R 7 BB, SR e R e
EMBEEIRIAT THSE, 15 %X L o T IR .

SN ORY P EVORYCS

P () RIR R0 R (s) S AR S B BR B F( P/ Ey ) K Ay B2 B £ 0,) A
BHEBIRSHE MR Y AEW =T,
M T RETE R
A FE K = CFPE.K + EFPE. K
A, FE. K RFHLIRA , CFPE. K 8B ,EFPE. K AT RS .
2.2.4 FEHIFEK
BRI FRENFEFE.
L GA.K = GA. J + DT(GAL JK - 0)
R GAL KL = TABHL( GAIQ,TIME. K ,2000,2020,1)
K, GA. K HEHERR, GAL JK A E M B, GAIQ AE A1 &
2.2.5 AXRBTFERG
LB RARETFNR IR BEAFMN, AT AR R R R, ARG HEE
FIEBEBED, TRERBHFAUARAR. AAESREN AR IMESER
G2 B FMEE R, R B R TR RR T, 4ERE RO A S LA TR R TR AIAE TR ) A SRER
3



BRI A AR R (18)

B R A R G R, AT B BISR s o B R MRS, BDAR M AR B M. &
B - A SE R I K R B . KA 25 A B R, LRI EA SR, 8
IR LR B Rk B KB RS AN TR, SR RN N # T, X8
AEARNEE EBAIEA B A A A A RAE T R R R B 2R B0 2R (B R AR R B
HUPF 7 bR . M TR AR R IR AR U R R (R ER B TR
YEF , e X BefE FifT & G T HE , SRt R ] Iri E Tk .

EEBBETFREFTE#E:

A GFSEE. K = PLANEE. K + GAEE. K + FAEE. K — SAALE. K

o, GFSEE. K R H 353048 , PLANEE. K Ry fp ey AE A5 %48, GAEE. K N F A 8 4R
FAEE. K R WA B AE , SAALE. K R EE BB e A A3 4 o
226 #HLBZFTFAEASL

SR TRAEEITE:

A APE = PE.K + FE. K + FORE

A APE Rl BHA , PE. K TGV IK A, FE. K FE B, FORE 5HR A

3 BX

BB MRRH I FER S ERFRAL HE FESEFZ ML
FOHBIPURE THRAAMAE R E RGBT R, WA NN REES RO TN, &g
ARIPRAMR FHEA TR, W AW R A O 25 5ASIRENMEXR, Hik, A
R H R RIBT ST A S IR AR B BRI R R

8% UK
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Ap gt , X AT T AR AR 7= B UG R BUE T4, T E R R AR R R, B R AR R
Bt KA HRENEE LR . PIBEREE b, 5 51R £ 0 B R G B R R
LA BATATR9™ o B FRAR BT R B SR R A S AR A E R
BRI , AR VI AT LAT B C R SUE g AN R o T 28 S PG LAT B BLIE T M A BUR
BORE E BHE R BUN BRSSP SRR ZEFF A4S R AT Landsat T™ it 545
BH) VI STEEFANEINAY LAT {5, B ROE LAT [ AGEHHAER) SR TR B ARSRBE T, X AR
R R AT P AR A AR R X

2 R

2.1 BEEWEENS LA GR8XSH
2.1.1 HAEBHK

S P B A S AR R L N I LAT G, PR 4 R T AR B (RVT) LA
— AL B AE B NDVI) FEEAEB IR (PVI) 3B VR TR F8 5 (SAVI) B IE T 3R R
B (MSAVI) KRS FHFLHE B IS B (ARVI) R &EA L RSB (SARVI) . Hh,
SAVI h iy IR N F L BUE 0. S; ARVI FR D RBEHE ST IE R BEUE A 1 5 0. 5;SARVI th
B LELO. 5, GEREEEHTIER S 1, D FHSIEE MNP EARWT
NDVI = (NIR - R)/(NIR + R)
RVI = NIR/R

PVI = /(0.355NIR - 0. 149R)* + (0. 355R — 0. 852NIR)?
SAVI = (1 + L)(NIR -=R)/(NIR +R + L)
ARVI = (pyg — prs)/ (P + prs) FHeH .prs = pr — ¥(Ps — pr)
SARVI = (pyr ~prs) (Y + LY/ (pyr + prs + L)

2NIR +1 — +/(2NIR +1)* - 8(NIR — Red)
2

MSAVI =




BFHRAL £ S¥ WA AT R(18)

KA NIR oy NI ETSMLBE R pp HELEBEpp NIEEBEL.
2.1.2 ML LAl 4% 547

A PCI9. 0 BIREK(F:, 52 IR T &4 AL B BRI . MBS LAT ISR BT i 45
RN L, BRI, B PVISL AR SAE S0 LAT BRA R AR R, BREAT LK,
BT HEPIREORE L BT X LAT (BRI R R B A 4T

®1 HEBFIEYSE LATHHEXRY

B | MM BEH
PVI 0.879* 0. 000
NDVI 0. 866" 0. 000
PVI 0. 556 0. 000
SAVI(L=0.5) 0. 866" 0. 000
MSAVI 0. 856" 0. 000
ARVI(y=1) 0.857" 0. 000
ARVI(y =0.5) 0. 866 ) 0. 000
SARVI(L=0.5,y=1) 0.838" 0. 000

* g FEKFE(P=<0.01).

2.2 LAl IRy R ST
2.2.1 —AKHREIHER
GIYRLESpSE
y =ax +b
o,y Ak LA UM, &2 251500 T BT L R R SR B LAT 1 —To 4k
PRI AR,

B3R 2 \[ I, RVI MU S BB Bl ,NDVI IR Z , X 5 R BB AFTRREER—B. savi
#¥)H,L=0.18f,R=0.866 1,R* =0.750 1, #IMEIF, I HAKTF RVI, B3 {EF NDVI,
L=0.35 B 5 LAI B PE MRS PR R B 22 , T 224 ol AL 49 i BE S 1o, X P RE R T B R
FTTTRERERR, CHBIERYN: T EERS KA TEREGEWA R TR, £
BRI ER AT RE M 75— BRI , (HR SR B 5 T34 B ZEs
BEo SARVI R KK SUALL, PVI S LAT (920 81 13 43 4 (0 4 56 R B0 8 B8
AR



