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ASSESSMENT MODEL FOR HUMAN IMPACT ON GLOBAL ENVIRONMENTAL
CHANGE USING SYSTEM DYNAMICS MODEL
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ABSTRACT; Under the assumption that the population problem, the food problem and global warming due to
energy consumption can be stabilized through managing land use, impacts of human activities such as con-
sumption of food, energy and timber on global environmental changes, and global population capacity are
analyzed using a system dynamics model developed in this research. In the model the world is divided into
two groups: OECD countries and the others. Used global land use data set is land cover map derived from
satellite data, and potential distribution of arable land is estimated by the method of Cramer and Solomon
which takes into consideration spatial distribution of climate data such as precipitation and evapotranspira-
tion. In addition, impacts of carbon dioxide emission from human activities on food production through global
warming are included in the model as a feedback.

The results of the analysis for both BaU scenario and Toronto Conference scenario are similar to the
results of existing models. Improving spatial resolution of the model by using global data on distribution of
environmental variables and socioeconomic indices is left for further studies.

KEYWORDS; global environmental change, global warming, food problem, global population capacity

1 BE#®

HWEROMRMEAL, BRYER, BAFMARORD, Bk EOBKEREICE T 2B/ SN THBY, ThH DR
BHIZHEWICEELG> TWwh, FIZITEREHET LD HR R LBHMELICT 2. 2088, CO20R
FEEFED L TREAHFOCOURED L, HMIROBBELICLEEL 525, ThoolENE X, B
BRLANVE—HE L EONBEEICL 5 EBPIRESCHFS LTS,

AR TIIEENEE R LA VX — % &0 NHEE 0 BIRRE I RIT TR 2 3§ 5 €7V 2K L,
OECD & JEOECDHS 2 TR & LT, 19864ED 52020 DB OKE S 4T 42 L2 HMET 5,

2 RHEROMRE
BHONIALHERIC X 2HAESA D BN L IHFT i 2 KD, FNo 0B TRYIPEE I NS
WWINATEEZ ALZHEE LTS, L2ALIOMETEABSEYOARZERE L TBY, WHOLERYE

. SR T KFBRENS A5 22 P Environmental Information Research Lab., Kanazawa Inst. of Tech.
wx GIRLERFRFFE (Bl (Bf) /Y2 2) Kanazawa Inst. of Tech. (PASCO Corporation at present)

—181—



BEhTwhw, WEOAERLZB LD OIMRICE 2% e 5. MEhEENEE LT, AL S0
TEERVEREI X ORI T BN % 3R, ARHMEEITIE D BARIR Lk T AL — 48T X 2COMELE b
FRFIZEF L TV 5,

WARGEBNE, T, AL, AFHKEORE, FABKE CO20HEE % ¥ 2B S0 3 L T/5 1 4
YAFIHIRREL RO TS, TOEFLTHE, BEXMIC L 2BHEREROBINC L b %> SREHO R
R, KAMBECILZHMER R LOPEL FMT 2 THAFAL 2 ¥ &, TAUF—FHICE o THE X 2
CO2%FliT 2T ANF -2 D200 2 ¥ IC ko THEEA TV S,

3 WMRFE
3. 1 HROKEN

AR TIZ, AL - ZAVE—8ICE ) COBEIM & - FORNE IC1E 5 COEEH & - AMIC X 5CO2EH
B COMERICL 74— FNy 7 DEDDORELHMNDY, THORVAFATAF Iy 7 ADFEAH
WTETMEZTT) . EALRBREMER RS, SEABRHOBHEA: EONETFIICEL T2o0r — 2 %
BT, BT - ABOFROCOWRULE, K OWATIRALIC DV CHM%47 .

3. 2 WROES AR

KR THV S ZERILTOEY) TH 5. Livese] L]
t: R I?J
dt ; BFRHIE —l_i\j&l
POP : AT | [=arae
BIRTH, DEATH : 4 A%, ETAH x ek: &
E_CNS | RN 5 e
F_CNS_CAP | — A%7: 1) o foklilft & ¥ itk
F_EXP, F_IMP : fukh#ili A & % {§£§£§
PRD_HA : $HEHi1ha47- Y oAk A S
ARB_NPP : $i#EHi1hay /- b Of—KkEER ]
F_CO2 : BRHHEIHE ) Co2dkit & £
E_CNS | Th V¥ — 45 #
E_CNS_CAP: —~ AN h O 2 V¥ - BB & COImE
COAL_CNS : fjRiHE & — :
OIL_CNS : Filiy% & A ARELH
GAS_CNS : KHH 2 B * A &
a, B, y I HEZARNVF—FICOEHRE " wREE - AR
E_CO2 © T3V — 41k CO2k I & = & % Corikit
FW_CNS © #REHFIAHH i TR
RW_PRD : M KRR S AR
FW_CNS_CAP © — A% 7= 1) O BREL A 5 -
RW_PRD_CAP : —~ A7 Y OH KEES
WD_VLM : FMR1ha7z O T hbi A & M1 FFEonn

WD_NPP . F#1ha472 ) Ofi-— KA EE
FW_CO2 : BB R ARM A IR S Co2BE &
LU_CO2 : tHIFHZAbIZHE S coO2Et &

—182—



4 AODHEE

WA AB4], BT ABI4IZ VT, XORXMITL ) ICAOERD 5.

POP(t)=POP(t-dt)+BIRTH(t)-DEATH(t) (D

5 CO2HFHEOHE

AT AINF —HE - AREE - A ERRICHER SN 2CO2E R E LTV 5.

5. 1 IXIX—EBICHESCOBHENHE
RETEHIALY—ITHM - AR - KRRFATHY, Thoo
LA BB O R ICHEE 8 5C02% = AV F —HE IS CO28EH
BT 5.
(A) IXIL¥—HERE
IANF—HEEE, ANOL -ASLVOZR VY -HRELY
K5,
E_CNS()=POP(t) X E_CNS_CAP(1)
(B) TXIF—HBRICHEOCO2HHE
BIFANF PO E N LB DCO2EITFNFREL S

)

IANF—HEE

LA E—F
HREG

I

BIARILF—D

HEE
[

IAINVF -3
CO2HEHBAREL
T

T, HFIINF-OIIVF—FHELKICLOHEPLEN
FhOBHERELRD, FIANVEF—OCOMERBRKISIE AT, #NFNOCOULELRD S,

E_CO2(t)= «a COAL_CNS(t)+ 3 OIL_CNS(t)+y GAS_CNS(t)

5. 2 RFHBICHESCOMHBNEY

- (3)

M2 A FE—HRIE)
CORHFtH B DY 7 i

FUEoBREER © ARHEREDY Lo 7288, o AR
PARRLIEE, EVTREBARCIREL, oz HHE

e L TAMEEREZHNL, FREOAHZH > TV, 20
BARIR S N2 H M 6 OCOWEHE, 2T W RbhHH—RAE
EETARHEICH ) COER L LTER S, TheiEN
ICHHEA I R HIRAFE T AR ATH) b D LT 5.
(A) BHHRE
BERHERIALOE ALV ORHHERERE LV KD 5.
F_CNS(t)=POP(t) XF_CNS_CAP(t) ©(4)
(B) RHEER
PO EEEORRFEIWAEN L o TREE NN
EEHVS, EECRGHOBRYEER LAEHORNREERE T
WHRETH, RHIRTEESNRYET e ANFSER L LTH

LD HED HED
aRER R AREEE | BR4EER
1 [ I

RESD

BEAER
lha%7-H ®
BEAEE

| #esktesronm

lha¥47- ) @
WM-REER

[coosh]

3 ARHEICHE) COfEhED

57

BELTnADITTIELL, CONDMEPIREOHEE: LTHESNSE., CORSZOHE L L THEI N
BYEPORIEER TR, BWtEE L WEARREOST 2 BHTEORRAEEL T4, /4, HEORH

EESCHHEREEL D, FHMEIhal ) OEREREEZ RO 5,
(C) BEBHLEER

BAERAHEERZ RO L7001, TOEENICHEX TR 2RO B L KO L0850 5. Cramer H(7)
OFEFHCTEAIET e EE L2 KO A, Cramer S ITEEHETREICE L TW A IR E LT, KO3 D

DEMIZU T T A2ETIEL T A,

—183—




1) H¥E B O mE O &5 052,000CEL Lo #IR

2) AEBUCERICHELNS TEARG L, LEL ENLKSDHL0.45LL o HIH

3) BFBHERROBEN15SCTULT, »Oo5B 205D HA%0.70LL o Higid b <

(D) BIEMETTRE 1 hay/zy) DFE—REER

Box[8]17D /iE1C & Y NOAADNDVIF — % & HlV TR ORI T H 5 ET i OM —REERE L
RKDB., £ORDFELTITRT.

Scaled NDVI = 240- (NDVI+0.05) X 350 c e (5)

NPP=-1467.82527 X log(1-2.5 X Scaled NDVI) - - - (6)

Scaled NDVI : NOAA THHI & 1L 72NDVI (0~255)

NDVI . EHA LA

NPP : #i—RAEHESE
CORFEBIERETRBIAL D, BIEPET i ha4 7 ) OM - KEER T RD 5.

(E) BFHHMICHESCO2BHE

BREOAHEEE L IFHORREEEDEI, AHREAELZZRLHEARTOBE LTS, RS
DEHEH D 2O LELRFREIRER L BRI CO2BRbEL KD 5.

F_CO2(1)=ARB_NPP X (F_CNS(t)-F_CNS(t-dt)+F_EXP(t)-F_IMP(t))/PRD_HA SRR

5. 3 AMICLBZCO25EHR

AME D 6 HEHE XN 5C02E, AMEBE L L TR r TR
LB RAET AL, BB L EEAOILK L A & BiAR
BOT-DIIHFER R LB S hagaeilE
(A) BEEAMERHE - AAEER SHRH IS0

— N%72 ) BREAM AR - AR - A% MoREEE
AOTHBRHHAAMBEHE L AKREEEE RO 5. WREAMR AL | | BRI

££5 COEHN B £ Ccoki &

FW_CNS(1)=POP(t) X FW_CNS~CAP(t) < 2 (8) |

RW_PRD({)=POP(t) XRW_PRD_CAP®t) =+ * (9 **ﬂl’ h
(B) MBEAMERICHF > CO2MFHE CORHFM B

A E#EE LTBRR LR, BARICETNAC02
PHEHENDE, RA T v A —9ICE B ERARICETN
HCOUIEBDHA5%THHLDT, LTORIZL hkoD
%,

FW_CO2(t)=0.45 X FW_CNS(t) < - (10)

(C) THFIBETILICHES CO2HHE

BEHEEEROLKEWRT 27D HR IR L -RICHE S A 355103, WRA#ES & Fklhadi7:
D OB AR S FMEREE L RO L, F725. 2 (D) LFEMOHETHEK Y ) OM-—Kk
HEETRD, WKEEOZOIIHERLEE L FICHHE I N 5C022 KD 5.

LU_CO2(t)=WD_NPP X RW_PRD(t)/WD_VLM <. (1D

4 KM IZHCOMEHENHER ik

6  HEMKIC & B RFERIL
19804E (20,1 Eha[10] DM A TH N TH 1, 4B BHEOIMEhaD RS LI NS D LIRET 5.
W2 ABAROMEIC X AREEEDE NS, HiKT 2HBO HIEORIKE L S0 X o TREWRIGE DSR2 S

—184—



72%, Brownb[11)1RK® & W7z R FEWINAETI2.8 (REMH) ~9.6 (BEfE) tChadDHMiEH % & 5 7:6.2tC/ha
%mw%.uﬁwﬁ;bmﬁk;)fﬂﬁﬁwxwmowmiwmgﬁit%.%%im*wmﬁkﬁkmi
WU BRI B 25, ARFFE TIIHIAK S N7 BARD RFERINE DIF RIS, —ETHELDET 5.

7 BYMEEBOEIL

BEHMOMES L COPERIC X 2B AEREOELE AEEE S - BHEMha ) OV EER - TR
BHEEEBIZ 71— FNNy 7 885,
7. 1 CO2BEMMICEZ71—FKNNy 788

CO2BEDEIT 2 L B AEFEENHIZ0% T 5 &) UNEP[1210O#E I KD &, CO2RBEHMIC L %
T 4= KNy 78R E RO/, O, CO2NEEEBWERER L OMIIZRTEERYES 5 EKE L.

7. 2 SRERICEB714—KNNy IR

CIA[BIIC X o TR E N2 RIR L BN ED Lo B L 2 PHBWAEEICE DX, JEEAHITLS
T A= KNy 3R ERD D, 7272 L RS TORBILD S 7- 5 TR/ Y — v O biL, F72MFEICHE
ENTWiRWweY, AIETIERNEIC L 28T ER L.

7. 3 BERWOES

198542 519925 DO FEEH tha4 72 ) O BEVEE O BEFEMO#ELRE LT, UWTo L) IKET
5.

- OECD, JEOECDHbI & 12, 19854205 1992 DMK T4 L #EM1hah 7 b O SR A EHSHER L T
w{,

8 YIalL-—Ya R

IANF-HEONFRFRIZE L Tid, OBCD (K I FHR THE S N7ZGREENE 7 )V[14]
DMEHD Y F ) FOEREH VT Iab—Ya v iTor.

1) COBFHEM 2 BIMl T A BOR & & <R O W BURMEE: (BaU) ¥+ 1) F

2) OECDHuIR & JEOECDHIBIC, RFEHMHIOETRZLAHZET b Y MRV F U
DEOMEHOSF I ADY I 2Ll —2 3 VERYRS LR TICRET.

12.00 170,
10.00 3.50 ?‘2:;.,"
o 8 - r S - 30 h -
0T 600 g ol f Uy 1 5310 P,
400 " 290 F ey
200 2.70
000 250
ot 3
B5 TALVF—HEIIMNS COMitE 6 AEHEEICHTED CoMEtE

AR TS N RO R YV ZWEET A 72012, ABIEENC & 2 CO2EH B ZIPCCLIS]DAFFekE 3 & i
T5, FOMBERSIIRT.

—185—



13.00 1
12.00 § 14.00 ]
11.00 § 12.00
s SN Ty
700 T 6.00 1
600 o < Wy (=1 < .
X 3 § g g8 8§ &g ¢§ 00 2000 2010 2020
-2 F
7 ANBNEBNIC X ACO28EL & K8 ARMUEENIC X 5CO28EH & DIRGE
9 #BH

MECHE, UToZ e\ orbiol.
CIANFE—HE L THRIHE L AMERIC L o THIR E N 2CO20F KT EIT) EF V2B L 72,
AR THELONIHREMOME L R B L 7R, RETVIIRLEUIHL L EZ LN S,
EHD TSI F BT H20204FENCOE EIE, FREFNBEDLOME, 12651020, CoOkH ot
AOEMICE D T ANF —HEOBNPELERE LTEZONS,
<Y Ialb—3 a3 vOFE, 2020FERATIEALLOANNZE) ZENFWETHLZ EDbh ol

5| RN

[l FURER, A HR i, A% 50, I8 R H, NOAAB R 7 — ¥ T FIH L7 AODARAD T, 5 HElE 2 Y
E— TV T, Vol 31, 1992,

RMAEG, ARIEEOBIRKREICRIZTREDOET MU 5% — PEANOBH —, IR TFEAEKER
FEE T BT BT A BEAS 15 3, 1996.

BIUAEL, &R, R A F— - LHRIHE T VI 5354 &~ AFIH T RE & O 75047, ) 5T,
B FE R 594004, 1994.

[4]United Nations, World Population Prospects 1990, 1991.

[SICH) B AT 3V —RFEHIEHT - ZANE —FIEMIE Y & — TRV F— - BFERAEE F iV ¥—t
¥ —,1996.

(6T, ATETENOAAT — 12 & & ALUNE S O, SR THRFEAREE TR PGS A M, 1994,
[7]W.P.Cramer and A.M.Solomon, Climatic Classification and Future Global Redistribution of Agricultural Land, Cli-
mate Research, Vol .3, 1993,

{8]E.O.Box, Quantative Evaluation of Global Primary Productivity Models Generated by Computers, Primary Productiv-
ity of the Biosphere(ed. H.Lieth and H.Whittaker), Springer-Verlag New York Inc., 1975.

(9IPH.A&R A & v J — (E AR 3R, A REFHERL, 55 EAE, 1974,

[10]JFAO/UNEP, AR BT, 1981.

{11]S.Brown, A.E.Lugo and J.Chapman, Canadian Journal of Forest Research 16, 1986,

[12]United Nations Environment Programme, The Changing Atmosphere, UNEP Environment Brief No.1, Nairobi, 1988.
[13]Central Intelligence Agency, Relating Climate Change of its Effects, GC78-10154, 1987.

{14]JOECD, Economics and Statistics Department, ESD/CPE/WP1(92)2, 1992.

[151IPCCHd, IPCCHEBRIBIEIL S5 ~ K L A — b, BRBET HIRBREE 5% A5, 1996.

—186—



