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Modelifto, witb the adY•t of the digital 

COIIpUter:, baa beoo•• an illponan• ~1 to.- UDdersandlag 

the OOftiPlex social end eoonatdc ay••-· 'l'bese IIOdela 

have beat there in t:be peat, but: were pr.SO.inenUy 

t~ttntal modele, which took into eecount only a fw 

asa\JIIptiona end lntei'COI'I1l~ona. 

'l'beae ayat.. ue characteriaed by 111Ult1ple 

f..S badk loopa end a nan-linear behaviour of t:be pu .. 

met:ers and a dyn•ic: iatel"act:ian of sweral pane of the 

ayat•• !be huatan ad.nd aen efficJ.ct:ly aonaider and 

understand only a few relatiOilabJ.pa at • ti... Ae the 

complex modele of aoclal ayate• ccatda a luge nuwa'ber 

of relationahipa and c!ynantc iateraetiona, for a prop• 

understanding of these eyat .... , the aid of o:aputer 

ainulatica and other CC~Dputat:ioDal tec:bntqu .. have tD 'be 

taken (10). 

MUch of the modeling m thia •• baa 'been 

UDdertalt• at a regicnal level to aid the policy decd.aioJI 

atakera. lt: waa the World 2 of rorreetft •4 Club of 

Rome• a World 3 t10&al vhicb attemptea modeling •• a global 

lnel. An ovei'Wheleiao world attetias baa be-. focus aiMS 

-d tiUC!b dtlbate hu be• o••&'atec! both for and agaJaat 
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the underlyia; aaaump'tiona and aonoluaiona about the 

WJ model - a puticulu wor14 view whic:b attempt-a to 

COftiPJ:ahed the entiA ayat• rather th• jui: ia ainvl• 

pane (9). x• forecuta a world Which t'NI' poateriq 

would inherit • if pi'O,I)er policy deeie.f.ona ue no' takel 

now, in which the industrial prodU~ion haa falle to 

zero, the populatice, after oroaain; a suatainable litdt, 

suffers a cataatrophic decline due to hwao• and mal

nuu1t1an, and the air, aea and lend Q'8 polluter! beycn4 

tr:>l• .. rable litdts (9) • 

'l'be World 3 model J.a a fort'Ml, matilemad.cal 

model of a CC~WPlex aocial ayat• of tbe entire WGC'ld. 

'l'hia modal ia a follow up of What is known as the World 2 

tDOdel, which wu develop.S at Ml'l' under: Prof. Jay w. 

I'Orraster. Thia model explored tm.e naare aa4 illlplicat1oa 

of physical o.rowtil 1D a finite world. The toola ~a4 

tedm:lqu• usee! are the ayat- ~alyaia, Which v• 

developed by Jay w. rornater at MI'l', WhiCh wu ~ out

orowth of •re than 30 yaara of reaearCih. The ayst• 

dynamics representa the complex multiple feed-~ack loopa 

and relatione pictorially and .-thematically in te~ 

quickly tatderatood by eve.rycna. 

Tbe WJ IIOdel enalysea the iftlplicationa, in a 

fonaal way uaifto COIIp\lttll' a:ltiUlatioQ, of the iftaesnnt 
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w•t for orowtil in. what they suppose g be, the finite 

worlcS. 

1.'ba world model was bu.ll't apec1tt.cally to 

investigate five major tra1da of glObal COJICezD

accelerating tnduatrialtaation, rapid populaUoa growth, 

wideapreacJ malnutr:itial, d~lation of non-rcawllble 

resoUJ:'Cea and a daterioratting anvii'OmMnt. 'l'be \llorld 3 

~el. seeks to understand the causes of th.eae eranda, 

tileir intcr-relaUonehipa and thou implicationa ee much 

as one hundred years 1n the fUture. 

Accordingly the World 3 modal eonaista of five 

int:arconnected sub models or sub s~ora tha' were 

considered t:o be the key variables, they are .. 

1. Capital, 

2. N·112-renewable resourc:ea, 

3. Peraiat:ent pollution, 

4. Population, ancS 

s. AQI'iaultural sector. 

A t~tat:ive job sector naa be8l iDclude3 to take into 

account the possible affecta o:f extr8CMt labor scar:ciey. 

'fbe WJ model as~• that there 1a a liMit to 

aaterial and population growth .tn the finite world. The 

underlying asatnpticna abou1: tba limits are the follawin9 

(10). 
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1. The amount: of pot:•t:ially ar'able la~d that: 

can be developed into actually cultivated land t:b.rouoh 

the tnvestmant of capital 1a finite. As the s took of 

potentially arable land ia iminlehed, the marginal 

cost of land d8'-leloptMnt, ..easured ·jn tenaa of capital 

and onargy .f.ncreases. 

2. There 1a a limit to the -.ount of fOod 

that can be produced f&'Oftl each haaure of a&"ei'le alen4 

each year. 'this limit can be approached by 1Dvea~ 

in a9ricul tw:al inputa aucb aa fert111sera, p•ticJ.d• 

and tractors. Evctually, hovaver, there are d1.miniah1n; 

J:"eturns to theae inputs. 1'he land yield limi~ cen be 

decreasec1 by very birJh levels of polluticm or ov•

lntensi,re culti,.;MJ.Cil, and it can be rea;tot:ed to ita 

orioinal value by tav•tW.t 1n l .. d MJ.nt-..nce. 

3. The stock of non-renewable naoun• in the 

earth 1s fi."lite. Tbe ebaolute l.lait of available 

resOUJ:OeS is the entire llliaeral ccnteat of tbe eea-th' • 

eruat. Howev81", lang before that lilai t ia rttaehe!, tile 

taaro1nal coat ""' in capital and ••rw .. of extraet:ifto 

•d procesaino eac:b W~it of resource will 1"1se to 

prohibitive levels. 

4. 'l'bere is a 111d. t to the rate et Which. 

env1ron118Dta1 polluticma aaa be randered baalleaa by 
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natural ass1wtilating process•• Pollution levels can 

be kept below that limit by reducing the toxic:ity or 

qu•tity of in&latrial and agricultural ... 1as1ona. 

However. pollution ccauol requirea 1nvest:iment:. whiah 

ia subject to cUminiahlno retuma. llo~c. the rate 

of natural pollut:ioa abaorptian can be lowered by the 

pollutants themselves if they reach levels that interfere 

wi tb the envii'Oftment:• a aaeimilat:icn meah•l-. 
Baeirlg on these underlyillg asaumpUona anc! 

taking the available data computer a!mulat:iana were done 

and the Club of Rome z:eached the following coraclua1exut 

(10) -

1. If the pres•tt: growth tnrada in world 

population. irlduatr1a11aa~cn. pollution, food production 

and resource depleUcn continue un~•oed, the limits 

to growth en the plaaett will be reachecS aometl- within 

the next CX\8 hundred yeare. 'l'be most probable result 

will be a rather su&laa and unaonuollable decline Ja 

bo'tb population and 1nduatr1al capacity. 

2. It ia possible to al t• th- growth trcde 

and to establish a cattUtlfXI of eaolo;iaal end eaonOiaic 

stability that ia aua•J.nable ~ into the fUtul'e. TNt 

atate of global aqu111br1• aould be d•1pe4 ao that 

the basic matuial needs of each per110n on earth ue 
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saUsfied and eaab peraan hu • equal opponun1qr to 

realise his iftc!ividual h\DaD potatUal. 

3. Xf 'the people of the world ~ecide t.o strive 

for this secmd outcaae rather than the first, the 

sooner they begin world.ng to attaill it, the ;reat:c will 

be their chances of success. 

The philosophy and the asiiUIIPtiona, the 

equations representing the ayatem end concluaiona of 

the wo~:ld 3 model have be• pUblished ill teabnical 

r«mJrta of tbe club of ROI.It8 - ftle l~ta to GtoWth (9) 

and Dynamics of growth in a finite world (10). Siftee 

the publication of these reports several cticlea have 

be., written, whic::b cUacuaaed the global iaauea b&"Ou;bt 

up by the club of Rome. The major objecd.ve of .ast of 

theBe studies wae to examine the pbiloaopby and 

assumptions underlying the 110de11Dg •• alao the 

conolueiot'l Clrewn and policy recOiftrltedaUona Mde. It 

is possible that the conclueicna reaebed with the t.lp 

of a modal may or may not be acceptable, lDap1te of the 

fact tha1:: the model iacor:poratea pow•!ul teatmiqu• of 

problaa solving. only a thorouob study of the innc 

workiaos of the MOdel ce help in eneweriDo the queation 

why the model behaves the way U: do•• Bfforta to ••lyse 



th• 1ft0del • • 1nnerworkiaQ8 to obtaift a bet~er uad-

atanding of the behaviour of the model. thouQb 

itlportant:. have beta alaiDst •eagre. 

7 

tJnderstanc!ino of the 1nner:vm:ld.nga of GOCDplex 

models like the wozold 3, with all the multiple f...S. 

bac'k loops and dynamic :l.nterract:icna betwect various 

componeni:a of the IIIOdel is very assetial to make the 

exercise of modeling meanilagfUl (5). FoJ: a 0004 

understancU.no of t:ne imlerworkJ.ngs of any complex model, 

a thorouoh analyaia is needed. 

Analq the few who 1nvestigKed the 1nn•
M:tr'Jd.ngs of the complex global ft'IOCiels, nutm project 

group. •otobal Dynamtca• is en iMPOrt:ant Cl'e. The mejOI' 

thrust of the at;utUes of th1a oroup has bef!n to show 

t:hat a thorough analyaie of the behavior of the model 

een lead to an understanding of its ltorkirJa. 'l'hua 

faail1ta~inq me to draw better concluaiona. tho are 

~therw1se usually done. The ~hodology of analyaia of 

\~orld 3 hea beaJ ditiOU88ed by Thiaaen in a seri .. of 

papers (15, 16, 17 & 18) and he hu giv• bl:oad out&tl.blu 

or lessooa far und•r~ taru.U.ne; acaaplicatad tiOdela a~cb 

as the 'WO&"ld 3 mo&tl. 

The publication of 1ll'ban dyn.U.ca (1) baa uabered 

in en •a of fot:mal IIOdela of economic •u1 social. syot-
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to •lei ttl• pelt-r •k•l'• at all levela. 

lh'• ~- regl••l Mdel•• that bave ...._ 

t~ev.topea aftft row• .. 1:•r~ ~e blth1Y _..lo witb 

ctyn.-o eteMat• •• • ....-ou I'Mlltipl• ,....,'beok loopa. 

R•ce• iD ..... U oelll,_ed 1:b• •1~ uiatine 

tiiO<Jala o .. •welep • aew mclti •4 ct•iv• ~ 

~•Itt cut •t i'* • thonu;tl •"••'Udtat of V.• 

tan•r wol'kia;a •• the wu~MI'lYinl auu.-.• ia •••'tiel. 
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2. SIAL SYST!M MODBI.B 

Sillula•ica model• of eocaordc an4 aocial 

ayatema canaiat of four well defined elemen~a. ~ ... 

are CC!ftlp0ft8lta, variables, parameters and fuactional 

relatianahipa (12). 

COftlpCJilenta of the ftiOdela 41ffeJ: cona14uably 

depenc.Uru; on the pupose •4 ayst• beino aiatula~..S. 

For example in the club of Rome' a World 3,. tbe five 

sector:• viz. capital, nca-reewable r•ow:cea, api

cultural, populatiCft •cS persistent pollution ere the 

components. Again each sector ia sillulated witb several 

componenta. Xn the econom.ic ayat- it 4tll*'da on 

Whethe~: the ayat .. being simulated ia .. economy, aa 

in4uatry, a fin or &0118 OOIIPODent thereof. Mac:::m

ecanomlc models, t:o a large extent, have b._ simulatacl 

wi tb major a~on auc:ta aa the household bualnesa end 

govcnment sectora •• ccaponenta. 

'ftle vvtabl• 1n the aiiiUlatica ftiO&tla of 

econeldc and aocial ayat- are uaed to relate cne 

eontpC.'Il.a~ to •otbc. 'rh•e vqiablea are fUrther 

clasa1fied into exoo-oua V81'1abl•, at:aW. variable• 

ancS endogeloua variabl••• 
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smoenoua variable• are t:he 1ndep8ldent or 

input variables of the model, which are as.-u.ed to have 

betll predetermined and oiva~ independently of the 

aystem being modeled. 

'fbeae var:iablea act upon the ayat• but are 

not acted on by the ayst:•• Exogenous variables are 

of two kinds - contJ:ollable antS uncant:rollable. 

cantrollable variables are t:hooe v ariablea or paramet•• 

that can be manipulated or cont:l'olla! by the decision 

makers or policy makers of the system while nan

c:ontr:ollable vuiables are those oanerated by the 

environment in which the modeled syst• exists and not 

by the system itself or its decision makers. 

st:awa variablea c!ucrlbe the state of sya~ 

or one of 1 ta components either at the beoinnino of a time 

period, at the end of a tiM period or during a ti

period. '!'he s tatua V ariablaa interact witb both the 

exogenous and endogenous variables of tile syat-

aecorc51ng to the aaeumed funclonal relationahipa of the 

system. The value of a atatua variable during a put~ 

cular time period ma.y depaus not only on the valu• of 

cne or more emgemoua vuiables 'but alao oa the valuea 

of certain output: vqoiablu in preceec.Ung periods. 

Whenever a cowponent takes ita input f..-om a port10D of 
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iu own autput fro. a pnvioua per1od, a feed-back 1oap 

is said to ocCUZ'. Sudl COIIPlex iDUJ:'acUve feed-back 

loops are COt1lmOft 1n ecatomic: and social ayst• models. 

D:tdogenoua Vari.ablea, an the other band, are 

the dependt~~t or output variables of t:he ayst:• •d 

q•erat:ad frmn the interaction of t:be ayst••• exogmoue 

and status variables according to the ayst•' a operating 

characteristic•• For example, 1n the agricultural 

sector of the world 3 model, food F, persistent pollutioa 

o•erated due to agricultural output: PP AO an the 

endogenoWI variabl•• 

The clasa1f1cat1on of var:ia))les aa exogeoua 

variables, at:at:us variables cad .n4oganoua variabl• 

1e done according to the purpose of t:be researeb. 

'fhe fUDc:\ional relationahlps describe the 

1nt81'action of the va.rillblea and o;,mpcnente 1ft a modele 

These are identified and operat:inv charact:uiatica and 

ere used to generate the bebaviOUJ: of the syst:•• 

Idtmtities are either definit1caa • atatemeau llbout 

t:he c:!Oni>CI'l•tt: of the IMJC!el. l'or example in the 

aqrieultural sec:tor of the world 3, l•d fen1ll_,. .t.a 

defined aa the land yield witilout •Y tBOdent inputa. 

An operniav cbaract•iatie u • atat~Uaal equatioa, 

which relat• the syst•• a •<Jogenoua end ata~a 
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variables to ita exoga,cus variables. 'l'bese equaticna 

uaually are ei tber a set of sialul teneoua equaticme ~ 

differ81Ual equat1cca. 

xn view of the complex na1:Ure of tile social 

and economic aystama, w1 tb all the dynamic ctl...,.ts end 

the numeroua feed-back loopa, sianllaUen ia used to 

study these systems for 1:he followiaQ important 

reasona ( 12) • 

1. Simulation male.• it poaaibla to ••udy 

and experiment wltb the complex internal int•actiana 

of a qi.vta syste., \Vhether: 1 t be a firwa, en indUstJ:y, 

an econtlllf, a social syst• or ao.e subayst• of ane 

of these. 

2. 'fbrougb simulation one aan s~d.y the 

effectll of certain iftfcmnatJ.cnal, organiaatianal ~d 

envil't1llftl4!fttal dusngea an the operation of a ayat.. 

'ftlta could be done by IMkino ch•v• in t.he CC~~~PCn•ta, 

varlablea, par~ere or ~ctional relaticaahipe of 

the eyst• •d obllervmo tba effect of t:heae chengea 

011 the bebaviOUI' of the aya~. 

3. Ia oomplex aconoalc ad social ayat-

only a fw .ang the IMIDY varial .. , deacribJ.Dg tile 

syst•, contribUte to the a<Rual bebavioUI' of the 1110dal. 
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Si1111lation CCI be used to de~ermine which of Use 

variables an more important and bow these interact 

with each other. 

'· Simulation caD be used to t;%y out new 

policies and decision rules for operatinv a systea 

before running tbe risk of mcpeda:enting on the real 

syateaa. 

s. Dynamic syst_. eM be studied. usino 

s118\llat1cn1 either 1ft real time. OCJliPreased u .. or 

expanded t.ime. 

The foregoing diaousaion ia e.boUt vqioua 

social syst_. models •d economic modele undertakeo 

a~ regional levels u opposed to the ~rld level aa 

1n tiorld 2 and World 3. and alao the related work acne 

1n the field. 

Most of these 1110dela are baslld on the guide

lines of Urban Dynamica (7), Wbiab are develcped to 

aid the policy makers. sa.. of the iaportant aoc.tel.a 

among tbese have ~ aoaaideJ:'ed h._. 

In the early aeven~iea a multi-diacipltDary 

t•- at Mic:hivaa State University hu developed a regional 

lROdel t:o study the probl... of agriaul tural aeator &rvelop

fMDt 1n Nortban lfi;eria (a). The d\ief taOd.vatica of 
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tbe ~- baa beet te explore the usefulnesa of 

al.alaUan u a tool for aidtng policy makers of Nigeria, 

who an coacened w1 tb taeeting the nutJ:i donal need& of 

the population, the gearattoa of foreign excb8lge 

eantaga •4 raw •terial 1aput:a for induatri.al.iaat:ion 

and other itapOnent: ca.u•ticma relating to long t~ 

developHDt of the agric::ultural sector and ita interaction 

with nca ... agricultural dweloptMnt:. 

!'l\18 RIOdel inel\14.. ~ant dec1aiana r&QacdinO 

allocatioD of reaourcea to developmct pxoograu in 

vuiou.a region a of the countr:y, interregional trade, 

the eatebl.S.ahlaent of tariff and tax policdea ed i:be 

allocaUoa of devel.CJpr'*lt reaou&'cea t.o varloua public: 

acd. vi U• like researc:tb, egricul t.ural education, and 

ext•slara. At t:be Mczo-lcvel the ilpaat of agricultural 

policiu upcn the reat of the eeonQ~~y and vlc:e-veraa 

have~ acmaidered. And at a a:>re ftllcro-level, 

.t~~partatt po.Ji:r 4ecd.aicna with regax'd to alloeatka of 

panicular develop~Mnt pzoar- within l'e;iona of a 

countzy have b ... t:ak• into aacouat. 

On the •- liD• aa thia IIOdel, t~Mt Softl\ca 

Miger1• avricultul'al eaanowy has alao b- 1104ele4 (1). 
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'lbia tiOdel comprisea of five major pzoducUon •terpriaea 

via. COCCMl, pala~pzooducu, rubber, annual non-fOOd CI'OP• 

and staple fooda. In thia project a a•aitivi~ analyaia 

and a OOIIPU'iacn with the real world data has be• dcne 

ea a part of the validation proceaa. 

Policy nus i:o teat the aimulated consequenc• 

and r:ul world illplica~ioaa for tbe economy of policy 

altemat:ivea auab u ~~arketing, boud pricing, t~ 8ft4 

production a.apaivna ue undertt:eken. 

Maldng use of the veeralisac!l urbaft dynamica 

model of Forrester, a teat liOdel for Han:ie County !'ex, 

en area of dynamic ;zowtb, has beerl c:onatr:uct:a4 (13). 

'l'he model was 1n'tialiaed wi t:h data ffta t:be year 1950. 

The reaul ta were seen tD be closely tufted to the county• a 

.. j or ataUatical varieblee thus being helpfUl to 

poliay makers. '!'he title span of the model has be4ll 200 

years fJ:OIJ 1950 cnwel:da. 

'ftle most: auec:asafUl nan-lazoq4t scale eooncmetrie 

110dela have been 'those used for foreaaatiao and poliey 

analyaia. '!'be principal -.ano the::'• ue 'the Whar1:on 

~-ly eoonOIMt::rie •4•1 of the t.S ecot'lOftiJ', the 

Brookiftoa .odel, the Miehigan model etc. (2). 
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All these .adele are moderatelF large ayat .. s 

of aitlulataneou equations. The equation ayst• ia 

dynamic and contain• nca-11near.1U• wh1ctl ar:e essential 

for a ~eel1at.lo represetaUon of the eoonaay. 

AD eoon•1c 110del for at.ulating i:he eclt'XlOMic 

'behavior of tbe state of Oregan baa 'been taOdeled C 5). 

Tbia u a continuous and dynamic mac:ro-acanontic model, 

lllbicb v.twa ore;on•a econoaay as a 8lMll, op• entity 1n 

• liUCb laqc us 80Cft011Ye The ecancay of oreoon, in 

tbia IIIOc!el, bas 'been eeneidered to be aompr1aino of fous

interccnnected aubaodela viz. 1) The waoe structure •d 

cana\ller d..and submodel, 2) Natural resow:• aubllodel, 

3) capital fonat1on aubnlodel •cS 4) Dynamic pro4uct1oa 

aubalodel. 

XD anotber 11104el, an int81'act1v• syst. haa been 

d•1gaed to study the spatial aspects of urban QJ:OWtb 

iD S•ta clara county, san Jose, calif. (4). 

The objecd.ve of t.bia modeling axuciae bu -.. 

to aid evaluaUOD of local govemtHDt pol1c1• to ensure 

tha' san Joae•a fUture ;rowth will pxocaed u • or:d .. ly, 

pl-.ned Mnner U> adlleve • bal•cect oorapoaitioa of 

industrial, COIIIIIercial, reaid.,tial and public \18U Which 

preserve ed adv•ee the qua11~ of the ex.S.stirlg envii'Oa .... t. 
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'l'his model includes regional forecasting models and the 

industrial location model. The regional forecaaUng 

models comprise of two interdependent models - an econo

metric model and a demographic model whidl are used to 

generate regional forecasts of employment and households 

and a projection of future population by age aad sex and 

oonve rts this population into labor force and households. 

The industrial location model projects industrial 

activity. 

The study by James et al gives a method of 

optimising social system dynamics models (3). Forrester's 

woald model has been takeD as an example for demonstratinq 

the methods. Parameter optimisation techniques and 

variational calculus have been used for optimising. 'lhe 

influence of these on the behavior of the world model 

has also been examined. '!'he study brings out that the 

aforementioned optimising techniques genera~ additional 

in formation and insights regarding model behavior and 

hence contribute to model validity and utility. The paper 

fUrther shows that analytical methodology can produce 

supplementary information, in the eontext of a specified 

value system. And this can be used in understandinq and 

controlling a dynamic model of a CCIItplex social system. 
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A almilar study of opt1ad.eina of social 

aystema baa also baeD undertaken by Roger r Naill (11). 

Tbe rorraster•a urban model ia exceedingly 

complex and hence cona.f.del'atiOD of the faa~• 

beoo ... very tediowa and oo~reheaioft tU.ff1cult. Aleo 

the model appeara biQbly stable asd ias•aitive t:o para

meter chang•• 'l'hia latteJ: fact of the model leads oae 

to auapect that conddarC,le reduction in the c011plexity 

of tile edel can be acaonplisbed. withoUt changing ia 

btlbavior (14). coaaidering these facts. a greatly 

aimplifiad •••ion of I'Orrutar•a •del of an Ul:baa 

ar• baa been deacribeiS by Michael stonebrakw (14). 

'l'bla a1111P11f1e4 model coataiaa cnly 9 statu 

and 81 equations as against 20 stat• and 1!0 equat1ona 

1n the wigi!aal hrreat•' • aodel and leads to the 

following concluaicna -

1. Delet.f.ng the delays and aceeleretora 1D 

Forrest:OJ:1 a model do .. not sUbstantially altw the 

dyru•d.• of reapot'IS e:-

2. The •- infer•c• oan be drawa fr~ both 

Forna~• a IIOdel •d alao its greaUy ailll)lifiecJ v•aioa. 

Hence the edditioaal detail in this irultaDc:. ia uanec:e-

saa.r:y. 
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SWdJ' of saaa1U¥ity analyaia of social aya-.e 

a:l.aaulation bas be• done by Andw et a1 and a nw measure 

of sensitivity for social aystetn aillulat:ioa modele baa 

beea cxmaidared. In this projeci: the s•usiUvitr of e 

ayat• dynamice model of ••gy boa town has been 

CCIUiidered Wi tb Kew Mexico U en •aq»le (6) • 

Apart from the •r• iatpon.an~ aocial ayst• and 

eeonCIIIic models -.Uooed here. D\aerO\ls. but laa 

11IJ)Ortant mode18 en a smaller: scale have ~ developed 

by var:ioua te- and oroaniaatiou en the gutdelin• 

provided 'by Fouatw ill urban dynai~ 
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3. Jdi'ORMOLATED WORlD 3 MODBL 

1ft this chapter we discuss briefly the various 

sectors of the World 3 aa ref0nulate4 by This•• along 

vi~ the interactions bftween the different sectors. 'ftle 

Wocld aodel cansiata of five interconnected sUb NOdlee 

which describe Wba~ are considered t:o be the key variablea 

in the capital. non-r•ewable reaow:cea, persistent 

pollution and agxoiculture aec:tora. A tentative job 

aectox:-. to take 1D~ account the possible labour shortages 

ia elao considered. A standaa:d or reference ruD ia 

conaidered. It is that in whim tatY of ~· ex>-efficients 

wer:e set ~ aucb velu• that a good aoraemCWtt wae obtained 

between the model'• results and \11hat 1a known about reality 

bewee 1900 and 1970. 

Tbe beturv1or of the st•dud J:"UD 1a aa shown 1n 

the fig. 3-1. '!'be list of all symbols used and thail' 

-anlno are given 1n the appmdix. 

Most of the Variables, initially display QZ"OWth. 

The capital and population reaab a peak in the middle of 

the 21at cenbuy, which ia !ollowec! by a declJne that ia 

mainly caused due to scarcity of reaourcea. Tbla decline 

cont1nuea beyond the year 2100. 

Ill the inv .. tigetiona carried out by 'lhlaa•, aa 

capital and reaourcea aeetora interact heavily with each 
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othe&" undeJ: standard a:un and similu coae1 tJona they 

are considered aa a single sector (18). 

Heae the model, 1n Thissen • a analyaia. ia 

dfiCOIIIPO&ed in~ a diviaion of four sectoraa-

1. Capital and resource, 

2. A9z-iculture, 

3. Poll utiort, and 

4. Population. 

The job sector baa been completely left out of 

consideration since the job sector only influ•ce• the 

model behavior under a few very spedfic cii'CWDstancea. 

Tb.e interaction between the four sub!IIOdela or: 

sectors of model is of the pattern shown 1n the 

f.f.v. 3.2 (18). 

In the model the capital and resource sector 1a 

the most iiiiPOrtet one and affec1: all ot:her sectors. 

This is done via industrial output JO. The population 

sector 1• affected by 'the capital •cS resources sector 

via service ou~t so. 'rhe 1nfluenc• exertec! on the 

other model compcrumta by the population sector is via 

the aize of total population POP. Similarly the 

influences exerted by the agriculture aectol' on the 

capital sector and the pollution sector are via t.atal 
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fOGd production P, and the pereistent pollut.ton 

g•erated by agr1cul asral output PPGAO. '.rhe peraiatct 

pollution sector affects the population and agricultural 

aect:CX"a via PPIDX, the index of peralsta'li: pollution 

ia the p~siatant pollution relative to 1970. A list 

of all symbols an4 th air meanings ia g1 vet in the 

app•dix. 

OU'.l'LINE OF 'l'HB VARIOUS SJ.t:TORS 

1. CAPITAL AND RESoURCE SECTOR 

The capital and resource s«*or is tile most 

important aee1:or of tbe entire model. 'l'hia sector 

intpesea ita behavior of growth followed by decline 011 

all other sectors and the assumptions that lead to the 

overall behavior of the model are ccntained :1n thia 

single sector ( 15). A list of the eQUaUc:ma of the 

aul:na4e1, which are writt• 1ft state apace notation are 

glv., belowa 

• tc • FIOAI * IO • IC/ALIC (.· means derivative 

• 
with r.-pect: to 

Sc • J'IOAS • 1'0 • SC/ALSC time.) 

• NR • -HRUF + PCRQt • POP 



Initial condt~icnaa 

IC(1900) 

SC(1900) 

NR(1900) 

FIOAX 

10 

mPC 

so 

SOPC 

• 2.1 • 1011 (doll~•) 

• 1.44 * 1011 (4ollora) 

• 1.0 * 1012 (dollora) 

• 1-I'IOAC-J'IOAA-FIOAS•U..nOAS 

• IC * CUI' * ( 1•rc.M>It) /ICOJt 
a IO/POP 

• SC * CUF/SCOR 

• SO/POP 

• mvma 

Table fuactiora• a 

• fi
8 

(IOPC) 

J'IOAS • ff.t. (SOPC/ISOPC) 

• fpfl (IOPC) 

• 1fo (liUJt) 

• 14 year• 

• 20 .,. .... 

• 0.43 

• 3 yeara 

• 1.0 * ~12 reaouree unite 
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HRUr • 1 

SOOR • 1 yean 

Xn~ Variable• &om other aectona 

POP (populatioa sector) 

J'lOM 

CUF 

f~ agricultural sector 

frotB job sectol:. 
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In tba capital cd resource cu.bmodel the total 

atDOUQt of Industrial Capital (XC) is adjusted for invest

matt• and depreciation at each time interval. The 

induatrial capital output ratio (ICOR), the capital 

utili&atiorl traction (CUI') and the co-efficiao\ (1-JCAOR) 

taking into accouat possible resource ahortagea, the 

1ndustr1al capital are calculated from ~· value of 

induatl'ial capital. Anc! the amount of output produce4 

ia divided into four parts, each being allocatee! tx) 

different purpoa•• A frac:t:ion J'IOAS foao investments 

in service capital, a constant fraction FIOAC !or 

COIUI~-iJt!on, a fraction riOAA for investm•ta in 

agriculture and the remaining put (FIOAI) for inveat

aenta 1n industrial capital. Both J'lOAA •d FIOAS 

are calculated in auch a way that the model will behave 

in accordance w1 t:b the developiii8Dt pattem, which givaa 

the ratio between iaduavial, service, •d agriaul hral 

output aa a tunctioa of 1nco. PN' bead. 
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The depreciation of industiral and aer:viee 

capital J.a modeled in the fom of an e"PPJlential decay 

mecbani .. aa represeted 1n the fig. 3. 2. The nte 

at Wbicb non-rcaw&ble reaourc:ea (NR) are depleted 

ia tak.. to be proportional to the product of the 

number of people (POP) a'ld the usage rate per head 

(PCRUM), which 1n turn. 1e a function of. industrial 

output per head (IOPC). 

The complete achane of the equations of thia 

sector is given in the fig. 3. 3 below, with the three 

exogenous variablea POP, CUI' and noAA repres•ted in 

u whieh equal• (1-AIOAC-FIOAA) are underlUied. 

2. AORICtilJ.l'tJRAL SEC'l'OR 

In the agricultural sector the global pcoduot:ion 

of foOd in reaponse to economic develop,_,t, population, 

growth and persistent pollution ia described (16). 'l'he 

equations of the aeetor, described in state apace 

notation, are thoae g1 ven beleu. 

State equation•• 
• 

1. AL 
• 

2. PAL • - 1DR 
• l. UIL • LRUI 
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• 
•• LFBRl' • (600-LI'J:Ril') LI'R'I'-LRBR'l'/Lm1l 

• s. AJ • (CAI-.U )/J 
• t. PJ'R • (n.-Pnt)/2 

• nAED * 'fAI/DCPH 

• t 108 (MPLD,A!PAI) 

• LY/(DCPH*0.07) 

LDR 

FIAID 

MPID 

LY • LJ'~LYMC • LFEM'*t102 (AXPH)*f101CIO) 

• AI*(l-rALM)/AL 

• f126 (PI'R) 

• t,7CP~~). tf7CPAL/3.2x101) 

• 2*LY*MLYIC/.L'IMC • 2*LY*flll 

(A1PH)/f102(A%PR) 

TAl • I'IOM * IO 

I'IOM • t,4 (I'PC/lFPC) 

J'PC • F /'PC.» 

r • ~~o.tJ 
IFPC • ;.,CIOPC) • fto(IO~) 

LRUI • MAx ~(PO .. t 117 CJO/POP) ..UIL)/10)} 

LD • AL,IAL% • AL/(toOO*t114CLY/IOO)) 

LPRr • t 121CrALM) 

LI'DR • 1122 PPOLX 



CA% • '!'AX* (1-I'IALD) 

FR • I'PC/230 

xo frOBI capital sectoJ:' 

POP b'o• population seci:or 

PPOLX fa"o8 peraist•t pollution sector 

Initial condition•• 

AL (1900) • o. I x 10' (heetarea) 

PAL ( 1900) • 2. 3xlo1 (hectares) 

UIL (1900) • e. 2 x 10' (heetarn) 

31 

LI'ER,. (1900)• too (veoetable equivaltllt kiloor-,lbe~are) 

AX (1900) • !5 x 109 dollan/yec 

PFR (1900) • 1 

'!be struature of the sector with only the 

ldj or couplings is •• shown 1n the fig. 3. 4. 

In tbe agricultural sectos- Industrial Output 

lO and population POP affect the allocation pan of the 

sector and alao determine t.be land removal for urban-

irlduatrial use, affecting the aree of ..-able land. 

Peraiatent pollut:ion influ•cu lend fertility via the 

index of persistent poDution PPOLX. 

FOOd pmduc:ticn "• acting on the population 

sector end the fract:ion of industrial output allocat.S 
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to agriculture (FIOAA), whidl directly .tnfluewtee ~· 

rate of growth of induatrial cap.tt:al are the two tiiOSt 

itnpOrtant output: vuiablea of the sect-or. Persistent 

pollution 1a affe~ed via the peraistant: pollution 

generated by arJrieul tural output PPGAO. 

The allocation decisions part playa a 

crucial role in the agriculi:Ural sector. FIO.M. 1• 

computed frOII the ratio between indicated food per 

capita XFPC, which ia a function of industrial outpUt: 

per capita Ics>c. and fOod per capita. 'rotal avriczultural 

inputa 'rAJ given by the product FlOAA and xo are allocated 

to t:hree different purposes aa shown 1n the fig. 3.5. 

t'he allocation• are t:oa-

1) Tbe development of new land1 

2) Land maifttenanc:e 

3) Xnareaae in land yield by means of 

equipment, fertillz_., peaticidea etc. 

'1.'he following sch- baa been adopted 1n 

deciding the allocauon.. The fraction of inputs 

allocated to land development FIALD ia oo.puted fro. the 

ratio bftwe8n the ~~ar;inal procSuctiviti .. of agriaultural 

inputa MPAI and of land develapMnt MPID. MPAI ia a 

fUnd:ion of the MJ:Oinal increase in land yield apart fi'O• 

other thinga and MPID dependa on the actual land yield 

and on develop~t COf·t• per hectare. A lag betweea 

CAl (equal to ( l•PlALD) *TAl )&A% ex.f.alts Which baa a 
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gain equal t:o one and a time cc:eatant of two yeara. 

AI ia divided into two para witb oae fraction F~. 

dt~t>anding on the percieved food ratio PFR, beiftv 

allocated to land maint•araee and the rena1nJ.Qv 

part to the increase in land yield. 

Land yield ia the pradu~ of land fertility 

LFBR't (defined •• the land yield w1 thout any modem 

inputs), the land .ul t1plier from Iii: pollution LYMAP 

(a functiaa of IC) and the land yield mult:iplic frCII 

capital LYMC, which ta a function of AI per hectare 

(equal to Ax;t (1-I'AIM)/AL). 

Total food production F 1a the product of arable 

lend AL, of land yield LY and of bo CODstant factors 

taking into account the lamd fraction haqea'ted (o. 7) 

and the effec:ta of process in; loss• Co. 9). 

'1'he rate of daczoeaae of lasd fertil1~ LFER'f, 

Whid\ 1a model.S as a state vvtable dep811lda en the 

p.-aiatct pollution index PPI.OX and LFERI' itself. Ltan4 

fertill ty rav•aration rete LJ'M' 1• detent.f.n41d by the 

fraction of inputa allocated to lenc! IRJ.nteance PALM. 

'l'he uae of land ia deaeril*l by tbe potentially 

arable JIIDcJ PAL, arable 1•4 AL, •4 urban-indue trial 
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land. whiah an the state variabl•. The rate of c::hanoe 

of th•e state va&'ieblea depends en the laftd &welopment 

rate LDR ( a functiCD on I'IAID • TAX and of 4neloPm8n1: 

co~• per bectue DCPR). an the l .. c! erosion rate LER 

which determines the averaoe laad life (dep41ndlnv on AL 

and on land yield LY) and on the ltmd removal for urban 

iftc!ustrial use (a ftmcticn of IO, FOP end UIL). 

3. POPULA,.IO!f 

The population sector fUlfills the fOllatdno 

function• -

1) Calc:ulatea the total population size, and 

2) represents the demograpbJ.c reaponae of the 

population. through the birtb rate aad the 

death rate, to t:.be chars;iag resource supply. 

'ftle populnioa sector 1a aouple4 w1 'tb all the othw 

autaayst-. end affects th• throuob t:be variele POP • 

the total nUIDber of peopl.. And the IO iftdustrial output, 

service outpu• so, food productica 'I and ~ha persistent 

pollution ratio PPLOX influence the population sectol:' (1?). 

The population sector 1a d1aUnou1sh41d into three 

baalo co.ponenu which are coupled •• shown in the fiv. 3. a. 

Xn the IN))ayat- I total fwtility '1'1' end life 

expectanay LB an calculated f.l'oll PPIDX and POP an4 fl"olt 
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the perc:apita veluea of IO, SO and I'• The SUbllyat• 

ccmaiata of la;a, vb1cb are ltD ear fir:at-or-t:b1r4-

order ayat- wi t:h a statio gain equal to 1, end 

non+linear algebcaic relatianahipa. The algebraic 

relations c::onaiat of arithmetic operations viz. 

multiplications, cU.vlaiona, etc. aad table fuact1ona. 

In the aubayat• D the n" birth rate NBR, 

which 1• the net rate of increase 1ft total population 

per 1000 peple pu year, ia calculated froe the valuM 

of LE end 'IT. And the aubaya1:• IIX represa1ta the 

calculation of the maber of people POP acCOS"dino to 

the equation 

cl FOP • (NBR/1000) • R)P 
dt 

The feedback of POP to a\lbayatem X completes tbe overall 

sdl.... 'fbe per capita valuea of 10, se and I' act aa 

the inputs to sector. 

A mod4tl with four ec;;e groupe bae beta used for 

a!mulatiex1a. 

'the equaUona of World J POP aubeyaa. are 

the followiav -

state fi'l!!i:lgp 
POP • a-D 
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Xni tial aondi tion 

POP% • POP ( 1900) • 1.6 X lOt 

C~ling equation• 

D •POP/LJ: 

LB • 28*t25 (BHSPC)* t 20(FPC/230) 

*f2t (PPOL1C) * IMC 

11C • 1-~1(IOPC) * t 26(POP) 

SOPC • 80/l'OP 

J1'C • F/POP 

IOPC • IO/POP 

B • POP * 0.21 • TF/)0 

U • MlN (M'lT, M'1T* ( 1-FCJ:)+D'J.T* FCB) 

MTF • 12 * t 34(LE) 

I'CB • 145 (JCI"PC) 

PL& • DLlNJ'3 (LB, 20) 

%0 Capital sector 

SO capt i:al sector 

J' AQrieul-.ral SectJor 

PPOLX Persist .. t: polluticm aec1:al:. 
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t. PERSISTBN'l' POLLUTION SEC'l'OR 

'!'be peraiat-.t pollution sector: 1n Wor:lcS 3 

c!eeCI:'ibes the o•erat1on. apptlflt'ance. presence .:ad 

aaaJ.milaUan of those pollutants that: may be transported 

all ovdl:' the wo~ an4 that may be luu:atful to the global 

biospb.ere for acne ai;nificant amount of tiM after: thek 

g•eration. The aggregate effects of the many dif forent 

pollutants wh1ah may be ganerated are deaeribad by oae 

index of pollution in the model (lt). 

In the persistent pollution sector there are two 

pol1U1:1on generation factors. One ia the persistent 

pollution generation frca lndwsuial output (PPGIO). which 

1a contributed by the industrial activity. 'ftle other ia 

the persistent pollution generation frOII agricultural out

put (PPGAO) Which 1a .:me to the agriaul tural act:i vity. 

PPOIO and PPOAO are proportional r•pecti vely • to the 

usage rate of resourc:ea and to nat agricultural inputs. 

&ac:h of the two sources prcduce about: half of tbe total 

pollution generation FPGR ( • PPOIO + PPGAO) for 1$. 

PPAPR peraiatet pollutiaa eppearance rate 1a ~ 

•• a la;;.S effect of PPGR with an overall t~ constant 

of 20 pars. 'ftle ~al amount of huwful pollution 

prea•t in the biosphere (PPOL) is calculated by integration 

of the differanc:e betw-. PPAPR and the persistent pollution 

asa1milat1on rate P.PASR. 
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• 
PPOL • PPAPR - PPASR 

PPASR ia a fUftcticD of PPOL itself and of the assimila

tica of half-life AHL. 

PPABR • PR>L/(AHL*l. 4) 

AHL tncreas• w1 th PPOLX aecordinq to 
AHL • 1.5+0.06 *(PPLOX..l) if PPIOX 1 

1.5 if PPIDX 1 

PPOLX ia tbe only variable of thu sector WhiCih 

affects other sectors. The population sector 1B effected 

via the impa~ on life expectaracy and the agrieultural 

sector via the influence ca land fert111ey degradation. 

For an understanding of behavior ancl the underlying 

structure of the various sectors and the complete IDOdel 

of World 3 'l'hiaEen bas adopted a set of simplific:at.S.ona 

and strategies. 
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•• 

:rcr a better underaandtno of complica1:ecJ model• 

vu1oua a111J)1ificut1oas and atrat:egiu have to be uaecJ. 

Xn this chapter we dJ.acuaa the various eit~Plification• 

and at:rateoi• that have been a&:>pted in the analyeie and 

underatandino of the World 3 model tald.ng examplea fro. 

all the seetora. 

1'be aectora have been analyaed for studying botb 

standard J:'Wl babaviOI' and non auadard J:UD behavior. 

standard-run behavior ia that 1n Which tbe values of 

variables have been set to such values as to reproduce 

the reality known for the period 1900 to 1910 (18). 

For analyeing the standard-nn behavior the 

following ialpor:tani: atrateuies ap~ from othen have 

been uaed in exploring the relatione actually playing 

an influential part during the aec::tor•s standard I:UJI 

aimulaUon. 

a) O'baenation of the range of bahav101" o.f 

variables. 

b) Freeziag of input variablea. 

c:) sena1tivity analyaia:. 

a) S1alplificat1on of seta of equation. 
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1. pbaervaticg of tf!e .range of b!bavtor of variable• 

It waa found that each 8Peci fie type of behavior 

of W~ld 3 18 p.r11NJ:'ily detcmiftecS by only a fraction of 

all tbe essuaptiona and equa•iona. And further it waa 

found ~t a nuntJe.r of variablu do not influ•ce the 

behavior considerably and hence may be .replaced by a 

conatartt value without affecting the overall outcome. 

'l'bia aspect of a nunt'ber of var1ablee ~ich do 

not affect tbe behavior can be seen ill all the sectors. 

In the cap1 tal and resources aectol' of World 3 CUP which 

wu found to differ frOta 1 only slighly during the last 

part of tbe 1'\111 (from 2070 to 2100) and ia exactly equal 

to 1 durino the prece:Sing part is asaut1tad •o be equal ~ 

1 for atandal'd r:un and similar condi tiona. This allowa 

e11m1nat1Do one of the three input vuiablea of the 

aect:or (15). 

An examJ.aatiOD of M1at part of the teble fuactl ona 

ere used duriav calculatiaraa ~ •u t:heu ahal)88 ue 

aa ahcnln 1n figuna 4.1 •• b, c, d were also found to intzo

dunce a lot of ai~~plific:ation in the analyaia. For values 

of IOPC below 400 the func:tioa XSOPC and PCROM were 

approxi•at:e4 by expresaiona whieb _.. linear 1n and 

proportional to IOPC. 
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PCRUM epa * IOPC, epa • 0.0053 

ISOPC a18 * IOFC , •.t.a • 1. 67 

Thia approxiaaation was mad• w1 tilout introducino any 

difference 1n the mot!el outcome, while lead.t.no to the 

hypothaeia that the size of population has no very 

pronounced effect aa lmg ae only the nearly linear 

interval of both table funcUone is uaed aa shown in 

the fi;. 4.1. 'this a1110 leads to tha eonclusion that 

the mly variable playing a part: u FIOAA. Apart frc. 

these concluaiona the sUbsystem•• flow diagraw waa 

also simplified to a considerable extent:. 

In the agricultural eeetOJ:', during the \tlole 

etenda#<I-&"UD a10Nlat1on, on account of the fact that 

IO doea not exceed ten times ita 1970 value, lend yield 

.ultiplier frotl air pollution LYMAP being constant waa 

set equal to 1. 

LaneS erosion rate waa neglected, by setting 

LER to zero. Thia "as foUDd to have a ve:ry li;ht affect 

on the behavior of AL •4 virtually no influence en the 

sector•• output variables for standard-run and similar 

conditions (16). 

Land removal for urbaa iftduetrial use UtUl waa 

set to zero, omitting all influccea of the urban 
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industrial land aubs~cc aa shown in the fig. 4. 211 

on the other model variablea. This assumption wae 

also found to have introduced no significant changes 

in the sector• s overall otandazd-run behavic:c. LI"ER'l" 

waa like-wise set to a constant value (570) without 

affecting the overall results. IJ'he5e can be sefl'l in 

the fic;ure. 

In the population sector the values of M'1T, 

WU set equal to Be 5 &nd MPLE • 1. 30 and SJSR•le06• 

without affecting the behavior of population. Al80, 

since tbe influences of fert111t:y control effect1ve

n•s rca and of erowdino are fairly weak, the valuea 

of I"CB and LMC were eubstitut.S by the constant valuee 

o.90 and o.96 reepec:tively. HowtWer, aubetitution of 

these valuea, in addition to the constant valuee of 

Mft', PLI: and SJ'SN wu found to have an affect on POP 

in • more marked manner (17). 'l'heae affects are •• 

shown in the fig. 4.3. 

Freezing of input variablea 

Freezing the values of state variables fro. a 

certain point 1n t1lle onwards is an important tool 1n 

enbanaino the comprehensibility of a complex IIIOdel. 
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'rbe reaul t: of freezillg the value of a st:at:e variable 

is to cut off all the dynamic influences acting via the 

variable under consideration. The significance of 

these influences can be brought about by comparing the 

resulting behavior due t:o freezing of the variable with 

that of the original model. using th is technique 

information regarding the heirarchy of state variables 

may also be acquired. '!'his technique has been applied 

in a demonstration of the model's threa level hierarchy 

for standard-run conditions. 

In the analysis of \<orld 3 by 'l'hisrcm. th• 

examples of employing freeaing of input variablea to 

enhance the comprehensibility of the model can be seen 

in the various sectors. 

Input variables, in the agricultural sector, 

have been frozen in the analysis showing that they 

affect tile .,del outcome very significanUy. 

l'reeaifto of FIALD at o.19, whidl otbenriae 

normally variea between 0.003 and o. 26, waa fOUnd to 

affect the standard run behavior 1a a tdniiMl way (16). 

'1'he freeaing of FMM, the fraction of inputs 

allocated to land maint.,ance at o.oa. which otherwise 

var1• between o.oc and o.o7, waa found to have no 

affect on the standard run behavior. 
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Similarly PPIDX, being frozm at a value 

leas than 10 was shoWn to cause no considerable 

changes in behavior. And the behavior of F, AL and 

pollution generation fro• agricultural output l?PGAO 

wu not affecteCl by freezing all influences of 

population POP en the agricultural sect:or. 

On the contrary, the growth and decline MOde 

of I' was eliminated by freezing all influences of IO 

on the &Qric:ul tural aubaystem. aow.ver this waa 

found not to &ffeat. the behavior of noM. All these 

results can be seen in the fig. 4.4. 

For finding out which out of the many relatione 

essentially determine standard-run behavior, 1n tile 

siatlationa made to study the population sector, 

freezing of variablea and fUnction, apart from other 

modificatlona, was usee!. 

A concluaicn that pollution doea not influ•ce 
is 

population in any manner/arrivec! at, fr .. tao PPIDX 

f~ 1970 cnwerda. Thia la because PPLOX remaiDa lower 

than 12 in a standard run and h•u:a life U~~~e .altiplier 

front peraiatent pollution, LMP deyiata less than 2 

perc.t fm• unity (la). 

It waa found ~at the rata of population growth 

and dealille raducaa on account of fr-•tno IO and so or 

F fr011 1970 onwards. 
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once all i:be four input variables "rare fi'Oz• 

fJ:OID 1970 onwiiJ:'ds, it was seen that the decline 1ft 

population waa fully eliminated. J'roat this observation 

three ccmelusiona were arrived at-

that: t:he 

a) growt:h and decline are not determined 

cmdogenoualy but are inpressad on the sector 

by the behavior of the inputs m, SO, and 1'1 

b) SiDce, in the final situation, food supply 

ia near the subsistence level, ~ conditions 

under M1ieb population equilibri• is reached 

are unattracti ve1 and 

c) The ti- constant (larger than 100 yean) 

with Which equilibriuaa is approached, 

indicates that the sector responds slowly to 

chan~ea in the inputs. 

All the affects of freezino variables fro. 1970 

onw~da can be seen in the fig. 4.5. 

segaitivitx analxais 

S•aitivity testa are ueed to gain an under

standing of the uncertainJ.ty of the aaodel• a reaulta, 

without havinQ the need to perfOC18 e~aud.ve ealeulationa. 

This can be acbievec! by eel ectino axtr•• easea 1. •• 

ehooaing a set of representative variation.sin which the 

affects reinfOrce each other. 
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'l'he sensitivi~y testa bava been used in the 

capital and service sector to determine whether the 

effects of aimultan.,ua c:hanoea in sev "r&l parameters 

will reinforce or counteract each other and hence to 

predict what will be the outcome. Thia was done by 

gaining insight into the effects of separate variation 

of each of the parameters. 

After 1dtmtify1no a list of parameter groups. 

which have bean reproduced below. the results arrived 

at by performing sensitivity analysis are the following 1 

1. 1-FIOAA-FIOAC s. ALXC 

2. ba •• •f1/8is * SCOR 

3. CUF 7. ALSC 

•• ( 1-FCAOR) /ICOR s. ~· NRUF 

That the 1110del• a outcome waa very senai tive to 

the value of the parameters of group 1 and to a similar 

degree for the gzoupa ( 1-FCAOR) /ICOR. CUP and ALIC. 

on the other hand the variations 1n other parameters waa 
to 

foundjahow no effect: on the behavior of the model (16). 

This can be sean in the fig. 4.6. 
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4. S1!!plif1aatioa of seta of suaVOill 

1'01' an eaay •d better \lltd••t•d.t.ng of the 

IIOdel, a1•pl1tyin9 aeta of equatiOM ia • Utpoc~ant 

In all the a~r• the cUff•r•tial fMIWI~ioea 

repr•••ting the atate equatt.a bave 1'HMft repla•ed by 

difference equa~iona. Tbia aubatitutioa in~du ... 

a lot of ai.-plification in i:he calculatioa ua..S 1ft 

the unct•atanding of the behavior of the pb•OMnon 

und~ oonaideration. 

Alao different paraet•• c-. . be 9J'ouped 

together whic:h behave 1n the ••• way. !'h.t.a atr~evy 

help~~ ua to .. atly dete:nine the C011ib1ned effeft whieh 

ia i•portant t1o the belleview. And al .. 1ea4a i» ..... 

al~ler e~reaaiona uatng Whiab a ayat ... tio analyaia 

CNta be canted out. 1tlis atratt~QY has been fr:uitfully 

utili• .. 1ft the capital and resource aectol' •d eigh~ 

parawteter Qroupa have bean iaolat.s. 

1. lwi'IOAA-J'IOAC s. ALIC 

2. ,.f, •• •e/I•,.•SCOR) 
J. cur '· ~ 
•• ( l•JCMJt) /lOOR •• ..,. * ftVI' 
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A more condatsed sets of equaUcxuJ, 1n which 

the overall effect of the combined operations becoaea 

more clearer, can be obtained by ccmbining a nunber 

of functional operators like mu1 ti•licationa, diviaiona 

tabla fUDctiona and ot:ber funcUons to form single 
to 

function. Thia strategy baa been put/an advantageous 

use 1ft the derivatioft of pollutlon absorption to 

sUbstantially make the understanding easier. Finally 

sets of equations are reformulated, i.e. rewritten in 

a more farailiar form, which need not neceGsa:rily be 

simpler than the original seta of equations to make 

model understanding easier. This strategy has been 

exploited 1n all the sectors of the model. 

For example in the land distribution subseetor 

of the agricultural sector the original equatlona 

' AL • LOR • L:s:R - LRUl - (1) 
• 

PAL .. -LOR - (2) 

and 
• 

UlL • LRULa(UXLR-uiL)/10 - (3) 

are ret-~laced by ana equation 

AL(t) • P* l t'~*S' FIAID({) • 
1900 

'l'AX('f) d{+ ... - (4) 

to describe the behavior of the underlying 8Midlan1s• 

and alae to oaia a better inai;ht .into the worJd.ftQ of 

the aubsector easily. 
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S. VERIUCA'.t'IOR OF '!'HE SIMPLIFICAUONS 

'l'be aimplificat:ions mac!e to gain an easy 

underatan41ng and better 1na1ght 1nt:o the working of 

the undwly1ng 8Midlan1- of the a¢cultural sector 

have been verified and their results discuaaed. 

The original equations in the Meadowa' World 3 

model of the agricultural sector, for arable land 

potentially arable land and land diiVelopmet,are the 

following ( 16) • 

• 
AL • LDR - LBR - LRUX (1) 

• 
PAL • - LDR (2) 
• UXL • UWX • (UILR-tn:L)/10 (3) 

'l'be behavior of arable ltmd ia char:acter:iaed by a rapid 

orowtb 1n tbe beginning d1cb then almost rentaJ.u constant. 

'l'h1a being ao becauae,Anitially the potentially arable land 

available for developmeftt is hl.oh and the &welop.ent 

coat per hectare are alao low. After a diM, however, 

the availability of easily coavertible land ~·• scarce 

and the development aoata pc hec:rtare rise exorb1 tantly. 

'.rhia reaulta 1n larger amounts of avriaultural inputs 

being diverted to l•d .. in tenance to .aint&ia or increase 

the food prodUcUOD. The 'behavior of arable land .1a tbat 

of d1ntin1ah1ng marginal retuma of 1nv•tments iD land 

Cleveloptaent. 
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'1'be standard na behavior of AL in the 

Medow' a world 3 model of the agricultural sector can 

be seen in the fig. 5.1. 

In tile araalyaia of the agl"icul wral sector it 

baa beaa ahown that the behavior of AL 111 of diminishing 

•aroinal retuma of investments in laud develo~t 

using just one equaticn instead of ~e three differential 

equations aa otv-. 1n the original model. introducing 

a~lificationa. 

The CJer1vatica of the equation la as follows t 

ftl!tthrae differential equations are redUced to 

one. l;norJ no tbe affects of LRUI and LBR 1. e. setting 

their valuaa to aexo. Thia makes the eQUtationa ( 1) and 

(2) Clepend•t Clft each other resulting in the 4aQUat1on 

• • 
AL • 1Dil • -PAL (4) 

ALl and PALl are the initial values of AL end PAL 

reapectivellf 1ft 1900,. so that 

AL(t) -ALI • f U. C-f) d {' 
1900 

but potentially al'able land at any inat•t of tiMe ia 

giv• by 
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PAL ( t) o PAL% + ALI - AL (t) 

PAL (t) • PAL% + ALI • AL(t) 

• PAtlt - AL(~) 
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(t) 

i( because PALl + ALI • PAL'!' 

to~al potentially arable land) 

Laid develop~MDt: rate 1a c;J.v• by 

LnR • FIALD * -.r'AI/DCPH 

and 

DCPH J.s give by 

~~ • G '* q> (•b * Pl...L) 

\>:hf'rtt a an_, be axoe post t1 ve and constant. 

(7) 

(8) 

SUbsti'tutJ.on of equation• (6), (7), (8) result 1D 

Ai. • (FIALD*TAI/a)*exp ~ b1l{PA111'-AL)} (9) 

aUbatitutia; l for 

!'lAID • 'I'AI !a equation (9) 

AL • ( i-) * 4tlq> ~ b* (PAL'l'-AL) } ( 10) 

SubstitutillfJ C fcc' (1/a) * exp b*PAII!' t 

AL • C*l*np ~-b • AL} ' (11) 

rearranoino Md inteQrat.ing with respe~ t:o time 

results 1ft 

(1/b • Jcl(ap b*AL) • c * jx c.tt (12) 
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integrating from time • 1900 to t and rearranging, 

we gat 

exp ~b*AL(t) 1 • ) "'1 
exp \ b*ALI J +b*C* 

t 
I("f) d -:f 

1900 

substituting p. 1/b 

q • b*C and r • e~(b*ALX) 

which are positive and constant 

yields the equation 

AL( t) • P*ln i fl" ) FJ:ALD( {) * 'l'Al 

1900 

(13) 

rf> d-f+ r} (14) 

This equation,derived by Thissen, aida in an 

easy explanation of the underlying mechanisms of the 

behavior of AL. In addition to other things thia 

equation also shows that AL is determined by FIALD and 

TAX alone and also the logarithmic function showing the 

effec~ of diminishing marginal returns on investments in 

land development. 

This equation which maae analysis of the 

underlying meehanisiM of the behavior of AL is verified 

and we got the following results. 

The evaluation of arable land using the equation 

(14), by employing numerical inteoration methods, yielded 
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reaul u whicb deacsibe tbe bebnior of arable lead (AL) 

in the acp:iaultural sector in a clear ad easy mannet:. 

The effect of diminishing ~inal retuma on 

inveablenta in land developmeni: ia also clearly brought 

out. Ae the correct values of tbe eonatam:a P,Q.R in 

equaUon (14) are not available. only approx1•te 

values of these are aubati tuted. Due to thia facti 

the exact: values of arable land (AL), at a particular 

instant of time ia not obtain~, but t:h.e nature of the 

bebavior of AL ia clearly portrayed. by the reaul ts we 

obtained. 'l'hie is shown in i:he fig. s. 2. 

2. An important feablra of tbe land ferUlity 

aubaector of the a9ricultural s.C:tDr 1n World 3 model 

ia that the land fertility LFERT will al.waya be loweS' 

then or equal to ILl' inherent land fertility. And al110 

LFBM' will be lower for large valuea LI'JJR and/or 

LIM' (16). 

'l'he OZ'ifJinal l•cS fel'tility equation ia a 

diff~ential equation 

LFBft • (ILF-LI'ER'l')/LJ'Rl' ""LI'ER'l' •LI'DR (1) 

A reurano.aent of tba equation, end considerinv 

that I'AIH -..cS PPJ.OX are aonstast in the steady state, 

a value for the LI'BR'l' ill a ateady .tate ia obtained, 
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Which is ;1 van by 

LFER'f8 - • ILI'/(l+LPDR * Ll'll'f) (2) 

with a characterlatia time constant 

(3) 

'l'be equation 2, which produced results not 

different from the ortoillal beh.n•iOC' of the standard 

run haa been tested fOr: different value combinetiona 

of LI'OR and LFRT. 'this test yielded the following 

information. The value of XLI' is a constant and 1a 

equal to 600 vegetabl ... equivalant kilograma/bec:tan-

year. 

'l'he land fettili ty is alwaya less than inherent 

lend fertility, "'ich is 600 vegetable-equivalent 

kilograma/bectare-year. For low values of (LFR'f) land 

fertility regeneration time and (LFDR) land fertility 

degradation rate, the LPER'f (land fertility) 18 

suffic18'ltly high. Increasing either of the two, keeping 

the other low reduc• the laJid fertility. And for: 

ei.ul taneoua high values of LFR'1' •4 LF!>R the LFERT 1a 

extremely low of the order of 10 vegeUbla aquiv•l•t 

kilo;r ... /hectare-yaar. 
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CORCWSIOH 

ro.r:aal mathaaa~ical modale of eocio-econOIDic 

ayst•s have became an importani: tool to aid the 

policy decision makers. These systems are very 

complex due to the inherent structure of multiple 

feedback loopa and dynamic interr:aci:iona. As a 

result of thia, apart from the exercise of mdeling, 

it beccnea importan~ to examine the underlying 

s'trUcture and the behavior of the model so aa ~ 

ntake it more usefUl for the policy decision .. kera. 

In this dissertation we made an effort to 

study the various aimpl1f1cattona and strategies 

arJopted to understand the complicated 110dele. tte 

have taken 'l'hiasen • s work on Club of Rome• e World 3 

model as our baaia. A duousaion of varioue socio

economic systema, Which are sufficiently compllcattd, 

though not on the aeme level as that of the t4orld 3, 

has been mad .. 

we have examined the various sectors of the 

Club of Raae•a World 3 model 4IDd the refonaalat1ca of 

it by 'tbissen. 'l'he siaaplificatioaa and strate;1• 

adopted ira the a;ricul tural sector to uncover the 

underlying •ecb•i- and the bebnior of the syat• 

have been verified end reaulta are preaattacl. 
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'J.'he reaul ta show that :Lnd..S the simplifications 

and atrateglea made do bring out the ch.aracteriatio 

behavior: of the ph~on under: conaiderai:ion and the 

underlying tHc:hanisma in a lucid and eaaily urtderstood 

manner. The dependatee of land fertility on land 

ferti.lity degradatien rate and the land fertility 

regateration time has been shown. :rn the land distri

bution subsector of the agricultural sector it could 

easily be shown that the investments in land development 

have an effect of diminishing marginal remma. The 

behavior of arable land ia also brought out clearly. 
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LJST OF S~IS US!R 

a
1 

a ooa.auat ill appr~ion of ttable fullctiona, 

index 1 nf•• to tbe corr.-pondJa; equat1oa 

nu.._. 

A1 a AgriculW~:al inputs (dollan/yeaJ:) 

AXOFC • Averaae induauial output per capita (dollan/ 

pe...- year) 

AIPH a Avricultural inputs peJ: beaten (dollara/ 

hectare-year) 

ALIC 1 Averac;e life-titM of in4uatrial capital(yeara) 

ALL 1 Averave life of laoc! (yean) 

AI.SC 1 Averaoe life tille of a81"Vica capital (yeua) 

b1 1 cana~t 1ft ~~pproxiatQJona of 1:8ble tunotioldl 1 

i.radex 1 refep to the c:ozo.:eepCDd.t.Dg equaUoa 

a\llltber. 

c.u a Cllrrent -.1cult:ura1 iapt~t:a (dollan/year) 

CBJl • crude 'bUtb I' ate (binba/1000 per..aa - year) 
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CMPL'I a Ct.)MJ)ebaat:oJ:Y 11\tltiplier fJ:OII pen'd.ev..S life 

eJtpectaacy (Ditlenaionl••>. 

CUF a Capi~al u~ilisation fraction (dj..nalanleaa). 

D a Deaths per year (persona/year). 

DCIS a nes1re4 COIIPleted family a1M (41"*la.ioa1eaa) 

ncr&& a Dealred COMPleted family alae n01:18l 

(d.t.-.alcnlua). 

DCPR 1 Development aoeta pe&' hectare (tJollua/bectare). 

M'F • Deaired total fel't111ty (dimesionl-). 

BHSPC a Bffeot1ve health servS.c• per capital (dollars/ 

peraan ... yeu). 

I' • Food (vegetable - equ.lvala• kiloQI'-.Iyear). 

t 1 • table fuftetloa. 

FAlM a l'raction of .t.aputa al.loca~ed to lana 

maint•ance (dimenaionl•a). 

JCM)R t l'ra«*icm of capi Ul allocatee! to ol*aib.lag 

re~ (dl1aenaianleaa). 

rca • rvtllity oontrol effectiveness (di.-nalenl•a) 
industrial 

nALU a ft'ection ofL output allocated te land 

develap••t (dilleftaionlesa). 

J'IOM t l'raotioa of iaduatrlal output allocead to 

a;ric:ultuzoe (dliHIIaionl-). 
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I'IOAC 1 J'ractiCI'l of in4uetr1al output allocated tD 

CCiftSUIIPtioa (cU11811a1~-) • 

I'IOA% 1 FracticD of industrial outpQ allocated to 

.lrtduatJ:Y ( d1.-a1onleu) • 

J'IOARC a l'racUon of iraduauial output alloca't41d to 

resource oonsenation (cU.melsionleaa). 

FXOAS • FJ:act.ton of iapUta allocated to sexvicea 

(dinalaicraleaa). 

a Food per capita (vegebble - equl.val•t 

kiloor ... /Peraon-year). 

I'R 1 Food ratio (ditHasiool•a). 

XC a Industrial capital (dollara). 

XCI I IndUstrial capital initial (4o11an). 

ICCR a In4uavial capital ,output ratio (yeara). 

IFPC a Indicated foil(! per capita (vegetabl-.equival•t 

ldlogr-/peraoa-yeu). 

ILl' • Iabaratt land fertility (veqatable-equt-.al•t 

ldlogr ... /bectare yaazo). 

:m • Induatrial output (dollua/year). 

lOI'C 1 Iftdustl'ial output per capita (dollua/pECeon-

yeu). 

lSOPC a l:ndieated sexvice output per oap1 ta 

(dollara/Paraoa-year). 

UlR a Land dtwelos-•t rate (hactan/y..-) 

LK • Life expectancy (yeua). 
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LD • "-d coeioa zoate (~.IJ'-.J. 

LrDR t LarMl f-'iliqo 4etJI'adaU. rate (J'••) 

LI'IM' 1 !Mad fertility (v~l•ecaulval•t 

kilOVZ'-/heftue year). 

J.aatf r:t a s-..ay a-tate value of LPIR'f. 

LJRII a X..d ferUlity reoenezoatt. ~"•~• (y•n) 

tMC a Life ti .. aNltipltw fJOta cJ'OWCUat 

LY 

MPAX 

(di .. tonleaa). 

a Life t~ .ult!pliezo f~ pe~aieteat pollutioa 

(die.Raiaal .. a). 

a Land ~-val foX' Ul"bla 1nd\tatdel uae 

(henuee/:reu). 

a X..d yield (v-oetable equtval.•'C ktl---/ 

bectu .. yeu) • 

• Lend yield IIUlUplier uo. ur pollut.toa 

(cUtMnaioal••l. 

t Lead yield tMJltipliu fJ'Oil caplt~ (d!lllftaia1leaa) 

t Muotaal lMd yield •uJ.Uplier fn. oapital 

(heetaree/doll.r) 

• Mqinal pi'Oduct:L•.t.tr of &91'iftltul'al illl*t• 

(vegetabl .. ..,.•l•• kilo(l¥_/ .. lla_.). 

• Maqiftal s-odufttvltr of l...S 4we1op••t 

(v-tlble equivaleM Jcileer'·••ldello•) 

• ••• bu• .... Cl/7..-) 



PAL 

PALl 

PAI/r 

PCRUM 

PJ'R 

Plil 

POP 

POPE 

PPAPR 

PPASR 

PPOAO 

PPFIO 
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t Non-renewable reaounea (resource Uftita). 

1 Ret birtb I' ate ( 1/J'eal') • 

a Nonrenewable r8110\lrce uactioll r..Unillv 

(dim81s1onlesa). 

a Nonraseweble rt~CUrce initial (resource un.t.a). 

a Non-renewable resource \lSage rate Creaourae 

units/year). 

a Potentially arable lan4 (hecaar.). 

a Potentially arable laad initial. (hectare.) 

1 Potentially arable laneS ~tal (be<*ar:ea). 

a Per capita resource usage .ult1pl1er 

(resource unita/person-yeara). 

• Percleved food ratio (dimr~~~~~ionl-). 

1 Percieved life expectancy (yea&") • 

a Population (peracm•) 

a Population equilibrium value (peraona). 

a Peraisteat pollution appearance rate 

(pollution units/year). 

a Persisten• pollution asaimilatbn rate 

(pollutioa unita/y~). 

• Pen1st•t pollution oenwated by api.cul ~al 

output (pollution uni u/year). 

• PeraisttiJt polluion o-nerated by Ja!uat:rial 

output (pollution UDite per year). 



PPOL 

PRJ LX 

sc 
SCDR 

SCI 

scm 

scoa 

SFPC 

SJSR 

so 

SOFC 

' 
TAX 

'1T 

v 

UIL 

UnPC 
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t Perdat:et polluttc. (pollution uniu). 

t Iada ef peraist•t pollutice(dl-ajoel .. a). 

t santee capital (doll an) • 

a senice eapi tal depreeia't1an rat:e (dol lora/year). 

a Secvlce capital initial (dollora). 

a Senice capital iavea"'*'t rate (dollcu-a/yeu). 

t service capital output rat• (1/yeal'). 

t Suba.lat•c• food P• capita (vegettlbl .. 

equival•t kilo;&"a .. /penona y8U'). 

;• SOcial f..Uy a.lae nom (di..,.atonl-) 

t santee output (dollora/yeaJ:). 

t Service outplat pu capita (dollOd/per-yMI'). 

• tiM <r•ar•). 
a 'l'otal agricultural 1npUta (dollua/y881'). 

• Total fertility (diMenaianlees). 

• 1 - noaa - rmAA. 
• u~-.lndustrial land (hectarea). 

t Urbaa indusuial land per oaplta (hectarea/per8011). 

I lfl9-t:!M, tiM aoft81:aat. 
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