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There is  a long tradit ion of at t empt s  to ex plain the pat tern and dy namic s  of the human us e
of land and res ourc es.   A range of  abst ract i ons and comput er  si mulat ions  deri ved from theor y  and
empir ic al dat a - model s in the broadest  sens e - hav e been to desc ri be agr ic ul tur al  and indus tr ial 
use and mi sus e of  t he env ir onment. 

Thi s paper  pr ov ides  a br i ef  rev i ew of  soc ial  sci enc e sy s tem model ing as it relat es  to the
s oc ial causes  and cons equences of changes  in land use and env ir onmental quali ty  at  the regi onal
l ev el .  The goal is  to ex pl ai n the as sumpti ons  of  some key  models  and their  appl ic at i on, and to
des cr ibe s ome of the l imi tati ons  of these models  and the mor e gener al model ing ent er pri se.

The dis c ipli ne of  geography  prov ides  a us ef ul focus for  the paper bec aus e it  has
t radi ti onall y  concer ned its el f wit h rel at ionships  bet ween humans and the envi ronment  at  the
r egional  scal e and has  seen many  year s of  li vely  debate about  the poss ibi li ti es  of  modeli ng
human ac ti vi t y (Chor ley and Hagget t 1967;  Macmil l an 1989).   Land us e and envi ronment al
model ing in geogr aphy has  drawn fr om and int er ac t ed wit h many  other  di sc i pl ines  such as 
economi c s and ecology,  and has seen a res ur gence as  a result  of  the new int er es t  in global
c hange (Nati onal Res earc h Counc i l 1992) .

The ques ti on of  r egi ons
Wit h regar d to the quest i on of r egional  modeli ng,  geographers  have dis c us sed and

debat ed the concept  of  the regi on for  many years  (Gil ber t 1988;  Gregor y 1986;  Hart shorne 1939) .
One view is that regions  ar e ar eas  of  ess ent iall y  uni for m phy si cal or soc ial charact eri st ic s .  The
c lass ic  defi nit ion of a region is to us e phy si ogr aphi c or ot her  "nat ur al "  featur es  to div ide the eart h
i nt o rel at iv ely  homogenous ar eas  bas ed on topogr aphic , cli mat ic  or veget ati on char ac t er is ti c s.    In
t hi s uni form appr oac h to regi onali zat ion boundar i es  are dr awn where ther e are di st inc t shif t s in
t opography , rai nf al l  or rai nf al l .  Unif or m regions may als o be based on soc ioec onomi c 
c haract eri st i cs .  I n cont rast , the func ti onal or  nodal met hod def ines regions  wi th referenc e to a
maj or  c i ty  or  other  cent er of  i nfl uence and inter ac ti on. 

Mos t regional iz at ions ar e dev el oped acc or di ng to a pri or i  or deduc ti v e cr it er i a,  in whi ch the
c lass if i cati on of  unit s int o regions  of  common char ac ter is ti c s is  ac hi ev ed through spec if yi ng lev el s
of income,  language or  soci al  condit i ons whi ch ar e as sumed to div ide the eart h and nati ons int o
r egions .  Alt ernat iv e met hods of  regi onali zat ion use stat is ti c al  proc edur es in an i nduc ti v e approac h
t o cl as s if y dat a fr om small  phy s ic al  or  soc i al  unit s int o regions  in whi c h common features are
i dent if i ed in the st at is t ic al  char ac t er is ti c s of  the uni ts . For  exampl e,  unit s might  be clus tered
acc or di ng to thei r indus t ri al  st ruct ure or demogr aphi c charac teri st i cs  us ing a pri nc i pal component
analy si s  of census dat a. 

Per haps  the mos t impor tant less on of  the debat e about  regi ons  in geogr aphy is  that  both
t he def i ni ti on of  regi ons  and the regions  themsel ves ar e ver y  dynami c.   There ar e no immutable or 
s harp boundar ies on the ear th’s  surf ace, es pec ial ly  in the soci al  real m and in many cas es 
r es earc h on regions  must  take as  its  fi rs t maj or  task  the ident if ic ati on and bounding of the regi on
t o be st udied.  I n int er dis ci pl i nary ,  int egr at ed regi onal st udi es  one of  the chall enges  is to rec onci le
t he appr oaches of  di sc ipl ines  us ing dif ferent dat a at  di ff er ent  scal es , for  exampl e those of  soc i al 
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s ci enti s ts  who work  wi th admi ni s tr at i ve dat a at the scal e of  st at es  and nat ions  and the
env ir onmental  s ci ent is t who uses  r iv er basi ns or  ec os ys t ems to defi ne the r egion.

I n many  cases  it is  reas onabl y eas y to ar ri v e at  a common def init ion of a region bec aus e
t hey of t en seem to emerge nat ur all y from the long his tor ic al  development  of  human int er ac ti ons 
wit h lands capes .  I n the Unit ed St at es,  suc h regi ons inc lude the Gr eat  Pl ai ns , the Mi dwes t,  the
Great  Lakes,  the Los  Angeles Bas in, or New England.   Geogr aphic  Inf ormat i on Sys t ems provi de
t he opport uni ty  to overl ay a var iety  of  regi onal  maps  in order to identi f y appr opr iat e commonalt i es 
and boundari es for regional  anal ys is . 
Env ir onmental  or phy si cal  model s  of land us e

One import ant  set  of  models  expl ai ns  land us e pat terns and dy nami cs  in terms of  phys i cal
and biol ogic al char act er i st ic s of the env ir onment  or region.   For  ex ampl e, ther e are a range of
model s that hav e been us ed to es ti mat e the bes t or most  pr obabl e us e of agr ic ul t ur al  land based
on cl imate, soi ls  and topography .  The work  of  geographers  such as O.E. Bak er  (1926) ,  who
dev el oped a regional iz at i on of Ameri c an agr i cult ure bas ed pr i mari ly  on phys ic al  fact ors , and
Gri ff it h Tay l or , who identi fi ed the env ir onmental  const r ai nt s  on land us e and human set tl ement  in
Aus tr al i a (1930),  pr ov ide ear ly  desc r ipti ve ex amples of  this  appr oac h. 

Simil ar  as sumpt ions  about  env ir onment al  cont rols  on land use emer ge fr om a number  of 
r ec ent and more quanti tat iv e st udi es  on the agri c ul tural  pot ent ial of di f ferent  regi ons  and the wor ld
as a whole.  Cl ar k (1967)  used cli mat ic  dat a to cal culat e a wor ld ar ea of  produc ti ve land of  7.7 to
10. 7 bi l li on hect ar es dependi ng on how one cal cul at es  the pr oduct iv i ty  of  tropi c al  soil s.   He
est imat ed that this  land coul d suppor t up to 49 bil li on peopl e.   A simil ar st udy  by Rev el le (1976)
est imat ed enough land to feed 40 bil l ion.   I n a det ai led study Buri ngh (1977)  superi mposed
c li mate and soi l maps to identi f y regions  of  arable and gr az i ng pot ent ial .  They  conc luded that
24% of global  land (3. 2 bil li on hect ares)  had pot enti al  for crop pr oduct i on.  Large areas  of 
pot enti all y arabl e,  but cur rent l y unc ul ti vat ed, land wer e ident if ied in South Amer ic a, Af ri c a and
Aus tr al asi a. 

The wor k  of Bur ingh and col leagues  was the bas is  for a maj or  st udy of the food produc ti on
pot enti al of  lands in the dev el opi ng worl d (Li nnemann et al.  1979).   The potent i al  pr oduc ti on of 
hundr eds  of soi l- cl i mate regi ons  was  es ti mat ed us ing si mpl e model s for  16 maj or  cr ops  and
ass umed that  the hi ghest  yi el di ng cr op woul d be plant ed on each uni t  (Har ri son 1983) .   The study 
all owed for soi l fer ti li t y and moi st ure cons tr ai nts  and for thr ee levels  of  tec hnologic al  inputs  (e.g.
f er ti li z er , irr igat i on).   The st udy indic at ed that Af ri c a is  only  us ing 21% of its  potent ial  arable area
and Lat i n Ameri ca only  11%,  but  the South East  As ia is neari ng it s land limit s at 92%.  I f the
pot enti al food pr oduct ion is compared to cur rent  populat ion lev el s these models  suggest  that  a
number of regions  ar e vi ewed as  ex ceedi ng the capabil it y  of the land to support  peopl e i. e.  thei r 
c ar ry ing c apaci ty .

Agr ic ul t ur al  potent i al  models  that  as sume that  technology can be us ed to ex pand
product i on of ten fai l to ac count  for  the av ail abi li ty  of  capi tal to purc has e the tec hnology  (e.g.  many
r egions  ar e too poor ),  or  for  the way s in whic h negat iv e env i ronment al  impact s of tec hnol ogy  -
s uc h as  er os i on, pol luti on and plant  br eedi ng - can feedback  and des tr oy  the res ourc e bas e of
s oi ls , wat er ,  and geneti c  div er s it y. 

A par al l el  set of  st udies  in ec ology  ex pl ai n pat t er ns  of  global  vegetati on and biomas s
product i on pr imar il y  in ter ms  of  cli mat e (Li et h and Whi t taker  1975) .   The maj or  cont r ol s on the
dominant  spec ies in each regi on ar e ass umed to be var iables suc h as  temperature,  rai nfall , and
s oi l ty pe.   Other  f act or s  s uc h as competi ti on or  human modif i cati on ar e not  c ons ider ed. 

The dynami c ver si on of  thes e agr ic ul t ur al  and ec ologi cal  models  can be seen in the
esc al at i ng number  of  studies whi ch as sess  the pos si bl e impac t s of  cl imat e change on crop yi elds
and vegetati on (Bol i n et al.  1988).   Adams et al.  (1990)  us e the out put  of  global  cli mat e model s to



3

est imat e how cr op yi el ds  may change in the Uni ted States  as a res ul t  of global war mi ng.   Par ry  et
al.  (1988)  us e a simil ar met hodology to model the impact s of bot h past  cl imate var i abil i ty  and
pos si bl e f ut ure s cenar ios  on cr op pr oduct ion i n dif ferent regions  of  t he worl d. 

Emmanuel  et al.  (1985)  have us ed cl imat e model  output to pert ur b empir i cal model s of the
r el at ionship between cli mat e,  vegetat ion ty pe,  and veget at ion produc ti vi t y.   These cl imat e change
s tudi es  tend to ass ume that  onl y  cli mat e (and of t en onl y  aver age temperat ur e and prec ipit at i on)
wil l change;  that  cl imat e is the mos t  impor t ant inf luenc e;  and that  ot her  fac tor s - suc h as  soil  or 
t ec hnol ogy  -  ar e as s umed not to al ter .

Mos t of  the model s dis cus sed above ar e empi r ic al l y based.  The si mpl es t are regr es si on
model s of the for m y  = ax + b;  where y mi ght be cr op yi el d or biomass  and x  temper ature.   The
use of mor e phy si ol ogi cal ly  or phy si c al ly  based model s,  whic h simul ate pr oc es ses  suc h as
photosy nthes i s,  evapor at i on and nutr i ent fl ow,  is  limit ed at  the regional  scale by  the data needs 
and complexi t y of  the model s.   Thus,  the CERES model us ed by  Adams et al.  (1990)  to as sess 
c li mate impac ts  on mai ze and wheat  yi el ds  is  heav il y par amet eri zed in si mul at ing the day to day
eff ec ts  of  water and nut r ient  s t ress  on plant gr owt h. 

These models  pr ov ide an explanat ion of  land us e gr ounded in a tr adi ti on of  geography 
c al led env ir onmental  det erminis m wher ei n the phy s ic al  envi ronment , par ti c ul ar ly  cl imate, is  seen
as the mos t impor tant inf luence on human ac t iv it y .  The more ex tr eme ver s ions  of  env i ronment al 
det er mi nis m are ass oci at ed wi th the wor k of  El len Churc hil l Sempl e (1911)  and El ls wor th
Hunti ngt on (1915)  who pr esent ed phys i cal geogr aphy as  the maj or  expl anat i on of not  only  land
use but  level s of  development , cul tur e,  and "c iv i li zati on" .  In thi s  framewor k,  regi ons  are poor 
bec ause the phy si cal  env i ronment  has  li mi ted economic  gr owth and human potent ial .  Al though
t here was a str ong react i on agai ns t bot h the sci ent if ic  ac cur ac y and pol i ti cal impli c at ions  of 
env ir onmental  det er minis m (Peet  1985)  bec aus e of  it s ov ers impli fi cat ion and link s to raci sm and
i mper ial is m,  envi ronment al ex pl anati ons  of land use pat t er ns  and dy namic s  are st il l prevalent, 
and, many would argue,  r elevant . 

Env ir onmental  explanat ions of  land us e and land use change mi ght al s o inc lude models 
whi ch tr eat humans as a pur el y biologic al  or gani s m whos e demogr aphy  responds to and has 
i mpac t on the env ir onment .  I nf l uenc ed by  the vi ews  of Dar wi n, Thomas Mal thus  developed a
model  of  the relati ons hi p bet ween agr ic ul tur al  pr oduc ti on and human popul at ion growt h, whic h
predi ct ed famine as  a rapidly  gr owing popul ati on,  out gr ew a fix ed or  s lowly  growing food suppl y. 

The Mal t husi an model  has  become impor tant  in many  rec ent  dis c us si ons  of land us e and
degradat ion,  wher e the intens if i cati on of  land us e and ass oc i at ed pr oblems of  er os ion,
def or es t at ion and poll ut i on are as soc iated wit h rapid populat ion gr owt h.   The work  of  biologis ts 
Paul Ehr li ch and Gar rett  Hardin is  char ac ter is ti c  in li nki ng agri cul tural  produc ti on and popul at i on
t hr ough the concept  of  carr yi ng capac it y - the abil it y of the land to support  a popul at ion bas ed on
phy si cal  res our ces,  av er age per  capi t a food needs , and popul ati on si ze (Ehr li ch and Ehr li ch 1990; 
Har di n 1972) .   If  the popul at ion exc eeds car ry ing capac i ty , the model suggest s that hunger, 
env ir onmental  degradat ion and the des tr uc ti on of  bi odiv ers it y  wil l ens ue.   This  model  als o
explains  the rapi d conver si on of  nat ural ec osy st ems  to agr ic ult ur al  land to feed a voraci ous  and
f as t br eeding, domi nant human or gani s m at  t he top of the f ood c hain. 
Economi c  and soci al  ex pl anati ons  of land us e

A dif fer ent approac h to model ing is bas ed in economic  ex pl anati ons of land us e.   The
c lass ic  model  is that dev el oped by  Von Thunen (1826) whi ch at tempts  to ex pl ai n the agri cult ural
use of land on a uni form pl ai n around a single, isolated, mar ket.   I n Von Thunen’s  model,  land
uses ar e det ermined by  the cost  of  tr anspor t  to mar ket,  whic h depends on the di s tanc e to mar ket
and the bulk  and per is habil it y of commodi ti es.   The val ue of  each cr op to far mer s (i . e.  the surpl us 
profi t aft er  pr oduc t ion and transpor t  cos ts  have been paid - al so call ed the ec onomi c  rent) 
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dec li nes  wit h dis tance fr om the mark et such that  bulk y or per is habl e produc ts  in high demand are
produced clos e to the mar ket,  and dur able, les s profi table pr oduc ts  ar e produced fur t her away. 
Thi s res ul ts  in conc entr i c zones  of agr ic ul t ur al  land us e ar ound a cit y.   I n Von Thunen’s  ti me, dai ry 
and vegetabl es were gr own in the clos es t ri ng,  then the wood needed for fuel and cons tr uc ti on, 
and t hen grai ns  i n a s er i es  of zones  based on cr op rotat ions  (Figur e 1). 

Schol ar s  hav e rel ax ed the ass umpti ons  of the simple Von Thunen model , al l owing for 
v ar iati ons  in env ir onment al  condit ions,  transpor t  inf ras tr uc t ur e and tec hnology ,  or number of
mar kets .   The modif i ed model has  been used to ex plain land us e patt erns in pl ac es as  vari ed as 
Uruguay  (Gri f fi n 1973) , Brazi l (Waubel 1858) , and t he Nort heast  Uni t ed St at es .

Simil ar  ec onomi c as s umpt i ons about  tr anspor t  cos t s and mar ket s al so emer ge in the
i ndus tr i al  locati on model s of  Weber and Los c h,  and the set tl ement  patt er n model  of  Chri st al l er 
( Hagget t  1975; Chis hol m 1962) .  Weber  ass umed that indus tr y wil l loc at e so as  to mini mi se cost s
of labor  and raw mat er ial  trans por t and to tak e adv antage of  indust r ial clust er s  or agglomer at ions. 
Los ch focused on ac c es s to mark ets  and the minimi zati on of  cost s.   Chr is t al ler des cr i bed a
t heor et i cal model  of  set t lement  in whic h a hierar chy of  cent r al  plac es  pr ov iding ser v ic es  develops
i n poly gonal  patt er ns on a unif orm pl ai n.   The most  import ant  ass umpti ons  of these ec onomic  land
use models  incl ude those of  cos t  (es pec iall y  transpor t)  mi ni miz at ion and pr of it  maxi miz at ion in
f ree mar kets  wi th rati onal,  opt i mi zi ng pr oducers  wi th complet e and ins tananeous  infor mati on
about  pr ic es  and cos ts .  Thes e model s  are ty pi cal ly  ass oci at ed wi th the neocl as s ic al  tr adit i on in
economi c s. 

One maj or cr i ti ci sm of  such models  focuses on their  ass umpti ons  of opt imum behav ior
and per f ec t inf or mat ion.   Geogr apher s  and ot her soc ial sci ent is ts  have developed behavi or al 
model s that ass ume les s rat ional  use of  land, tak ing int o ac c ount  fact or s  suc h as cul ture,
i nacc ur ate informat i on, and subopt imal behav ior.   Wol per t’ s study  of  far m dec is i on maki ng in
Middl e Sweden ass umed that farmers  deci si ons  about land us e wer e const rai ned by  fact ors  suc h
as infor mati on,  cul t ur al  and educati onal bac kground, and that  dec is i ons would be "sat is fi ci ng" 
r at her than opt imum (1964).   The avai labi li t y of  informati on coul d be si mul at ed us ing dif fus ion
model s of the flow of inf or mati on and tec hnology ,  tak ing int o acc ount the inf luenc e of spac e, and
phy si cal  and cult ur al communi cat ion bar ri er s  (Hager st rand 1968) .  Thos e fur thes t  from center s of 
i nnov at i on r eceiv e inf or mat ion lat er  and may  use the land in more t r adit i onal  ways .  

Dif fusi on model s hav e als o been appli ed to the wi despr ead trans for mati ons  in land use
ass oc iat ed wi th the Gr een Rev ol uti on that  br ought  the technol ogies of pl ant  breedi ng and
c hemi cal s to agri cul ture in t he Thir d Wor ld (Yapa 1977. ) 

Thi s ty pe of  land us e model  oft en us es  pr obabi li st ic  Mont e Car lo ty pe methods  to ill us tr ate
s ome the unc ert ai nt y  and pr oc es s  in human deci si ons .  Agri cul tural and ot her ec onomi s ts  hav e
als o dev el oped much more complex  models  of land use and envi r onment al impac ts  in whi c h
s ome but  not  al l of  the neocl as s ic al  as sumpt ions  ar e rel ax ed.   For exampl e,  linear  pr ogrammi ng
model s per mi t  the opti mi z at ion of loc at ional  and tr ansport  deci si ons  bas ed on a range of
economi c  and phys ic al const raint s. 

A mor e des cr i pt iv e approach to land use dec i si ons  is ass oc iat ed wi th the cult ural ec ology 
of Carl  Sauer  that foc us ed on the way s in whic h dif ferent cul tures adapt  to, and transf or m their 
env ir onment (Denevan 1966).   Cul tural  ecologis ts  have documented the var i et y of  ways  in whi c h
t radi ti onal peopl es  adapt ed to const r ai nt s of cl i mate and ter rain through ter rac ing,  rais ed fi el ds
and irr i gati on and thus trans for med sev er e lands c apes  such as  the Andes and Amaz on forest  to
agr ic ul t ur al  land ( Browder 1989) .

Another  vi ew comes from pol it ic al ec onomy .  In this  cas e, the human us e of  land is 
c onst rai ned not  by per sonal  char ac ter is ti cs  or  informat i on di ff us ion but  by  str uct ur es of  ec onomi c
and pol i ti cal  power .   Thus the agr ic ult ur al  hi st ory  and geogr aphy  of  the Unit ed St at es is  ex pl ai ned
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l es s by  envi r onment  and the free mar k et  economy and mor e by fac tors  such as  cheap labor  (e. g.
s lavery  and the expl oi tat ion of  farmwor kers ) , the concentr at i on of land and spec ul at i on in its  value, 
and the inter vent ion of gov er nment  in the interes t of  cert ai n power f ul  lobbies suc h as the rai lr oad
bar ons and agri busi nes s (Goodman and Redc li f t 1991;  Fit z si mmons  1987).   Thi rd Worl d land us e
and env i ronment al  degr adati on is  expl ai ned thr ough the legac y  of col onial is m in ex por t or iented
economi es and land concentr at ion, and the unequal  par ti c ipat i on of regions in the int er nati onal
economy  (Myr dal  1957; Smi th 1984). 
I nt egrat ed models 

The shar p di s ti nc ti on bet ween envi ronment al  and soc io-ec onomi c model s of  land us e is 
blurr ed in many  studies as authors  relax the ass umpti ons  of their  models .   Incor porat ing var iati ons 
i n soil  fert i li ty  in the Von Thunen model , or tec hnol ogy  in pot enti al pr oduct ion studies pr ovi des 
mor e ac c ur at e reproduc ti on of  ac tual  land us e pat terns.   For  ex ampl e a basi c geogr aphy text  by 
Kol ar s and Ny st uen (1974)  shows  how the land use of  the Unit ed St at es can be repli cat ed in a
modif ied Von Thunen model  ( Fi gur e 2) . 

One set  of  integr at ed approac hes  are empi ri c al  models  based on st at i st ic al relat ions hips. 
I n many  cases  these model s incl ude both env i ronment al  and ec onomi c explanat or y var iables to
est imat e crop yield,  crop area,  or  meas ur es  of  envi ronment al  degr adati on.   The Uni ver sal Soi l
Los s Equat ion, fr equentl y  used to as s es s soi l er osi on potent i al  uses  bot h env ir onment al  (sl ope,
r ai nf al l ) and soc ial  (far m pr ac t ic es )  var iables (Lars on 1983) .  The degr ee to whic h var iabl es ar e
preselec ted bas ed on theoreti cal  grounds for  use in the model s vari es.   All en and Bar nes (1985)
use a large number of var iabl es  in thei r at t empt  to est i mate defores tati on rates  in dev el opi ng
c ount ri es inc ludi ng popul at ion growt h, income,  ex port  and land us e measur es .  Such corr el at i on
and regr es si on model s sel ec t var iabl es on st at is t ic al  rather  than theoret ic al  cr it er i a.  Economet r ic 
and linear  pr ogrammi ng models  such as  those of  Leonti ev  (1977) and Heady  (1964)  relat e land
use and agri c ul tural  produc ti on to changes in input  avai labi l it y and demand.  I n thes e model s, 
env ir onmental  condi t ions  may ac t  to inf luenc e input  needs for  fer ti l iz er  and ir r igat i on, or  as 
c onst rai nt s on land ex pansi on.

Rec ent dev el opment i n envi r onmental ec onomi c s al so li nk  ec onomi c and env ir onment al 
v ar iabl es in the int egrat ion of  envi r onment al val ues int o input -out put  models  and cos t- benef it 
analy ses .  Thos e model s of regi onal economi es that li nk  pr oduct ion changes to both ec onomic 
and env i ronment al  i mpact s  are part ic ularl y useful  i n regional  economic  modeli ng. 

The mos t  complex and ambi ti ous int egr at ed models  of  the human-env ir onment  rel at i on
are wor l d si mul at ion models  of whi ch the bes t known is the Worl d 3 model  us ed by  Meadows et
al.  in the book  Li mi ts  to Gr owth (1972) .   This  model , whic h treated the wor l d as  one region, 
project ed rapid inc r eases  in ar abl e land us e unt i l about  2020 when cos ts ,  urbani zati on,  and
erosi on begi n to reduc e the amount  of  land in pr oduct ion.  Fi gure 3 shows  how one wor ld model -
t he Int ernat i onal  Futures  Simul ati on - st ruc tures  the li nk s bet ween 4 sec tors  and 10 regi ons  and
r es ponds  to land res ourc e const r ai nt s  and government pol ic y.   I FS has been us ed to as sess  the
pos si bl e impact s of  gl obal cl imate change on the worl d food sys tem thr ough changes  in crop
y ields and ar ea ( Li v er man 1989) . 
The l imi tati ons  of model i ng

The modeli ng enterpr is e in geogr aphy  and soc ial sci ence has been subject  to a range of
c ri ti ci s ms .  Fr om a technic al  st andpoint,  models  have been cr it ic iz ed as  too si mpl is t ic , too
aggregat e,  ov er sens i ti ve or  unable to reproduc e real wor ld condit ions (Cole et al.  1973; Liv er man
1989) .  More fundament al l y,  human geogr aphy  and soc ial sci enc e have ev ol v ed subs tant i ve
i deol ogi cal and epi s temol ogic al  condemnat ions of  the for mal,  es peci all y quant it ati ve,  approach to
explaini ng soci et y.   I n geogr aphy,  the reac t ion against  model ing and quanti tati v e soc ial sc i ence
was  mai nly  fr om thos e wi t h humanis ti c  and poli ti c al  economy per spec t iv es  (J ohns t on 1979;
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Pepper 1986) .   Humanis ts  object ed to the gener al i zati ons  regarding indiv i dual  behavi or and the
quant if i cati on of  intangi bl e val ues in ec onomi c model s.   Pol i ti cal economis ts  felt  that  the model s
did not  capt ure the power  rel at i ons in the pol it i cal ec onomi c  str uc t ur e,  ignored the role of  the st at e, 
and wer e themselv es  a tool of  el it e,  technoc rati c  managers  (Deuts ch 1977;  Col e 1973) .   Recent
obj ec ti ons  to the modeli ng of  nature- soci et y  rel ati ons inc lude thos e of the deep ecol ogis ts  who
obj ec t to the ant hr opocentr ic  separat ion nat ur e and soc i et y;  real is t s who sugges t that model s ar e
abs tr ac t ions  and cannot reproduc e or  forecas t par ti cular  cont igent condi t ions ; femini st s who see
model s as pat ri ar chal or  inat tenti ve to the part i cular condi t ions  of  women;  and post moder ni s ts 
who argue that ther e are many  di ff er ent  i nt erpret at ions  and meani ngs  of any  one phenonemon. 

These mult ipl e cr it i ci sms  mean that soc ial sci ent is ts  have become rather  self -c ons ci ous 
and sel f  cri t ic al  in att empts  to model soci ety  and human-env i ronment  int eract ions.   Col leagues 
may  view quanti tati v e model ing as tec hnic al l y impos si bl e, soc iall y meani ngl es s,  or  ev en pol i ti cal ly 
dangerous. 

On the other  hand, in a wor ld wher e regions  and economi c  sec t or s ar e inc r easi ngl y
i nt er dependent,  or where the under st anding of env ir onmental rel at ions bec omes  ev er  more
det ai led, model s of f er  us  the poss ibi li ty  of  managi ng large amounts  of  complex inf or mat ion and
r el at ionships .  They  for c e us  to spec if y ver y ex pli ci tl y  what  we know and do not  know in a for m
t hat shoul d,  in some way s , be very  tr anspar ent  (i f the model  is  wel l  doc ument ed)  and can thus be
evaluat ed and modif i ed by  other s , ev en if  they  speak a dif fer ent language. Si mul at ion model s 
off er  the pos si bi li t y of  formal i zi ng as sumpt ions ,  organi zi ng relevant dat a,  and spec i fy ing links  and
f eedbac k s bet ween di ff er ent  economic  sect or s  and geographi cal  regions.  The coll ect ion of dat a
f or  cons tr uc t ing and val i dati ng a model  can reveal inadequac i es  in the empi ri cal  evi dence about
env ir onment and land use,  and in a si mi lar way , the proc es s of cons t ruct i ng equati ons  to des cr ibe
t he sys t em can show wher e theor y  is inadequate.  Fi nall y , model s al l ow us  to under tak e
exper iment s and tes t  out  poli cy  opti ons  that  woul d be imposs i bl e or  et hi c al ly  unac ceptabl e as
unt es ted experi ment s  i n the r eal  wor l d. 
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