
CHAPTER 7

Environmental SimulaI.ion Modelling

Tba-o .rt • _bt, of ~tI1l< chlT'ffll' 1)1101 ollllOOlelf.. ell ..........
'WOK,,", '0 DIoOdtI b....J,jl:lf It ..... bt u..ful '0 bnn~ 011' "'pOfW"
dmtD<1JOf'I' """ '0 d"""" ...11>.:11 of tho todln aro I ly '0 bt til. mo<l

OJ>PfOIlnatf ,ft mod.lluI~"'" rompl<. '...... of ".,,"" ",. \Ol .U ,oad." ...1lI
nwi '0 urod....U1d ,k. ,.duue,b,,,,•. bu'" k< d blo ,h.. th.)' lain" k'l' IOn\<

'W«io'iOII of lilt ....j<M- 1""•• of rn.tIIodolosl" ch .. 'h"", di><u,1«I11I $oCOOII
73 1><1"",. SOfIIf of 111. rn.'" pollia at. !1Iu<l! d by 'p<cifi, ,n. "odl" kI'
Ch.p'or 9.

7.1 TIlE I'ATt:Il.E OF SIMULATlO~ MOOI'.LLl~G

Th<of<I"a1 mod.U,,. of tho ......or\d It" old " ",If""" i1l.1f. \li,th ,lit odnn'
of tbt «lIIIP"lft. b_. tbt ,..hmq'" k.. bun 'ran'i"""fd. \lih.... 1'....,.,<1)'.
mod_Is ka4 10 I>< by ......vne 1' .""d.nl) btcam<~" '0 kilo<
....-y I.... ~~ of <q"''''''''' of. m _ ........ form. mlOm< • til.

noc.....y lonI "' .-...... npoftIM potly 'td.....d....Of tbt p<OOfOO of
....... by _10,.. tho .,=tII. "" •......,.,It.~....td tbt inoatiplOf 10 u..
oalr ..m:;"", .........1><1 '0 (omoutolt IIPll ptq:t tho "1"'_ dfl _ 10
101«.- 0fI0/)-~.

Slalu-Ia y.• tho p.-.....,..,." ... ,.IN dtlbotd .. ""'".. ollllc ".. 10
"- tbt lbr ea.- oflll<hto.:' "PO" , ... tbt ....._ ..rr ,..10_
<I<scribulI _ ~ .,........ ODd 111. '0 ....10.. tbt dr-x__, of tho
1)'11..... T1I< obIlny of "'" tompItlfl .utom.llalIy '0 hq> 'rock oftbt mit,*,_
~_m ........._ ......bln. <Kb of wtliOh <aI1 .rr '. ODd sm>ultml"""">· tit
arr",ltd by. 'ho "'ho", .. a "ronl poin' 0( ""'u..'ioo od.1lmg l<<1It>iquo

Tho .."'" 'mod<llinJ ..d '"",01a1100>' .t< of,." 11t<d illl<rehmrrably••ltho"",
...cen, ,rtr.d " 10 ,........ til. fu" for ,h. p_ of d"~OPlJll • mod.l 'rod ,h.
","",d rOO' 011 """1""1..,,,,, .nd u In Ih. prt ..nlrop<lfl, "e hlV< uoed 11,. 1"'0
lorm, ill ,omblnlllOfl 10 """r all ph or mod.l d.._lopm.n' .nd .pplicltlon...
well .. 10 dlll1nau,'" lhl. 'YI" of mod_nl"1 from pu.. l;- m.th.m01i,,1 ",00.111111'

UnlU .l>oul 1960. lht hilll"" Inllu.nct In 'ko d••olop"'."' of lhll n.....' l1YHo of
......L1,U"" mod_1lI1I1 c.me from lh....IOSI1t comp""r, '" ,alIf<! 1>0<..... III
opo-r"ion Is d,,..,lly analos".,. 10 thol of Iht rtll.y.lO"'. In mO" r'colll 11m•• Iho
dJl"al compo.., hll bt<""", r.., 'lIOIlIh 10 IN u<t<l fo' nutn<nc:a1loItUIoRl m I
way tho, I< _op,ltlIIy • d"", parakl'o 111_ .tIUoJut mod<. Hyond compUlt,..

whidl ..... "' --"1lIUII ...... of tbt b<sr r_"u," of "'••D1Io(u<.tIIl d,.;w typos.
tu,q tbo 1lttll ISn'doped. but il tloukI IHll tit approprutt 10 10 mlO lilt clewls
IIf... III -r caw. dIO cb&>tal"""'P"'ffh&""- ofllimatl)' odlfl-.boa.w

"



so re.dily ...11ab1. ,h.. I' II likely '0 1>0 '"I 'fF'" m<»' uord fOl .n""""....n..1
"ud,.. in iho f"'......blt fu,ur.,

l"<>1 <XIly Ilao iho ,ompu'.' providt<l on m<>mX>tu ",,,,ul.. '0 mod,D'nl bu' 'h.
reverse iI tIso IfIIt' ,h. du1tt 10 modol lIIOf. """,pI<>: J}'ll""" h. 1>0....
JIll!", ina1In•• 1JI tho d...lop"".." or , _.nol <ompu~........U.. of
"""" _,rw ...: nn,l>It ,«hmq for <:ompu~, __""",.nd ,,_.....

amlr-- ThU mu'ual ' ....111'<:_. of """pu1e1, i.dlu... ud -'11lnI 1«1>­
'"'!...... Ii;dy io "'"'''''''''0 tho rll"'~.

a.-. tht ..,..,,_• .-la.-. It<:bnloq".. d......-d .. fa,1. ''',' ~1Iler

~-""""," or fooc! "1.IIl _ ....." in _01>""", -lbDJ tu., ""'" IIlId<
pombl< by the -.dmI d'l'lII ......,..... _ dIInr,--u ......10_lad~--For a ...._ "t>mr Ito< .ysaom btiIIt "l&d>t<l """ __" of~..
_, _ ~ '" _ dlaratMl'IIl!ICa_ p<nod of ...,. ...._ tht.,._
do< udlooiquc or do"",,_. __ is Of~D "PP"'P'!I", II "'II. dwlfa ..
th.....~ or do< 0)'- Ir' .......,.1IIhud ., uhaJ placo II d..,,,,.. JIdII'I
<Xl"" I ''''I '0 tho om'ok. d<pwt..... or od>n ,,;,n1 , .... of tl>t
irIclmd.... " ...... ThU .pproa<:lo eooakI, fIX lJI"""e<, .PP 1)· lit ......, II
modtlllDJ demov,ptu.: I'f<>O'1IIf'& ill , tmall populatl"'" "'ho'" _ b"',," 'lid <I<.lll
..... '0 be DOt<d 0<p0l1 ..1y. T1uo _trul. ""h [h. r.", 'fPC at ...ulauon
,tdlnJq... wtx~ "'" _ ...... '*"'t*'OJ., 'abnt ploot ;" , con",,_. mlllMr
(althoo.oJh ill , d"".01 """'1""" d1.y lI'Iay lit p""",omm<d i" i."". of d"" ....
ell""-u"",).

\\'ht[...... "lII11!>t[ "f otpM... [....... 11 ."m"',ntl)' I,,,,,. oM "nly Ih.u .......
'" IlfOuP bohO"iou' " "f ,"",ur, , """in""". "",ulatioo modo! mil' .,,1I be
'PP[OPn..", 8u' ",h." 11 II .....,t.aI '0 fol.,,,, ,Ilt fOl1u"u of ..ch I,.", Ind
1""........ ill uld!oldtllllt)' ,ho diSC",...,.,,", fo,," il u.....Uy """"''Y. s.o far,
C<IIllinuoo••tmultti"" mod.1I hI'"~ bt." ,h. 'hoico in tho m,j¢,iiY of ,,,vuon·
mmul .pplic"i""" bu' mo.. "so of d..,,,,, ..,,',n' .imulation ta" b...poctld I",h. fu'"rt,

DI",,,"..,,n' .tmUllllon 0"''' muoh I". '0 .ny prlor do..lopm.n" In
,""th...atkoJ modtlli"l ,h." do<. <:"""lnurn" ,,",uLotion. "'d i. ,ory Lo"oly ""
""'1''''''''' of ..... Iopm."ts in ,omPUI.. P[OVamnung, .itll oom< Id... llao ~omi".

f.OI11 c';'koJ-poth n"....".k tlchnlq .... "'ch •• th, P["I'1Ill Enlul""" Rt ...
T«;hniqll< (PfRTI iSho... 1973). Porticu!a' PfOIf:smminl Itch",,!"" ,h., ..
,xploit«! In d"c«""'.'.n' .......Lotion indud. ~>1 pll>O''''1fI1- "hieh eJ/ooI. nsy
!w>dlq of ' "'.., b< f"'loer,,1y ....nd<d. and dynamk >lor... oDoc.1JOll,
'"""'" f""w..", ...,.... of d, .. in asa ..b<rt i' IS "01 P<*iblt '0 p..d". in
ac!YItICe _ lNldo """''''' .. , ..or.. will b< 'akn up by ..d. tlkJotY ofd.....ndtbr_......, ....ychaop dotiof tlIor ......... ofth< _Iolion.

\\110« .... '""PO"" 01 .... I)'SII'lB '0 dIaopd mpot> " 1I&bjtc, '0 IIlldor>l
llu<:.....- (_I, <II whesc t""O _Ita U~ 0<I1)t __,,"Iy -.,1>>«1 (....
<OtIC, ret.,_-.p baat ""t-a), __ type> or lol"",.. en or ModIlOUC
m-b_ at< ~I<, Tl><t< atItK .... mwry of .... '. ; 'r< 10 1ftlIrl..
I'"""'!<HIDII__.... I~ WO<ds. il is~I< for tbr .......... '0 tits)'

'"" tho <qIIl"Il<olS of """'''1" <II dnw-q~ f""" • ~Il.
no. _ f}1'" '" *-la_ tho, boo. \lea dacribtd, ",,,t1"'-'

<bsc:mc, ""'. WI of """'" b< '"""'- ill «:ab...UOII; lit uaa-.plt.......tel
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bo <II. mod,lli"a of ''''''''ph,rio polio""" "a ,,,,,,,"uoo. proc,ss. bu, d'p"'dln~
"" th, .odd." comm'nc.m,'" or ",..ti"" of disc,," ""ore.., and subjocl '0 ,h.
"""tw,i, now« of ..mo.ph<tic wtb"l.nco. F;'''T< 1.1 iIlo"'.." ,h. rolOlionship'
bo'~~.n I...... 'YP<' of simolati"" ,ppr.,.ch and .no~. ,h. 'htu distinct lin•• of
dt.tlopmon, 'hOI h.s... 1«1 '0 thorn. ContlnoOUS '1m"I.tion ••oI••d ftom .noly"col
."d ..,.1""11< """ho," to th, point ...h.T< <y."m. of ,,,,,sid.,,blt ,omplt~i'ya"
mod.n.d dip"Uy. £I.bo"" iT'phicaJ and pio'onol dIsplay. of <II. d)'naml'
boho"';oo, of soch .)'''.m. ,,, no.. poufOIt. Th. d,sc",,,,",,,, m.<IIodoloJ,y m.y
bo consid'ted •• comb,"lnl id... f,om t1i,,"ed,"pn (Ot n..... otk) 'hOOf}" and ,h.
",,,n.mllica] "udy of M"~",, p"'"..... A. Ibo"'n in FLgnT< 7.1, disc"I...".n,
."n"I"iOll oripnOled tnd'p<nd.n,ly of ,h. o,h., '''0 rn<'hodolOJi" and 'hOlT
ondttlyitll mo'....m.,ic<, ,nd doti... histo'ic,lIy from ,,,.mpl' '0 imil.,. dti."ly
,..nou. ""I·lir. p,o<......

A n"mbo' of .p<ci.lize<I compo'" l>"I"ago. (>h"v'n in FII"'" 7.1) hO', boon
do..loped '0 f.dl"", 'h, pt".,.,mmi", of ,,,",tnoOUS 0' disc,,'..."',,' <nod.I•.
Ahhough ,h...... "0' .."",i,1 (m,"y mod.l.....fill p'""tammod "sin,
l,n",I,p"'""" l,nIO>I'" 'LICn os FORTRAN), 'h.)' 01'" i' possible '0 d.".lop
ptO!Tam01os , ••y fOf o,h,,, lU follow. Tlo. Ia"" point i. qUi!. impotU"': ,....
diffi,olti•• i" on"",Uinll 'om'On< .1..·• 'ompo'" pt"iJ"omm.....uch 'hal
<nod.lIm ",,,,,,,i,,,,,. find i' ••sl" 10 st"'.gain f,om .. ratCh. Unfonon."ly. no
,." .imol.,ion ItI\1U>i' " y'l IlOnt"lly "sod .nd a""'p"d. Th. wld.sp1tad
ace'p""'" and ..ailability of a ."iloblt 'imola'ion 1>nl""l' would a<Sis, mO<l,I1...
'ntyWhm in oxchanginl id....nd buildinl on .."h o'h.... "or1<.

n. &<",,01 pnn<lpl" of mO<l.l d.SlpI do no' "lUlt tn unkjoo mod.1 .Hu""".
>nd. n..dl... 10 say. do no, .limino" <II, .0«1 for tho 'yp" of .nb"'.'M
kno"'lodllO 'hat 'ro pt""lded by mdl>idoal disclplin,~ .Ilo",ov<[...cit of th, 'h",
typo. of .im"lation modd ,mpli... d,ff..."t >'i.". of 'h' ",otld 'nd ho... it i.
"''''''orod, AccotdiJlily...ch '011'10)" """,wh.t diff".", prinelpl.. of 010<1.1
dnign.nd reqoi", diff".n' typos of data.



h i. "",.ibl, lh".fo" 'lu' equally .>!id moo,lo may differ 'Ub"".'illl}' in
"rn:;'ure, d.... and "",ul>1"'" 'e<hniq.... no' '0 ",.n'ion diff,,,nce. in P"'ll'I1m'
minalanaUll" and l'" prodn« .imil1, ..p".....,'''i'''' nf ,h. beh.vionr plll,,", of
the !)o1tem und~T \tuliy. TIlL! ml~1 In. tilK of ."lJul1ing simub.t;on mod'ls
"I"i..ly d,ffioull. p,,'i,ulorly "nee valid ",od.h m.y w,lI di.pl.y p>1'OIn. of
bela"ou, wluoh diff" f,u'" .nl 'la' Iuo,.. be.n hi""'i"'lIy ob..,,,,d, Th" i, nolUl.1
if on. k••", m mind 'hal 'h, pU'P"" of sunuta'ion «p..im.n' is no, only
rO'''''H"&. but ,he di.pl.y of pos~bl. beh.viou, mod.. und.. diff.renl .""ditinn.
- indudinl o""dib"". th., diff" f'''''' th. hi"orioll on'" A. an .umpl<. n i.
poI~bl. '0 .imnl.1< ..wid dlflLOt, on ,h...",mption ,h.. Au."a1,. i. ""'""d ,,'nll
(0"".0' ,b., ,h..."h roll'" in ,be oppooil< d"<Olion.

On. fUrlh" d;."nellon "larding 'yO" of mod.1 n«d. '0 be m.do, Th, '.,m
'mod.1" is oflen .ppli'd 11th., 100..ly '0 ",,,h.m.,i,,1 pr=dure. which or<

int'nd,d no' ""Iy '0 '<lleet th, re.1 wo,ld, bu' also to id.n'ify ,h. b'" w.y of
."linillJ ""'" .O'"fied 1"'1 - op"mi,.,ion "udi" u<ing m,lbod' .noh •• Iin.at
proarJmmlnl. In 'h.... how,,'''' mnoh of ,,'h., " ,a1I.d 'h, mod.1 is ...lIy •
•pt,i"'''ion of ,h. p,oo", of op'im;uti<>n - in p.ui,ul.. ,he 'on""in" under
which" i. '0 be ptrfom>ed - ,h. mod.1 p'opcr ofl<n b"ng of "ther ••impl. form.
Th' Oplimiling mod'I' .."ainll h..." tbei' u... bu, "'ould no, b. 'onfused ""ib
"mul>lion mod.l..

Of oour... ,;mul.tion mod." oan b' u"d in op,im;",;on .tudi", Ii"".'..... w;,h
nuny .n,i'onm.nnl "''''' 'h, moi' u~,n' r<quff.m.nt "ill b, to obtain. mod,l
"", p,"";d" toud in<lgh' into tho ..n,,01 "'o,k;na of. .nd rn'"ae,ion' belw«n.
d" diff,,,n' 0"" or d" .nYi,,,,,,,,,n,,1 .}''',m By 'h, ';"'0 wob. mod,1 h.. be,n
developed.l'ld .noh in'rgh' i.in.d, ,ho mlin .o,ion, ,h., noed 10 be "k.n "'ill ofl.n
hI''' l>«:orn< "".iou•. so that form.1 llP'imiWion "ud,,, "'ill be 'ith" unn......ry
0< concerned m".ly ",th m,no, i"'proY..... n" in IOfJt. b..., ""I<IY, 1, i. fo'
,h... "'.."", 'htl dto main ,,"ph.~. of 'h, p,,,,n' 1<PO" ;. pl1o«l on .imul.lion
..,h" ,h.n optimizilti mod.l~

Som< ,yO" of compu", equipm.n' .nd o,pni""011 I'nd th'nt"I'" p".
tkululy w.11 '0 ,n'''o<,ion. b"..'..n o""'pnrt' and nse" Fo' inmn«. i' m.y b.
"",.ibl. r<' ..,ange mod,1 rnpn' .l'ld on'pu' so 'h" • u••" c.n Ii' " • computer
,<emin.l. ;nwt in,!fuotiort. (p<m.", " • '''pon" '0 .nqui,i"l.n.""d by ,h.
oompu", """"amm••nd d"ploy«l on • "' n).•nd '" 'h' ...ul" produ",d by
'Il< mod.1 in. V.phiool fo,m _ for In".n« ';"" plo' ofcn1lcoloan.ble., H<
oould ,hen in"" .It"n,,;v. inll"""on, md comp'" ,h. ,uul", Thi. 'yO' of
nun·m.ohin, int".otion " ,h. ou'pu,.nd of ,h. mod.1 ca" m.~, ill u.. f., more
,ff,,,;,, and if."ly .noou"., ill application in 'h' d,v,lop""n! of """ti.. fo'
,nviron""n,,1 m.n>;<men"

A' 'Il< inpu, "'d. too. ,nl<notive fodli,i.. '00 b. u"fu) ,f, fo' in"m", • moo.1
""ed, '0 mak. ns< of l v.riely of dOl•. Th,.. d... oan the. be i.s<"'d at tho "m.
the mod.1 pr"ll"",,,,. ;, ,~«ul<d;0', .1I,m."".ly "'0)' cln be oxtr",.d from on
exi"ing do .. bonk ,f tho In'''''''V' p,,,,,"""''' h"" b"n o,~.niz.d '0 p.rmi' thn.

If umul>lion .yor,,,,, 0l""linl inl<raetiv.ly .re '0 p,"".... b.... for m.kil1g
l<1Uibl. ",an.go""nt .nd plonnmJ decISion,. ,h'n "Ttlotu" should .1", d.ftn, ,h.
In"'d''''iplinlrY " ... reh P''-'l!"unm.. which p,oold. th,I, d b.", Thi••ugg'ltS
'ho' studi.. both of th, ,,"m.1 .nvi,on"",., .nd of pro< laking pl." wi'hin
"",j"y m;th' oon,Hlul< l ''''gl. ,,)mpl<~, intem.lly Ii.ked th'onab • common



informui"" b..... cornmoo l'l\!luag•••nd , cornlOOn .« of principl.. ,ov<min, ilS
u,ili..""". Such I d.gr.. of in"gr"ion. how"..r. Ii.,,, ,II in the future.

For th. future. 100. some mod.ll.,. .n,I'age th. d.,·,lopm.nt of lib,..ri., of
generalized mod.ls ..,ilabl, on In int<r.. tiv. booi' ~i,hin I compuler n""'ork,
Mod,l, of d"oml""ltion .nd of primary and ..conda,,' produClion. for in'tance.
could b. inteSr>ted with moo," of o,he, biQlogi,,1 a"d ph".i,,1 proce .... 10
po-oduc. , c"",pl'l. d.'m~tion of how the 'un·, ,nerg,. drives th, ."li"
'm'iroormntal .y",m •• w. kno,,' i', ,h....nvironm,",,1 moo," could b.llnk.d
with mod.1i of hum.n <conomie Ind ""ill .ctivitl". to <n,bl. on< tostudy both
th, ",,,....ed p<rturbition, of the enviro,,,,><nt d", to m.". Ind the .ff"" of
."vitoormntal "h>tlg. 0" human '''i''it,.. Un,il ,,"""tly, .conomic moo.l, h.".
'mph"i",d the inre'n.1 dYn.1mi" of orpni....d «onom,,· 'v",,,,, b,. >ludying
muk" proc•.,., .nd mon.y flow rolh" lhan int"ac!io"' with nlt"re .nd the
factor> th.l' ¥,...er" th, ".1 now, in the 'y>t<m. Th". h"" recently b«n ..tem~"
" u'ifli oin'ul ..i"" in urder '0 eo""d" the .co"omy in thi,wider ..m•.•"d it m.y
be th.>t '"ch .",mp" will impro". <collOmie moo.lling rn ,he futu""

Th. 'pp'OIIch to .n,i,oom.nul 'imulatio" mod.lling ou,l;n.d in lh. pre'.,,,,
pUly.ph, should no, b' con,idered ",'n.,..lly Ipplbbl' or ,,,.n .. "p"",nt·
in, ",,,"n,,,,,. All would pro!"bh- 'gte. with th. no,d '0 in"~rare mo~.1< of the
."'i,,,,,men, with socio-"QflomLc mod,I, of hum.n .ff.i" .ff.cti"il it .nd affected
by n. B"t opinioo. diff., on 'h' "01", fot 'p.cific probl.m' of '"''lro"m,"..1
mod.l. which ar. highly iOn",I. In .uch probl.m,. the obl'eti"" ofth. otudy~;H
"nd to md,e"" the 'p<citlc nature of lh' mod.1 which ",.m, mo", .ppropn"o
under lh, ciroum",no.. , lnd..d Lt eould b, IIgued ,hO[ on, of 'h, princip.1 u.k,
of 'h, ,y~"m, ,".Iyo< i' to chocm a model which b.. , 'u," 'h, u"ure of the
probl.m " h.nd, Cert.tnly. th, hi"ory of ,imulation modelling so for .u!'S"" thlt
the ..arch for univ.""Uy .ppli"bl. moo.l, m.y b' • ,'ain on. w·hi<;h. if
I""o<d. con Iud '0 rn.[fLci'n<y.nd inorea.. the problbrlLty off.llu",.

7.2 CLASSIFICAnO\ Of l"VIRO:-i~tE)\"TAL SI~ILLATIO'l ~ODF.LS

Apart from the pourhl. ".,i."" of .ppro""h in th' t"hnte.1 <on"ruet;on of
mod,I, menl;oned in lh, p,,",ou, "'etioo. mod.i, mal' .110 "or, gru'ly in ,uhl'''
rn,"". in ",.1•. in ,h. purp"" fo, ~h"h th.y I"' to b. ""'d, .nd in many uth«
"'.y" Thoro i' thu, • ne.d for some form of cl••~f;CI"o" in o,d" to impro"e
cOOlmu"",.,i"" .mon~ 0100.11",. between th, mod.ller and the rolt of the
",knlifio <ommu"ily.•nd bet""n the mod.ll., md th, dec"ion·mak.r.

Th, ,,~urr,m."" fo' • cl...,I'",,,on of .n""onm.n,,1 ,im"I.""" mod,ls "'1)'

f,_ 00' ,it""ioo to another. Ap~,ndrx 2 g;"" , do"il,d I"t of ar"ihut"lhlt
'p<o;fy an .nvironmen,,1 .imularion moo.1 in drff.rent re,pect!. From th...
"!fibu", • ,"b"'t em be d,lln,d in mo,t e.... 10 m'" the cb."it1wion need, of a
,peei,l,itult;o".

7.3 N'PROA("I;ES TO ~IODH BLILDI:-iG, THE PROBLHt OF (O~tPLEXnY

H.ving decid.d 00 tho 'yp' of mod,1 which appears b... to ,urt the natUI' of
,h. >rudy ob,e"i"", it i, nece...,y 'Q "","d., how m 'pplOp,ia« mood flll<c",,,,
'"'y b. d.lLned Or Id.nti[iro. ,"d th." how th. c",,[fLetenrs or p.,.met'~ thor



cha,o.:wi", ,h. mod" ",i'hin lIli. "m"u« m.y b. ntin14,<d, Finally, tn.
mod.lle, mult a",mp, '0 .aIidlle his mod<l_ ,h., i•. in '(m\< ....y to ,e., the
...hobilily of ,he model ... enide '0 tile b.hl"lour of 'h, real 'Y.,.m. Th. w<>fd
'validilion' hJI betn used 10 dellgTIm I vane,y of pfO<tdu,es (st. helow, Section
8.1.5). bu' in til. 1/nc, stnst i' implies the """'ical componson of mod.IoU'pu'
".;t11 iod'f><nd,n' <>b .....,,"" of til...'n.1 .ylt,m, le.dioe in p,inc,pl. '0 ,he
d.fini",," of confid.n« inlu'L

Howev...alid.",," i••nemp't<I. ,h. modelle, i. n..,., comple..ly 'ure 'ho' h..
mod.1 i. cor"",' Ifid should indie", to 'he d"i"",,-m.ke, th. inheren' on«,uin'y
of lOy information d'm'<d f""" rhe model. In .dd,ri,,", it mu.11>< rememb.red
thor til< model h.. ooly been ..Iid",d fo' • limited "Og< of d"•. Thus, if the
modd is '0 be used fOT fo,eco"i-.'he fu,ure, i' nt.Iy p,,,,,e modequ,," 'f. fOT IOITI<

rtason, ,he ,ul 'YS''''' changes its ch"octeri"ics in ,h. fo,ore ll1<I beho"•• in 0
..dl,ally different m.nn, .. The .y"em i. then said '0 be n""..'.,Io",I}'. Fo'
example, if. mod.1 fo, "'ller poIlullon in • " .. , i' ,~Iidated prio' to 10';0' orb.n
IOd ind"",ri.1 d".lopmen" i' m.y no' p,""'d. a lood iodic"", of polluoon
belto,;oo, .f'er ,hi. r!e"elopmen, h....~en pI"e, S,miIJrly. if.n e"v"onmentoJ
mod.1 i. v1lid.,.d ond.. «,..in din..'", C""dllion., i' m.y oot be fully
...p......." .. if 'hese condilioo. "'-ould change

It i. inde<d po..ibi, to bUikllood model< of 'uch 000""',""'1}' 'y".m', which
",iI c""er chlOli-. """diMo ti.foclo'ily; bu' 'he foct th., • model h.. b"n
v.iid"ed p".iou<ly i. no lu nt.. in i,..lf that Ll w,1I "III b. v1lid if condn;o",
clt>nF. VoJida6"" should therefore I>< ..p,ded .. aeontioninl need for. model in
"""mo, lISt, .od the moxl,1 "'ould be up<!"'d whene....ny buiJr~n ...wnptioo'
"'... '0 .pply.

Model id.otiflcar;or, ••",ma60n, and valid.,ioo. "'hil.....oti.1 ".p. in model
bwldine;, '10 prove diffl<uh '0 occernpiuh in p..'''«. En,-uoomeo,aJ 'j'''''''' le"d
'0 be badly defined, in the ..... t1u, the mew",,,,,, which lovern the chlnl<' in
Ihe ..nobl.. d.flololl the 'ystem.•nd ,h.lf «I."ons!tip. '0 ooe .""'h". are OfIOo
00' ....11 unde"'ood, Th.o«lic .. an.ly.i, of ,h. 'j'''em eoupltd with ob ..",,"on.
of lIS beh.viou, <On nelp to define ,h. inhmo' rn.chlOi<m, bW<L Howe...,
ombllui'y ofl'o "ill rem.in" • situatron m.j' OCCUr ,n "'hlch a numb« of poailile
.xpl."'tion. remaio f...ibl., but 1i11le, if anj' ,",';d."", ..i"... '0 which of th, ..
expl."'tron' i' the most pIJusihte.

If i' " poosible '0 pe,form pllnned .xpe,ime"" on ,h••y".m, 'he" rhis
ombicui'Y CIO oflen be ..moved by .,,,mp,iol '0 excite th" mode of .yllem
I><ha""", wb;do,.;11 b.., h.lp '0 d.n". the mecltlOlSIO' mvolv.d:.nd ""0< in lUdo
co... til. expe,iment i. pl.nned, i' m.y ...,.n be possible 10 <>bl.in ob..rvJ1io.. of
tho b.h.viou, of ,h. 'j'",m rh.. 're "lali".ly free of un"',"in'y. When d.al'''1
wi'h I.rgt, ,nvironmenul 'ystem" how...,. til. p",sibili'y of pe,f",miog .ueh
planned expe,i""n" i. ooullly remore. IOd dOl. obt>ined dorinl the normll
ope..tion of ,be 'ystem. even if ....sil.bl., ... likely '0 be ,c<. I" 'he ex.. of
u,b.n .i, poilu,,,,,, mod.I,. fo' ex","plt. iov"'i,>1o" h exploi'ed the
oc<u"ene< of indu"n.1 "rik.. (lOd con...."'n, "du<1Ion of poio"""o"e
emilSiort.) to belp .. ,im... and ..Iid.te tIIei' modei., In on. p'rlioola, in.w"",. ,h.
ope,",o", of • POW" "",on in Cluc.o 'O'er. even permi1led '0 m<..... rh.if
emilSiort. bneny for til, purpos.e of model 'alidatlon. 6u, .uch own"uo;ti«.,.

"".
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,,"mOP' Ih< moll popuLar _oook ")lIIod.llinJ In th... oir"""",""",, <OMIlU

of am!yslftl .... 1Y'I<em ill • flUly dcUlled ......,. 10 ,II., .... mull"" eq"'1lOll1
:II< dw-....<Ued by po.....'m .. ,!II plIyKal (Of bdop:ol .... ooaal)
_r~. to ,he """'01 boil6tr. U '" lfydrocomp SimIIlIIlio"~
(lJasIoy, 1916) or .. mam~ {o.1 Good>ll. •91S. \Idkt.\ aL.
1915~ ThoM ph,.,.... ~,." (oadl 01 d,n- ..... O«!m>o".._. oa4 ....
iIof~u.... _If ) ... <nhu.ud.,.aIIly by _xpor-", to. bbon'l><Y,0a4
"'"" _ted ..10 -.:.t lbftr >PP<....... P'*,_s. Rul.."" _ of doe
difflClli .... .......t¥<d. -:II. prox«!"...lIM -*Do<~ ....... ha..od<l
by C<lIIII'&"", I'. 011'''''' wnll ..h_ 011.... dau:II< milaNo. oad ",_' lui
par.....,or ......... pI\)....,lIIj ........."r..l IKNDd> <ilia! 0I0D0bl0 6, to Ih<
....... IS ob.amed. nu. llllUlll of \he lIIOdel par_len, "'" may 1>< ICaIIIIpblbtd
..m.r ....nually Of by I}'I"""''''' op,noullOll, can b< q",,, I difflOllll laok,lIIIoe
fMdel. of 11m lype Of< .....ny ehlt.."rwod by I loll' nurrb<' of un~
par.......« •. ,.... ""....... of ""."men "'.. c.. l>< ,...ocl ""II, Ql' co."... II< I""".d
by ,h. n"m!><, of dati points ••lIib.bl •. Each mod,1 P""""" .. hlCh is ~.,,,,,d

f,om ...I of d'il "d1>O<' tho ..Iu. of those d'" fo' .aMotlon P"'Poou
Technically Il'u1<l"1. tho II" of til. d." I'" d""",;n.. tho toul numb., or
<1<..... of f'eedom. som. of "'hi,h'f< n,«l,d for par"".,...."m.tlon; th,II'1"
the numbo' of <lo.,... of f,••dO'" loft fo' 'Ut",! moo.1 OUlpu'. ,h. mo"
..,i.fa<:tt><1ly an the modo! bo "..I>d".d.

OlIo .... 'hod oi ollovi.l1rIg th<.. dlrr",ul'i.. in on.a ~o< ....y is fo' 'h. moclol
bWJd<, '0'" h.. phll>t1l ""u'""" '0 001,'.......... of ,h. p.""" ...". _I,h the
toID1iD4<' fl.u4 at 'bOII .<IUID<d ,," .It.,,,,,IIY d IDO" 0)' 1><
opprOKll IS '0 IftI !be ....."'.."J. oflb< <) '" tOm.,.. tho."- o(
pat_ten (_ ,y aaalJ'liH >lid lb<ll to milia l!I< •.f("«,,~ a'-' of_ pa,_ by~ ~ado"", e-a tbaoot p ot.. wludt _

ill"", "'" ,". M:u>d thos '0 b< buwn ..i:!Il. ,",,111<)

.............. ""'P"'U"l "'j of mIu<q "'" _ of _to" to bo _1<4

.-ll.-.-ly lila, of cloc........ tlw 11'11 ...,.. "'to • ....- of_1Itr
pull r.. nIIdo_ -,..;D bo <l.tI."1I_ whta <.....c!mnc .Iton""... 10 th.
tvv->d.l _<*10.

TbiI de'ded. _cbmostJCOlJj-l>uo<l _'*" ......rsll} I..d, '0 I 0D0Ilpl<.
mad.l """1dI "" • rid!. "PO'1Ol1O of bobs'riou,. snd t "f" to " ...
•__~. IIIOd<J. Such • rno<l<l h.a. _rol ad..... , ,

(aj II ....blu 100<1 ... '0 !>t mad. oi .ny 1'110' ",fomu'ion .bout ,he '"lrmol
"""""" and m«htnilll1l of lilt sy.tom beinl modolltd.ln 10m< 11M
plio< knowlt<J.. <ould be .."n.;"••nd indud. ""'" of Iho ·hard • dill
....U,bl. lbou' Ih••,."'m

(b) It INk.. " ...y fo, lhe ,..,Iou••po<i.I,m 10 in<orpor'" their kn"",It<J.o of­
tlle !>th."""" of the parti<"lar <","ponon" with .. hi,h 'hoy .... famllia'_
Wh." th<i' luI_ledt< is b.J<d..., po-.al O,,",,"'Mn," rolI«:ted 0'" I
10Ilt ptl"iod ,,",1<1 ...id. ""<1y of dr<......."""- tho foc:ili'y /;(lUld be
""'" YoIllObl<.



• "",.n. of ,umm"izing .11 of <h'i' "I",.n< knowledg< in • 'y.um.li"
f",m, ll<"u.. of 'hi' f,"u,., it m.y be ,hOI. <V,n "hm ,h. ',omp"­
h,n.i,." mod,i mu" b, "j<,t<d .. ,h. fin.1 dw,.,n-m.king '001. " i,
M"'rth~I~.s worth formulating fo, u\<' II t mrting point in d"",lopmg t",
v""ou' 'impl" .nd 'P'<i>li,.d mod.l< 1h"'r< ,,'u,liy to b. u«d,

Tho.. ,oo,id, r>bl< .d"ntag., of 'ho ',omp"h,n,;"" mod'i .", unfortun.tely.
nu'ch<d by dr..d",n"~"

(.j It m.y b< d,fficult. rf not iml""'rbl. 10 obt"n tb. i"ge ,,"ount of d.",
e.,....,ing. wrd, T1"~ of circum",ne.., ~'hrch or. n..d.d to "M", 'um.
d"..lod moo'i.

(b) hen "h'I' 'h" might bo pouibl., th, .ffOf! requmd could b, '" bigh .. to
b. oot ofp'oportion to tholikoly bonofi' frum Iho fin.l modd,

(e) Wh.,. tho mod.1 " only pullally ",M."d. i' n"y "'" be j>O"ibl< '0
pro'id. good 'tati"ie.1 inform.tion on ,h. un«r"Jn'y .<SOCLlted with .11
of tho pu.mtlO' .."m.t<L Thi. foc', <oopled wi,h ,h. 11ft< numb" of
p","","" of ,he ·,omp,,",n'i..' modol. 10'''';1 open '0 tho charg' ,h,t it
<oold "oo"in hidd,n .nd un.. lid",d mod.. of b.hmou, that m,y no' b,
"h"'"te,i"rc of the ,nl.y"om,

An .11"n,,;," te"hniqu, whim tend' to th. oppo,;" Oxtrem< of ,"npli"y mWt'
be term<d 'he 'domin.nt-mode'- .ppr,-"ch. H"" .n .tlempt i' m.d, to model only
tho.. primuy or domin,nt mod.. of b.h",,,u, that ehu.et<ri,. tho ob..,,,.d
"'pon" of the .}mm, Thi' .pp,,,"eh. which" ot prosent much I'" popular th.n
'oornp"hen.II·" mod.lling (pom.p' bo,,".. ,ho no«",,,y 1,"'n,<0<,.re I... "'ell
known). h" b<,n u..d m.inly by moo.1 buHuw ~'Ith • b""qroonu in <"""01
,h,my ,"d ,,.".m' en¥,""rrrli. Probl.m. of .utom>1r< coo1101 con oft.n b< g""ly
umplifi<d by "c"llni,ing 'h" p<r1urn.tron of 1h. 'y",m .bou, ",m. ""i' Or
'1""1,. ch.nging equilibrtum ,"" Ind. '0' r..pon.. "'h.,,. m.in "har.""i";c, can
be de"'ib<d in ,,'b'I '-'mpl. "rm,: cont,ol of the.. m.in <h".oteri"i« (do,,"""n'
mAe> Sh>m..h 119751) of the "'1"'"" i. the m.in tuk of tb. control-<y",m
<!e"gn", SlUe< m.n'i,mont and pl.nn'ng ore form. of f"db",k ',,"'rul. i' i' d."
that 'u<h oo.."..tion••" ,.I..."t to modol' 'hot .« to be u..u fo' doei,ion·
making.

The ",u,1 .pp,""h 10 ,h. con.tru,lion 01 'domin.nt·mode model< .u,,~,

",du'i"l th, initi.1 mod.1 b...d on tho mecha",,,,,. of 'he .y",m to r" .unpl...
,i.bl, fo,m .nd ,h,n, by .n i,,,"i", p1OC'" 01 p...meter ,,,im...on .nd mod,1
e".lu"ioo, ,nc<mi"I" building addition.1 f,,,u,,' tnto tho mod'i un,il il i•....,f."....y in ",me """nc.1 ..n.. (Youn~, 14-1). Boeau.. th, model, id.ntin<d
in ,hi. m.nner norm.lI" h... "ther few p"",,".rs. i' " f...ibl. '0 .mploy
"I"i..ly wphi"i""d "";<1i,,1 m"hod. of porom"" ;"i.ntH"',,,on and ,,,i·
m"i"". Tb.", m"hod, y,.M inform.lion not on,,' on tb. ""i...,,1 n"U" of 'h'
p.>"mete' ."h,,.,,., bu, .1", on th, "och.o'tre di>turn,nee< 'h" inh..ontly
,h.,"t""e ,ny h.dh- d,nned .y>tem', 'uch .. ,b.". mel in 'h, 'nl'i'onment>1
context Addition,l Inform"i"" of thi. typo con b< p.tticul.1,h' u"ful, for
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uan>pl., 1ft ptCl"ldinl <OIIfode= bo...d$ OIl mod.1 pmb:ti""', II 1100 .Ilows (01'

lbc pouIlih""" of pttfo""",& "odlaotl< .....ulllion. (~tO<lt<.caflo ""oIlSlfI 4
tcOIPdtrull. 11\ I ",.,..OUS maDIlft. tI>t prottlo1lol ofd.<:UIolHll-' In lhe p ..,.
of tho _1UI'y _ mon ........._ nurt..._ 1-"_'\ art 1IIptt.

IDIp(Md QlI. w dTe<.. of ",,,,ott-
III oddI_ 10 "'I"""" I "'.......10 dill blot, III. ID>JOr .......,.. "f lbc

·Iloooi............• 4'P'-.:h 10 III<ldd bdd,. • dut tb< -.Dtr .... h"k
~_o,....,..~~ol~_"'tlD.L,I"_...potUM .. wfa._. F", duo ~. this _ of mooiel ..... II. p""",pal applic1l1011 .. 1M

'od.Ipuoc' 01 '....mnoouf opprOIOdI '<> d~""""'" .hich " dlO<U*d
",_etC '" IIuo np<><' (pqn .:.J If Mq.).

The 'CClIlIp~' "'" ·dOlDUlal"....,.,· Ipprooocbos to mocI<Ihq art <l 1y
....' ImI'....uy ....Iwlv<, "'d«<l. wbll. ""'" art r.... Ul<l1nI .ump.... I' j. be...,,,,,,,,,«1 ,1'10, thoy...,U <V<n,ulIIy be uood 10 """'plrmtn. oach olhet. wlth tho
od'....'''Jfl of OIl. «>mptnsa'inl fo' .... di»dno..... of ,h, oth.r. h,th..mofC,
\hoy "'" 1>0, ,h. only Ippr_h.. 10 tn.ironmem.1 ,imub,icn, ,h........,iolll
DI"" ,"'hniq .... thal t<nd to in""por"., to' l'u'Of or 1,11<, dot"., aspecu of
hoth.

In tho .... of very I.'i' .,·.t.ms. Ill' ofttn ,covonitnl \0 d.compooo lh. e'r,,11
model Into .ub·m<><l.l., tach ,ep"..n,lna I dlff,,..n, par' of tho O)I".m. In ,hi•
....y. th, 11>04.1 build., ..dlJL.... "'. OOn'lplo~"Y of hi' prol>lmt. and th, Imill.,
1UI>oSj-~temo can each bt modelled u..... elth., ,b. ·comp..h..,,/Y.· .... th.
·d"""""",,,..od..· .pptotd>. ~""'__ of tho 1.". m<><l.1 in'o .....IIt, PO'" to
.. 'mpon.. ' ...y of m1t>::"'1 tho 0"",", or par......." '0 "" ..t"".ltd
oimultantOUSly. II <ao oIJo ...... it ..., '0 f1IMl til. """"'. ro< .ny doocr<panaos
!ha' >bow lip d"rtIIJ q1JcJ.._. Thlo dtopeIDdo. --...... on tit< O"IIlabUo'l- 0(

doU1led uta ... tho many ....,...J nnaMto tllIl ... It1pou """ ""to or tIl.
doc I: lid I*"" If tho oUd.""" or 'ho .. • I .. porrotmtd uti f""" ..
iooIoted~ ,_..,L ro< ......... Itl "'" IoI>ontory). it d _ CO""

,.,..;bl< .r_ 'n'........... bt'"ft ~..._ If 01010 r tho ......
"!'_ ....... tItio ~II<IIl d _ .pply. but .. to iIDpoIUIot !hat Itto
g.Sj-~'''' .10 ca.-tf .., odoq __ mo) bt chff~ 'o ....... _hn1
_,..., (Hdt.-b occtII"__If III til< .yo.....




