


SUMMARY
This paper describes a series of experiments designed to ascertain
the effect of linear auxiliary equations on model behavicur. The

experiments suggest that the shapes of the curves describing the
auxiliary equations have a significant effect on model behaviocur.

EXPERIMENTS

E 1, Procedure and results

The non-linear relationships displayed in Figures 1a, 1b and

1c were inspected and tentative linear approximations preposed.
Phe approximations were separately tested on the model and

the parameters adjusted to produce a model response which
matched the standard run,

The equations resulting from this exercise are displayed in
LISs™M.

Approximations were not found for M (NRFM), D3(DRFH),
¥3(¥CY), and D1(DRMM). In the case of D3 it was considered
that the curvature of the Forrester curve was such as to

make experiment with & linear equation pointless. A
satisfactory equation for N4 was not found. At one point it
was cohsidered that the reason was the continuing increase in
the natural resource usage rate with increasing standard of
living (Forrester's curve approaches exponentially a maximam
NRFM of 4).

D1 and 3 possess similar forms in the original equations and
it was considered that curvature was responsible for the
diffieulty in finding suitable linear approximations for
these relationships.

The mo!el response with 18 linear approximations for the
aurxiliary equations is reproduced in PLOT2,

Discussion

One would hesitate to use the modified model in this form.
It would be instructive to know the manner in which the
auxiliary equation independent variebles vary during the
standard run simulation.




E 2. Procedure and results

Table 1 presents the values of the auxiliary equation independent
variables during the standard run. The variables ars:-

™ Food ratio
Z1 Polluticn ratioc
. N2 Natural resource fraction remsining
’ c5 Gepital imvestment ratio in agriculture
¢1 Capital investment ratio
S N bHaterial standard of living
¢4 Crowding ratio
Q1 Quality of life frowm makerial
Q3 Quality of life from food

The variation of these variables is indicated in the auxiliary
equation curves of Figures 2a, 2b and 2¢. The broken lines
describe the linear auxiliary equations used in the experiment,
The equations appear in LIST2.

The response for the modified model is reproduced in PLOT3.
Table 2 shows the manner in whicin the auxiliary equation
independent variables change during the simulation.

Discussion

The model response differs significantly from that of WORLD2.
The auxiliary equation independent variables are significantly

different, particularly 21, Ch, C5 and Q1/03, c.f. Table 1 and
Table 2.

The relationships plotted in Figures 1a, 1b and 1c are not
Precisely those used in the BASIC version of WORLD2. The BASIC

version auxiliary equations are curves fitted to the Forrester
relationships.

A further useful exercise may be plotting the BASIC curves over
the limited dynamic range of the independent variables during
the standard run, and estimating a new set of linear auxiliary
equations.




E 3.

Procedure and results

Figures 3a, 3b and 3c show the auxiliary equations used in the

ASIC model of WORLD2., The dynamic ranges of the independent
variables during the standard run simulation are indicated in
these graphs and the broken line represents a linear approximation.
Table 3 shows the variations in the auxiliary equation independent
variables during the similation.

Plot & is the model response.

Discussion

The model response still differs significantly from the standard
run. It does appear as if the model is very sensitive to the
unique shape of each of the relationships. One would certainly
hesitate to employ any linear approximations in exercises to
test the effect of polic' changes, since such changes could
produce o significant change in the level and range of the
auxiliary equation independent variables.

The variation in the value of the auxiliary equation independent
variables in most cases is much less than might be expected.
This is nossibly due to the aggregation of WORLDZ.

It is possible that the model currently hides phencmena which
would emerge from a simulation which identified the existence
of the developed and underdeveloped weorlds. Such a model
might demonstrate rather more dramatic varistions in material
standard of living, crowding ratio, food ratio, and pollution
ratio.
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RFADY
_ Liat 1 Main subroutine
LIST 16480161560 = Experimont 1
1208 FEM MAIN SURRDOUTINE
b0 LET Z124/346F9 .
128 LET Fa4s1.2-.02%/21
1730 LET C7=C*L. 0125
13418 LET Ci=C/§
10SH LFT BA=1.03-4015k21
19al LET Ca=p /Ll
16700 LET R3=1+1=a115%(Ca
PTORM LET Daz.8%+. 115520 4
: 1092 LET D2=«8+oli4kl
12 LET N2=K/Ro
11160 LET Ni=1+08%N2
1120 LET E=Cl%C1=-C2¥%N1/¢1-C3)
1130 LET M=E/Z1+10
114¢ LET B2=1e(3T-tiveM
11560 LET Q4= 1054 019%72 1
1160 LET 02=31.22-.3%04
1170 LET Z4S=e94+.135%71
11882 LET £3=4/775
1199 LET NASO 1 1 4+M% (e 899 =0 B52%M)
12000 LET Ul=e3++5%%M
1219 LET Z4=1+5+C1|
1220 LET Z22=Pxix/ 4
1230 LET CBze 2%+ 744
1242 LET Cé=F*Ca+0. 05
258 LFET C5=C1*(C2/C3
1260 LET FoPz«5%9+. 4405
B270 LET F3=2¢40-24 1545 C4+ 009554 Ca12=0e 19554 CAT3+0e 0] 465%¥C47T 4
1280 LET Fl=F2¥F3%«FA%FS/F6
1290 LET Bl=z.94%F1
1301 LET D3=3+.8125-3+998%F1+1+19%F1%F1
1318 LET D1=01aS175+2.521%+215836147tM
1326 LET D=Psne028%D1€De*x D34
1330 LET N3=P'+N5kvY4
1340 LET BoFx G A% BIvR2xR3*E 4
1359 LET U3z.3+«74%F)
1360 LFT Q= 1*0i*02%3x04
1377 LET Al=sT7=+39%F]
- PABO LET AP=«65+.43%01/03
1396 LET CZ2=zCl+01715)x(A1A2=-C2)
1456 LET C=C+(Ca=-CH
14177 LET R=Rr=-N3
14200 LET p=pP+(E=~)
1436 LET Z=Z+C22=43)
1495 RETURN
1 6070 FND

READY
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BeeQ+7 1k
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SR WEIR L =
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Rlse 4+l kT
N2=043=F1 4105
Di=Re=iiai,n
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[y TN

iean
1010
14209
19308
1940
659
1866
1979
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1690
1143
11e
1028
1130
1140
1159
1150
117e
1180
1194¢
1204
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1220
1230
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1253
1268
1274
12€9
129¢
1300
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1339
1343
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1368
1370
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1460
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REM
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
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LET
LET
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LET
LET
LET
LET
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LET
LET
LET
LET
LET
LET
LET
LET
LET
LET
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LET
LET
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LET
LET
LET
LET

LIST 1008,1600 o List3,

MalN SUBROUTINE
21=2/3.6E9

Fdml o3 =aBi583%21
CT=040.025

Cl=C/P

Bid=] ofi3=e@1117%21
Ca=P/(L*LG)
B321.095~.0085%C4
Dd=.845+4+.09224C4
D2=.02+.88334%21
N2=R/RG '
Niz=a194+1.35+N2
E=Clx(1=-C2)%N1/¢1~-C3)
M=E/1.0 '
BE=1.195-,1973%

Ql=] 053~ 3205% 7}

2= 6B5=u6T4%0A
Z52456401835%21

Z3=E /7S

Ni=a 1254854
Al=si8+.85%M

Zh=modi41 455401
28=Pul*Z4
CB8=.084+.965%M
C6=F*CB*0 .05
C5=C1%CR/C3
Fo=uh854+,425%C5
F3=1+84=,79354%C4
Fl=F2%F3%«FA%XF5/F6
Bi=.162+.708%F1
D3=2.638~1.62%F]
Di=Qa3~1.23%M ,
D=P%B«028+D1 %D24«D3% DA
N3=P*NS N4 '
B=PAaf A4+RI 42 B3 %B4
A=l A4+ 9R0%F]
Q=1x01+Q2+03+ Q4
Al=aT7G66=457%F]

AR . H854+.5075%(R1/Q3)
02=02+{1/15)*(A1*ﬁ2“02)
C=C+{C6~CT)

R=R=N3

PapPs(B-D)
Z=L+i{22-23y

HETURN

END

ATV
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