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DYNAMICAL  INTERACTION BETWEEN LANGUAGES: CASTILIAN AND BASQUE A
SYSTEM DYNAMICS MODEL.

Gil I., Aguinagalde M.I1., Grafa M., Dolado J., Torrealdea F. J.
Facultad de Informética

University of the Basgue Country

A system dynamics model reflecting the structure of the
n  between the two languages operating in  the Basque
Country has heen built. People have been classified into three
different groups depending on their knowledge of the language:
These groups of population are subjected to a normal demographic
svolution arg to a linguistic interaction. The interaction among
the .populations is controlled by two major levelss the basgue
culture. and the development factors of the language. The only
exogenous input to the model are political actions to raise or to
decrease the development factors level. Although the model proves
"to be sensitive to these actions a delay time of about sixty
years is to be expected in the response of the population. )

1. INTRODUCTION

An emerging interest on the survival qf'minority languages can be
observed in the last few years. The interaction between two
languages coexisting in the same geographical area can be of
different types (BAnchez Carrién 198%). A language have different
levels of presence in social activity. At the bottom acts at a
personal level, superior levels of action are uwne family level,
the profesional one, a dialect, a national language and, finally,
a standard of international culture. A full development of &
language implys its presence at least in every level but the
international one. When & minerity language coexists with a
majority one in the same geographical area, the majority language
pushes down the minority one into lower and lower levels of
activity. I[f there is no other nation where the language is
dominant and of full presence its ewn survival is in question.

The case of the basque language in the Basque Country responds to
this latter situwation. All its geographical space is occupied
either by Spanish or French. The survival of the language depends
on  whether * or not the basque will be able to become a national
language. Obviously the present model does not answer such  a
question. Its goal is very much modest. We are not linguists  and
if we have dared do it is because we think system dynamics
modelling might be of help for other people. This model is only a
first attempt to quantify some of the interactions in  the
sociolinguistic system.
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2. AGGREGATED MODEL. BASIC MECHANISMS

From a highly aggregated wiewpoint the use of whether one or the
other language will evolve in time in consequence of two
demographic evolutions interacting each other. These two
demographies being respectively the population who knows (or
uses) exclusively the dominant language and the one who knows and
uses the minority language. In this latter case it is realistic
to admit that this population knows the majority language too.
That is to say, we are concerned with two populations being one
of them monolingual and the other one bilingual.

The natural demography of bhoth populations can be stablished, at
least its model, as acouracely as wanted. We have not gone to
great lenghts +to approach it. What is much more difficult to
decide and, on the other hand, it becomss essential to our goal
is to stablish the structure of the interaction between both
populations. We have not found in the literature any global
hypothesis about the mechanisms goaverning the flows between them.
We suppose any language is a dominant one bhecause agents capable
of transmitting and keeping on the language implicitly concur in
its development. Inversely, we bhink that if a language is a
disminished one is because those agents which are present in the
dominant language do not appear, or they do in a proporction
lesser than needed, in the diminished language. Consequently, to
stablish the structure of our model we should explicit and make’
responsible to these agents for the deficit in use of the
minority language.

The interacticon between the castilian population and the basque
population is produced through a double way. On the one hand a
learning process takes place. This process is mainly produced
among . children who coming from castilian parents accede to a
bilingual education. It is also produced among adulbs who like or
need to know basque. But this learning process only takes place
if some kind of factors which facilitate, motivate or even force
the learning concur.. In the mnodel we refer to them as development
factors. On the other hand, among the sOue population & process
of forgetting or giving up the language is produced. This abandor
is  in consequence of the lack of possibilities to a full  vital
activity in their language which heings aboub a disuse of it in
daily life.

The pero finds can be carried

entage of activities whioch a nvv%on
out in the minoei i ied. The greater will
be  thi pecosntag le b? the abarndon  of  the
language. This variable is called u]Lurp in the model.

of the model is shown  in figure 1. The
f ws ho the e p ation  through a
X flow is favoursd by the development
the same time the basgue population gives g

&]
lTanguage flowing teo castilian population. The culbtucre

ineg this flow. The basque culture is & oreation ¥
More cigorously, granbted our meaning for
X the creation depends orm the adult  bs :
an population ratio. Although the development factors




THE 1986 INTERNATIONAL CONFERENCE OF THE SYSTEM DINAMICS SOCIETY. SEVILLA, OCTOBER, 1986 321

vp T O e pORGLATION
—_—
£ T ncors

Fig. 1

+ PASQUE
muu-nw

axvm

euuu.mﬂm un

DmmasuT

yorumATION
cuwuu
ari0

oRvROREIT .
. unvu
.

\“""‘" J Fig. 2

FOPULATION

Fig. 1 Basic structure of the model

Fig. 2 Basic causal diagram of the interaction
among populations



322  THE 1986 INTERNATIONAL CONFERENCE OF THE SYSTEM DINAMICS SOCIETY. SEVILLA, OCTOBER, 1986

also depend on the population ratic they are more sensitive to
exagenous actions of political character. In  the model thit
poli »al  action is  the only exogenous input  variable. The
reference mode of the system is a simple ome. An increase in the
basque population towards a totally bilingual population or the
practical disappearence of the diminished language is to be
expected depending on whether the development factors reach or
are unable to reach some critical value.

3. INTERMEDIATE POPLLATION

Recause of the socio-linguistic peculiarity of the basgue society
in which a oconsiderable amount of the population has only a
partial knowle of the language, it seems necessary to  take
this situation into account in building up the model. Swo, it has
been included a third population, @d in  the model as
intermediate population, which acls cmediacy in receiving
the learning and giving up flows. Consequerntly, the model
utilised the following three groups of populations:

—speaking H Integrated by persons who
stand and sp It is & bilingual population.
dilan-speaking  pop Integrated by persons who do
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the threshold everybody can entirely live in  his  language is
reached any additional increase of the level of oulture is
irrelevant to our purpose. Unlike the development factors level
which admit an exwogenous genecation rate, the creation of culture
is always endogenous to the system. The basque population is
responsible for the creation of culture, its efficiency will
depend upon  their own culture ratio and will be helped of
restrained by the development factors. Figure 3 shows on  its
rigth side the submodel of culture. The normal culture creation

rate is afected by the population ratio, or in other words,

normal ad justing time would imply the whele population

colaborating on it.
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Like the castilian population, basque population has been
desaggregated in five levels. This keeps on a paralelism between
both populations which permits the flows between them to be
controlled. The intermediate population is composed of three
levels which stand for the range. of ages of hifurcation to a
final consolidation or missing of the language.

6. POLICIES IMPLEMENTED THROUGH MULTIPLIERS

The control of the flows among populations and the flows
governing the levels of culture and development factors has been
implemented by means of multipliers. These multipliers make
explicit some hypothesis that we think are reasonably realistic
but  which have not beer validated because of the lack of an
apposite framework to refer it. We are not describing all of them
in detail. Figure 4 shows the ones we. consider important  for
understanding the model. There are three variables with a ma jor
importance in controlling the flows; the oulture ratio, the
development factors ratio and the population catio.

Flows controlled by cultuce ratio

- Culture ratio controls the flow from sgque population Lo
castilian population through the MFRC multiplier. The initial
condition for culture is 0.3. In that condition some more than
10 percent of the young population evertually abarndons  the
language at fifteen due to some lack of possibilities for vital
activity irn it. If oulture increases this abancon goes  dawn
until eventually 0ps when culture reaches its upper limit. In
the most wnfavorable conditions for culbure twice the normal
rate, that is ercent of the youwng populatiorn, will miss
their language at arcrdving at fifteen.
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been used. Figure 4 shows one of these multipliers. They reflect
the hypothesis of a mnormal rate operabing when everybody

colaborates in  the effort. The efficiency goes down as the
population ratic decreases. Obviously, a total lack of basgue

population makes impossible any development.

Flows controlled by development factors ratio

- The development factors make easier the flow from castilian to

Cintermediate population. - Its quantitative effects will

different depending on the level of age they apply to, being
maximum upon children. This assumption has been implemented.by
the group of multipliers MFCI. A very low value far the level
of development factors might make impossible basque children to
be educated in t.heir mother language . Under these
circumstances the development factors would increase the flow
from basgue to intermediate population through @ the MFBCDF

multiplier.
Y

- It is obvious that development factors should increase the
efficiency of creation of culture rate. It is not clear the
limit for such an increase. The model stablishs that present
efficiency would double if a strong effort to increase the

infrastructure for helping culture is made.

~ Development factors ratio influences the social pressure which
controls the adjusting time of the development factors (MFR).
We suppose social pressure gets a maximum for values of the
development factors ratic at about thirty percent of its
theoretical limit. At this state the endogenous adjusting time

would be 30 years (more or less one generationd.

7. RUNS.QF THE MODEL

Initial values for the levels of population have been elaborated
from data of the Direction of Statistics of the Basque Government
(Gobierno Vasco 1984) refered to the area of San Sebastian. Also
reports  from Siadeco (Siadeco 1983) have been consulted. The
work of Ruiz Olabuenaga is a good reference for an understanding
of the kinds of relationships of the basque population with its
language (Ruiz Olabuemaga 1983). We have not found explicit data
for the levels of culture and development factors. The normal
rates influenced by these levels are also hypothesis of the

modelers.

The model has been run over a time period pf fifty years. Figure
5 a) shows the standard run of the model with no exogenous
action. If present attitudes towards basque continued in time the
model shows a continous exogenous increase of the development
factors. Influernced by the development factors people flow from
castilian ‘to intermediate population an culture starts a very
slowly increase which consol idates basque population. Some thicty
years would be, perhaps, needed to realize the system is going in

the right direction.

327
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The system might be reinforced by exogenous actions. Figure 5 bl
shows a run where the generation of development factors has been
helped with a negative generation loop with an adjusting time of
thirty years.

Helped by this action culture gets its normal standard value in
forty years and population growths quickly towards a  full
bilingual situation.

By the contrary a depletion of the development factors level
might be forced from the outside. Figure 5 ©) shows an extreme
situation in what a linear external negative loop of depletion
has been introduced. A five years adjusting time has been chosen
for the test input. Culture steadily decreases over the whole
period. Basque population remains steady for about thirty years
to start thereafter a continuos decline. The fifty years time
horizon of the madel is not long enough to show clearly, in the
level of population, the consequences of such an  action. Its
negative effect appears far ahead of the time the action is
taken.

Finally, figure 5 d) shows the response of the system to a sudden
step in the development factors level. The response of the
culture is high-order delayed for about #5 years. The response of
the basque population corresponds to a more or less third order
delay with a delaying time of 60 years. The time horizon bhas been
expanded in this simulation.

&, CONCLUSBIONS

4 system dynamics model of the sociolinguistic inbteraction
between castilian and bascgue has been built. &s far as we know,
this is the first time an attempt to integrate the global
interaction between both languages in a computer simulation model
is made., Great efforts are being devoted nowadays to understand
the mechanisms and the s 1 processes involved in the diglosia
of a language (Ruiz Olabfleraga 1985). We are not linguists so we
hope our boldness will be forgiven. Our aim is to show, with the
help of a running model, that computer simulation modelling may
help in the resecrch. System dynamics proves to be very apposite
for it. Future improvement will come from those who can apply a
different viewpoint amd a more exbtensive background of knowledge.

Although a lot of statistical data acre available, very few of
them have been of interest to estimate the parameters used in
this mods We can hope that this and fubture models will lead
wltecvionr arching for data. We have found difficulties to
stablish the structure of the submodel of cuwlture. It has been
alao difficult  to guantify the level. We bhink the hypothesis
used has E proved to be operative. Our level of culture
is a first ximation to the accepted idea of different levels
{layers) ; neetof a language in vital acbivity (Sénoches
Carci A wltervior development of this model towards =&
better fitting to that theory would be of interssh

<
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Another  flaw of the present model is, probably, the treatment
that intermediate population has received. The difficulty comes
from the great complexity of the actual system. To classify
population in three groups, basque as bilingual, intermediate as
people who do not master the language and castilian, is an

" oversimplification of reality. Additional research is to be made
for an apposite description of the population.
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APPENDIX 1

List of variables

LIST OF VARIABLES DRX2 - . 2
DRI3 * " 3
BIF BASQUE TO INTERMEDIATE 1 PLOW

POF1B BASQUE POPULATION 1 POPC CASTILIAN POPULATION

POP2B n .2 I1BF  INTERMEDIATE 1 TO BASQUE FLOW

POP3B . "3 I2BF  INTERMEDIATE 2 7O BASQUE FLOW

POP4B N .4 I3BF  INTERMEDIATE 3 TO BASQUE FLOW

POPSB " . %" 5 oF DEVELOPMENT FACTORS .

BRB BASQUE BIRTH RATE ' GR GENERATION RATE

BRN BIRTH RATE NORMAL orL DEVELOPMENT FACTORS LIMIT

DRIB  BASQUE DERTH RATE 1 AT ADJUSTING TIME

DR2B - " 2 SPR SOCIAL PRESSURE RATIO

DR3B . . 3 SPN SOCIAL PRESSURE NORMAL

DR4B " ~ 4 > sp SOCIAL PRESSURE

DRSB - . 5 FR FACTORS RATIO

DRIN.  DEATH RATE NORMAL 1 MFCY3  CASTILIAN TO INTERMEDIATE 3 MULTIPLIER FLOW
DR2N . " 2 MPCI2 N M 2 M

DR3N - - 3 MECIL " " 1 .

DRAN - - 4 MFR FACTORS RATIO MULTIPLIER

DR5N . . s CULTURE

MATIB  BASQUE MATURATION RATE 1 0 DISCARD

MAT2B . . 2 . DN DISCARD NORMAL

MAT3B . v 3 CRATR  CREATION RATE

MAT4B . " 4 @ CULTURE RATIO

MATIT  MATURATION TIME 1 CRAT  CREATION

MAT2T w " MCCCR  CREATION CULTURE FROM CULTURE RATYO MULTIPLIER
MAT3T » LI} * MCCPOP CREATION CULTURE FROM POPULATION MULTIPLIER
HATAT . v o4 MCCOF  CREATION CULYURE FROM DEVERLOPMENT FACTORS

POPB  BASQUE POPULATION rec FACTOR CREATION CULTURE

BRC CASTILIAN BIRTH RATE MFBC BASQUE TO CASTILIAN FLOW MULTIPLXER

DRIC  CASTILYAN DEATH RATE 1 , MFIL  INTERMEDYATE 1 FLOW MULTIPLIER

DR2C . » 2 NFIZ [ 2 I

DR3C - " 3 MFI3 v 3 “

DR4C . L. ) HMPOP  POPULATION MULTIPLYER

DRSC b . 5 POPR  POPULATION RATIO

MATAC  CASTILIAN MATURATION RATE 1 TMFCI1 TABLE OF INTERMEDIATE 1 FLOW MULTIPLIER

MAT2C M [ 2 TMFCI2 TABLE OF » 2 "

MATIC " “ k) TMPCI3 " Lo 3 "

MATAC . - 4 TMFBC . BASQUE TO CASTILYAN FIOW MULTIPLIER
POPIC * CASTILIAN POPULATION 1 TMPOP  TABLE OF POPULATXON MULTIPLIER

POP2C " " 2. TMFR ‘TABLE OF FACTORS RATIO MULTIPLIER

POP3C " " 3 TMFIL . INTERMEDIATE 1 FLOW MULTIPLYER

POP4C . - 4 TMFI2 " . ? "

POPSC g . 5 TMPI - “ 3 .

INTERL INTERMEDIATE POPULATION 1 THMCCPOR " CREATION CULTURE FROM POPULATION MULYXPLIER
INTER2 " " 2 | TMCCDF " CREATYON CULTURE FROM DEVELOPMENT FACTORS
INTER3 L . 3 TMCCCRY " CREATION CULTURE FROM CULTURE RATIO MULTIPLIER 1
POPI  INTERMEDIATE POPULATION TMCCCR2 *  CREATION CULTURE FROM CULTURE RATIO KULTIPLIER 2
CIIP  CASTILIAN TO INTERMEDYATE 1 FLOW POPRC  POPULATION RATIO TO CULTURE

cI2F " " 2 MFBCDF  BASQUE 70 CASTILIAN FROM DEVELOPMENT FACTORS MULTIPLIER
c3r . L " 3" BATL ENDOGENOUS ADJUSTING TIME 1.

1ncr INTERMEDIATE 1 TO CASTILYAN FLOW EAT2 ENDOGENOUS ADJUSTING TIME 2

12er L] 2 " "

13cr L] 3 " "

CIIFN  CASTILIAN TO INTERMEDIAYE 1 FLOW NORMAL

CI2PN . M 2 "

CI3FN b . 3 .

BI2FN  BASGUE TO INTERMEDIATE 2 FLOW NORMAL
IICEN  INTERMEDIATE 1 TO CASTILIAN FLOW NORMAL
I2CFN . 2 . "
I13CPN " 3 " "
DRIL DEATH RATE INTERMEDIATE 1
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APPENDIX 2 .
Equations of the model

POPLA. KaPOPLB. J4DT* (BRB. IX-MAT1S. JK-DRIB. IK)

POP2B. K=POP2B. J¢DT* (KAT1B. JK-DIF. JK~DR2B. JK-MAT2B . JK)
POPIB. KaPOP3B.J4DT® {KAT28. JK+116P , IK~DRIB . JK~HATIB. JK)
POPAB. KnPOPAB. J4DT* {MAT3B. TK+12BP . IK-DRAB . JK-HAT4B . IK]
FOPSD. KaPOPSB. J+DT® (HATAB. IK+TIBP, JK-DRSD. IK)

FrEe e

POPLC. KnPOPIC, J4DT* {BRC. IK-MATIC.IK-DRIC, JU-CIIY . IK)

POP2C. KaPOP2C. J4DT* (MATIC. JK-RATIC, JK~DR2C . JK-CI2F . 3K}
POPIC.KmPOPIC, J4DT* (MAY2C. IK+T1CT . IK-CI32 . JK-HATIC. JK-DR3C. IK)
POPAC. KmPOPAC . J+DT* (NATIC. IK4T2CF , JK-DRAC. JK-MATAC. IK)

POPSC. KwPOPSC. J4DT* {KATAC. JKHTICF . IK-DR5C . IK)

LRGN

"

INTER . KmINTERL . J4DT* (CIAF, JK=1)CP, JK-11BP . JK-DRIL. K}
INTERZ . KmINTZRZ.J4DT*(C12F . JK+BIF . JK-12CP . JK~12BF. JK-DRI2.JK}
INTER3 . X@INYERY . J4DT* (CI3F . IK-13CF. IK~13BP. IK-DRT3 . JK}

L

w

DP . X=DF.J4DT* {GR. IK4EXO, JK-EXO . JK)
CULTURE: . KmCULTURE . J4DT*# [ CRAT. JK-DC . K)

©

FR.KDE . K/DPL

POPR. Xm(FOPIB. K+POPAB . K+POPSD. K1 /{POPID. K4POP4B. K+POPSB. K+ POPIC. K+ POPAC. K+ POPSC. K}
POPB. K=POPLB. KeFOP2D . X+ FOPIB. K+POPAB. X4POPSBE . K

POPT, KwPOPLC, K+POP2C . K¢POPIC. K4 POPAC . K3 POPSC . K+INTER] . Ko INTERZ . K+ INTERD. K

POPC. KmPOPIC, K+POPRC . K+POPIC. K+POFAC. K4 POPSC, K

POPI. KwINTZRL K+ INTER2. K4INTEZR].K

POPRC. Kw{ POPAB. K+POP5B. K) /{FOPAB . K4 POP5B . K+ POPAC, K4 POPSC. K)

> > >y >

CR. XnCULIURE . K/100
HCCL. KeTABLE(THCCL, CR.K,0,0.5,0.05)
HCC2 . KmTABLE(THCC2, CR.K,0.55,1,05,0,05)
HMCCCR. KaCLIP{HCC2 . X, MCCL . K, CR.K,0.55)
HCCPOP, KaTABLETHCCPOP , POFRC. X, 0,1,0.1)
FCCOF  KwTABLE (TFCCDP,DF.X,0,1,0.1)

PCC. KCCPOP . KO FCCDP , KPHCCCR X
CRATRATE . KmCULTURE . K*PCC, K

P> > >y ¥ >y

MFCIL. KwTABLE(TMPCI1,DF.K,0,1,0.1)
MPCI2. RTABLE{TMFCI2,DP.K,0,1,0.1)
KFBC. K~TABLE (TMPBC,CR.K,0,1,0,1}
HPECOY . X~TABLE (TMFBCDY, CR.K,0,1,0.1)
MPCI3, KeTABLE | THPCI),DF.X,0,1,0.1)
MPOY. KWTADLE (THPOP, POPR.K,0,1,0.1)
MPR.K=TABLE(TWFR,FR.X,0,1,0.1}
MYIL.K=TABLE(TMPIL,CR.K,0,1,0.8)
MPYI2.KWTABLE (TMFI2,CR.K,0,1,0.1)
WPI3.K~TABLE{THFI3,CR.K,0,1,0.1)

yyr >35> >>>

BP.KmMPOP. KO MR, K

SPR.KaSP.K/5PN

AT.Xm30/SPR.K

EATL.K=CLIP(1000, 30, TIME, 2100)
EAT2. XeCLIP(1000,10000, FXMZ, 2100)
X1.KeTICTHOPIL. X
X2.KmX2CPNAMPI2.K
X3.KeXICPNPKPII K

¥y > >>>>y

»

BRB . KL=FOPB . X*BRN

DRIB. KL=POP1B. X*DRIN

MAT1B. Kl {3/MATAT) *{1-DRIN) *POPLB. K

DRIB. KimPOP2B. K*DR2N .
HAT28.Kim(1/MATZT) * (1-DR2N) * (1-BI2PN*KPBC . K) SPOPZB.K

.
LI
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MATI KL {1/MATIT) * (1-DRIN} *POP3B.K
DR3B. KaePOPIB . K*DRIN
PATAD . K { 1/MATAT) * {1~DRAH) *POPAB.K .

D wowow

BRC. KL=POPT, K*BRN

HATIC.KLm{1/MATIT}* {1~DRIN) * { 1-CI1FN*KFCI1 . K} *FOPIC.K
DRIC. KIMPOPIC. KO DAL

AT2C.KLm{1/MAT2T) * {1-DR2N) * { 1-CI2FN*MFCI2.K) "POP2C.R
DR2C, KLwPOP2C . K*DRZN

HATIC, KU (1/MATIT) * {1-DRIN) * (1-CIIFNMPCL3.K) "POPIC.K
BRIC. KLwPOPIC. K DAIN

HATAC, Kim (1/MAT4T) * { 1-DRAN) *POPAC. K

wwmwwww W

DRSC. KLmPOPSC. K*LRSN

CIAP . KEm{1/MATAT) *CILFNMPCIL, K* [1-DRIN) *FOPLIC. X
BIP.KLm(1/MATY ) 4BX2INMPBC, KSMPBCDF . K* (1~DR2N)} *POP2B. K
CI2F.KLm{1/MAT2T) *CL2FN*MFCI2. X" (1~-DR2N) *POP2C.K

CI3F. Kim{1/MATIT) *CIIFN*MFCI . K* (1-DRIN) *POPIC.K.
DRIL.KLeINTERL.X*DRIN

DRIZ2.KL=INTER2.K*DRIN

DRY3. KLwINTERI . K*DR4N

T1BP. KL {1/MAT2T) X1 . K*{ 1~DRIN) *INTERL . K | .
I2BF.KLm{L/MATIT) X2 K* {1-BRIN) SINTER2. K

T3BF. KLm{1/MATAT) *X3. K* (1-DRAN) PINTERY . K

TICF . Kim{1/MAT2T) *{1-X1.K}* (1-DR2N) S INTERL .K
T2CF.KLm{1/MAT3T) *{1-X2.K)*{ 1-DRIN) *INTER2 .K

TICF . Kim (1/MATAT) * (1-X3.K) * (1-DRAN) SINTER3 .K

PEEEEEEEREEEER

GR.XLm(1/AT K} * (DPL-DF .K)
CRAT . KU=CRATRATE .

DC. KLwCULTURE . K/DCH

EXO. Kim(1/ENT2 . X) * (DFL-DP .K)
TXO.KLm{1/EAT1 .K) *DF .K

ERE R

POPLBw2149
POP2B=5922
POPIBuGE06
POP4Ba5880
POPSBaLlINR
POPLCMILS4
POP2C=18583
POPICS29274
POP4ON21122
POP5ON3I2333
DP0.3
CULTURZ~20
INTERI=3903
INTERZ#5262
INTER3=4810

ZZZTETZTZZIZZTZEXTZXR

BRN=0,014

DR3Nw0.030

CI1PNm0.3

BI2MNR0.1

CI7rtm0. 3

CIIrNe0.3 . .
ORLNWO . 0005

DR2N0,00012

DRIND 004

nnhnnananann
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€ DR4N=D.004

C Driml

C SPhel

C MATITWS

< BAT2Tw10

C MATIT1S

C HAT4T=1S

[

€ I1CPNe0.2

€ I2CMN=0.2

€ X3CFNe0.2

T TMYCI1m0/0.5/0.8/1/1.2/1.4/1.65/2/2.3/2.8/3.33

T TMPCI2m0/0.4/0.8/1/1.13/1.36/1.4/1.62/1.76/1.28/2

T TMFBCe2/1.62/1.25/1/0.75/0.6/0.470.112/0.22/0.1/0.012
T THPBCOFe3/2.1/1.35/1.25/1/3/1/1/1/1/1

T THPCIIm0/0.4/0.8/1/1.13/1.26/1.4/1.62/1.76/1

T THPOPWO0/0.18/0.5/0.7/0.82/0.9/0.945/0.98/0. 955/0 99/1

T TMPRe0/0.76/0.93/0.98/0.965/0.94/0.89/0.83/0.7¢/0. 66/!1 5
T TMPII=0/0.5/1/1.5/2/2.5/3/3.5/4/4.5/5

T TMPI2=0/0.55/1/1.45/1.8/2.2/2,55/2.85/3.25/3.65/4

T TMFI3.0/0.5/1/1.35/1.65/1.95/2.2/2.45/2.65/2.85/3

T THCCPOPMO/0.22/0.43/0.6/0.72/0.825/0.92/0.99/3/1/1

T TPCCDP=0/0.38/0.15/1/1.22/1.47/1.63/1.79/1.85/1.92/2

T THCClu0/0.022/0.033,0,048/0.055/0.066/0.070/0.074/0.027/0.079/0.081
T THCCIwD.0805/0,082/0.085/0.082/0,080/0.077/0.072/0.063/0.050/0.033/0
TIMEm1985

SPEC DTw0.0625, PLTPEReL , PRTPERM1 , LENGTHRSO
PRINT {POPB, POPT, POPT, CULTVRE, OF )

PLOT  POPB=DB(20000,80000) , POPTWCC{100020, 150000} , POPX=IX (10000, 30000 1.
CULTURESUU(0,105), DP=FF{0, L)






