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DYNAMICAL  INTERACTION BETWEEN LANGUAGES: CASTILIANM AND BASQUE A
SYSTEM DYNAMICS MODEL

Gil I., Aguinagalde M,I1., Gradfa M., Dolado J., Torrealdea F. J.
Facultad de Informatica

Urniversity of the Rasgue Country

A A system dynamics model reflecting the structure of the
inter ion  between the two languages operating in  the BRasque
Country has been built. People have been classified into three
different groups depending on their knowledge of the language.
These groups of population are subjected te a normal demographic
evolution ard to a linguwistic interaction. The interaction among
the . populations is controlled by two major levels: the basque
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 spxty
years is to be expected in the response of the population.

1. INTRODUCTION

An emerging interest on the survival of minority languages can be
observed in the last few years. The interaction between two
languages ooexisting in the same geographical area can be of
different types (Sanchez Carriéon 1982). A language have different
levels of presence in social activity. At the bottom acts at a
personal level, superior levels of action are uwhne family level,
the profesional one, a dialect, a national language and, finally,
a standard of international culture. A full development of a
language implys its presence at least in every level but the
international one. When a minority language coexists with a
majority one in the same geographical area, the majority language
pushes down the minority ome into lower and lower levels of
activity. If there is no other nation where the language is
dominant and of full presence its own survival is in question.

The case of the basque language in the Basque Country responds to
this latter situwation. All its geographical space 1s occoupied
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
model ling might be of help for other people. This model is only a
first attempt to quantify some of the inter&ctions 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 concermed with two populations being one
of them monolingual and the other one bilingual.

The natural demography of bobth populations can be stablished, at
least its model, as accuracely 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 governing the flows between hhem.
We suppose any language is a dominant one hecause agents ocapable
of transmitting and keeping on bthe language implicitly concur in
its development. Inversely, we think that if a language is &
disminished one is because those agents which are present in the
dominant language do not appear, or they do in a propoction
lesser than needed, in the diminished language. Consequently, to
stablish the strucgture of our model we should explicit and make’
responsible to these agernts for the deficit in uwuse of the
minarity language.

The interacticr» 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 acocede to a
bilingual education. It is also produced among adults who like or
need to know basque. PBut this leacrning process only takes place
if some kind of factors which facilitate, motivate or even foree
the learning conour.s Iin the model we refer to them as development
factors. On the other hand, among the basque population a process
of forgetting or giving up the language is produced. This abandon
is  in consequence of the lack of pessibilities to a full vital
activity in their language which brings aboub & disuse of ih  in
daily life.

The percentage of activities whioch a person finds can be ocarried
tobe guantified. The greater will
] er will be the abandon of the
is called culture in bthe model.

= of the model is shown  in figure 1. The
4 siom flows to the basgue population  through  a
Ny process. This flow ils favoursd by the development
cs o leve At the same time the basgue population gives up
its language flowing to castilian populatiorn. The oulture
ins this flow. The basque culture is & oreation of
BTl w ov. More vigorously, granbed our meaning for
of wee,  the creation depends on the adult
Lian population ratio. Although the development
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Fig. 1

\
\
povi / Fig. 2

Fig. 1 Basic structure of the model

Fig. 2 Basic causal diagram of the interaction
among populations
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also  depend on the population ratio they are more sensitive to
exogenous actions of political character. In the model +thit
political 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 POPLULATION

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

: Integrated by persons who
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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 exogenous genecation rate, the creation of culture
is always endogenous to the system. The basqgue population is
responsible for the creation of culture, its efficiency will
depend upon  their own oculture 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 alfected by the population ratio, or in other words, a
normal ad justing time would imply the whele population
colabhorating on it.

In figure 3 is also included the development factors submodel.
These factors arce used here as an aggregated measure of the
elements which increase the possibilities to learn the language.
That is to say, motivate the leavning process and provide the
resources  for  dit. Feor instance, special laws to  protect the
Langt , creation of learning centers, communication media which
that language, eto. Its structure is such of a negative loop

a normal adjusting time of two generations. The adjusting
time depernds on bhe social pressure which, by its own, depends on
the population ratio and on the current value of the development
factors level. Unlike the level of oulture, this level may
increase or slump, in consequences of an exogenous input, At  a
elat.ively high speed. In fact, throwghout story this variable
been, and keseps on being, goal of pol L actions.

5. DESAGEREGATION OQF POPULATIONS
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and

Fig. 3 Desaggregated model. On the
right the submodel of culture

development factors.
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Basgue and intermediate populatiop:

Like the castilian population, basque population has been
desaggregated in five levels. This keeps on a paralelism betweer
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 bhifurcation 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 ha heen
implemented by asans of multipliers. These multipliers make
explicit some hypothesis that we think are reasonably realistic
but. which have not been 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 anes we. oo er important for
understanding the model. There are three variables with a major
importance in controlling the flows; the oulture ratio, the
development factors ratio and the population catio.

Flows controlled by culture ratio

- Culture ratio contrels the flow from basgque population to
castilian population through the MFEC multiplier. The initial
condition for culture is D.2. In that condition some more than
10 percent of the young population eventually abandons  the
language at fifteen due Lo some lack of possibilities for vital
activity in dit. If culture increases bthis abancon goes down
until eventually stops when culture reaches its upper limit. In
the most wunfavorable conditions for culture twice the normal
rate, that i 0 percent of the young
their language at acrdving at

Liom,  will miss
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Fig. 4
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been used. Figure 4 shows one of these multipliers. They reflect
the hypothesis of a normal rate operating when everybody

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

population makes impossible any development.

Flows controlled by development factors ratio

- The development factors make easier the flow from castilian to

intermediate 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 for the level
of development factors might make impossible basque children to
be educated  in their mother language . Under these
circunstances the development factors would increase the flow
from basgue to intermediate population through @ the MFBCDF

multiplier.
A3

- 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 ratioc at about thirty percent of its
theoretical limit. At this state the endogenous adjusting time

would be 30 years (more or less one generation).

7. RUNS . OF THE MODEL

Initial values for the levels of population have heen elaborated
from data of the Direction af Statistics of the Rasgue Government
(Gobierno Vasco 1984) refered to the area of San Sebastian. Also
reports  froom Siadeco (Siadeco 1983) have been consulted. The
work of Ruiz Olabuenaga is a good reference for an wunderstanding
of the kinds of relationships of the basque population with its
language (Ruiz Olabuenaga 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 of fifty years. Figure
5 a) shows the standard run of the model with no exogenous
action. 1f 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 gaing in

the right direction.
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The system might be reinforced by exogenous actions. Figure 5 bo
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 gquickly 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. Basgue population remains steady for about thirty years
to start thereafter a continues decline. The fifty years time
horizon of the model is not long enough to show clearly, in the
level of populaticn, the consequences of such an  action. Its
negative effect appears far ahead of the time the action is
tahen.

Finally, figure 5 d? shows the respornse of the system to a sudden
step in the development factors level. The response of the
culture is high-order delayed for about 35 years. The response of
the basque population corresponds to a more or less third order
delay with a delaying time of &0 years. The time horizon has been
expanded in this simulation.

&, CONCLUSIONS

A system dynamics model of the sociolinguistic interaction
between castilian and basque has been built. As 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 ar uriderstand
the mechanisms and the = processes involved in the diglosia
of a language t(Ruiz Olabli ga 1985). We are not linguists so we
hope our boldness will be forgiven. Our aim is bto show, with the
help of a rurming 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 and a more extensive background of knowledge.

Although a lot of statistical data ave available, very few of
them have been of interest to estbimate the paramebtmrs used  in
i madel. We can hope © this and future models will lead
rior searching  for  data. We. have found difficulties to
the structuce of the submodel of ocuwlture. It has been
ficult to guantify the level. We bhink the hypothesis

| y proved to be operati Our level of culture
i proximation to the acecepted idea of different levels
(layrrsa) o ‘presenceof a language in vital acbivity (Shnoher
Carvitn  1982). An wlterior development of this model towards &
bed 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

T 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 DRY2 . . 2
DRI3 > " 3
BIF BASQUE TO INTERMEDIATE 1 PLOW

POF1B  BASQUE POPULATION 1 POPC CASTILIAN POPULATION

POPZB - h 2 I1BF INTERMEDIATE 1 TO BASQUE FLOW

POPIB . " 3 128K INTERMEDIATE 2 'O BASQUE FLOW

POP4B b - 4 I38F INTERMEDIATE 3 TO BASQUE FLOW

POPSE " . " s oF DEVELOPMENT FACTORS .

BRB BASQUE BIRTH RATE ‘ GR GENERATION RATE

BRN BIRTH RATE NORMAL orL DEVELOPMENT FACTORS LIMIT

DRIB BASQUE DEATI! RATE 1 AT ADJUSTING TIME

DR2B . " 2 SPR SOCIAL PRESSURE RATIO

DR3B . - 3 SPN SOCIAL PRESSURE NORMAL

DR4B " " 2 S sp SOCIAL PRESSURE

DR5B - " 5 R FACTORS RATIO

DRIN. DEATH RATE NORMAL 1 MFCI3  CASTILIAN TO INTERMEDYATE 3 MULTIPLIER FLOW
DR2N " . 2 MPCI2 . » 2 »

DR3N - - 3 MFCIL " " 1 *

DR4N " - 4 MFR FACTORS RATIO MULTIPLIER

DRSN . b s CULTURE

MAT1B  BASQUE MATURATION RATE 1 o DISCARD

MAT2B - - 2 DCN DISCARD NORMAL

MAT3B » 3 CRATR  CREATION RATE

MAT4B - - 4 @R CULTURE RATIO

MATIT  MATURATION TIME 1 CRAT CREATION

MAT2?T " * o2 MCCCR  CREATION CULTURE FROM CULTURE RATYO MULTIPLIER
MAT3T " - 3 * MCCPOP CREATION CULTURE FROM POPULATION HULTIPLIER
HAT4T . v o4 MCCDF  CREATION CULYURE FROM DEVELOPMENT FACTORS
POPB BASQUE POPULATION rcc FACTOR CREATION CULTURE

BRC CASTILIAN BIRTH RATE MFBC BASQUE TO CASTILIAN FLOW MULTIPLIER

DR1C CASTILYAN DEATH BATE 1 . MFIL INTERMEDYATE ! PLOW MULTIPLIER

DR2C . » 2 NFY2 " 2 "

DRIC . " 3 MFI3 u 3 "

DRAC * P 4 MpPoP POPULATION MULTIPLIER

DRSC - - 5 POPR POPULATYON RATIO

MATAC  CASTILIAN MATURATION RATE 1 THMFCI1 TABLE OF 1 FLOW

MAT2C » hd 2 TMFCI2 TABLE OF » 2 -

MATIC " 3 THPCI3 " .o 3 b

MATAC " - 4 TMFBC ~ BASQUE TO CASTILIAN FIOW MULTIPLIER
POPIC  CASTILIAN POPULATION 1 TMPOP  TABLE OF POPULATXON MULTIPLIER

PoOP2C " - 2. TMFR ‘TABLE OF FACTORS RATIO MULTIPLIER

POP3C " " 3 TMFIL " INTERMEDIATE 1 FLOW MULTIPLYER

POP4C . - 4 TMFI2 " . 2 *

poPSC " . 5 T™FI3 Ll " 3 -

INTERL INTERMEDIATE POPULATION 1 TMCCPOP . CRENTION CULTURE FROM POPULATION MULXIPLIER
INTER2 " " 2 . THMCCOF " CRENTYON CULTURE FROM DEVELOPMENT FACTORS
INTER) " . 3 TMCCCRY " CREATION CULTURE FROM CULTURE RATIO MULTIPLIER 1
POPI INTERMEDIATE POPULATION TMCCCR2 - CREATION CULTURE FROM CULTURE RATIO HKULTIPLIER 2
cnr CASTILIAN TO INTERMEDIATE 1 FLOW POPRC  POPULATION RATIO TC CULTURE

cI2F " " F MFBCDF BASQUE TO CASTILIAN FROM DEVELOPMENT PACTORS MULTIPLIER
cr3r . " L 3 " BATL ENDOGENOUS ADJUSTING TIME 1.

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

zcr " 2 " -

cr . 3 - .

CYLFN  CASTILIAN TO INTERMEDIATE 1 FLOW NORMAL

CI2FN " . 2 L

CI3FN b » 3 .

BI2FN  BASGUE TO INTERMEDIATE 2 FLOW HORMAL
ILCPN  INTERMEDIATS 1 TO CASTILIAN FLOW NORMAL
T2CFN . 2 . .
I3CPN " 3 " "
DRIL DEATH RATE INTERMEDIATE 1
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APPENDIX 2 i
Equations of the model

POPLD, KuFOPLB. J4DT* (BRE. IK-MATIH , JK-DRIB. IK)

POP2B. KmPOP2B. J4DT* (KAT1D. JK-BIF . JK~DR2B. JK-MAT28 . JK)
POPIB. KaPOP3B. J4DT* {HKAT2D. JK+I18P . IK-DR3IB. IK-MATIB.IK)
POPAB. KmPOPAB . J+DT* {MATIB. TR+ 12BP . IK-DRAB. IK-HAT4B, IK)
FPOPSB. KeFOPSB. J4DT* {HAT4B. JK+ T3BP . JK-DR5B . IK)

fre e

POPIC, KmPOPIC, J4DT* { BRC. JK-MAT1C.IK-DRIC, JK-CI1¥ . IK)

POPIC. KaPOP2C. J+DT® {(MATLC. JK-KATIC , JK-DR2C, JK-CI2P . IX}
POPIC.KmPOPIC, J+DT* {MATZC. IR T1CT . IK-CI3P . IK-HATIC. IX-DR3IC. IK)
POPAC, KmPOPAC, J4DT* (MATIC. JK4 T 2CF . JK-DRAC. JK-MATAC . IK)

POPSC, KePOP5C. J+DT* {KATAC . JKS 13T, IK-DR3C. JK)

LRI ]

=

INTERL . KwINTZRL . J4DT* (CXMP, IK~11CP, JK~11BP . JK~ORIL. JK)
INTER2 . KwINTZR2.J4DT* {C12F . JK4BIF.IK~12CP . JK~I2BF . JK-DRI2.IK}
INTER3 , XeINYERY . J+DT* (CI3F . IX-13CF. IK-13BF. JK-DRT3 . JK}

r e

DP.X=DF. J+DT* {GR. JK+EXO . JK-EXO.IK)
CULTURE . KmCULTURE . J+DT* (CRAT . JK-DC., IK)

v

FR.K=DP  K/DPL

FOPR. Xm(FOP3IB. K+POP4B. K+POPSD . K1 /{POPIB. K¢ POP4B. K+POPSR. K+PORIC K+ POPAC . K+ POPSC. K}
POPB. KmPOPLB, K¢ POP2D. K¢FOP3B . K+POPAS. X4POPSB. K

POPT, KwPOPLC, K+POP2C. K¢POPIC. K#POPAC, K¥POPSC. K+ INTERL . Ko INTERZ . Ko INTERD . K

POPC. KmPOPLC, K+POPAC . K¥POPIC. K4POPAC. K4 POPSC, K

POPI. KmINTZRL K#INTER2. K$INTERY. K

POFRC. Kw{POP4B. K+POP5B. K] /(FOPIB. K+ POPSD . X+ POPAC, K+ POPSC. X)

> > > >>>

CR. KmCULIVRE . K/100

HCCL. K=TABLE{THCCL,CR.K,0,0.5,0.05)
HCCZ. KmTABLE(THCC2,CR. K, 0.55,1,05,0,05)
HCCCR. KaCLIP{HCC2 . X, MECL . K CR.K, 0. 85)
HCCPOP, KeTABLE{THCCPOP , PORRC. X, 0,1,0.1)
FCCDP  KeTABLE{TFCCOF , DF X, 0,1,0.1)

¥CC. KatICCPOP . KOPCCDP KA MCCCR . X
CRATRATE . KmCULTURE . K*#CC. K

EE 2 S Y

MFCIL. K=TABLE(TMPCX1,DF.K,0,1,0.1)
HFCY2. KTABLE{TMPCIZ,DF.K,0,1,0.1)
HFBC. K~TABLE(TMPBC, CR.K,0,1,0.1}
HPECDP . X=TABLE(TWFBCDP  CR.K,0,1,0.1)
MPCI3.Ke/TABLE{THFCI),DF.X,0,1,0.1)
MPOP . KwTADLE (THPOP, POPR.K,0,1,0.1)
MFR.K~TABLE(THFR,FR.K,0,1,0.1}
MPIL.K=TABLE(TMFIL,CR.K,0,1,0.8)
MFI2 K~TABLE{TMFIZ,CR.K,0,1,0.1)
NPI3.K~TABLE{TW'13,CR.K,0,1,0.1)

sr>»> > r>>>

BP . Km=MPOP. X*MFR. K

SPR.KnSP.K/5PH

AT.¥Xm10/5PR.X
EAT1.X=CLIP(1000,30,TIME, 2100)
EAT2. K#CLIP(1000,10000,F2E, 2100)
X1 KTICTHGIL.X
X2.K=12CPHSHPI2.X

X3.KmIICPRUIOII X

»>»>>>>>

»

BRB. KL=POPB . X*BRN

DRIB,KL=POP1B.X*DRIN

MAT18.Klw{1/MATLIT) * {1-DRIN) *POPLE. X

DRIB. KiwPOP2B . K*DR2N .
MAT28. Kim{1/MAT2T) * (1-DR2N) * (1-DI2PR*MPBC. K) *POP2B.K

LI
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MATIB.KLw{1/MATIT) * (1-DRIN} *POP3B.K
DR3B.KLwPOPIB. K*ERIN

PAT4B. KLu { 1/MATAT) * { 1~DRAN) *POPAB.K .
DRYB.KL=POPAB. K*DRIN

DR5B. KLwPOP5E . KSDRSN

» D wowow

BRC. KLmPOPT, K$BRN

HATIC.KLm{1/MATAT}* {1~DRIN) * {1~CI1FN*HKFCIL .} *FOPIC. K
DRIC. KIMPOPLC, KAPRIH

HAT2C.KLm{1/MAT2T} * { 1-DR2N) * {1~CI2PN*HFCI2.K) *FOP2C. K
DR2C. KLwPOP2C. K*DRZN

HATIC, KLa{ 1 /MATIT) * { 1-DRON) * {1-CIIPN*HFCI3.K) "POPIC. K
BRIC. KLwPOPIC. K*DAIN

HAT4C. Kim{1/MATAT) * { L-DRAN) *POP4C. K

DRAC. KL=POPAC . K*DRAN

BR5C. KLwPOPSC. K*ERSN

®mmoww W E

CIAP . KLm{1/MAT)T) *CIIFN*MPCIL, X* (1-DRIN) *POPIC. K

BIP. XL (10T BC, K*MPBCDF . K* (1-PR2N) N3
CI2F.Kw{1/MAT2T) *CL2IFN*MPCI2. K* [ 1~DR2IN) *POP2C.X

CIIT . X (1 /MATIT) *CIIFN*MFCII . X* (1-DRIN) *POPIC. K

DRIL.KL=INTER].K*DRIN

DRI2.XL=INTER2.K*DRIN

DRI3 . XI=INTERI . K*DRAN .
T1B7.KLe{1/MAT2T) *X1 . K* { 1~DRIN} *INTERL . X ) v
I2BF.KLa{1/MATIT) *X2. K* {1-0RIN) *INTER2.K

I3BF.KL={1/MAT4T)*X3. K* [ 1-DA4N) *INTERI. K

I1CE . KIw{1/MAT2T) * {1-X1.K}*(1-DR2N) *INTERL X
I2CF.KLm{1/MATIT)*{1-X2.K)*{1-DRIN) *INTER2.K

T3CP.KLm (1/MATAT) * (1-X1 . K) * (1-DRAN) *INTER3 . K

®momwwHwHWww W

QR.KL=(1/AT. K} * (DPL-DF . K)
CRAT . KL=CRATRATE . K

DC. KLwCULTURE . K/DCH

X0 KLm{1/EAT2 .X) * (DFL-DP. K}
X0.KLm{1/ZAT1 .K) *DF .K

ERE NI

POPLBw2149
POP28@S5922
POPIBaEE0E
POP4Ba5830
POP5Bm17127
POP1CW915¢
POP2C=18583
POPIC=29274
POP4C=21122
POPSO32333
DFw0.3
CULTURZ~20
INTER1=3303
INTERZ5262
INTER3=4810

ZZZTzErETZZZTZTZEIXTZR

BRN=0,014

DRSN=0.030

CI1PNa0.3

B12rm0.1

CIIrtm0.3

€IIPNe0.3 . .
OR18=0.0005

DR2N=0,00012

DRINWD.004

nANAanaaon
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DRAN=0. 004
DFLml

SPNel
HATITWS
HAT2Tw10
MATITw1S
HAT4T=16
DCNe30
11CPN0.2
12CrR=0.2
I3CKNe0.2

nannnnaanan

TMYCI1w0/0.5/0.8/1/1.2/1.4/1.65/2/2.3/2.8/3.33
IHPCI2=0/0.4/0.8/1/1.13/1.26/1.4/1.62/1.76/1.28,2
TIFBCe2/1.62/1.25/1/0.75/0.6/0.4/0.112/0.22/0.170.012
THPBCOr=3/2.1/1.35/1.25/1/0/1/4/1/1/1
THICII=0,/0.4/0.8/1/1.13/1.26/1.4/1.62/1.76/1.88/2
THPOP0/0.18/0.5/0.7/0.82/0.9/0.945/0.98/0.985/0.99/1
THPRR0/0.76/0.93/0.98,/0,965/0. 94/0 n/o 83/0.7¢/0.66/0.5
THPI1w0/0.5/1/1.5/2/2.5/3/3.5/4/4.

TMPI2w0/0.55/1/1.45/1.8/2.2/2, 55/2 95/).25/3.‘5/4
THFI3w0/0.5/1,/1.35/1.65/1,95/2.2/2.45/2.65%/2.85/3
THCCPOPR0/0.22/0.43/0.6,0.72/0.825/0.92/6.99/1/1/1
TPCCDI=0/0.38/0.75/1/1.22/1.47/1.63/1.79/1.85/1.92/2
THCC1m0/0.022/0.033,0,048/0.055/0.066/0.070/0.074/0.077/0.079/0.081
THCCI=0.0305/0.082/0.085/0.082/0.080/0.077/0.072,/0.063/0.050/0.,033/0

FEEE e T T

TIMEm1985
SPEC DT=0.0625 PLTPERmL, PRIPERm1, LENGTHS0
PRINT {POPB, POPT, POPI, CULTURE, OF )

PLOT  POPBeDB(20000,80000) , POPTMCC(100020, 150000) , POPX=IE {10000, 30000 1,
CULTURESUU{0,108) , DP=FF{0,1)






