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

Gil I., Aguinagalde M.I., GraRa M., Dolado J., Torrealdea F. J. 
Facultad de Inform~tica 
University of the Basque Country 

t!t<S.t&:§.Qt;_. A syst.em dyn;;.\mics mocle'l ref lect.ing the structure of the 
intcet'act.ion bf2t,ween the _two :ta·nguages operating in t,he Basque 
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 to a normal demographic 
evolution and to a linguistic 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 s~xty 

years is to be expected in the response of the population. 

"l. INTRODUCTION 

An emerging interest on the survival of minority languages can be 
observed in the last few years. T~e interaction between two 
languages coexisting in the same geographical area can be of 
different types CS~nchez Carribn "1.982). A language have different 
levels of presence in social activity. At the bottom acts at a 
personal level, superior levels of action are ~ne 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 clown the minority one 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 situation. 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 

F~om a highly agg~egated wiewpoint the use of whethe~ one o~ the 
other. language· will evolve in time in consequence of two 
demographic evolutions interacting each other.. These two 
demog~aphies being respectively the populat.ion who knows (o~ 

uses) exclusively the dominant language and the one who knows and 
uses the minority language. In this latte~ case it is realistic 
to admit that this population knows the majo~ity language too. 
That is to say, we are conce~ned with t~wo populations being one 
of them monolingual and the other one bilingual. 

The natu~al demography of both populations can be stablished, at 
least its model, as accu~acely as wanted. We have not gone to 
great lenghts to app~oach it. What is much mo~e diffdcult to 
decide and, on the othe~ hand, it becomes essential to our goal 
is t,o stablish the st.ruotul:'e of t.he int~er.act~ion between both 
populations. We have not found in the literature any global 
hypothesis about the mechanisms governing the flows between them. 
We suppose any language is a dominant one because agents capable 
of t~ansmitting and keeping on the language implicitly concur in 
its development. Inversely, we think 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 proportion 
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 inter.actir~ 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 adults who like or 
need to know basque. But this learning process only takes place 
if some kind of factors which facilitate, motivate o~ even fol:'oe 
the learning concur~In the model we refer to them as development 
factors. On the other hand, among the basque population a process 
of fol:'getting or giving up the language is p~oduced. This abandon 
is in consequence of the lack of possibilities to a full vital 
activity in thei~ language which brings about a disuse of it in 
daily lif1~. 

The percentage cJf activities whioh a person fi.nds can be carried 
out in the minority language must be quantified~ The greater will 
be this percentage tt·\e lessei~ wi:LI be the abandor1 of the 
language. This va~iable is called culture in the model. 

The basic structure of the model is shown in figu~e 1. The 
castilian population flows to the basque population th~ough a 
lea~ning process. This flow is favourad by the development 
factors level. At the same time the basque populaticm gives up 
using its language flowir1g to castilian pop11latiorl~ The culture 
level restrains this flow. The basque culture is a creation of 
the basque ~Jopulatior·l. M(Jre rigorously~ granted o~r meaning for 
the level of culture, the creation depends on the adult basque 
to castilian population raticl~ AlthotAgh tt\e developmer1t :factors 
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Fig. 1 

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 th~t 
political action is the only exogenous input variable. The 
reference mode of the system is a simple one. An increase in the 
basque population towards a totally bilingual population or the 
practical disappearance of the diminished language is to be 
expected depending on whether the development factors reach or 
are unable to reach son1e cri.ti.cal value. 

3. INTERMEDIATE POPULATION 

Because of the socio-linguistic peculiarity of the basque society 
in which a considerable amount of the population has only a 
partial knowledge of the language, it seems necessary to take 
this situation into account in building up the model. So, it has 
been included a third population, refered in the model as 
intermediate population, which acts as intermediary in receiving 
the learning and giving up flows. Consequently, the model 
utilised the following th~ee groups of populations' 

t'oSI.§:Q.lJ."l.::§:Q."l.SI.b.iD.U Q_QQ.\-J.lSI.t.!.QD.: I n·l:eg ra teed by persons who 
understand and speak basque. It is a bilingual population. 
_i:;.£.2:t:iLi.£D::2f!§9blD.9 f!.9f!~,tJ.£:~l.9D' Int.eg ra·t.ed by persons who do 
not speak neither understand basque. 
l.D.t."l.£.mstdiiit."l. ll9.12lJ.lSI.t.iQU: I ntr,,grat:.f?d by pF?r;•;ons coming from 
castilian-speaking pop1.1lation who have learnt basque or by 
persons coming from basque-speaking population who have 
mi.ssed it. It is integra·tecl by per!sor·ls wt·1o speak and 
understand uasque with difficulty. 

Figure 2 shows the basic cat .. tsal diagr·am of the interaction among 
these populations. The flows among them are controled by the 
development factors and the culture ratio. The development 
factors control the learning flow which allows the castilian 
poptJlation tc:l accede to intermecliate populati.onh Tt1e eventual 
incorporatdon of t.his intermediate population into basque 
populati.on is supposec:l more '::lependent on tt1e degree of basque 
culture~ this is to say tl1e ctJlture ra·ti,:J. Li.kewise, tt1e culture 
r.at~iD :fe:\vours i:.he final con~::~ol.ic:l~::\tio.n of t: .. hP b-F.:\squ.e popt.tl-F.:\t..ion 
what is tx~anslated i.nto a decrea~;e in tt1e abarlrlOl'l fl(JW" 

4. CULTURF A~D DEVELOPMENT FACTORS 

As it t1as been alr·eady state(J~ tt1e i.r1teraction flowf; among 
,jiffei~ent group~; of po~Julatiorl ar'e oor1tro:l.ecl l::ly two levels: 
cultLtre and development factors. AltJ·1ot.Agl1 tt1e!se two ·levels have a 
(Jlear i.rttt.Aitive mean1.ng tt1ey are di.ffictJlt to quantify 

The DLJlture is a level ranging from 0 to 100~ It i.s cor·1si.dered 
that oult!Jre has J~ea(:Jhed its greatest val11e wher1 ar1y n!Jrmal 
pecso11 has the posibi.li.ty of implemer1ti.ng all its ac~tivity J.n 
basc1L.1e ir1 t~1e same way as; any normal oan develrJr) its 
activity in the dominant language. So, a question of an 
acc::u1nu:Latiorl of erudi.ticJn bL.1t to sati~;fy basi.c needs~ rt·1at is 
why, in the model the growt1t of (JUltLAre ~as tJee11 limitedu Once 
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the th~eshold eve~ybody can entirely live in his language is 
~eached any additional inc~ease of the level of culture is 
irrelevant to our purpose. Unlike the development factors level 
which admit an exogenous generation 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 cultu~e. The normal culture creation 
rate is afected by the population ratio, or in other words, a 
normal adjusting time would imply the whole population· 
colaborating on it. 

In figu~e 3 is also included the development factors submodel. 
These factors are used here as an aggregated measure of the 
elements which increase the possibilities to learn the language. 
That is ioo '3ay, mot.iv<<t.e the lEiarninq proce~3s and provide the 
resources for it. For instance, special laws to protect the 
lanquage, creation of learning centers, communication media which 
use that language, etcJ. Its struc~ture i~!i such of a negative loop 
with a normal adjustinq time of two generations. The adjusting 
time depends on the social pressure which, b~ its own, depends on 
the population ratio and on the current value of the development 
factors level. Unlike the level of culture, this level may 
increase or slump, in consequence of an exogenoLAS ir1put~ at a 
relatively high speed. In fact, throughout history this va~iable 
has beer1~ and keeps on being? goal of ~olitical acti.or1s. 

5. DESAGGREGATION OF POPULATIONS 

1-he demographic evol.lAtiorl of Lt1e differ·en·t·. pc)pulation groups 
calls for a desaggregation of eac::h grcJUfl i.11tc1 seve~al 'l.evels. 
This is also needed to pro1Jerly allocate tt1e interpopulatiorl 
flows~ Tt·1e agi1·1g range C!f each level. t1as beer1 ct·1osen i.n SlJch a 
way to t1ave a clear rnea11i1·1g from the p(Jint of VJ.eW of the 
le-i::\r:-ning of ·a 1-E:).ngua(~_:je .. The comr.:.tlet:,E• rnodeJ C~::ln [li:::·: ~;f::E:'!n .il"'"l f.i(:J" ?:: .. 

-~.9~-j;._ .. iJ . .:.t.§D QD.Dht1i~.:t:·.1P.D.. Th .i ~-) pn pu l i::t t .ion h {:":1. ~:; bt0[·~n d r~~~~t'3.1.J ~J I."f?t;J Eil t,r-:?.cl i nt.o 
the following levels: 

POP1C - Children ranging from 0 to 4 years old. They will learn 
thei.r parents langtJage. Curre11tly 1na1·1y ct1ilclren gcJ to 
pr·esc~hc1lar tlaS(lUe centei~s, ar·1d they may l:lec~ome 

intermecjiate pop!.Jlati(Jn~ 

POF'2C Ct1il~jren fro1n 5 tc:J 14 years o:l.dn Peric1d of compu:lsory 
edLtcatiorl. 'fhe curr'e1··1t educaticJn schemes allow a 
pex~cer1tage of thi.s pcJiJUl.ati.orl to krl!:Jw basc1ue IJecomi.ng 
also i.ntermediate,, 

POP3C Youngs fx~om 15 to :29 years old" l_eax:·ni.ng of tt1e language 
submited tcJ a pet'so1·1al deci.ssi.or1 i.11fluerl(Jed tty the 
develo~Jmer·lt fact(Jr!S. 

f 3 Qfl4(~ - Aci!J:lts fx:•on1 31::1 to 45 yea1:•s IJlc:l. We !::)or·lsi!:lex·· i.·t is no·t (Jf 
·;igl'lifl(Jalloe the learning flow in ·this Level cJf age. ~ts 

i.rl·Le!:'est i~j to f:llCk up a part o:f tl-)e i.r·1termedi.ate 
popu J a. -I:: .. ion, 
ArllAltsi o:Lder tt1an 45 yeax:'sh 



---------

' \ 
\ 

\ 
I 

Fig. 3 Desaggregated model. On the 
right the submodel of culture and 
development factors. 
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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 bifurcation to a 
final consolidation or missing of the language. 

6. POLICIES IMPLEMENTED THROUGH MULTIPLIERS 

The oont.rol of the flows among popul£,\tions and ·i~h€~ 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 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 ones we consider important for 
understanding the model. There are three variables with a major 
importance in controlling the flows; the culture ratio, the 
development factors ratio and the population ratio. 

Flows controlled by culture ratio 

- Culture ratio controls the flow from bdsque pop~lation to 
castilian population through the MFBC multiplier. The initial 
condition for culture is 0.2. In that condition some more than 
10 percent of the young population eventually abandons the 
language at fifteen due to some lack of possibilities for vital 
activity in it. If culture increases this abandon goes down 
until eventually st..ops when cult,une re<~chi;"s it,s uppt'!r limit .• In 
the most unfavorable conditions for culture twice the normal 
rate, that is 20 percent of the young population, will miss 
their language at arr~ving at fifteen. 

- Inversely, cuJ.tt.Jre rati.o hel.ps the final access from 
intermediate poJ:)ulati.orl to ba~:iqt.!e ~Jopul.atiorl. ·rt1is effect is 
implemented in the model by the family of MFI multipliers. In 
the case showr·l i.n :figui~e 4, ctAlture ratio is able to tri.plicate 
the normal ·flow rate or to Ctlt it off in the most tAnfavorable 
sit.u.at~.i.on n 

Culture ratio is also decisive in controlling the development 
of the oulture level. This effect is implemented by MCCCR. At 
the limit~~, a nLAll value or a maximum valtJe of cul·tux~e make its 
creation impc)ssi.ble" This 1s consequent with the assumption 
ma(Je fiJI' the level. of oul.ttJre" It i.s asstAmed the creatiorl of 
cult,urE? has a maximum valu.e for c:::ult ... u.r.~:..-:< rc·:3:t.in at .. abot.tt Onl:)~j n 

Flows controlled by population ratios 

The creation (~f (JUlture and tl1e ger1eration of developme1·1t factor~ 
are' oor1tx~olled each ott·lex:· by ~Jopulatior·l ~atios~~« To c:~ontrol tt1e 
c~reatj.ort of c~ulture the ratio has been taken including only 
levels of adult population. To control the generation of 
rlev~lo~Jment fa!JtC)rS or1e aditional level of younger populaticJn ha0 



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

I.S 

8.S 

1 · 1 1"-.8:-----::"8.~2---~'".7l --~~~.~----,.1~. 8 __ __j 

I.S. 

I.S 

Creation of culture factor vs. 
development factors 

DF 

1' 1 1·<=.1,--.,-, ""1.72 ___ 1,....7l ---,1...,.8,_-__,.8..,. 8 __ _! 

Flow from intermediate 3 to 
basque multiplier vs. culture 
ratio 

CR 

Fig. 4 

HFDf~---r--~---~--~---, 

1.1 

1.2 

1.1 

1.4 

8.8 8.2 l.l 8.6 
CR 

Basque to castilian flow multiplier 
vs. culture ratio 

HFR 

1.1 8.'-c.8:----;;"a.72---,a,....7l ---,8...,.6,.-----=a":. 8 __ _! 

1.16 

Social pressure multiplier vs. 
factors ratio 

1.2 l.l 8.8 1.6 

Creation of culture multiplier vs. 
culture ratio 

FR 

CR 

""t ,---~--~~--~:::::===~--, 

1.8 

u 

1.1 8.".:-8 ---:-8"::.2----;;"8 .-:-l--...,8:-'-.:-6 ---,~~. e,_ _ _j 

Social pressure multiplier vs. 
population ratio 

POPR 



THE 1986 INTERNATIONAL CONFERENCE OF THE SYSTEM DINAMICS SOCIETY. SEVILLA, OCTOBER, 1986 327 

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 dev.elopment, factox:-s make e<:,\sier the flow from castilian to 
intermediate population. Its quantitative effects will be 
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 
circumstances the development.factors would increase the flow 
from basquE> to int.er·mec:liat.e populatoion through the MFBCDF 
mult.iplier. 

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 th~t present 
efficiency would double if a strong effort to increase the 
infrastructure for helping culture is made. 

- Development factors ratio influeribes the social pressure which 
controls the adjusting time of bhe development factors CMFR). 
We suppose social pressure gets a maximum for values of the 
development factors ratio at about thirty percent of its 
theoretical limit. At this state the endogenous adjusting time 
would be 30 years Cmore or less one generation). 

7. RUNS OF THE MODEL 

Initial values for the levels of population have been elaborated 
from data of the Direction of Statistics of the Basque Government 
CGobierno Vasco 1984) refered to the area of San Sebastian. Also 
reports from Siadeco CSiadec6 1983) have been consulted. The 
work of Ruiz OlabuF.>naga is a good refe~rence for an understanding 
of the kinds of relationships of the basque population with its 
language CRuiz 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 pf firty 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. Influenced by the development factors people flow f~om 
castilian to intermediate population an culture starts a very 
slowly increase which consolidates basque population. Some thirty 
years would be, perhaps, needed to realize the system is going in 
the right direction. · 
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The system might be reinforced by exogenous actions. Figunc 5 b) 
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 yea~s 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 c) 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.. Cu 1 ture st.eadi ly de~or·eaS>es over t,he whole 
period. Basque population remains steady for about thirty years 
to start thereafter a continuos decline. The fifty years ·t.ime 
horizon of the model 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 fer about 25 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 has been 
expanded in this simulation. 

f.l. CONCL.UDIONS 

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 
interaotio~ between beth languages in a computer sim~lation model 
is made. Great efforts ara being devoted ru~wadays to understand 
the mechanisms and the soc~al processes involved irl the diglcJsia 
of a language (Ruiz OlabMenaga 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 rese2rch. System dynamics proves to be very apposite 
for it. Future improv~ment will come from those who can apply a 
different viewpoint and a more extensive background of knowledge. 

Although a lot of s~atistical data are available, very few of 
t .. hem hav<·"2 bE~E~n of .int<-::~rf:':~st:, .to <-:-:~st,irn~t:)_t~;;) t,he p2\re:\met .. 1:r-s used in 
this model. We can hope that this and future models will lead 
ulterior searching for data.. We have found difficulties to 
"·Lablish l~he s·lcructure o:f: the submodel of cul·t.ure. .It has bE,en 
also difficult to quantify the level. We think the hypothesis 
used has everrt.ually proved to be operative. Our level of culture 
is a first aproximation to the accepted idea of different levels 
(layers) of :presence'of a langt1age in vital activity (S~nchez 

Carribn 1982). An ulterior development of this model towards a 
better fitting to that theory would be of interest .. 
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a) 

b) 

Fig. 5 a) Standard run without exogenous input 

b) Thirty years adjusting time linear input 

I - Intermediate 
B - Basque 
C - Castilian 
F - Development 

factors 
U- Culture 
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Another flaw of the present model is, probably, the treatment 
~hat 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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MA.'I'4B 
Ml\'1'1'1' 
HAT2T 
HA'l'l'l' 

POPB 

BRC 
DR!C 
DR2C 
DR3C 
DR4C 
DRSC 
MAT!C 
MA'l'2C 
MA'l'JC 
MAT4C 
POPlC 
POP2C 
POP3C 
POP4C 
POPSC 
INTER! 
INTE:R2 
INTER) 
POPI 
CilP' 
CI2f' 
cur 
ncr 
IZCP' 
IJCF 
CI11"N 
Cl2l"N 
CI)PN 
BI2FN 
IlCl"N 
I2Cf'N 
IJCP'N 
DRil 

LIST OP' VIJUABLES 

BASQUE POPUlATION 1 
" • 2 

BAS(IUE BIR'l11 M'l'f: 

3 

• 5 

BIRI'H RATE NORMAI. 
BASQUE DEM:11 !tAT& 1 

• " 2 
3 

• 5 
D&A'l'H RATE NORMAL l 

• • 2 

3 

• 5 
BASQUE MA1'tl'RM'ION' RATE 1 

• • 2 

~ION'l'IHEl 

" - 2 
3 

• 4 
BASQUE POPtJl..M'ION 
CASTILIAN BIRI'H RATE 
CAS'l'I LI.AN D&A'l'H RATE 1 

" " 2 
3 
4 
5 

3 

CASTILIAN HM'\J!IM'ION RA'I'E 1 
• • 2 

CAS'l'ILUN PO~ION 1 
• • 2 

3 

• 
5 

IN'l'ERMEDIA'l'& POPUlATION 1 
• 2 

3 
4 

3 
INTERMEDIATE POPULM'IOH 
CASTILIAN TO INTERMEDIATE 1 PLOW 

" N 2 N 

3 • 

INTERMEDIM'E 1 '1'0 CAS'l'ILIAN PLOW 
• 2 • 

3 
CASTILIAN '1'0 INTERMEDIATE 1 PI.OW NORMAL 

" • 2 • 

• 3 
6A.SQUE '1'0 IN'l'ERMEDIAXE 2 PLOW NORMAL 
lNT.E:P.MEDlATB 1 TO CASTILIAN FWW NORMAL 

• 2 • 
3 

D&ATH RATE IN'T&RMEDIA'l'E 1 

APPENDIX 1 

List of variables 

DRI2 
DRI3 
BIP' BASQUE TO INTERMEDIATE 1 FLOW 
l'OPC CASTXLU.N I'OPULI\'l'ION 
IlBP' INTERMEDIATE 1 '1'0 BASQUE PLOW 
12BP' IN'l'E:lUiEDIA'l'£ 2 'l'O BASQUE PLOW 
1381" INTERMEDIATE 3 '1'0 BASQUE FLOW 

DEVELOPMENT FACTORS 

GENE:.RA'l'lON RM'E 
DP'L D&VELOPMENl' FACTORS LIMIT 
AT 1\DJUS'l'lNG Tll'm 
SPR SOCIAL PRESSURE RATIO 
SPN SOCIAL PRESSuru: NORMAL 

SOCIAL PRESSURE 
F"R 1"1\CT'ORS RATIO 
MP'Cll CASTILIAN TO IN'l'EllMEDIM'E 3 MULTIPLIER PLOW 
MP'CI2 M II 2 II 

MP'Cil 1 
MP'R FAC"l''RS RA'l'IO MUL'l'IPLit:R 
CU!.TORB 
DC 
DCN 
ClOO'R 
Cl\ 
CI\AT 
MCCCR 
MCCPOP 
MCCDP' 
FCC 

M!"BC 
M?I! 

"'" MYI3 

POI'R 
'l'I"J"Cil 

TM.i"BC 
TMPOP 
TMI'R 
TMP'Il 
TMI'I2 
TMl"Il 
'l'MCCPOP 
'l'MCCDP' 
TMCCCRl 
TMCCCR2 

POPRC 
Hl"BCDP' 
.,_Tl 
EAT2 

DISCARD 
DISCARD NOIIMAL 
CREATION RATE 
CUL'l'UlU: RATIO 
CReATION 
CREATION CUL'l't.IJ\E P'ROH CQLTURE RATIO MULTIPLit:R 
CR£1\TION CIJII1'URE FROM I'OPUUI.'l'IOtfltln.TIPLit:R 
CR.tA'l'ION CUL'l'IJRE FROM DEWLOPMEm' FACTORS 
!"ACTOR CREATION CUL'1'l1RE 
BASQUE '1'0 CII.STILU.N rUM MULTIPLIER 
INTERMEDIATE 1 FLCIW' MULTIPLIER 

• 2 • 

3 
POPULA'J.'ION MULTIPLIER 
POPULA!l'ION RATIO 
TABLE 01" INT£RMEDIA1'£ 1 FLOW MULTIPLIER 
TABU.:OP" 2 • 

3 
BASQUE 'X'O CASTILIAN FUM MUL'rl"LIER 

TABLE OP' POPULATION MULTIPLIER 
TABLE OF tACI'ORS RATIO MULTIPLIER 

• INTERMEDIATE 1 l"LOW MULTIPLIER 
• 2 • 

3 
CREA'l'ION CUIIl'1.m.B FROM POPULM"ION HIJUl'lPLIER 
CR£1\l'ION CULTURE PROH DSVELOPMEN'l' FACTORS 
CREATION CULTURE PliOl1 CUL'l'URE RAl'IO MULTIPLIER 1 
CREATION CULTURE l"RRH CUL'l'URE I!Al'IO KUL'l'IPLIER 2 

POPULATION RATIO '1'0 CULTURE 
BASQUE '1'0 CASTILIAN FROM DSVELOPHEN'l' FAC'l'ORS MlJLTIPLIU 
ENOOGENOUS ADJUSTING TIME 1 
ENDOGENOUS ADJUSTING TIM£ 2 
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APPENDIX 2 

Equations of the model 

L POP !B. tcooi'OPlB,J'+DT• (IIJia.J'K-HM'UI,.Jit-DIUB,.Jit) 

L POP2B.X.POP2B • .J+PI'* (t!A'l'lB. JK-IIU' .JK-DIIlB.J'K-Kitl'lB,J'Itl 

L POPlll. lt-POP]B ,.J+D'l'0 (!Wf2B .JX+llBP, Jlt-DRlB. J'K-HArlB .JIC I 

L POP<IIB.ItooPOP48,J'+DT•IHATlB,JJii+I2BI" •• :nc-DRtB.J'K-I'VIT48,.JI'(J 

L I'OP!B.KoofOP~B.J'-tl7l'•IMAT4B.JK+IlBP,JK-M58.J'K) 

L POPlC,ICooPOPlC ,J'+Dr•IBRC •• n:-w.rlC • .:JK-DIUC • .nt-<UF ,,1J(.J 

L POPlC ,KooPOP2C.J'+Dl' 0 (1'Vt.TlC.JtHWt2C,JK-0112C,JJt-<Ur ,.J'K) 

L POPlC:. X.POPlC, J'+DT 0 (HIIr2C, JK+IlCF • .1K-<I3P' • .:JK-KM'3C. JK-DII)C. Jltl 

L POP4C ,JtooPOP4C.J'+DT" Ut.U'.lC:.JK+IlCF ,JK-DUC.JK-w.rtc •• n:) 

L POP5C .KooPOP5C.J'+M'•IKAT4C:.JK+Ila' ,JK-01'15C .JKI 

L IN1'Dl.KooiN'tl'lll.J+Dr 0 !CUP' ,J'K-llCF .JK-llBP' .JK-Dllll.JKJ 

L IHTUl .l(.ooitn'EJil,J+DT0 (Cl2P .J'KHill' ,JK-UCP .JK-IlB!" .JK-DJU'l.JK I 

L Itn'ERJ .lt•Itft'£8) .J ... DT0 (CilP .JK-IlCF .JK-I lBP. JK-Oliil,JI(J 

L Dr.II:•DF.J+I:1I' 0 (Qlt,Jl(+txo.JK-EXO.JK) 

t. CULTUlU:,)'[ooCUL'nli!J: • .J+DT 10 (CRA'1'.JK-OC,.JK) 

A fOI'R .ll:oo ( fOPlB .II:+FOP4B. )(+l'OPS8, II:)/ ( POPJB. )(+POP48. K+POP58, )(+I'OP]C:, K+FOP4C .IC+POPSC. )(J 

A POPJ', KoofOPlC .K+FOP~C. K+POPlC.K+POP4C. K+FOP5C .li:+llftDt.l. K+INTEII~ .K+lNTtl!l .K 

A POP<: .l<ooPOPlC .K+POP~C:.II:+POP3C:.K+POP4C:. K+POPSC .K 

A POPI.Kooltn'£Rl,l(+llfttlll.K+IHTDI.l.K 

A POPJIC. K-1 POP4B.II:+POP58.1()/(f'OP48.1(+P0P58 .K+POP4C .K+POP5C. Kl 

A OI.~.JVlOO 

A J1CCl.K-'I'N!LtlTHCel,OI.K,0,0.5,0.05) 

A HCC2.K-rAIII..E(~Cl,CR.K,0,55,l,05,0,05J 

A HCCCR. K-Ct.lPlHCC~ ,K,HCCl.K,CR.K,D. 55) 

A HCCPOP,K-It'AIIU:(ntc:CPOP,FO.PRC,K,O,l,O.ll 

A tC:ctlf',Ji;ooTJI.I'IU:ITP'CC:Dt,Dr,K,O,l,O.l) 

A tCC.ItooHCCPOP.tc•tCCllt.II: 0 HCCCJI,p; 

A CJIA11tATt.KooC:UL'ItiR.II.K 0 tC:C,K 

A Hl'C:U.I<oo'J'ABLtl'lMf'Cil,Dl".K,O,l,O,li 

A HI"Cl2.11:ooTI.!IlZ(1'MI'CI2,Dr.K,O,l,O.l) 

A HI"BC.K-It'N'ILCI1WBC,OI..K,O,l,0.1) 

A KI'BCDt'.K-'I'AIIU:('I'MI"BCCf',OI.K,O,l,O.l) 

.,A KI'CU,Itoo'l'llllt.z:(TMI'Cil,DI".K,O,l,O.ll 

A KPOP.Jtoo'I'NIU!:(TKPOP,POPJI.,K,O,l,O.l) 

A Knl.ltoo'l'ABU:(TKf'lt,nt.K,O,l,O.lJ 

A Hl"Il.KooTioal.l('nail,CR.K,O,l,O.lJ 

A Hri2,1<oo'l'A8LE('nG"l2,01..K,D,l,O.ll 

A KPil.tc-'l'AliJ.J:!'n'll"U,CR.K,O,l,O,lJ 

A SP.JI'..ooKPOP.K•Hni.K 

A. SPR.K-SP.lVSPft 

A AT.JC,oolO/SPli.K 

A tA1'l.K-Ct.lP(100(1 1 )0,TJKt:,2100) 

A tAT2.K-Ct.lP!lOOO,lOOOO,Tll9::,2100) 

A xt.~~:ooucnmv·tt.K 

A X2.11:ool2crt1'0Hl'U.Jii 

A Xl.JtooUcnt•HFil,l( 

R IUill.l<l.ooPOPB.Jii08JUI 

R DRlB,Jtl.ooPOPl8.Jii 0 DAlN 

R Mt.:l'll!l.~{l/HATlTJ•(l-DRlKJ 0POPli!I.K 

R HAT21!1, Kl.oo(l,nv.'1'2T) •(l-DR2H) 10 11-Bl2r!C0 HP&C.Itl •POP21!1.K 
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fl I'!M'3B.Kl.ooll;MM'3Tl*I1-....UNJ*POPlB.K 

R tv.T411.ta..oo(l;MM'4T) 0 (1-0R4Hl*POP48.K 

R [1ftt8.tui-POP48.1(*M4K 

R DR5B,KLooPOP5B.K*DR5N 

R BRC.KI.-POPT,K0&Nf 

R KA1'1C .Ja.ooll;MM'lTI" ( 1-mlH) • ( 1-cili"H"KI"Cil.Kl"fOPlC. K 

R KA'l'2C .KJ.oo( l,h!ArlT) 0 ( 1-DRlK) "ll....CllrN"HFCI2 ,K) "POPlC. K 

R HA'l'3C.IU.ooi1~3TJ 0 (1-Dil)lt) 0 (1-Cl)!'N°KI"CI3.KJ •POP3C.K 

R DatC.Itl.ooPOP4C,K"DR4K 

R DR5C.KLooPOP5C.tc*UI.SN 

R CilF,KUoll;wa"lT)*CUI'l'I*P'IJ'CU.K*Il-DalK)*fOPlC,K 

R II IF ,ltt,oo(l/KI¢*) *BI21'N*HJ'&C ,l( 0 11l'IICDI" ,1(*(1-I:GI.lNI*i'OP:iiB, K 

R Cllr, Kt.oo{l,IK.'.T2T) •cnnt*HJI'Cil ,K 0 ( 1-0RlN) *POP2C .K 

11 cnr. KLooll;walTI •cxlm•wcn.K•tt-DRlKI*POPlc .K 
R ORil.KL-llfrZltl.K*DRlN 

R ORll.IU.ooltn'ERl.K*DRlN 

R DRll.KLooltn'ERJ.K*DR4N 

R UBF.U.Oil,IMM"2Tl*Xl.K*(l-DR2Nl*IIiTEIU.K 

R Illlf'.KLooll/l'Wl'lT)*Xl.K*Il-MlNJ*lrn'£R2,1t 

R I3BI'.U...Il/)!Arf.T)*Xl.K*Il-D84Nl*ltfrEltl.l( 

R Ucr,tuJootl/IVI.'l'2T)*I1-Xl.K) 0 (l-DR2N) 0INTDU ,1( 

R UCF.l<L-(1/MATlT) "i1-Xl.kl"ll-OlllNl"lNTER2 .k 

R IlCI".k.Loo[l/KM"U'l"ll-Xl ,KJ"Il-tfl4Nl"lNTERl.K 

R QR,Ja.-[1/A.T.Kl"IDf'L-W".K) 

R CU\l".~.K 

R OC,tu..-c\ILT\JM,K,ftlOt 

R EXO.tu.-[ljl:la'2.k} 0 (tltt.-Dr.K) 

R EXO.KI..-(ljUt.Tl.K} 0 DI'.K 

H POP4B-S&a0 

N POP5B-l7U~ 

N POP1C>9154 

H POP2e>USil) 

H POPlC>29274 

N POP4C.21122 

H POP50ool2lll 

H Itn"E'Rl-l!!Ol 

N ltrn:Rl•5262 

H IHTEJI.l•4110 

c 8Rf+oo0.014 

C DR5H-0.030 

C CiltN-0.) 

C 8I2~0.1 
C Cl2ffloo0.3 

c ::lRJ.N-0.0005 

C OR2H-0,00012 
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c DRtN-0.004 
on ... l 
SPN-1 
liATl'l'ooS 
~Tl'I'olO 

HATlT>o-15 
C HAT4Twl6 

""'"" IlCPNo-0.2 
IlCn+-0.2 
ncrn-0.2 

'nO'Cil•0/0. 5/0. 8/l/l. l/1. 4/1.65/2/2.3/2.8/3. 33 
TKFCil•0/0.4/0. 8/ljl,l3/l.l6/l.4/1.6l/1.16/l.88/2 

T TMFIIC.lfl,f!il/1.25;1/G. 75/0.6/0.4/0, lll/0.22/0.t;O.Oll 
Ttii'BCD1•l/2 .1/l. 55;1. 25/1/l/l/l/l/1/1 
THI'Cil•O/D. 4/0. 8/1/1.13/l . 26;1. tjl. 62/l. 16;1, lajl 
'l'11l'OP,Oj0.18/0 .5/0.1/0. 82/0.9/0.H5j0.98j0.985j0.99/l 
ntr'l!>oOjO. 76;0. 93/0.98/0 .965/0.94/0.89j0.83f0. U./0.66/11.5 
'1111"11.0/0. 5/l/1. 5/l/2. 5/3/l. 5;4/t. 5/5 
THP'Il•0/0. 55/l/l. 45/1,8/2. l/2. 55/2. 95/l. 25/l. 65/4 
'l11l"Il•O/O. 5/l/1.35;1.65;1.95/2 .lfl.t5;2.6V2. 85;3 
~CPOP..0/0 .22;0. 44/0.6/0.12/0.825/0.92/0. 99/l/l/l 
Trccor .. o;o, Je;o. 75;t;t.llfl .47/1.63;1. 7'l;l. B~/1. 92/l 
THCCl•O/O. ou;o. 033/0. o4a;o. 055/0. OM/O. o7o;o. o7vo ,on;o .0"7'9/0. on 

T 'niCCl•O. 0805/0, 082;0. 085/0 .OBl/0 .080/0,017/0 .072/0.063/0.050/0.033/0 

TIME--1985 
SPECD'I"-0.062S,PLTI'r:Rool,PRTI'l:Roo1,~50 
PRJtn' tPOPB,POP'I',POI'J,CUL'niRE,DI'! 

fOI'&-DB{20000,80000),POM'MCC{1000il0,150000J,fOPI•Il{l0000,30000t 
CUL"t"UJU:ooW{0,105),DI'•FI'{O,l) 




