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• 

ln this paper we argue lhat the windfall acquisition of precious metals from its American mines 
in the six teenth ancl sevenleenlh ccnluries set Spain on the path of economic backwardncss, 
triggering a phenornenon known as the Dutch Disease. Thanks to its newly found wealth, Spain 
relied on imporls rather than develop its own traded goods industries ancl accurnulate the 
speciali zed human capital so cruc ial for succeecling in the nascent tracling economy of the 
modern age. We mode l the economic conditions in Spain us ing and open economy general 
equilibrium framework and lay out an econometric specification to test its predictions us ing real 
exchange rate series. We construct thcse series for four Spanish regions, combining avail ab le 
price data with weight bas kets obtained frorn severa! primary sources. We identify persistent 
episodes of real exchange rate appreciation, which are largely consistenl with the Dutch Disease 
hypothesis . 

· l am ext remely indebtecl to Joel Mokyr for lengthy d iscussions, precise guiclance ancl f inancia! s upport of my 
severa! trips to revel in heaps of old paper. 1 am also grateful to Joseph Ferrie, Sergio Rebelo ansl parti tipanis at the 

2002 Cliometrics Conference. Fi na lly, T wish to thank James Hamilton for making his s9ft1.:i:ire for es ti mating 
Markov s witching models freely avai lable. Aclclitional financ ia! support from a Northwester;i Univers ity Graduate 
Researc h Grant. from the Robert Eis11e1; Memoria1 Fund and from an lnstitute fo r Hu111ane ~tu;Jiq;' J ·h1,vek Award 

for Scholars is gratefully acknowledged. The many errors that remain are exclus ively my owr~·- • , - , . 
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l . l ntroduction 

Accord ing lo a popular lcgend, the dy ing Aztec emperor Moctezuma used his last breath lo utter 

a c urse under which any strangers thal plunde red the r iches of his land would suffer from pain ful 

di seases . As in the case of many legends, there is no his to rical evide nce that thc curse was 

acluall y uttcred, and S panish accounls of lhe emperor's dealh actually report that his lasl w ishcs 

wcrc lhal Hernán Cortés, who m he s lill considered a god, took care o f the upbring ing o f his 

children. Today , American college s tudents experie nce firsthand thc c urse of Moclezu ma when 

they drink untrca ted tap wate r in Mexican touri s t rcsorts, but the brave Spanish lion , for th rce 

centuries the master of the land o,f the eag le and lhe serpe nt, may have fall en prey lo a fa r more 

serious and lasting discase because of the plunder of its treasures . 

S pain could , upo n enteri ng ~he last two decades of the s ixteenth century, boast an e mpi re on 

w hich thc sun ne ver set. American sil ver from Potos í and Zacatecas f ueled the war mach i ne and 

o iled the wheels oí power, making it poss ible for Charles l to humiliatc F rancc and seizc the 

cro wn o f lhe Holy Ro man Empire and for Philip II to annex Portugal and its vasl dominions, 

c laim the Mediterranean as a Spanish-contro lled sea and drcam o f in vad ing England with the 

In vinc ible Armada. S pain commandcd more resources than any power of i ts time and extended 

its reach over more te rritory than any o ther nati on in his lo ry. The economy flouri shed under the 

le ad of Cas ti le and Andalus ia. The fo rmer concenlrated more tha n onc ha lf of the S pani sh 

population, servcd as the center of royal power, hosted the re nowned fairs of Medina de l Campo 

and do minated the wool Lrade, Spain 's fl agship industry. The latt er held a monopoly of trade 

wilh the new world . ta llyi ng the shipme nts of prccious rnc la ls and e ngross ing the crown 's 

finances by collecting the roya l fifth . Ye t, less than a century later, S pain had lost Portugal and 

its e mpire as well as the Low Countries , its economy was in sharp decline, ils technology lagged 

behind that of the resl o f Europe and its population had dropped considerab ly. France was thc 

new hegemonic power in contine ntal Europe and England rul ed the seas. Even the American 

empire, its princ ipal mines ex bausled or no longer profitable, becamc a reason of concern as the 

Brit ish, the Portuguese and the Dutch challenged time ancl again the Spanish trade monopoly . 

Severa! reasons are o ft en cited as causing or aggravating the Spanish decline of the scventeenth 

cenlury, w ilh Lhc failure to control fisca l outl ay~, t.he s imultaneous and il l-fated involvemenl in 
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severa! miliLary fronts, ancl even Malthus ian dy namics1
, rank ing as lhe more important ones. 

Starting wilh the arbitrisras2 at the encl of Lhc sixleenlh century, severa! authors have poinled to 

Lhe inílux of precious metals as a signiíicant source of Spanish economic woes. Either because il 

allowed Spain to pursue disproportionate imperial ad ventures , becausc of Lhe inflation it crealecl 

or because it fuclcd widespread speculation in publ ic debt, silvcr soon joincd in as a favorile 

target of thosc secking to exp lain the dire economic situation. Since Earl Hamilton's study-', the 

bu llion flows from Arncrica 111Lo Lhe melropoli s have been scrutini zecl time and again by the 

scholarly literaturc4; unfortunately, lhe interest in thi s lopic has ali to oftcn drifled in a purely 

monetary direclion, eithcr ignoring or atlaching little significance to the cffects of the vasl s il vcr 

irnports on long tcrm tradc ancl production pattcrns. 

Starting wi th Corclen ( 198 l, 1984) and Corclen ancl Neary (1982), a vast literature has developccl 

on how thc discovery oí large quan tities of tradable 11atural resources can Lrigger a process of de

industri a I izat ion, known as the Dutch Disease ;ifter the impact of the cliscovery of natural gas on 

the Dutch cconomy in the 1970s. Forsyth and Nicholas ( 1983) have made the case that these 

dynamics might have indeed becn prcsent in the Spanisb case, whcre the natural resource in 

ques tion happcnecl to have a straightf orward use as in tcrnational currency. Furthcrmore, 

Wijnbergen (1984) and Krugman ( 1987) have shown how, in the prescnce of an inclustry 

lea rning curve in traclit ional industrial sectors, the effects of cle-inclustrialization may not be 

revers ible once tbe natural resources are exhausted or their prices fall below thc threshold o l' 

profitabi lity. More recentl y, Asea ancl Lahi ri ( 1999) h::'!.I.'·~, further elaboratecl on the role of 

rcsources booms in slowing human c:<111 i1 at accumulation, whilc Baland ancl Francois (2000) havc 
' e 

linked lhem lo increased rent-sceking activity and the ensuing loss of cconomic effi ciency . 

1 See Rahn Phi llips ( 1987) for a concise overview of Spanish decline anda clisc11ssion of a M althusian framework . 
2 The arbitristas were mor;il and political w ritcrs that fl ourished at the bcginning of lhe sevcnteenth cenlury. Thei r 
wrilings (arbitrios) were proposals to the king advocating economic, political and social reform. l-la111il1011 ·s 

concluding paragraph in his 1938 art icle in their respect is worth quoting in fu ll : " I n a grave national emergency 
economists were right, for once, in their cliagnoscs ;incl prescriptions. With prophetic vi sion, thc Spanish economists 
of lhe seventeenth century (Sancho de M oneada, Pedro Fernández Navarrete, Géronimo de Cevallos, José Pellicer 
de Ossau, Diego Saavedra Fajardo, Francisco Martínez Mata, Miguel J\lvarez Osorio y Redín, and many others) 
denounced most of the evi ls lcadi ng Spain to ruin - such as primogeniture, mortma in, vagabonclage, deforestation, 
reclunclance of eccles iastics, coniempt for manual labor and arls, indisc riminate alms , monctary chaos, ancl 
oppressi ve taxation. Their rcform programme comprisecl technological education, immigrat ion of artisans, monelary 
stabi li ty, ex lension of irrigations ancl improvement of interna] waterways. History records few instances o f cilher 
such able diagnosis of fata l social i l ls by any group of moral philosophers or of such uller disregard by slalesmen of 
sound ad vice." 
-' Hamil lon ( 1934) . 
• See Flynn ( 1978, 1979), Morineau ( 1985) and Fisher ( 1989) for jusi a few selected examplcs . 
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The Dulch Disease has severa! testable implicalions. The one that has emerged most robust 

across differenl models is a real exchange rate appreciation, defined as the rise in the price of 

non-traded goods relative to traded goods. This phenomenon can be tested for by using onl y 

price data, widely available for the relevanl period in Spain thanks to lhe works of Hamilton. In 

this paper, we develop a general equilibrium model lo represent the economic conditions in 

Spain in the fifteenlh and sixtecnth centuries and presenl an econometric specification to tests its 

predi ctions; we lhen construc t price indexes for traded and non-traded goods, which we use to 

assess whether Forsylh ancl Nicholas's conjecture is supportecl by the eviclcnce. 

We are well aware that, even if the presence of Dutch Disease were confirmed at its strongest, it 

would be a long shol to blame the decline of S pa in only 011 the switch in trade and procl uc ti on 

pallerns dueto a natural resource w inclfa ll. T he very significance of this phenomenon comes into 

question when cons iclering lhe s mall percentage of national product accounted for by tracle in 

early moclern period econom ies. T hi s critic ism, however, ignores the clynamic e ffects of trade 

specia li zation and the associated accumulation of human capita l on long run growth5. Although 

the s ize of international exchanges in any given year may have been sm all, whatever cconomic 

growth European economies experienced in both the shorl and long run is most likely dueto the 

processes ignited by trade. If, while indulging in the availability of large quantilies of bullion, 

Spain negJected its nasce nt manufacturing indus tries and missed out on severa! decacles oí 

special iz.alion, its pros pects on the E uropean markelplace after the silver stoppecl flowin g must 

have been ble ak al best . 

The ramificalions of the s il ver boom can go far beyoncl altering lhe patterns of trade and 

speciali zation. Resource abundance has recently been linkcd to the presence and perpeluation of 

renl seeking behavior and rent-seeking inslitutio ns6
. Spanish trade was lacten w ith medieval 

remnants, such as the merchant gu ilds or consulados and the Mesta , the powerful association 

representing lranshumant shepherds. The crown, which received the lion 's share of American 

treasure, had no need lo s trike compromises with its ·constituencies at large, nor <lid il have any 

incentive to s trike clown long established privileges. Its key ally, the Catholic C hurch, saw a 

great expansion in ils e ntill e me nts , inheriling large fortunes, collecting duti es and acling as the 

5 See Romer ( 1986) ancl Romer ( 1994), two seminal papcrs in new growth theo ry, fo r a detailecl analysis of the 
effects o f specialization 011 economic growth. For a historical analysis of the dynamic effecls of lrade on thc 
Canlabrian regional economy, see Grafe (200 1 ). 
6 See Tornell and Lane ( 1999), Baland and Francois (2000) , Torvik (2002) . 
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main long term lender through the fi gure of í.he censo, a form of morlgage. After the flow of 

mineral weallh subs ided, Spain may bave found itself with perverse institutions that s tifled every 

attempt nt modernization and growtl/ . 

In this paper we abstracl from the ren t seeking implications of Lhe natural resource booms Lo 

focus on tbe ir effects 011 tracle and indus trialirntion patterns. In section ll, we survey the 

econom ic conclitions in sixteenth and seventeenth cenlury Spain, making the case lhat thcy 

reasonabl y conform to the e le menls of a Dutch clisease scenario. Secti on III clevelops a gene ral 

equilibrium model of resource booms in an ope n ec•JPomy and lays out an econo metri c 

speci fi calion to test its predict;on" Ti,é main input required by the mode l is a rea l cxchange rale 

series, clefinecl as the ratio between an index of prices of traded goods and one of prices o f 11 0 11 -

traded goocls. Section IV cleals with the problems involved in Lhe construction o[ s uch an inclex 

and briefly describes the primary and secondary source data used in its construclion. Sectio n V 

presents Lhe main resulls, and section VI conc ludes . 

II. Silver and economic conditions in imperial Spain 

Silver, the natural resource 

T he fate of the Spanish empire is c losely tiecl to the flows of American bullion . Figure l shows 

the evolution o f imports o f A merican treasure in real terms, constructed us ing the data from 

Chart I in Harnilton (1934) and the si lver price index reported in its Appendix YllI8
. The ílow oí 

treasure does not really become imporlant until I SSO, but after that date a veritable ri ver o f s il ver 

ran through Spain. The firs t large increase comes after 1580, at the same time of the annexati on 

7 For a discussion of the negative effect of rent seeki ng on the nccumulat ion of human capi tal and economic growth, 
see Murphy, Shleifer and Vishny ( 1991 , 1993). DeLong ami Shleifer ( 1993) documenl a relationship between more 
autocratic types of government and lower urban population growth (which they use as a proxy for economic growth) 
in the eight centuries prececling !he industrial revolution . 
R There is sorne question as to the accurncy of the Hamilton data for bu Ilion imports, owing to the fact that it draws 
exclus ively on official clocuments ancl is therefore susceptible to unclerreporting and smuggling. Morineau ( 1985) 
has arguecl that the decline in rcmittances reportee! by Han,ilion is only an artifice of e ver increasing contrabancl . 1-lis 
competing series, constructed on the basis of journalistic and cl iplomatic reports publishecl in Dutch gazettes. show a 
sleacly ílow of bul lion throughout the seventeenth century. While the argument is attractive, ancl Hamilton 's figures 
are bouncl to suffer from the effects of contrabancl , Morineau's figures stand in stark contrast with the wel l 
documented cri sis in American mining after 1620 [Flynn (1982), .'\nclrien ( 1985)]. Silver yie lds were rapidly 
declining because of epiclem1c~ among the lndian labor force, ¡,-,.~.-::asing procluction and administrative cosls and 
falling si lver prices. Viceregal repc"I~ ~'"''¡;~ 6 in 1629 attest to wiclespreacl shortages of mercury, a key elernent in 
the procluction process, and by 1660 mining tax receipts in Peru had fallen by more !han a third relative to only a 
decade earl ier. lt is difficult to reconcile th is evidencc with the aclmittcdly informal Dulch gazettes reports . 

s 
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of Portugal and its vast dominions. T reasure imports peak at the end of the reign of Philip II , thus 

co inc iding with the maximum point of imperial expansion. 

[f nsert Figure l here] 

The death of Philip TI in 1598 is gcneral ly considered the beginning of the Spanish decline, ancl, 

as we can see, it is also the beginning o f the decline rn the flow of bullion. The sharpest decrease 

comes in the period 1635- 1640, at a time when l.he empire s uffered its harclest blow with the 

indepenclence of Portugal ( 1640). The Peace of Westfalia in 1648 woulcl mark the offici al clemisc 

of Spain asan European hegemonic power ancl reduce the i \oly Roman Empire to a mere she ll. 

By thal time, American lreasure wa::; 110 l any:~1ore among the main sources of income. • 

Flynn (1982) traces the increase in the flow o f si lver from the Indies to the discovery of the 

mercury ama lgam mining process, fo r w hich A merican mines were particularly well su itecl, and 

also convenienll y locatecl in the v icinity of mercury sources. T he recluction in re miltances to 

Spain in the seventeenth cenlury is blamecl on reduced profitability, stemming fro m the decline 

in purchasing power of sil ver ancl ever- increasing costs in the colonies9 
. 

Silver constitutes a c lassic traclable booming sector as definecl in the theory o f Dutch Disease . 

Risi ng to prominence after a cornb ination o f cliscoveries of natura l resources ancl techno logical 

aclva nces, it met its demise a century la te r due to continuous erosion in its profitability. 

Offic ia lly , the C rown was e nti tlecl to the "royal fifth'' of all pr ívate imports of treasure. When 

supplemented with its own mining, the amount of bu Ilion imports under the d irect control o f the 

C rown reaches the average of 26% ca lculated by Hamilton. However, in difficull financia! times 

most of tbe treasure ended in the hands of the Crowll anyway u pon being talli ed at the Casa de la 

Contratación, e ilhe r through le nding, voluntary o r forced, or outright confiscation . These 

enormous resources did no t prevent the C rown from getting deeper and cleeper into clebt and 

declaring bankruptcy in 1556, 1575, [579, 1607, 1627, 1647 and I 656. The dire s ituation was 

prompted by the insolvency of ali tbe Spanish dominions, excluding the Indies. Eve n the 

Nelhe rlands, whose revenues wcrc usually greater than any other s ingle source, inc luding 

remittances from the lndies, were a source of financia[ drain , as lhe cosls o[ the milita ry 

campaigns in the Low Countries far cxceeded lhe income they generated. 10 The Spanish Crown 

relied on lhe si lver flows as its hard-currency base te incu:· iíl high levels of indebtedness, whic h 

9 Flynn ( 1982), p. 141; /\ndricn ( 1985), p. 61. See also note 8. 
rn Flynn ( 1982), p. 146 
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it hoped to pay back with the proceeds of lhe territories it would conquer witb its military 

campaigns and wilh lhe future remiltances of American mines. Neither of lhese prospects 

materiali zecl and the Spanish imperial adventurc quickly gave way to a much starker picture 11
• 

The trading economy of the Early Modern Age 

The bulk of econornic activity in Spain took place in Castile, the central hearlland where lhe 

Crown establishcd ils roots during the Moorish wars and where the system of fairs providecl the 

main venue for commercia l exchange ancl credit clearing. A ndalusia emerged as a commercial 

center thanks to the privilegecl position of its Atlantic ports, right at lhe galeway of the winds thal 

enabled transatlan tic voyages, ancl to the monopoly of colonial trade granted to Seville, which 

also housed the Casa de la Contratación, responsible for tal lying the bullion remittances. Othcr 

important centers oí activity whcre the Mediterranean ports of Barcelona and Valencia, as well 

as lhe citics on the Canlabrian shore. 

The most import:rnl Casti li an exporl was high quality wool from transhumant herds , its 

production controlled by the powerful institutio n of the Mesta and its distribution monopolizecl 

by lbe consulado of Burgos; it was íollowecl by salt, cochineal (a reexport from lhe Indies), oil, 

iron , leather manufactures, hieles (also an American reexport) and sugar. 12 The irnports consisted 

of textile manufactures , inclucling woolen and linen cloths, cotton manufactures, fish, various 

s pices, tin and metal products , guns and gunpowder, flax and bemp, timber ancl naval stores, 

books ancl paper13
. lmportant exports from other regions included wine and o live oil from 

Andalus ia, salt frorn Ibiza and !ron . c:i l u;11 and codfish from the Basque country14
• Other exports 

included almonds, oranges, figs, rai sins and soap from Andalusia, nuts, legumes, sard ines and 

anchovies from the Mediterranean coast15 and rice ancl saffron from Valencia in particular16 
• 

11 This particular course of evenls may even render moot the debate on the magnitude of the decline in bulliun íluws 
for the purposes of our study. The negalive uulcome uf lhe Crown's mililary advenlures mean! lhal whalever 
quanlities coulcl possibly be exlrncled form the American mines would have had to be employed in meet ing debl 
paymenls. While !he in sufficiency uf bullion rcrnitlances forced the Crown lo declare repeated bankruptcies, a 
higher flow of si lver would have accrued di rectly to the fo reign financiers of the Crown ralher than to Spanish 
nationals . 
12 Lynch (1991), p. 193; Bra11del (1972). pp. 122,228,695; Rich and Wilson ( 1967), pp. 160, 182,184,280,291 
1.1 Lynch ( 1991 ), p. 194; Brauclel ( 1972). pp. 155,228,243,381,420,425,448,590,608; Rich ancl Wilson ( 1967) . 
pp. 157. 177. 159, 162, 163, 169, 173, 174, 178,192,287,288,421,553. 
14 Lynch ( 199 1 ), p. 193; Braudel ( 1972), pp. 82, 122, 228, 435, 695; Rich and Wilson, pp. 160-162, 184 . 
15 Salvador Esteban ( 1994), p. 37. 
16 Brnuclel (1972). pp. 42, 82,119, 122,236,376,386,422,762,86 1; R:ch and Wilson (1967), p. 183, Hamilton 
(1934) p. 233 . 
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As it is easily seen, Spai n exported rnainly primary comrnodili es, and imported products with 

hig h added value, rnany times manufactured from her own raw mate1ials. Moreover, shipping 

services hacl to be purchasecl from the Dutch and the British, as the Spanish fleets were clearly 

insufficient ancl almost exc lusively engaged in the lrade with the Indics, whcn not uncler royal 

reguisition in limes o f war. 17 T his picture of lack of industrial ization prompled Kamen 's 

dismissal of the Spanis h decline as a mere constructio n: "lt is difficu lt to see how so an 

undeveloped nation coulcl have declinecl before ever becoming rich". 18 As Flynn ( 1982) points 

out, it is easy to confuse Spain with its e mpire; the acguisition of foreign territories didn't mean 

that industries were flou ris hing at home. Yet, if dec line means the loss of industrial scope, 

eviclence of a decline lhere is . The fall in population and the disappearance of numerous crafts 

and industries forced Spain to start impo rting many commodi ti es in which she was once self

su ffic ienl, s uch as corn, rice and sugar , or even those she used to provicle the worlcl with, such as 

leathe r manufactures, iron and alum. 19 Production of fine wool frorn transhumant flocks declincd 

sharply, spel ling the dernise of Burgos, the o nce thriving center of the wool trade20• The Basque 

Counlry lost its competiti veness in iron goods and even the Newfound land fisheries, successfull y 

exploited by the Basques during most of the sixteenth century, were lost to the French in the 

1580s, never to be recovered21
. Population fe ll clramatically, altbough the exact magnitude of the 

decline is unc lear22
• Plagues in 1597- 1602 ancl in 1647-52, the expulsion of the moriscos between 

1609 and 16 1423
, emigralion, the clemand for manpower cf the military campaigns of Olivares 

and reductio n in nuptialily anél fP1tiii[.y ali contributed to the large demographic changes2'1. 

Liveslock numbers were abruptly reduced, perhaps by as muchas 60% between 1600 ancl 1619 

and tbe size of the fleets tracling with America declined significanlly between 1575 and 167525 . 

17 Lynch (1991), p. 196; Hamilton (1938). p. 170. 
18 Kamen ( 1978), p. 41. 
19 Hami lton ( 1938), p. [70-172; Rahn Phillips ( 1987), pp. 542,545. 
20 Rahn Phillips ( 1987), pp. 548. 
21 Grnfe (2001), p. 61., Rahn Phillips (1987), p. 553 . 
21 

Hamilton (1938) placed lhe foil in populalion at 25% and altributecl i t almost exclusively to the plague. This figure 
was picked up by Vicens Vives ( 1969) in his classic work on Spanish economic hislory all(f it rcmained almos! 
undisputed unlil very recently. Pérez Moreda ( 1994), however, showecl lhat I-Iamilton's figures were laken fro111 !he 
most hardly hit regions, and that the overall population decline altributable to the plague could not exceed, in the 
worsl conceivable case, 8%. 

z.1 The expu lsion of !he Moriscos was mosl relevan! in the region of Levan!, particularly in Valencia, which expellecl 
sorne 30,000 families or roughly one third of the popu lation [Rahn Phillips ( 1987), p.5581, 
20 Elliott (196 1) 
2

~ l-la111ilton ( 1938), p. 170 . 
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The traditional traded good industries ;n sixteenth and seventeenth century S pain exhib it a 

behavior that conforms reasonably to the symptoms predicted by Dulch Disease theory. lt was 

already recognized al Lhe time that foreign goods were Laking over markets that had once been 

served by Spanish industries. Braudel (1972) quotes the Corles of Valladolid asking the King in 

1586 " to to lerate no longer the importing of candles, g lass trinkets, jewelry, cutlery and s imilar 

objccls from foreign coun tries which are exchanged, although Lhey are useless luxuries, for golcl , 

as if Spaniards were Indians ... ". 26 From providing l.o l.he needs of the domestic economy, 

generating surpluses for internalional trade and ~ustaining vibranl mercanlile cente rs s uch as 

Burgos, the Caslilian fairs a;,d Uw A1·1~ntic ports on both Andalusia and the Basque country, 

Spanish industries gradual ly fe ll inlo stagnation and decline, remarkably whe n the silver boom 

was at its peak. 

III. Resource boorns in an intertemporal open economy model 

We have made the case thal Spain, in the seconcl half of the sixteenth century, had al i lhe 

elements needed for Lhe onsel of a Dutch Discase process, and by the carly seventeenth century 

was exhibi ting sorne o í ils characleristic symptoms. We now presenta theorelical model and an 

econometric specificati on to test more rigorous ly whelher this phenomenon in fact took place 

ancl, ií so, lo quantify its magnitude. 

A simple theoretical setup 

Dutch Disease moclels have typically taken the form of partial equilibrium conslrucls . In their 

neoclass ica l versions, sucb as the original Corden ( 1981. 1984) ancl Corclen ancl Neary ( 1982) 

works, the economies are resilient in nature , with the effects of the resource boom clisappearing 

as soon as the stimulus is w ithdrawn. Frameworks that yielcl lasting effects usually obtain them 

through ad hoc assumptions , such as the learning curve in Krugman ( 1987). We now propase a 

general equilibrium moclel based on Rebelo ancl Végh (1995), where lasting aclversc e ffects from 

a resource boom can be obtained if the temporary nature of the natural resource windfall 1s 

incorrectl y perceived as permanenl by the agents . 

Househofds 

T he utility function of the represe11La Live household is 

2" Braudel ( 1972), p. 5 19. The unearthing of lhc cle::iil is att.·ibuled by Braudel to Karl Marx in his Zur kritik der 
pnlitische11 oeko110111ie . 
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(l) 

T NT where C, and C, denote consumption in period t of tradable and non-tradab le goods and a 1s 

thc intertempora l elas tici ty of substituti on. Households will allocate their labor betwccn thc 

traded and non-traded goods sectors and public ~r:1ployment. Denoting by N: the amount of 

labor allocated to sector i in period /, and by N lhe total amount of labor in the economy, we have 

T NT G 
N, + N, + N, = N (2). 

Note that no labor is allocated 10 ti,c é:-;.; ,faction o f silver. This simplification is warranted by lhc 

fact Lhat the main source o f manpower for lhe extraction of its riches was nati ve slave labor. This 

assumplion stands in contrast wi lh c!assical Dutch Disease models and allows us to obtain more 

s lreamlined results. 

Traded and non-traded goods are produced according to Cobb-Douglas produclion íunctions, 

using fi xecl specific capital e ndowments and time invariant specific productivily factors. 

(3) 

YNr = zNr(NNr)'' 1, 1-,, 
, 1 . Ü < 17<J (4) 

where Y,; denotes the output of sector ial lime t , and Z; is the productivity factor for sector i. Wc 

also assume lhal !he non-traded goods sector is relatively more labor intensive lhan the traded 
1 

goods sector, which impl ies a< 17. The only public employment is assumecl to be in the army , 

which cloes nol produce any goocl or service27 
. 

The bouseholds' budgel constra int is 

T NT G ( ) ( ) T ,NT Y, +p1 Y1 +w,N, +b,_1 l +r +s, 1-r, =C, +p,C, +b, (5) 

where p, is the price of non-tracled goods in terms of traded goods (the reciproca! of the real 

exchange rate) in period t, w, is the wage the government must pay for people to en li sl in the 

army in period t , b, re presents the hc useholds' ne t holdings of foreign assels, r is the 

27 The army is necessary to fighl wars. which could be modeied as a lottery wi lh posilive payoff only in lhe event of 
vic tory. H owever, given lhe insolvency of lhe Spanish dominions, it is unclear whelhcr this was ever !he case. 
A llernalively , the anny can be thought of merely as a requiremenl for lhe economy's continued ex islcnce . 
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exogenously given world inte rest rale, s, denotes the silver inflow in period t and r, is the ratc a l 

which si lve r is taxed. Finally, the no-Po nzi game conclition28 for lhe househo lds is 

lim b, , = O 
,_,, (1 + r) 

The government 

(6). 

The governmenl col.lecls laxes o n privale s ilver flows, funds its military operalions and has 

access to internationa l financia! markets. Its budget constrnint is 

(7) 

where _f, denotes the governmenl nel ho ldings of foreign assets in period t and G, rcpresents 

government ex pe nditures lhal do not require labor. G, is assumed to be exogenous and 

unproductive. The governmenl 's no-Pom.i game condition is 

lim .t; =0 
,-= (1 + r)' (8). 

We assume that the requirements of military labor are set exogenously to lhe economy, and lhus 

(9}. 

Equilibrium in rhe goods markers 

Assuming ali goocls are perishable, ancl lhus no inve ntories are carried over, production of 11011-

traded goods musl equa! consumption, ancl production of traded goocls must cqual lheir 

consumplion plus the trade balance. That is 

T T Y, = C, + TB, 

(10) 

( 1 l) 

where TB, represents the lrade surplus in periocl t. Denoting the sum of private ancl government 

foreign assels in lhe economy by ª" we can use equations (5), (7) ancl ( 1 O) lo derive the 

aggregate resource constraint o f i.he economy. 

e; + G, = ~T + s, -[ a, - a,-i(I + r)] (12) . 

Optimality 

28 A s tandard bou ndary condition, the ,;o-Ponzi ga rne o r transversali ly condi tion precludes household frorn paying 
old debt only by new borrowi ng, thus prevenling lhem from laking an explosive debt path . 
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1 
Assuming (3 = -- lo avoid trends in consurnplion, lhe first order conditions for the house holcl 

1 + ,-

rnax imization problern yielcl 

1-- y c,r 
--CNT =p, 

y 1 

NT( NT)I -,¡ -, 1/-1 T( T)" - 1 1-<C 
p117Z N, 1 = dZ N, K = w, 

( 13) 

(14) 

Equation ( 13) determines the re lative consumption levels of traded and non-lradcd goods given 

Lheir relative price, ancl equalion ( 14) states thal the valuc of the marginal productivity of labor 

rnust be equal across sectors, ancl· in lurn equal to the wage for serv ing in the army. Moreovc1', in 

the steady state any level of foreign assets is consislent with equilibriurn . 

A boom in natural resources 

Starting form an initial situation with no silver flows , imagine that s ign ifican[ s il ver reserves are 

discovered in a g iven period /, guaranteeing a posi li ve flow of bullion between periods t and t+I<, 

where k E {o, J. 2, ... , oo}. The present value of Lhe future resource flows evaluatecl in period t 

woulcl be given by 

S = ~(~l );_, S; 

¿ l+r 
I = 1 

( 15). 

Assuming perfecl foresighl by ali the agenls, and given tbat tbere are no constraints on the use of 

financia! markets ancl that the ricarclian equ ivalence holcls in this modcl, tbe effect of the bullion 

flows on the economy are equivalent to a one-time infusion of silver equivalent to S. In s uch an 

evenl, consumplion of both goocls will increase to reflect lhe expanded household budgel 

constraint. Since non-traded goods must be produced locally, labor must be switched from thc 

tracl ecl to the non -tracled sector. Physical marginal productivity of labor will inc rease in lhe 

traded sector and decrease in lhe non-lraded sector; s ince the value of the marginal product of 

labor musl be equal in both seclors by equalion (14) , w, and p, rnust increase. And by equation 

( 13), consumplion of lraded goods will expand relatively more than consumption o f non -lraded 

goods. The trade balance wil! fall by Lhe expansion in consumption plus the rcduction in 

production of traded goods, and the lrade deficil will be covered with the interest from increased 

foreign assets. Ali lhe effects from lhe onc-lime increase in natural resources wil l be permanenl 

ancl closely match the symptoms of the Dutch Disease, an increase in wages and in prices of non -

12 
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Lraded goods, as well as a conl raction in the traclcd goods seclor. However, as our model s lands , 

a resource windfall results in permanenlly increased consumption and utili ty. As Wijnbergen 

(1984) noted, such an outcome can hardly be labeled a " cliscase" . 

Mi.1judging the nature of the wi,,djáf! 

Imagine no w that, although the increased ílow of s il ver wbich slarled in period / is in e ffec l for él 

finile numbe r of pe ri ods, k, households operate, between periods / and t+k, under the incorrecl 

be lief that !he boom is permanent ( i. e ., that k equals infinity)29
. In this case, they will ha ve 

calcu latecl an incorrecl value for S, !be presenl va]ue of the íulure flows of s il ver, an error thal 

w ill be ev iclenl when period t+k ro lls around and Lhe flo ws come lo an e nd. The lev<d o í 

consumplion between pe riods / and t+/c would have bee n too hi gh lo be supported by the ac tual 

level of fore ign assets, and consumption of both tradecl ancl non-traded goocls will have to fati. 

The rnagnitude of !he fall w ill be determined by the magnitude of the e rror in the nature o í Lhe 

w indfal l, but uncle r the convex utility runction we assumecl , the temporal path of cons umption 

would have been suboptimal vis-a-vis the perfect fores igbt scenario. If lhe error is large e nough, 

consumptio n could íall to a level lowe r than the ori g inal one. Particularly damaging scenarios 

can occur when the flow of natural resources is inconec tly forecastecl to grow as time passes. Tn 

such cases , the initial jump in consumption would be financed by incurring in large foreign 

indebtedness; when the s il ver flows fail to materialize, the only options w ill be large c uts in 

consumplion and, eventuall y, bankruptcy. T he Spanish case, where the s ilve r cliscoveries 

promp!ed large increases in consumption ancl ex pe nditure, only to be followed by a seri es oí 

bankruptc ies and falling income,whe n the flow of s ilver eased, seems to echo this las t scenario . 

Estimating the timing 011.(/ size of re gime changes 

The model presented so far predicls discrete jumps in !he real exchange rate whenever new 

information regardin g the present value of silver fl,y_,,,s is unveiled. We now lay out an 

econometric speci fication based 0;, .. 1• D. Hamilton 's moclel of structural cl1angc10
, which allows 

us to estímate the timing ancl magnitude of any discrete jumps our real exchange rate series may 

exhibit. 

29 Notice that an unexpectecl increase in G in periocl t+k (or the realiza tion that G was in fact much greater than 
previously believecl, perlrnps brought about by a bankruptcy) wi ll have the exact same effect as an unexpectcd 
decli ne in the ílow of bu Il ion. 
-'
0 1-!nrnilton ( 199S), Ch. 22 . 
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We define a regime as the agents' perceptio n of lhe present value of future bullion remittanccs. 

This is an unobserved variable , the valuc of w hich we would like to infe r from our observation of 

the real exchange rate. For <:implici ty, we w ill treat the regime as a discrete-valued variable, 

f ocusing only in large changes in agents' perceptions. The relationship bctween thc regime and 

the real exchange rate s tems from our theoretical framework. 

Considcr the following h'" a rde r autoregress ive specification 

The mean and s tandard deviation of the autoregressive process in each period t depend on the 

value of s,, an unobserved , di screte-valued vari able whicb indexes the unclerly ing regime. We 

as sume that the roots of the polynomial 1- zq,1 - z21>2 - •• • - z" <P,, li e outside the unit c irc le , lhus 

requiring the series under analysis lo be covariance stalionary once the changes in reg ime are 

accounted far. We forthe r assumc thal s, takes valucs in lhe set {l, 2, ... , s} according to a firs t 

arder Markov process with the assoc iated matrix o f trans ition probabilities 

( 17) 

Psi Ps2 /Jss 

where Pu is defined élS the probab ility that s, = j given lhat s,_1 = i, and the sum of each column 

is equal t.o l. 

Defin e 1./', = (y
1
,y

1
_

1
, . •• ,y

1
_,,,) as a vector contai ning every observation of Lhe real exchange rate 

tbrou g h date t. If s, = j , the condili o nal density o f y, is given by 171_¡ = f(Y,I s, = j, 1.J1,; a), 

where a= (µ1 , ... ,~Ls,ai,··· ,o.,.</J;,·· ·,<P1i) is the vector of pzuumcters characlerizing the conditio nal 

density. We face Lhe problem o í estirnating a and making inferences o n lhe va lue of s, in each 

pe riod. 

Let 8 be a vector collecting the population parameters ex and the transition probabilities /J;¡, ami 

assume for the momcnt that 8 is known. Let P{s, = .il 1/11 ; e} be the conditional probability that 

s,= J based on data obtained through period t and the knowledge of 8, and collect the 

14 
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probabilities lhat s
1 

equal s each possible slale j ii1 the S x I vecto r s,1,, which thus represents the 

inference about the regime in period t using ali the information available up to lhat pe riod . 

Given observations through dale r, it is poss ible to make a forecast about the probability of 

observing each regime at date r+ l. Col lect these forecasts in si+q,, a S x 1 vector _whcrc the /" 

element equals P{s,+
1 

= .il 1/)1 ; e}. 

The non-1 inear filler de ri ved by Ham i !ton (1989) obtains the opti mal inferences and forecasls 

about s, 1.Jy iterating on the following lwc, equalions 
• 

(l 8) 

~ ~ 

s,+
11

, = Ps,1, ( 19) 

where ® denotes e lement-by-element rnultiplication. The algorithrn can be started by sctting Sqo 

equal to any vector of nonnegative constanls adding up to unity, orto the vector oí unconclitional 

probabilities for each s tate. The firs t equation yields the probabil ity thal s
1 

equals each state j at 

each time r; these are called the filter probabilities. Hamilton ( J 995) goes on to show that the 

algorithm also yields the value of the log-likelihoocl function evaluatecl at e in the form of 

T T 

e( e)=¿ log .f(Y1I V',-1; e)= ¿ Jog 1'( €1¡1-1 ® 111) (20) 
1-1 1-1 

Using nurnerica l me thocls on equations (20), ( 18) and ( 19) it is possible to obtain the maximum 

likelihoocl estimates of e ancl their associated filter probabilities. 

A further improvemenl on the inference about s, o!Jtained through the filter probabilities can be 

achieved by calculating lhe so-called smo0thed probabilities, which incorporate ali the available 

data rather than only the observations up to period t . The smoothed probabilities can be 

calculated using Kim ' s a lgorithm31
: 

(2 1) 

31 Kim ( 1993) 
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where (+) denotes e lcmenl-by-elemenl divis ion. The algoritl,m is slarted by us ing €r¡r from the 

1-Jamilton filter and the s moolhed probabilities are obta ined by iterating backwards for 

r = T- 1, T - 2, ... , l. 

Tbe above specification requires thal bolh lhe number of states and lhe number of auloregress ivc 

lags be determined prior lo estimation. G iven lhe number oí slales, the number of lags can be 

delermined by using a number of information c riteria and verifyi ng the absence of seria l 

correlation in the resicluals. Selecting !he appropriale num ber of states is a more complex issue, 

since some of !he parameters in !he alternative hypothesis wi ll not be iclenlified under the null, 

and therefore the standard Wald , Li kelihood ratio and Lagrange mulliplier tests do not have a 

standard asym ptolic distribution. Garc ía and Perron ( 1996) illustrate the implementation of a 

number of tests thal have bcen suggested for use in these cases, but their s ize and power remain 

moslly unknow n. Gi ven thc particular res lric tions lhal we wil l later impose on lhe transition 

probabililies, the .T-test far non-nesled hypothesis proposed by Davidson ancl McKinnon ( 198 1) 

will be the besl sui teel for model selection in our context. 

One polenlial problem with the above specificalion is that, in the presence o f a highly volali lc 

series, a strong nega tive autoregressive behavior can be mistaken for a conslant alternation 

be tween high anel low states. S.ince we want to focu s on lo ng-term trends, we woulel li ke to 

impose a restriction lhat would favor pe rsistent statcs over short-term fluctualions. One way to 

achieve th is would be to apply a low-frequency filter to the elata; this approach, however, has the 

disadvantage o f precluding the estimation of short-terrn propertics of the series, such as Lhe true 

volalility o í eacb slate . A n alternative for rnodels with tbree states or more is to imposc a 

"cycling" restriction , wbich keeps the elata in its original form but rcquires lhat after a transition 

from one stale to another, the model has to pass through at least a third state before rcturning to 

the original one·12_ Thi s imposes a high cost in ter ms of likelihooel for conslant switching and 

tenels to swing the estimates to pers istent states, while still allowing us to characterize the short

term behavior of the series . 

-'
2 For example, in a case w ith thrce s tates this can be achieved by selting p12 = p21 = p 11 =O . 
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IV. Constructing price indexes and real exchange rates 

As outlined in lhe previous seclions, our inqu iry on whether Spain' s economic performance is 

consistenl w ith a process of dei,;duslrialization wil l revolve arou nd the evaluation o f regime 

c hanges in real exchange rate series. This is lhe most robust implication of the class of models 

that deal with lhe macroeconomic effects of resource booms in open econornics3
\ and is very 

convenie nt for dealing with developments in a pre-stati s tical era , for which price data are 

reasonably ava il able while elata on other macroeconom ic variables are extremely hard, if not 

impossib le, to unear!h. Once alte rn ali ve explanations are ruled out, a s ignifi cant decrease in the 

price ratio o f lraded to 11011-Lraded goocls, Lan tamount to a real exchange rate appreciation, wou ld 

be a stro ng incl icati on of the presence of Dutc h Disease. Moreove r, a reversa! o f this lrend 

coinciding w ith lhe in itial indications of !he exhaustio n of ~i lver or the Crown 's bank.ruptc ies 

wo uld be cons is tenl wil h the conjecture that Spain misjudged the magnilude of lhe resources 

available lo her. T he firs l s tep in our empi rica l analysis will the refore be to construcl price 

indexes for tradcd and 110 11-tradcd goods for the regions in which we wish to conduct our tes t. 

Price data: Hamilton 's fegacy 

The price data for our tests comes from Earl J. H amilto n's American Treasure and the Price 

Revolution in Spain: 1501- 1650 lHamilton (1934)). In an e ffo rt lha l spanned over s ix years, 

Prof. Hamilton a nd bis wife collected hundreds vf thousands of observations from Spanish 

archi ves and c reated price seri es for 158 different goods across the four regions of Anclalusia , 

New Castile, Old Castile-Leon ,ind Y~lenc ia, a geographical classification that we wi ll mai ntain 

throughout our analysis. Each observation is thc resuit uf no less than three and up to lwelve 

price quotations fo r each year, adjus tecl fo r seasonality and cross-checked with alternative 

sources fo r possible a lle rations due to fraud or embezzle me nt34
• These quotations were taken 

from a vas t a rray o f sources, main ly account books from hospitals and mo nasteríes , with 

-'·' See, íor example, Edwarcls (1984), Farelmanesh (199 1), Musonda anel Luvanda (1991). For an exceplion, oblaincd 
by imposing learning curves in bolh lhe booming and lhe lagging sectors of lhe economy, see Torvik (200 1 ). 
·"' Sce 1-lamilton ( 1934). pp. 139- 151 anel appendix T, p. 309, for an explanation of lhe sources and methods usecl in 
compiling the elata. /\lthough this elescription can be less than clcar in sorne aspects. H.amil ton's original worksheels, 
collecl ecl in T he Earl J. J-fomilton Col lection al lhe Rare Book, Manuscripl ancl Special Collections Library al Duke 
University, allow for arare glimpse into the mechanics of his work. W e surveyed in eletail the elata sheels and 
:rnnotalions corresponding lo American Treasure and the Price Revolution in Spain: 1501 - 1650, from wherc wc 
gaincd sorne insighl into the construclion of his series and obtained many of the sources which we laler useel lo 
construcl our consurnption baskels . 
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occasional observations lake n from the accounts of royal households or from victua ling of ships 

to fill in gaps. 

Comin g frorn such particular ins titulio ns, Lhe dala differs from the ty pica l househo lcl 

cons umplion basket in sorne significanl ways. Most notably, we don ' t bave any inclication o f rcnt 

payments, si nce hospital s and rnonasterics owned the premises in which they functioned
1

~ . 

Hamilton 's data are also scarce in Lexti les, Lhe onl y usable series being the prices of lincn in Olcl 

Castile-Leon. Metals are also notoriously scarce in the series. E ven wool, Castile's fl agshi p 

exporl, registers observations for onl y the lasl fifty years oí the periocl . 

A firs t sorting of the data cons is tecl in class ifying lhe 158 goods into traded and non-tradcd . 

Although nol every si ngle goocl coulcl be calegorized, those who were left out have no bearing in 

the indexes. Jncleecl, whe n a goocl is no t mentionecl in the vast literature on moclern age trade in 

Europe, this shoulcl be taken as e nough incli catio n that its relevance was, at best, very limited. 

Des pite ils shortcomings, Harnilton 's dataset remains Lhe standard source for Spanish price 

hi story. Occas ional amendments for particular goods have surfaced, but there is no other data 

source so cornprehe nsive, both in time and in scope. T o this day , Lhe lite rature o n the subjecl 

continues to use it as its rnain refcrence tool. 

The problem of weighrs: some new clara 

Hamilton did not concern hirnself wilh the problem o f weighting, and bi s indexes are a simple 

arithmetic mean of ali the availai.,ie price::;36
. Subsequent rese.qrch has since tried to fill this gap. 

Brow n and Hopkins ( 1959 J 1nw:ic!i:: ::i first set of consurnption weights for Va lencia, which was 

then adopted by Martín Aceña (1992) Lo calculate bis price index for Castile. More recently , 

Llopis et al. (2000), taking adva ntage of some consumplion studies from farnilies ancl 

monasteries to correct sorne biases in tbe original Brown and Hopkins series, have proposed a 

new set o f weights including 3 1 goods. All these works, howcver, use very rougb eslimates of 

the consumption baskets, based mainl y on qualilalive appreciations. The use o [ spurious weights, 

particularl y those with no sol id quant.itative base, can cast serious doubt over the valiclity o [ any 

price index. To correct this sho1tfall in the literalure , we set out lo construct new estimates, using 

3~ T he interestecl reader can find sorne isolated observations of rent payments from peasant fa111ilies lo monasterics, 
the lnrgest landowncrs of the time, in 8rumonl ( 1984), pp. 32-35. These observations, however, are quotecl in kincl, 
in terms of d ifferenl g(lods and covcr on ly thc period from 1550 to 1580, making it virtually impossible l o ohtain a 

reliable series from thern . 
.16 H ami lton ( 1934), p. 149 . 
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as a starting point thc same rnonasteries, royal households and hospi tals frorn which Hamilton 

extracted his price series . 

After revi e wing severa! account books from institutio ns in Old Castile, New Castile and 

A ndalus ia, we selected those which s urvived in more complete form. While Harnilton could 

afford to use fragme nts lo calculate a price averagl~ in an y given year and control for seasonal 

variations us ing the re rn ain ing data from olher years, a consumption basket that le ft out any 

significant length of lime w ithin ayear would be subject to s trong seasonal biases. We lherefore 

compute baskets from lhose sources for which we ha·1c: :_'lt leas t one unintenupted year, and 

possibly lwo conseculive ye,1rs to c!1cck for consistency. After selecting !he source, ali 

transactions in a g iven year were e nle red in a daLabase w ith fie lcls for the date , the name of the 

goocl purchased, the quanlity and the to tal amount paid. Goocls were thcn classified bctween 

traded ancl 11011- traded and separated into broad expend iture categories. W hi lc the quanlily 

purchased was not always containecl in thc recorcls, only the total expe nditure on each good, ancl 

not the unit price, is necessary lo compute the relative weights37
. 

Our results are not exempl from bias. Royal householcls represent the extreme upper tail o f the 

income distribution, while hospital s and monas teries w ill exhibi t consumplion patterns thal 

reflect their specific inslilutional goals. The besl approach to ide ntify Lhe nature of the biases for 

each kincl of inslitulion would be to compare the baskets genera tecl by as man y diffcrcnt sources 

as possible in the sarne general peri od and note the clifferences in tbe leacling goods. Whilc wc 

still don ' t have e nough dala Lo conduct an anal ysis of Lhi s kind , we c an nonethe less s po l 

abnormal weights in each basket ancl identify thcir potenüal effect on our results by performing 

scnsitivity analys is38
. 

Table I reports Lhe consumplio n baske ts obtained from lhe household of Queen Joanna in 

Tordes illas (Olcl Castile) in 154639
, those presented in Llopis (2000) fo r rich ancl poor 

.17 This mean! thal sources thal were nol useful le> Tlamil lon for cons truc ting price series because on ly a few yc,1 rs 
exisled cclll ld be ve ry useful to us if the rccords were olhe rwise complete; lhis was particularly true for royal 
households. Also, il is likely that in the fulure we wil l be able lo use sources d isca rded by 1-larn il ton, si nce we don' ! 

need a u nit price to be present for a record lo be considered. On the other hand, we wcre not able to includc books 

for wh ich only a few monlhs have survived dueto the ri sk of seasonal bias. 

-'
8 For example, lhe basket com~1uted frorn the accounl books of :!-._, liouse of lhe Hospital de las Cinco Llagas in 

Seville in 1587 shows lhat 8.55'"'/c, of :h¡o; hnog,sr was spenl in b read and cereals, a susp icious ly low fi gure givcn lhal 
resulls frorn al i other sources, including other years from !he same hospita l, rangc belwcen 25% and 35% . 
. w Archivo de Si mancas. Casas y Si tios Reales 12 (29) , Si mancas (Vallaclo lid) . 

19 



-----
! : 
1• 
i. 
'! • 
ie 
-'. • ,. 
:• :. 
• •• ·:• • !. 
•• f. •• • ,. ¡ 
•• • ·• ·• • • • • :1 
• • • :/ : 1 
• •• 

'. e 

• • • • • • •• 

households4
l\ and the weights from Lhe H ospi tal de !as C inco Llagas in Sev ille in 162341

. For the 

two bas kets that we co rnputed fro rn primary sources, we also report Lhe percentage of each 

calegory composed of tradecl goods. Less comple te or re] iable sources were u sed to check the 

cons is te ncy of lhe compuled wcighls. T hese inclucle books that reporl only expenditures o n 

cerlain categories, such as the kitchen accounls of Hospital de Esgueva for 1659 (Old Casti le)
42

: 

books thal report on ly a summary of expenses aggregaled in broad catego ries, such as thc 

Convento ele San Pablo in Toledo (New Castile)43; ancl sources lhat seemecl suspic ious because 

of extreme ly abnormal wt>.ights in sorne o í the leading g,K•ds, s uch as the books o f H ospital de 

las Cinco Llagas in l 58744. ln a fci~c!!'':' vsrsion of this work, we hope to include the resu lts from 

lhe Ho use of Prince Philip, a l leasl four mo nasteries throughoul Castile and more years from 

Hospi tal ele las Cinco Llagas. 

ffnsert Table l here] 

Although lwo sets wc compilecl so far cl iffe r between themselves in sorne signi fican t ways, it 

mus! be kepl in mind that they represenl two very cl iffe rent institutions, onc o í w hich was 
\ 

minis tering to the poo r in thc center o í co lonial tradc in lhe seventeenth century, while thc other 

was providing far a confinecl queen in Lhe miclcl le of the Castilian plain e ighty years before. The 

series from the househo lcl o í Queen .Toanna is comparable to lhe Llopis baske t for ric h 

householcls, s ince they come from roughl y the same period, regio n ancl social strata. When 

rel evant calegorics are considered togclhe r (such as rneat ancl live animals , or cereal and bread) 

the weighls are roughly in lhe same rangc, excepl for w ine (which Llopis estirnates at a high 15% 

of cons umptio n) ancl textiles (whi ch are somewhal íow in our estimates, but perhaps loo high in 

Llopis ') . However, our basket exhib ils a much more variegatcd array of goocls, enabling us lo 

include more price series into the analysis45
. While many of these commoclities represent small 

40 The Llo pis baskets. whic h subsume ali the previous research in the area, are reproduced hcre fo r comparison 

purposes. It should be noted that both of them add ;,_, s lightl y more than 100% . 
41 Archivo ele la Diputación Provincial, Hospitales 114, Sevilla (Sevilla). 
42 Arc hivo Histórico M unicipal, Hospital 120 (3 13), Vallaclolicl (Valladolid) 
43 Archivo Histórico Nacional, Clero Sect1lar Regula r Libros 16026, Madrid. 
44 Archivo ele la Dipu tac ió n Prov incial , Hospitales 109, Sevilla (Sev il1~,, 

•~ lt must be kept in mine! that, wi1(le Table I reports expenditure calegories, o ur actual cons umption baskets consist 

o f indi vidual goocls. The bas ke t c0111puiel; f~;;m Queen Joann:,'s accou nts is basecl o n 3583 separate cntries for 215 
different goods. a lthough many o f them appear only once and carry very small weigh ts. Llopis' baskcls. in contrnst, 

contain 31 goods for the rich households and 24 for the poor o nes . 
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cxpenditures, sorne of lhem can gain re levance when estimating separate indexes for lraded and 

11011-traded goocls . 

The nurs and bolrs of consrrucring rhe price indexes 

Although we have gatherecl the pri cc series, sorte e! them into tradecl and 110 11-traclecl goods ancl 

obtained cons umption baskets, there are ~till some problems to be dealt wilh befare a usable real 

exchange rale series can be obtriined. 

The firs t problem is des ignin g a procedure to lrnns late the weight baskets yieldecl by our primary 

sources into the final basket usecl to construct the price indexes, since the availabi lity of price 

series varíes s ignificrintly across rc.gions. T o lessen the effects of asymmetric representation oí 

different catego ri es of goocls in our indexes, we used a calegory-based reweighting proceclurc . 

After gathering a li the suilable46 seri es for a region , we cletermine cl the pcrcentage of each of the 

categories in Table I represente cl by the m'17
. We then assigned to each goocl a weight equal to its 

raw weight in lhe primary sources diviclecl by the percentage of its calegory coverecl by thc 

ava il able price data, thus inc rcas ing !.he fin a l weight of goods in categories wit b poor 

representation . This reweighting procedure rests on the assumplion lhat thc prices o f goods in the 

same category te ncl to fluc tmit e togethe r; Harnillon ( 1934) provides sorne eviclence in thi s 

respect. 

A related proble m is poscd by lhe choice o[ a weighting basket over s uch a long pcriod. 

Inevitab ly, the compos ition of consumption and trade musl have changcd overa cenlury and a 

half that saw Spain ris ing írom a loose collcc tion of kingdoms lo the world's dorninant powe r 

and then falling back to a minor role in Lhe geopolitical sccne. The use of a single basket for the 

whole periocl is bound to do wrong lo lhe variations thal surely took place. W hile al this point we 

can only rely on the baskel from Queen Joanna 's householcl ,48 we are confidcnt that an expancled 

vers ion o f our da tasel currenll y being compiled wil l allow us to al]e vialc Lhis proble rn by us ing 

data from severa I el ifferent pe riocls. 

,u, We cons iclered a price series s uitable if it regis le red observntions foral lcast 50% of the years in the period . 
47 T he categories wc usecl in reweighting d ifícr s lightly forn, thc o ncs presented in Table 1, because in sorne cases 
products in different categories could actually represent the same unclerlying good, s uch as bread ancl wheat. In foct , 
so rne institutions bought the cereal and baked the ir own bread, while others e lected to purchase the final product. To 
keep a cert ain consistency across ins titutions. we me rgecl thc two re levant categories to perforrn the reweighting . 
fnci clentally, th is is a lso the reason why brc,1d is classifiecl in Td,le I as a tradecl good . 
4~The basket from !he Hospital de las C inco Llagas, corning frorn seventeenth cenlury J\ndalus ia , would be a lcss 
than appropriate match both for Olcl and New Castile anJ for the seconcl half of the s ixteenth century, the pe riod wc 
w ish lo focus 0 11 . 
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The nexl obslacle is delermining the impacl of missing pricc observations, quite pervasive in 

some periods and regions. W hil e severa! econometric techniques are avai lable to impute the 

missing observations, we feel that it is important to first assess the magnitucle of tbe miss ing data 

proble m and ils pote nlial implicati o ns. Manski (1995) shows how to obtain lower and upper 

bounds for the true val ue o f a variable by replacing the missing observations alle rnali vely w ilh 

the ir m ínimum and maxim um logically possible values, lhus im pos ing no assurnptions at a li 0 11 

the behavior of Lh e uno bservecl elata. S ince we are cleal ing with prices , the mínimum ancl 

maximum logically poss ible values are zero and infinily respec tively; using Lhem woulcl yielcl 

meaningless estimates and , indeed, an upper bound equa l to infinity. We shall Lherefore rep lacc 

them w ith sorne reasonable extreme values . Por the purpose of this exercise, we ca lculatc the 

lower bound by filling any gap with eilher the last observation befare il or the firs t in,mediately 

after il, whichever is lower. S imilarly, we calcu]a le the upper bound by using lhe o ther value . 

This proceclure assurnes that any m iss ing price would have been between the two closes l 

observable prices; althougb thi s assum ption is bound Lo be wrong in so rne ins lances , thc 

persisten! price inflation and the resu lting upward trend in prices mean lhat in most cases we 

won' t be far off Lhe mark. Sinc:e the bouncls are quite tighl in tbe vast m ajorily oí years , a 

moderate relaxalion o f thí~ assumplio n is not likely lo k~·;e a major effect. 

A third issue arises w ilh the choice of the base period. To reduce biases , Hamillon ( 1934) s pl i l 

the series inlo thrce 50-year sub-periods, and calculated index numbers for each of the m using 

averages of the rni dd le decades as base periods to minimize the poss ibility of picking an 

abnorm al year. The successive literature has consis tently followed this practice, a lthough it has 

te nded to rejoin thc three sub-periocls into one 150-year long series . This procedure has the 

potential o f incurring in cons iderab le biases; however, since we are interested in ratíos of index 

numbers and nol in the indexes the mselves, our f inal rcsults would be exempt from any such 

bias. In fac t, both the numerator and the denominator of our ratios would be subject to the same 

dislorlion, thus canceling each other out. A lso, severa! test runs have shown th al ou r resulls are 

not sensitive to Lhe cho ice o f thc base pcriod. We therefore adopted the decade oí 160 1-1610 as a 

base, g iven ils re léllively central pos ilion in lbe series ancl ~he vcry few missing data instances 

occurring in it. 

A1 fin al cons iderntion needs to !Je made regarding the weights for Lraded products. Although our 

sources will y ield consumplio n baskets, lhe appropriate magnitudes for Lraded goods nccd to be 
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augrne nled by exports to accurately reflect tbe compos ition of lhe basket rele vant lo the real 

exchange rate ca lculati o ns . G iven the tola ! lack of ite mized tracle s ta ti s tics, we can only 

experime11! w ith differcnt plausible mag nitudes fo,· 1:1e rnain exports, na rne ly wool, wine and oil , 

and note the resulting variatio ns in the indexes, which forlunately are never large enough to a lte r 

our mai n results. 

V. The evolution of the rer,i ~xch~nge rate 

Arme cl with price indexes íor lracled and non-traded goods for e ach of lhe íour Spanis h regions 

surveyed by Hamillon ( 1934), wc sel out lo construct real exchange rnte series and evalua te thc 

ex te nt to w hich they are cons istent w ith the presence o f Dutch Disease. We express our resulls as 

an i11dcx of the relati ve price of lracled goods in le rms of non-tracled goocls; a fall in the index 

indicates a real exchange rate apprecialion , lhe mo vement predicted by the Dutch Disease moclcl. 

As our indiv idual price indexes take the form of a lower ancl an upper bound , so wi ll the relat ive 

price indexes. The lower bouncl on the rclati ve price index íor each region is construcled divicling 

the lower bouncl o n the appropriale lradecl goocls index by the upper bound o n the corresponcling 

no n-traded goocls inclex. Conversely , the upper bound is conslruc ted dividing the upper bouncl on 

the tradecl goocls index by the lower bound on the non-traded goocls inclex . 

Geographical subdivisions 

As stated briefl y in secti o n IV, "{-Iamilto n adopted a geographical criterion in bi s subdiv is io n. 

Therefore Old Caslile and Leon, which occupy the nor thern pJ a ins of the península , are 

cons idered a s ingle region , w hile New Castile, separatecl from the former two kingclo ms by the 

Sienas of Guadarrama, Galdós ancl Cata, is treated as a separate uni l. Olcl Castilc thri vecl on the 

.fairs of Medina del Campo, ancl ils wool exporl market al Burgos concenlratecl the product ion of 

most of Spain . Vall ado llid ancl Palenc ia were a lso irnporlant economic centers. New Castile, with 

its central pos ition , was a s trateg ic spol for Lhe central administration of tbe colleclion o f 

kingdoms tbat formecl Spain. A lready cluring the Reconquista, in the year 1087, thc royal capital 

was trans íerred frorn Burgos Lo the New Castilian town of Toledo, and Philip JI would establish 

it at its definitive s ite in MétJj id~'""! 1 ')(í 1. Andalusia, south of New Cas tile and separated frorn it 

by lhe S ierra Morena , organized ils econornic lii'e along lhe river Guadalqu ivir, on which Cádiz , 

S evjlle and Córdoba, e njoyed the benefits of the M edite rrane an climate and of tbe American 

trade. Finally, the region of Levant, east of A ndalus ia and New Castilc and separatccl from the m 
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by Lhe S iena Nevada, íe;ilured Va lenc ia as ils main c ity. Omilted from this c lass ificatio n are 

Galicia, the Basq ue Country, Navarre, Aragon, Cata lonia , M urc ia and Extremadura. 

Nonelhe less, the four included regions cover ·over 60% of Lhe Spanish lerritory and as muchas 

Lhree f ou rlh s o f its population and econom ic life. 

Real exchan.ge rote series 

Figure 2 shows a 4-year moving average of o ur estimates of the upper and lower bounds íor the 

real exchange rate in each o íl.he four regions . The solicl black line represents the mean val ue of 

the bounds. The firsl slriking feature is the high volatility, w ith lhe maximum observed valucs 

for the real exchange rate being twice as high as the minimum ones in sorne cases . Sorne o f1' the 

troughs coinc ide exactl y w ith large clemographic changes, such as the recurring plag ues in tbc 

o pe nin g years of the seventeenlh century; s ince a fall in population would have the e ffccl of 

decreasing available labo r, thereby increas ing Lhe price oí non-traded goods, this observation is 

e ntire ly consislent w ith our mode l. 01.her extre me values are more difficu lt to ex pla in ; w hil e lhe 

volatility is undoubtedl y linkecl to the hi gh weighl of food staples in the indexes , sorne of them, 

sucl1 as wheal, fall inlo thc traded categury, while others, e rninently fresh rneats, are non-tradcd . 

Bacl harvests , a breakclown in tracle, a catlle epidemic ancl ma ny other faclors could result in 

s ignifi cant movements in the series. Final ly, whilc the sixteenth century was large ly free of fial 

money clriven inflati o n, sevenleent.b century mo;iarchs normally resorted to minting copper 

money, changi ng th e units of account and clebasing the currency in eve.r more clesperate attempls 

Lo cover fiscal defici ts ancl servicc the ir overwhelmi ng clebt49
. These large monelary clis lurbanccs 

may have had di verse effects on differcnl categorics of goods, tbcreby causing large swings in 

the real exchange rate . 

llnsert Figure 2 here] 

The thin lines in each pic turc rcpresent the upper and lower bounds for the real exchange rate, 

whi le tbe sol id black line is just thei r mean value. Jt is immediately apparent that lhe Anclalusian 

data are Loo weak to be usefu\ ; thcre are almost no prn:c, observations bc fore I SSO, and in the 

second halí o f the s ixteenth ccntury míssi 11g data instanccs are so pervasive that the bounds are 

apart beyond an y to lerable measure. Not w ilhout regre t, we need to aba ndo n lhe s tudy of thi s 

JQ See MacKay ( 1981 ). For a comprehensi vc account of monelary units and changes in their gold content in lhc: 
sixteen th and sevenleenth cenlury, H amillon ( 1934) provides a good slar ting point: however, lhe successivc 

correclions by Molomura ( 1994, 1997) mus! be kept in mind . 
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region, which held a crucia l position in the colonial lrading system, until more consislent price 

series are compiled. 

We conducted severa! test runs of the Markov swi tching model50 on the ful! 150 observations for 

the three remaining regions, experimenting with differenl combinations in the number of states 

and lags. ln each case, we failed to obtain consistent resu lts. Specifications wilh low numbers or 

states tended lo lump together most of the observalions .in a single slate, reserving the remaining 

ones only for the highcsl peaks or lower lroughs. Specificalions with higher number of states 

tended to exhi bit high volatility, predicti ng changes in reg imes al almost cvery period. These 

resu lts are likely indicalions of misspecification, which comes harclly as a surprise; the Spanish 

economy underwent large fundamenta l lransformations ancl was subject lo major exogenous 

shocks throughout the period, many of which affectecl the real exchange rate. In particular, the 

plagues, fi scal cri scs, demogra phic change~ ,1 11 d moneta ry disturbances that became 

commonplace after 1600 meanl thal Spain was, in the seventeenlh cenlury, a fundamentally 

diffcrent nalion than Lhe onc that was rulecl by Charles l and Philip ll51
• Another likely source of 

trouble is the low quality \-if the data in the first guarí.e, o í the six teenlh century, a periocl for 

which onl y a small amount of sources survives, and those that do are far lcss systematic ancl 

reliable than comparable ones later on. ln order to alleviate the misspecificalion problems, we 

concentrate on the years 153 1- 1600; since the largest sil ver mines were discoverecl in lhe mid

J 540s and the fiscal crisis does nol become severe until the 1580s (which will also see the first 

large-scale military disasters), our time frame al lows between one Lo two decades to each side or 
the period where we expect to identif y a Dutch Disease phenomenon . 

When estimaling the switcbing regression model 0 11 the 153 1-1600 subsample, the informalion 

criteria52 and the .1 -tcsts select models with three slates and no auloregressive lags for New 

Castile, while three states and two auloregressive lags were selected for Old Castile. Jn the case 

oí Valencia, the tests poinl lo a one-lag spec ification under two states and two-lag specification 

under three slates. However, the smoothed probabil ities in lhe two-state models mimic lhe shorl

tenn fluctu ations in the series, assigning one state to each single trough observalion and the other 

.1<> /\11 lhe eslirnaliuns uf the Markov switching moclel were conducting usi ng profcssor .James D. Harni l ton·s 
software, available frorn hllp://weber.ucsd.edu/-jhami llo/software.htm 
si /\nother problem is our use of a si ngle weighting basket for the whole 150 year period, which is likely lo 
inlrocluce significa n! biases in the price indexes gi ven these IHrge slruclural changes . 
s2 We used lhe /\kaike lnformlltion Cri terion and lhe Bayesian Informalion Criler ion, which yic lded concurring 
results . 
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s t;:ile to every thing else. T hi s makes us lean towarcls thc three-st;:ite spec ifica tio n, w h ich is 

reslricled to idenlify pers isten! states and resulls in much more plausible eslimates. We report lhe 

cslimales for three. selec:ted rnoclels in Table 2. 

[fnsert Table 2 he re] 

Figures 3 to S show our resu lts f o r each o f the three rcgions. ln the lop pane l of cach fig ure wc 

reproduce lhe real exchangc rale series wílhoul nny filtering or smoolb ing. In thc bo llom panel. 

we reporl lhe smoothecl probabilities for the process be ing in each o f the lhree slates al each 

po int in t ime. The solicl li ne re presenls the probab il ily of the ser ies bei ng in the s tate with the 

lowesl mean (" low slate") and the do tted line re presents the probabil ity of it being in the slate 

with the second lowest mean (" medium s late"). Thc probability of being in the slate with the 

h ighesl mean ("high slate") is just o ne minus the ctl,_er lwo probabi lities. The time sca les o n both 

pane ls are set lo co inc ide w ith each o ther , thus a llowing the reacle r to re late lhe estimated 

uncle rl yi ng state to the va lue of Lhe. re al exchange rate at each point in Lime . 

l n fi gure 3, which prcsents ti-!e results fo r New Castile, iL is immecl iately npparent lhat the high 

slate was needed only to accommodate for the peak of 1S49, while a li Lhe other years corresponcl 

the med ium and the low s tates. T he low s tate is in effecl between l S50 and J S80; from the 

estimates in Table 2, it is poss ib le to compute that the real exchange rate during th at pe riocl is 0 11 

average 11 % lower than in the medium stale years . Thc volatility of lhe real exchange rate in thc 

low state is less th an o ne half o f lhat in the medium slate. T hese resu lts are s l rong ly cons istent 

wi th the presence of Dulch Disease between I S50 and I S80; w hile the real exchange rates on 

occas ion sinks to low va lues o utside this period , the apprec iation is nowhere so pers is tent as 

during these th ree decacles . 

llnscrt Fig ure 3 hereJ 

The results for O lcl Castile follow a somewhat s imilar patlern. A high mean, high vo latility slale 

is present in the years 1539- 1 S46, whi le thc rest of lhe period is split betwcen lhe low and 

medium state in a fash ion simila r to lhc one of New Caslilc. However, thc diffe rence be twee n the 

low and the mecli um slates is 0 11 ly 4.8%, and !he 11Ld l hypolhesis that the cliffe rence is diffe re nt 

from zero cannot be rejectecl a l a 95% confidence level. 

llnserl Figure 4 here] 
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Vale ncia, thc final region, ex hibi ts a diffe re nl behavior. There are no outlyi ng observations, and 

therefore no need Lo use ;i state to account for thern. H o,~:ever, the real exchange rate hovers 

aroun d differe nt valucs before ai~~ ÚLer lhe apprer:iatio n episode. T hus, the series s tarls in a 

rncdium sta te, fa lis into a low s tatc around 1554, and switches lo a high state in 1577. In the low 

slate, the real exchangc rate is on average 14.2% lower than in lhe medium slate, and 25% lower 

than in the hig h sta te. The vo lati li ty cloes not change fro m slatc to state. These results are aga in 

consistent wilh a pcriocl o f Dutch Disease between 1554 and 1577. This ep isode of real exchangc 

rate appreciation , whi lc a fcw years sho rte r on e c1ch e nd , is consis te nt with the ones estimated for 

New and O lcl Casti le . 

[J nsert Fig ure 5 here] 

VI. Conclusions 

Soon after discoveri ng lhe large mines of Polosí and Zacatecas, Spain ernl-rn rked in a lhorough 

expansioni s t program , as rerleclecl in the e.ver incrensing s ize of the Spanish government undcr 

Charles J and Philip Jf ancl its pervasivene'>S through ali aspects of economic life5
.i . The already 

inclebtecl crown resorlecl to creati ve fi nance to transform l.be expected revenues frorn the lndies 

into powerful armies and fleets w ilh which to project its power o ver the known worlcl and be the 

firs t to reach the yet unknown. Fueled by American treasure, this dri ve dwarf'ed any othe r rac tors 

that mig ht expla in our obscrvatio ns in lhe rnovemenls of the real exchange rate during the time 

pe ri od unde r cxamination. La rgc demographic cbanges or moneta ry disturbances, the m Rin 

contender whe n it comes to pe rs istenl changes in tbe real exchange rnte, carne too lc1 te as to 

possibly ha ve c1ny ÍITlpact. W he n it was clear thc1t lhe magnitude of the flo ws of American 

rninera ls hacl been rniscalcu latecl, S pain wc1s repec1tcdly forced to dec lare bankruptcy , and fou nd 

he rself with an economic s tructure ill s uitecl for its new rr::~il: ly. W hile we bave not established a 

causal relationship belween the 1!~1 p1• t1.S o f bullion and the movements in relc11ive prices, wc 

believe that the synchronizatio n between them hclps to build c1 compelling c c1se supporting our 

hy pothesis . 
• 1 

The heterogene ily o f the price dc1tc1 across the d ifferent regions prevente.d L,,s fmm constructing 

s tandardi zed indexes, as the cho ice of goods included in ec1ch case was neces5ari-Iy di c tated by 
: L 1 \ , ' 1• t '" ~ 1 ; 

the availc1bility o f the relevc111t series . The baskets we usecl, while based on the same, fu ndamental 

. . ' ' \ - ... ... ,: 
53 Ulloa ( 1977), lhe class ic account 011 the fi nances or Philip TI , is nn excellcnt sourc:e ·0.n :be i rnpact or laxes and 
publ ic clebt on the economy of the kingdom. < 
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weights, vary substantially across regions, reflecting the surviv ing price series in each case . 

Thcse differences are panicularly noticeable in thc case 0:' non-traded goods. This shortfall, 

bowcvcr, doubles as a sui gene:·1~ rt,iJl, _., t11ess test, lending further supporl to our results :-is the 

increase in the relati ve price o f non- traded goods is consisten! across regions clespite the 

vari at ions in thc baskcts . 

Scholars and conventional wisclom ali ke have long sel the death of Philip IJ in J 598 as thc 

beginning o f Spain 's long decline. Contem porary writers, however, were well aware that 

something in the inner work ings oí the empire had becn wrong since much earlier. Writing in 

1600, Gom:.álcz ele Cellorigo looked al what he saw as the main reason o f the already apparent 

downturn in the fate of the kingdom: "Our Spf\Ííl has set her eyes so strongly on the business of 

the lndies, from where she obta im; gold ancl sil ver , that she has forsaken the care of her own 

k ingdoms; ancl if she could incleed commancl all the gold ancl silver that her nationals keep 

discovering in thc new world, this would not render her as r ich and powerful as sbe would have 

otherwise been"54 
. 

54 Gonzálcz de Cellorigo ( 1991 ), p. 50. The trnnslation is our own . 
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Table 1 J 

Quee n Joanna (1546) Llopis poor Llopis rich Cinco Llagas ( 1623) 

Category 
Percentage of Percentage Percentage of Percentage of Percentage of Percentage 
Expenditure:r, Traded Expenditures Expenditures Expenditures Traded 

Meat 12.92% 0.00% 17.00% 19.00% 7 .90% 0 .00% 
Uve Animals 5.8 3°/o 0.00% 2.00% 3.50% 32.30% 0.00% 
Anima l Products 4.0C% 45.96% 4.00% 6.75% 1.35% 38.78%¡ 
Cereals 17.4:% 100.00% 45.90% 31.00% 25.39% 100.00% 
Bread 18.23% 100.00% 0.00% 
Fruit 4.09% 28.94% 1.00% 2.00% 1.45% 53 .80º/,J 
Vegetables and Legumes 2.22% 58.21% 0 .50% 0.50% 0.73% 87.83% 
Plants and Herbs 0.34% 0 .27~'º 
Vegetable Products 7.42% 35.21% 1.50% 3.00% 5. 16% 76.80% 
Medicines 0.64%: 100.00% 0.69% 20.20% 
Fish 4.51% 92.28% 2.50% 4.00% 4.99% 87 .80% 
W1ne and Vinegar 10.02% 100.00% 16.00% 15.00% 3.32% 100.00% 
Spices 1.00% 100.00% 0. 10% 0.50% 2.27% 100.00% 
Elaborated Foods 0.46% 10.61% 0.06% 9.04% 
Manufactures 5.47% 99 .27% 1.50% 4.75% 3.41% 90.77% 
Textiles 1.44% 100.00% 10.00% 16.00% 7.57% 100.00% 
Fuels and Minerals 2.65% 41.21% 2.52% 79.74% 
Miscellaneous 1.62% 8 .18% 0.02% 91.33% 
Construction 0.54% 80.99% 
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Table 2 

Rcgion New Castilc Olcl C:.istile 
States 3 3 

Lags o 2 

1.400 1.276 
P1 (0.25 1) (0.096) 

1.068 1.024 
~l2 (0.025) (0.034) 

0.950 0.974 
.U·_i (O.O 19) ~0.014) 

ª1 
0.063 0.037 

(0.064) (O.O 19) 

ªi 
0.020 0.005 

(0.005) (0.001) . -

,T 0.008 O.Qü.:¡ 
~., 

(0.002) (0.00 1) 

</J1 
0.51 3 

(0. 132) 

qi2 -0.259 
(0. 108) 

0.444 0.865 
/Ji 1 (0.51 2) (0.116) 

0.030 0.033 
P 2 1 (0.033) (0.043) 

0.047 O.o37 
/J32 (0.018) (0030) 

Log L 106.68 1 135.606 
N 70 70 
K . 9 11 

13 stal is tic 
0.85 0.97 

(0.468) (0.300) 
J2 0.017 0.173 

.13 0.069 0.950 

Models are estimated wilh the reslriction p12 = p23 = p 31 =O . 
Figu res in parenthesis fo r the parameter estimates are st:111d;1rd errors. 

Valencia 
3 
2 

0.939 
(0.026) 

1.075 
(0.024) 
0.806 

(0.029) 
0.008 

(0.009) 
0.009 

(0.003) 
0.009 

(0.003) 
0.389 

(0. 127) 
-0. 180 
(O. 128) 
0.979 

(0.026) 
0.023 

(0.035) 
O.ü20 

(0.020) 
123.728 

70 
11 

0.37 
(0.999) 

Figures in parenlhesis for ílartlett's statistic are p-values. Bartlett 's statistic is used to test the null 
hypothesis that a series is white noise. We use it 0 11 the model 's residua ls to check that 110 serial correlation 
rema111s . 

J2 is the p-value for the J-test for a two-state 111111 hypolhesis ver.~us a 3-state al tcrnalivc hypolhesis . .13 is 
the p-value for lhe converse test. Values are 11ot reportee! for the Valencian model hecause the eslimation 
for the 2-states model yiclds non-pers istent slates . 
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Figure 3 
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Figure 4 

Old Castile - Leon 
Real Exchange Rate - 1530-1600 
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Figure 5 

Valencia 
Real Exchange Rate - 1530-1600 
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