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Abstract 
This paper explores the overlooked story of prices and regional development. In doing so, we 

base our analysis on the Balassa-Samuelson effect (Balassa, 1964; Samuelson, 1964), which 

states that productivity differences, resulting mainly from traded goods and services, have an 

effect on non-traded sectors, pushing salaries and prices up, and hence the general price level. 

Thus, we first document the existence of a contemporaneous relationship between prices and 

income in relatively well-integrated markets, e.g. United States, Spain. Then, we evaluate the 

changing nature of the price-income relationship in Spain and estimate the long-run elasticity. 

Using these findings, we follow Costa et al (2015) approach and estimate historical price levels 

for 49 provinces. Then, the estimated prices are contrasted with historical price data for early 

twentieth-century Spain. Finally, we discuss the implications of our main findings regarding the 

evolution of regional income inequality along the process of national development.  
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"Economists understand by the term Market, not any particular market place in which things are bought and 

sold, but the whole of any region in which buyers and sellers are in such free intercourse with one another that the 

prices of the same goods tend to equality easily and quickly”  

 
Antoine-Augustin Cournot (Recherches sur les Principes Mathématiques de la Théorie des Richesses, Chap. IV) 

 

 

1. Introduction 

 

Regional income inequality is one of the central issues onto the agenda of policymakers. In 

Western Europe, regional development has been a major issue since the 1960s1. More 

recently, the Lisbon Treaty has plainly established that “the (European) Union shall aim at 

reducing disparities between the levels of development of the various regions and the backwardness of the 

least favoured regions”2. In fact, in order to promote an “overall harmonious development” member 

states are recommended to pursue economic policies and coordinate efforts. Moreover, the 

European Union (EU) commits additional support, e.g. European Regional Development 

Fund (ERDF), European Social Fund (ESF), Cohesion Fund3. It is expected that €352 

billion will be allocated between 2014-20, which is approximately a third of the total EU 

budget, and half of these funds shall be channelled to least favoured regions4. 

 

Notwithstanding past and current efforts to promote cohesion, regional disparities remain 

sizeable. According to recent estimates, the per-capita GDP (in Purchasing Power Standard 

or PPS) in Inner London-West, Luxembourg, Brussels, Hamburg, and Inner London-East 

doubled the EU-28 average in 20145. Besides, Inner London-West, the undisputed EU-28 

NUTS2 leading region appears to be 18 times richer than Severozapaden (Bulgaria). If we 

restrict ourselves just to the founding member states, namely EU-6, Luxembourg appears 

to be about 4.5 times richer than Calabria, in southern Italy. Within-country inequalities are 

noteworthy too, even in relatively well-integrated markets such as United Kingdom (UK), 

Germany, France, and Spain, where the max-min ratio is 7.8, 2.4, 2.3, and 2.0 respectively. 

                                                
1 In France, the Délégation à l’Aménagement du Territoire et à l’Action Régionale (DATAR), aimed at designing and promoting 
regional development, was created in 1963. In Spain, the I Plan de Desarrollo (1964-67), launched by the Comisaría del Plan de 
Desarrollo Económico, embraced several initiatives to promote regional development (González, 1979; de la Torre & García-
Zuñiga, 2009). 
2 Lisbon Treaty (Title XVIII, Art. 174). 
3  Whereas the European Regional Development Fund (ERDF) aims at reducing imbalances between regions; the 
European Social Fund (ESF) focuses on employment, education, and poverty; and the Cohesion Fund supports the “least 
forward” Member States, those with a Gross National Income (GNI) per inhabitant below 90% of the EU average. 
4 EUROSTAT Regional Yearbook (2016). 
5 EUROSTAT Regional Yearbook (2016). 
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Furthermore, regional imbalances have grown within EU-12 or EU-6 since 20036. That 

said, and given the enormous efforts exerted at both national and supranational levels, the 

study of regional inequality becomes paramount. 

 

Yet, regional data are scant 7 . Few national statistical offices reported subnational 

macroeconomic indicators (GDP, inflation) prior to 1980, which has limited quantitative 

analyses, especially as regards the study of the roots of regional imbalances. The United 

States (US) is possibly the major exception to this rule (Easterlin, 1960; Williamson, 1965)8. 

In a neoclassical framework, the a priori would be that regional disparities should be 

negligible if productive factors were perfectly mobile. Generally, early studies found that 

along the process of national development, regional disparities grew in the early stages but 

then “convergence becomes the rule” (Williamson, 1965:9). For example, convergence within the 

US came to a halt in the twentieth-century. Since then, regional inequality, if anything, has 

augmented again9. 

 

These seminal studies opened up a whole new avenue of research within economic history. 

Several works, using direct (bottom-up) or indirect (top-down) approaches, have recently 

estimated the regional distribution of GDP in a number of European countries (Rosés & 

Wolf, forthcoming). The novel estimates, combined with the existing official statistics, have 

permitted the construction of long-run time-series of regional GDP, employment, labour 

force, and population dating back in some cases to the mid nineteenth-century. Although 

each country has its own peculiarities, they all share a common concern, per-capita GDP is 

presented in current prices10. Thus, regional variation in prices is not taken into account. In 

the absence of prices, nominal estimates have been conventionally adjusted with a national 

deflator. Still, this approach can bias and exaggerate interregional comparisons, e.g. the per-

                                                
6 Regional inequality in GDP per capita (in PPS) is measured with a single-coefficient of variation from 2003 to 2014. On 
the whole, regional inequality increased from 0.387 to 0.436 within EU-15, and from 0.302 to 0.312 within EU-6.   
7 In Europe, regional estimates come usually from Eurostat or the European Regional Database (1980-2014).  
8 Easterlin (1960) combined its own personal-income estimates with those from the Department of Commerce to create a 
series from 1840 to 1950. Personal-income by State and region was presented in current dollars; hence no adjustment was 
made for regional differences in prices or purchasing power (Easterlin, 1960: 73).    
9 Per-capita personal income (in current dollars) inequality, measured as a single coefficient of variation, across 50 States 
and the district of Columbia reached a minimum in 1996 (Source: Bureau of Economic Analysis).     
10 There is an ongoing criticism on per-capita GDP as a measure of economic development. Understandably, per-capita 
GDP is just a proxy of average income. Nonetheless, novel approaches allow to better capture economic development, 
e.g. Human Development Index (HDI). Roemer & Trannoy (2016), for instance, propose to replace per-capita GDP with 
a measure of opportunities for income acquisition. 
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capita GDP max-min ratio between French départements in 1860 and 1930 was about 4.0 

and 3.5, while across Spanish provinces was 8.4 and 4.2 respectively11. 

 

Using national deflators is, even today, common practice. For instance, Eurostat publishes 

annual regional data in Purchasing Power Standard (PPS), which is constructed at country-

level12. This, again, assumes that price levels across regions are identical13. Therefore, each 

national statistical office collects prices, following instructions from the Eurostat-OECD 

PPPs programme, for a wide range of goods and services and computes a national PPP. 

Then, exchange rates and national PPPs are used to produce comparable per-capita GDP 

within the EU. In this regard, these data are used in the allocation of Structural Funds, 

since least favoured regions, those where per-capita GDP (in PPS) is below 75% of the 

EU-28 average, become the primary beneficiaries. That said, it is puzzling why regional 

prices are not published14. 

 

Although efforts have been made, regional price differences have been ignored (Heston, 

2016). The Bureau of Economic Analysis (BEA) is, to our knowledge, the only national 

office that regularly publishes regional prices15. In Italy, the national statistical office (Istat) 

is implementing a project to compute sub-national purchasing parities (Biggeri et al, 2016), 

while the UK, Australia, and New Zealand statistical offices have made sporadic attempts. 

It appears that statistical offices are “strangely reticent on differences in price levels within countries” 

(Deaton & Dupriez, 2011:1). Yet again, regional prices should be taken into account if we 

are to make interregional comparisons of macroeconomic aggregates. Anyways, only rapid 

economic growth in large developing countries, such as Brazil, China or India, has incited 

academic interest16. 

 

                                                
11 Historical estimates for France and Spain come from Combes et al (2011) and Rosés et al (2010).   
12 The European Union acknowledges the importance of having Purchasing Power Parities (PPPs) (Regulation (EC) No 
1445/2007). Moreover, Eurostat requires Spatial Adjustment Factors (SAFs) every 6 years to calculate PPPs with prices 
collected in various locations of each member state.  
13 Cadil & Mazouch (2011) already noted that the PPS is not accounting for spatial price variation within countries, and 
thereby might mislead regional development policies. 

14 It is even more puzzling in a time of price divergence. Price convergence, measured as a coefficient of variation of 
comparative price level index for final household consumption (in %), within EU-28 or EU-12 came to a halt in 2008 and 
2010 respectively (Eurostat prc_ppp_conv].   
15 The Bureau of Economic Analysis (BEA) has published Regional Price Parities (RPPs) for 50 states and the District of 
Columbia, and 381 Metropolitan Statistical Areas (MSAs) from 2008 and 2014 (Aten, 2016).     
16 See Aten (1999), Brandt & Holz (2006), Deaton & Dupriez (2011a, 2011b), Li & Gibson (2014). Moreover, the World 
Bank and the Asian Development Bank carried out a project to compute regional purchasing parities in the Philippines 
(Dikhanov et al, 2011).  
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This study thus focuses on the nature and relevance of the spatial price variation along the 

process of economic development. In doing so, we base our economic analysis on the 

Balassa-Samuelson effect (Balassa, 1964; Samuelson, 1964), which basically establishes that 

productivity differences, resulting mainly from traded goods and services, have an effect on 

the non-traded activities pushing salaries and prices up, and hence the general price level. If 

this holds within a country, we would expect poorer regions to have lower prices too. As 

such, we first study and document prices and income within the European Union, United 

States, and Spain. Then, we exploit the time-series dimension, and assess this relationship 

for Spain. Our first contribution to the literature is to show the existence of the Balassa-

Samuelson effect, even in relatively well-integrated markets. Besides, we empirically test its 

changing nature along the process of economic development. Second, we follow Costa et 

al (2015) and propose an indirect methodology, based on the price-income relationship, to 

estimate regional prices in contexts where prices are either scant or unreliable. This 

approach is less data demanding than direct estimations of price indexes, but it is also 

expected to be less precise. In order to test its robustness, we contrast our estimates with 

historical price data for 49 Spanish provinces in early twentieth-century Spain. Finally, we 

briefly discuss consequences and challenges regarding regional inequality and measurement. 

Our study thus emphasises the importance of regional prices in developed and developing 

settings, and calls for further consideration and debate. 

 

The paper is structured as follows. In Section 2, we review the related literature. Section 3 

documents the price-income relationship across space with contemporaneous data. Then, 

we study its long-run nature in Spain in section 4, using prices (CPI; GVA, deflator) and 

income (per-capita GDP) time-series. Regional prices estimates are introduced in section 5. 

Likewise, we contrast our estimates with price data from the bulletins of Instituto de Reformas 

Sociales between 1910 and 1912, and assess interregional comparisons in nominal and price-

adjusted per-capita GDP. Section 6 concludes and discusses the main findings.       

 

 

2. Related literature.      

Economic growth is the locomotive that pulls societies out of poverty. But, measuring 

material wellbeing remains a major challenge17. Although the System of National Accounts 

(SNA) was a gigantic step forward, international comparisons are tricky. Statistical offices 

                                                
17 Kuznets (1973), Deaton (2013).  
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collect and publish economic data in their national currencies18. Then, what if we would 

like to compare the purchasing power of an average household in two given countries? In 

early twentieth-century, Swedish economist Gustav Cassel pointed that: “At every moment the 

real parity between two countries is represented by quotient between the purchasing power of the money in the 

one country and the other. I propose to call this parity ‘the purchasing power parity’. As long as anything 

like free movement of merchandise and a somewhat comprehensive trade between the two countries takes 

place, the actual rate of exchange cannot deviate very much from this purchasing power parity”19. Cassel, 

not barely coined the term Purchasing Power Parity (PPP), but also argued that exchange 

rate deviations from the PPP could not be sizable as long as “free movement of merchandise” 

occurred.   

 

Although there were several pre-war abnormal deviations, the PPP doctrine did not gained 

momentum till the introduction of the “first and most important model of long-run deviations” as 

Rogoff (1996: 658) stated, the Balassa-Samuelson conjecture (Balassa, 1964; Samuelson, 

1964)20. The latter claims that if the level of productivity proxies wages and cross-country 

productivity differences are greater in tradable sectors, then rich countries can be expected 

to have an overvalued currency with respect to the PPP21. Analogously, rich countries will 

have higher price levels than poor ones. Notwithstanding the relevance of transport costs, 

trade barriers and price-differentiation, the Balassa-Samuelson conjecture pointed at non-

traded goods and services as the crux of the matter. These are a crucial part of households’ 

expenditure, but they are subject to local conditions and do not directly affect exchange 

rates22. Thus, high wages in tradable sectors can push wages up in non-tradable ones, and 

thereby raise the national price level. This would thus explain why restaurant meals or 

haircuts are cheaper in poor countries. 

 

The positive correlation between price levels and per-capita income across countries, 

namely the price-income relationship, has already been well documented, especially after 

                                                
18 Following the 1947 Report of the Sub-Committee on National Income Statistics of the League of Nations, the System 
of National Accounts (SNA) was created in 1953. 
19 Cassel (1918: 413). 
20 Though there had been previous attempts, Béla A. Balassa (1918-1991) and Paul A. Samuelson (1915-2009) developed 
independently the logic behind this conjecture.   
21 Moreover “invisibles and capital movements do not enter the balance of payments” (Balassa, 1964: 586). This overvaluation is also 
known in the literature as the Penn effect.  
22 “Patently, I cannot import cheap Italian haircuts, nor can Niagara-Falls honeymoons be exported…It is bizarre to think that there are 
enough retired rentiers, who will move to Germany to bid up their cheap prices, and who will only cease to move in either direction when COL 
(Cost-of-Living) PPP has been achieved” (Samuelson, 1964: 148)	
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the creation of the International Comparison Program (ICP) in 196823. The ICP collects 

millions of prices around the world to compile Purchasing Power Parities (PPPs) 

worldwide. Using data from the Penn World Table (PWT) 9.0 figure 1 illustrates the price-

income relationship in 201124. At a first glance, there seems to be a positive correlation 

between income and prices, but “far less impressive when one looks either at the rich (industrialized) 

countries as a group, or at developing countries as a group” (Rogoff, 1996: 660). In this regard, 

Hassan (2016) suggests a non-linear price-income relationship, which raises further 

questions about its nature25. 
 

Figure 1. Price level and income, 2011 (World; N=165) 

 
Notes: Price Level (pl_gdpo) and per-capita GDP (cgdpo) in 2011. Only large countries (>250,000) (N=165) 
Source: PWT 9.0 (Feenstra et al, 2015)  

 

Given the extensive coverage, primarily in international economics, it comes as a surprise 

that the Balassa-Samuelson rationale has not motivated further studies at the sub-national 

level. In theory, within-country frictions and heterogeneities should be somewhat reduced. 

Furthermore, nominal exchange rate volatility is eliminated. Having said that, research on 

subnational prices has been essentially conducted in large developing countries. Aten 

(1999), for instance, looks at the spatial price variation across metropolitan areas in Brazil. 
                                                
23 See Heston et al (1994). The International Comparison Program (ICP) was established as a joint venture of the United 
Nations Statistics Division (UNSD), and the International Comparisons Unit at the University of Pennsylvania.   
24 Irving Kravis, Robert Summers, and Alan Heston were in charge of the early versions of the Penn World Table (PWT) 
at the University of Pennsylvania. Nowadays, the PWT are held at the Groningen Growth and Development Centre 
(GGDC) (Feenstra et al, 2015).   
25 Fujii (2015) finds that between the developed and developing country groups the magnitude and sources of the price-
income relationship differ.  
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Interestingly rich areas exhibit lower food prices, but once non-food items and services are 

considered price levels rise significantly26. Kakwani & Hill (2002) compiled urban and rural 

cost-of-living indices for five regions in Thailand to assess inequality and poverty 

measurement. In China, Brandt & Holz (2006) document sizable differences in prices 

across provinces, whereas Li & Gibson (2014), using novel data on dwelling sales, argue 

that around one-quarter of income disparities are due to cost-of-living differences 27 . 

Deaton & Dupriez (2011b) make use of household survey data to document spatial food 

price variation within India and Brazil28. 

 

As regards developed countries, Roos (2006) use a sample of price levels in fifty German 

cities in 1993 to empirically test what explain them. Overall, results suggest that the average 

annual wage rate performs better than per-capita GDP. Still, we should interpret these 

findings with caution as housing rents are excluded. Perotti (2013) adjust nominal wage 

gaps between skilled and unskilled workers in the United States with a city-specific CPI and 

conclude that real gaps have grown significantly less than nominal ones. Anyhow, none of 

the above mentioned explicitly investigates the price-income relationship, either because 

economic development research aims primarily at poverty measurement while recent 

economic integration episodes (i.e. EU) could have discouraged the study of spatial price 

variation within developed countries. That said, Cheung & Fujii (2014) is one of the few 

empirical studies looking at the price-income relationship within a relatively well-integrated 

country29. Using official price data for 47 Japanese prefectures between 1996 and 2008, 

Cheung & Fujii (2014) find evidence in support of the price-income relationship. 

Furthermore, they document that regional price variation is mainly resulting from non-

traded goods and services, which is largely explained by income and economic density. 

Though results empirically support the Balassa-Samuelson conjecture, Cheung & Fujii 

(2014) urge future research to further examine the mechanisms behind. 

 

In economic history, the living standards literature has received considerable attention in 

recent years. Following on the footsteps of Angus Maddison and the Great Divergence debate 

(Pomeranz, 2000), several studies have delved into historical wage and price data to explore 
                                                
26 Feenstra et al (2017) explore both price and variety of goods within China and the United States. In short, they found 
greater variety in larger cities. Prices in China, however, appeared to be higher in smaller cities. Feenstra et al (2017) argue 
that this could be the result of greater competition, and thereby lower mark-ups and prices.	
27 Brandt & Holz (2006) use a common basket methodology, the national Consumer Price Index (CPI), and prices for a 
limited set of goods from several locations to construct provincial price levels from 1984 to 2004.   
28 Deaton & Dupriez (2011b: 29) conclude that urban-rural differences “make the search for a non-food price index quixotic”, 
and argue, following Glaeser (1998), whether anti-poverty policy should be based on real income estimates.  
29 See also Tabuchi (2001) for more on interregional price differences within Japan.  
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living standards across major cities and regions (Allen, 2001; Broadberry & Gupta, 2006; 

Ward & Devereux, 2006; Allen et al, 2011; Allen et al, 2012; Arroyo-Abad et al, 2012)30. 

This novel approach has shed further light on the matter, complementing Maddison’s real 

per-capita GDP backward projections 31 . Ideally, direct comparisons are preferred, as 

Lindert (2016) claims. However, consumer price data might be unavailable or have limited 

coverage, especially before 1914. At the subnational level, there are few studies looking at 

living standards. Herbert Emery & Levitt (2002), for example, compile price indices for 

thirteen Canadian cities from 1900 to 1950 and study their evolution across time and space. 

Chen & Devereux (2003) found price convergence across cities in the United States since 

1918, and lower dispersion in prices within United States than between OECD countries. 

In Spain, Rosés & Sanchez-Alonso (2004) constructed provincial real wages from mid-

nineteenth century to 1930, deflated with a cost of living index, to study the process of 

convergence32. It seems that further work is needed to better understand the price-income 

relationship33.     

  

3. The price-income relationship: Space    

As previously pointed, researchers will encounter that national statistical offices do not 

regularly publish subnational price levels, apart from the United States, where Regional 

Price Parities (RPPs) became official statistics in 201434. Annual RPPs are available for 

States and Metropolitan Areas from 2008 to 2014 (Aten, 2016). Similarly, other projects are 

underway or under consideration35. Likewise, recent advances in web-scraping techniques 

allow for large-scale online data collection that complements traditional price collection 

methods (Cavallo & Rigobon, 2016). These recent developments are our point of 

departure. Figure 2 shows the price-income relationship (left-panel) and the associated 

spatial price variation (right-panel) within EU-28, EU-15 and the United States in the latest 

available year.   

                                                
30 For a methodologically study of why per-capita GDP and real wages tend to contradict each other, see Angeles (2008). 
For a seminal contribution on wages and prices see Phelps-Brown & Hopkins (1981).  

31 Lindert (2016) stresses that both approaches answer different questions, and calls for a separate role for each. However, 
a better understanding of these two approaches’ findings and weaknesses can shed further light on the matter. See also 
Hoffman et al (2002).      
32 Rosés & Sánchez-Alonso (2004) use a common-basket approach and several sources to compute a cost of living index.  
33 Lasarte-Navamuel et al (2016) have recently used an AIDS-based method to examine the urban-rural gap in food 
consumption costs for Spain in 2013.  
34 Annual RPPs and real income between 2008 and 2014 are available from the Bureau of Economic Analysis (BEA) 
website since July 2016 (Aten et al, 2016). 
35 The Italian official statistical office (Istat) is carrying out a project to estimate annual RPPs (Biggeri et al, 2016). In the 
UK, Australia, and New Zealand, there have been previous 	
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Figure 2. Prices and income: (a) EU-28, (b) EU-15, (c) United States. 

 
 

 

 
Notes:  EU-28 and EU-15: GDP Price Level indices and per-capita GDP in 2015 (Grey dots represent Euro (€) countries) 

      United States: Regional Price Parities (RPPs) and per-capita GDP in 2014.      
Sources: EU-28 and EU-15: Eurostat 

        United States: Bureau of Economic Analysis (BEA) interactive data (Regional data)  
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cases. Moreover, when the spatial price variation diminishes the correlation weakens. This 
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States, and hence less variation in prices. To study this relationship, we represent it as a 

linear function,  
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where P% and y% are the price level and nominal per-capita GDP of region i, and υ%	is the 

standard error term. The national price level P would be a weighted average of the regional 

price levels36.  

P = ω%. P% = 1
4

%56
 

 

To simplify matters, we normalise prices and per-capita GDP equating the national levels 

to 100, which essentially leads to,   

 

ln
P%
P

= δ + γ. ln
y%
y

+ υ7 

 

The parameters (δ, γ) are then estimated, using Ordinary Least Squares (OLS), in EU-28, 

EU-15, United States, and Spain for a number of years. Price and per-capita GDP data 

come from Eurostat, Bureau of Economic Analysis, and Balance Económico Regional 

(Autonomías y Provincias) Años 2000 a 2010 (Alcaide-Guindo, 2011)37. Table 1 reports the 

price-income elasticity minimum and maximum and the corresponding dispersion of per-

capita GDP and prices, measured with a coefficient of variation (CV). It is worth stressing 

that the spatial units are countries (EU-28, EU-15), states (USA) and provinces (ESP)38. 

Generally, these results suggest that there exists a within-country price-income relationship, 

which goes in line with previous studies (Cheung & Fujii, 2014). Furthermore, greater 

market integration appears to weaken this relationship. Remarkably, it is statistically 

significant in all cases, with an R2 well above 0.90 and 0.60 in EU-28 and EU-15, and 

between 0.50 and 0.37 in the United States and Spain. Therefore, the price-income 

relationship arises even where transport costs are minimal and advanced technology allows 

for arbitrage. This, in turn, raises critical questions about its nature and long-run evolution. 

 
  

                                                
36 Eurostat use share of GDP (in PPS) as weight, some other studies use share of population.   
37 Although the Spanish national statistical office (INE) regularly reports regional (NUTS2, NUTS3) inflation, it does not 
publish price levels. Therefore, Alcaide-Guindo (2011) purchasing power index is based on the Encuesta Regional de Precios 
de 1989 (see Lorente, 1992), and the provincial inflation reported by the Instituto Nacional de Estadística (INE).	
38 Provinces correspond to the NUTS3 level. NUTS stands for the Nomenclature of Territorial Units for Statistics, which 
is a hierarchical system for dividing the European Union territory into regions.  
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Table 1. Prices and income: (a) EU-28, (b) EU-15, (c) United States, (d) Spain 
    Price-income   Per-capita GDP Price level index (PLI)  

    elasticity Year CV maxmin CV maxmin 

EU-28               
1995-2015               

28 Min. 0.418 2008 0.633 15.7 0.266 3.2 

States Max. 0.497 1995 0.803 32.0 0.464 5.4 

EU-15               
1995-2015               

15 Min. 0.271 2011 0.435 4.5 0.126 1.6 
States Max. 0.413 1995 0.390 5.0 0.179 1.8 

USA               
2008-2014               

50 states Min. 0.192 2012 0.380 5.1 0.086 1.4 

1 district Max. 0.217 2010 0.399 5.4 0.089 1.4 

ESP               
2000-2010               

49 Min. 0.128 2000 0.225 2.2 0.039 1.2 
Provinces Max. 0.233 2009 0.211 2.1 0.070 1.3 
  Sources: EU-28, EU-15: Eurostat. 

  USA: Bureau of Economic Analysis (BEA) interactive data (Regional data). 
ESP: Balance Económico Regional (Autonomías y Provincias) Años 2000 a 2010 (Alcaide-Guindo, 2011). 

 

As regards the nature or what accounts for the spatial price variation, let us consider that 

goods and services can be classified in major categories: traded (T) and non-traded (NT). 

Then, the price level of any region i can be expressed as a weighted average as follows:   

 

P% = (1 − φ). P%= + φ . P%>= 

 

Suppose frictions (i.e. transport costs, trade barriers) have been removed, then the law of one 

price would hold for traded goods and services. Online shopping can reinforce this price-

equalisation process. If this happens then P?= = P, which implies that spatial price variation 

across regions will depend on: (a) Price differences in non-traded goods and services, and 

(b) relative weights. Fortunately, the Bureau of Economic Analysis (BEA) publishes RPPs 

by major expenditure category too. This permits us to look at the nature of the spatial price 

variation within the United States. Figure 3 displays the RPPs dispersion, measured with a 

coefficient of variation, for all items and major subgroups dispersion in 2013. As expected, 

rents displayed the greatest dispersion, followed by general public services (i.e. education, 

health), while regional price levels in transport, food, and recreation are more similar. Not 

surprisingly housing and non-traded services are driving the wedge. Chen et al (2015) show, 
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for instance, that non-traded goods and services account for up to two thirds of cross-

sectional price level variation for countries in the ICP.   

Figure 3. Regional price parities (RPPs) by state (Coefficient of variation, %) 

 
Source: Aten (2016: Table 2)   

 

Using price data for foodstuffs, soap, fuel, and rents across Spanish provinces between 

1910 and 1912 portrays similar spatial patterns39. In a considerably less integrated market 

than the United States in 2013, regional variation in rents (40.3%) greatly exceeded that in 

food items such as bread (16.0%), pork (13.9%), olive oil (11.5%) or sugar (8.9%). Besides, 

early twentieth century rural families may not fully participate in markets. In fact, some 

would subsist producing their own food, among other things. This could give them a price 

advantage (Deaton & Dupriez, 2011), and thereby bias spatial price indices40. Considering 

this, it appears that non-traded goods and services are at the core of the matter. 

 

From an economic history perspective, this raises a critical issue. We expect the share of 

non-traded goods and services to decrease over time due to greater market integration41. It 

is widely accepted that globalisation waves have reduced international price gaps (Lindert, 

                                                
39 Consumer prices for 49 Spanish provinces are from monthly bulletins of the Instituto de Reformas Sociales (IRS). Rents 
refer to the cost of a single-room price. For a detailed study of housing markets in early twentieth-century Spain see 
Carmona et al (2014).   
40 This price advantage runs against the potential gains from variety that urban consumers can enjoy. Deaton & Dupriez 
(2011) results are consistent with the view that a rural price-advantage in food is expected to diminish along the process 
of economic development. Furthermore, it could be that an urban price-advantage arises through greater competition. 
41 Venables (2017) has recently pointed to the relevance of history, among other things, in determining whether a city is 
likely to attract traded goods and services production.   
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2016)42. Likewise, regional price-gaps should fall. Additionally, household expenditure is 

closely related to income, and poor families tend to spend more on basics (i.e. food) than 

rich ones or “Engel’s law” (Chai & Moneta, 2010). In early twentieth-century Spain, food 

represented around 70-80% of annual household expenditure (Ballesteros-Doncel, 1997), 

while today is less than 20%. All these issues motivate the following section.   

 

4. The price-income relationship: Time  

Recent developments within economic history permit the study of the long-run dynamics 

of macroeconomic aggregates at the national level for several countries. In order to study 

the long-run price-income relationship in Spain we use two sources. First, the Consumer 

Price Index (CPI) from Maluquer de Motes (2013), going back to 1830. Second, the per-

capita GDP and deflator estimates from Prados de la Escosura (2003, 2016) spanning from 

1850 to 200043. Then, lyesp7 and lpesp7 capture the natural log of per-capita GDP and the 

price deflator, while lcpie7 represents the natural log of the CPI. 

 

Having said that, it is worth stating that historical data, such as a reconstitution of GDP or 

a CPI, always calls for a careful application of time-series techniques, as the occurrence of 

structural breaks cannot be discarded, not only in the individual variables but also in the 

long-run relationships linking them. Therefore, we will apply state-of-the-art econometric 

techniques to assess the long-run price-income relationship.  

 

4.1. Stationarity Analysis 

There is well-known trade-off in the time-series literature concerning unit roots testing 

when the sample has a long-run span. On the one hand, more observations imply better 

size and power of the tests. The probability of the data containing a structural break, on the 

other hand, increases with the sample size. With trending variables, if there is a shift in the 

trend, Perron (1989) showed that the sum of the first order autoregressive coefficients is 

highly biased towards unity. In this case, the null hypothesis of a unit root is hardly 

rejected, even if the series consists of i.d.d. disturbances around a deterministic trend. 

 
                                                
42 Lindert (2016: 29) recently argued that: “The waves of globalization have shrunken the non-tradable sectors’ share of GDP, and the 
range of products with large international price gaps, down to just such services as housing and haircuts”.  
43 Although the longest price time-series in Spain are the ones presented above (Maluquer de Motes, 2013; Prados de la 
Escosura, 2003, 2016), there have been several efforts to construct cost of living indices at national (Reher & Ballesteros-
Doncel, 1993; Ballesteros-Doncel, 1997; Barquín-Gil, 2001; Rosés & Sánchez-Alonso, 2004) or regional levels (Pérez-
Castroviejo, 1992; Martínez-Vara, 1997; Moreno-Lázaro, 2006).  	
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In addition, in the literature of unit root tests with a one-time structural break, a problem 

with most procedures when the shift occurs at an unknown date is that the change in the 

trend function is allowed only under the alternative hypothesis of a stationary noise 

component. As a consequence, it is possible that a rejection occurs when the noise is I(1)  

and there is a sizable change in the slope of the trend function. Kim & Perron (2009) 

propose a method to deal with this problem in the presence of one structural break44. This 

procedure is based on a pre-test for a change in the trend function, namely Perron & Yabu 

(2009) test. If the pre-test rejects, the limit distribution of the unit root test is then the same 

as if the break date was known, as shown by Perron & Vogelsang (1993). The advantage of 

the pre-testing is the increase in the power of subsequent tests. However, when dealing 

with the possibility of multiple breaks we also need a method to estimate its number. The 

application of Perron & Yabu (2009) method is not appropriate for two breaks or more45.  

 

Therefore, we first use the above-mentioned Perron & Yabu (2009) approach to test for 

structural changes in the deterministic components of the univariate time series when it is a 

priori unknown whether the noise component is trend-stationary (I(0)) or contains an 

autoregressive unit root (I(1)). The Perron-Yabu test statistic, called Exp-WFS, can be 

considered a pre-test, as no prior knowledge concerning the order of integration of the 

variable is necessary. As Perron & Zhu (2005) point out, this form of selecting the break 

leads to a consistent estimate. There are three possible specifications of the structural 

break: Model I (change in the intercept), Model II (change in the slope), and Model III 

(change in both). The break date is denoted T1=[𝜆1T] for 𝜆 Î (0,1). The specifications 

chosen to test for the presence of one structural break in all variables is given by Models II 

and III. The null hypothesis of absence of structural breaks is rejected for both models and 

the two definitions of the variables. 
 

Once we have found out the existence of structural breaks in the two variables of interest, 

it would be reasonable to determine their order of integration using tests with good power 

properties. We first use the GLS-based unit root tests with multiple structural breaks both 

under the null and the alternative hypotheses proposed by Carrion-i-Silvestre et al. (2009). 

                                                
44 Later extended by Carrion-i-Silvestre et al (2009) for an arbitrary number of breaks. 
45 Kejriwal & Perron (2008) have extended the Perron-Yabu test so that one can estimate the number of breaks following 
a specific to general sequential procedure.	
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This approach considers that the structural break affects the slope of the time trend and 

both the intercept and the slope, respectively46.  

 

Table 3. Panel A: Carrion et al (2009) tests. GDP and GVA, deflator., 1850-2000. 

 
Notes: (a) * denotes rejection the null at the 5\% level; (b) m= number of breaks; (c) Model I: structural break may affect 

the slope of the time trend; Model II: the structural break affects both the intercept and the slope; (d) The critical values were 

obtained by simulations using 1,000 steps to approximate the Wiener process and 10,000 replications. 
 

The results presented in Table 3 (panels A and B) indicate that the null hypothesis of a unit 

root with multiple structural breaks cannot be rejected at the 5% level of significance with 

any of the tests applied to the series. Thus, we can conclude that the variables are non-

stationary. Moreover, we have found that the pairs of variables have structural breaks 

around some common dates. In Panel A, Model I, the three most frequent dates are the 

beginning of the First World War (1914) and Spanish Civil War (1936) and the entry into 

the European Union (1985). In the case of Model II, the two first breaks are also found in 

prices, whereas the Civil War-break appears only in income, together with the oil crisis.  

 

Table 3. Panel B: Carrion et al (2009) tests. GDP and CPI, 1850-2012. 

                                                
46 Most unit root tests with a structural change in the case of an unknown break date assume that if a break occurs it does 
so only under the alternative hypothesis of stationarity. In our case, we use the Gauss code that allows for up to three 
breaks. 
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Notes: (a) * denotes rejection the null at the 5\% level; (b) m= number of breaks; (c) Model I: structural break may affect 
the slope of the time trend; Model II: the structural break affects both the intercept and the slope; (d) The critical values were 
obtained by simulations using 1,000 steps to approximate the Wiener process and 10,000 replications. 

 

As regards CPI data (panel B), the two variables share a structural break at the beginning of 

the Civil War (1936-39) and at the start of democracy in 1975-76.  

 

4.2. Cointegration analysis: no breaks. 

From the univariate analysis, we have concluded that the two variables have structural 

breaks and are non-stationary. Them we estimate the long-run relationship between them 

using cointegration techniques that allow for structural breaks in the long-run parameters. 

We should also take into account that some of the common breaks may cancel out in 

presence of cointegration. However, due to the long span of data in our sample, we work 

under the hypothesis of regime changes and, consequently, that the long-run relationship 

may have been affected by structural breaks. Thus, we will test for cointegration with 

(multiple) structural breaks and apply consistent estimation techniques to obtain the 

coefficients for each of the periods or regimes delimited by the structural breaks. 

 

Beforehand and to use it as a benchmark, we will estimate the long-run or cointegration 

relationship between GDP and prices. Initially, we will estimate and test the coefficients of 

the cointegration equation using the Dynamic Ordinary Least Squares (DOLS) method 

from Saikkonen (1993) and Stock & Watson (1993) and following the methodology 

proposed by Shin (1994). This method provides a robust correction to the possible 

presence of endogeneity in the explanatory variables, as well as serial correlation in the 

error terms of the OLS estimation. Also, in order to overcome the problem of the low 
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power of the classical cointegration tests in the presence of persistent roots in the residuals 

of the cointegration regression, Shin (1994) suggests a new test where the null hypothesis is 

that of cointegration. For this purpose, we estimate a long-run dynamic equation including 

the leads and lags of all the explanatory variables, the so-called DOLS regression; in our 

case (variables in logarithms): 

p7 = c + Φt + γy7 + γ?Δy7H? + v7

J

?5HJ

 

 

Second, the Shin test is based on the calculation of two LM statistics from the DOLS 

residuals, Cµ and Ct, to test for stochastic and deterministic cointegration, respectively. If 

there is cointegration in the demeaned specification given above, that occurs when F=0, 

this corresponds to deterministic cointegration, which implies that the same cointegrating 

vector eliminates deterministic trends as well as stochastic trends. But if the linear 

stationary combinations of I(1) variables have nonzero linear trends (that occurs when 

F¹0), this corresponds to stochastic cointegration47 . The parameter g is the long-run 

cointegrating coefficient. 

 

The results in Table 4 show evidence in favour of cointegration in the two definitions of 

prices. In the first and third column, we present the results of the estimation and the 

cointegration tests in a model with constant. The estimated parameters (intercept and 

income elasticity g have been obtained from a DOLS specification with four leads and 

lags). When only a constant is included, according to Shin (1994) we are testing for 

deterministic cointegration, that implies that cointegration cancels out both the stochastic 

and the deterministic trends in the variables. This is the case, as the null hypothesis of 

deterministic cointegration represented by the CL statistic cannot be rejected. For the sake 

of comparison, we have also estimated the model with constant and trend (see the second 

and the fourth columns of table 4). Both the value of the constant and the estimated 

income elasticity are very similar to the ones obtained in the specification without a trend. 

The trend is significant but its corresponding parameter is very small. In this case, as the 

model specification includes a trend, we will be testing for stochastic cointegration. As in 

the case of deterministic cointegration, we cannot reject the null of stochastic cointegration 

with any of the two statistics, the one with constant and with trend ( CL  and CM 
                                                
47	See Ogaki and Park (1997) and Campbell and Perron (1991) for an extensive treatment of deterministic and stochastic 
cointegration. 
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respectively). This is a result to be expected as deterministic cointegration encompasses 

stochastic cointegration. Concerning the estimated parameters, all are highly significant 

and, in particular, income elasticity has the magnitude commonly reported in the literature 

(around 0.70). We will, in what follows, choose the model with constant, as we have 

enough evidence of deterministic cointegration so that the trend is not necessary in the 

specification. 

 

Table 4. Estimation of long-run relationships: Stock-Watson-Shin cointegration tests 

 
Notes: 

(a) t-statistics are in brackets. Standard Errors are adjusted for long-run variance. The long-run variance of the cointegrating 
regression residual is estimated using the Barlett window which is approximately equal to 𝐼𝑁𝑇(𝑇6/R) as proposed in 
Newey & West (1987).  

(b) We choose q=	𝐼𝑁𝑇(𝑇
S
T) as proposed in Stock & Watson (1993).  

(c) 𝐶V  and 𝐶W are LM statistics for cointegration using the DOLS residuals from deterministic and stochastic cointegration, 
respectively, as proposed in Shin (1994). 

(d) The critical values for 𝐶V  and 𝐶W are taken from Shin (1994). 

 

However, other deterministic parameters may be still necessary for a correct specification 

of the model, as the residuals (see Figure 4 panels A and B) show clear evidence of 

instability and none of the two models pass the specification tests. Accounting for 

parameter shifts is crucial in cointegration analysis, especially as it normally involves long 

spans of data, more likely to be affected by structural breaks. Consequently, the long-run 

price-income relationship has probably changed due either to macroeconomic and market 

forces, or to exogenous events as wars or external shocks. Thus, next we will test for 

cointegration and estimate the relationship allowing for structural breaks. 

 
Figure 4. Residuals from the DOLS estimations. No breaks. 
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4.3. Cointegration analysis: structural breaks. 

Issues related to structural changes have received a considerable amount of attention in 

the econometric literature. Early works by Gregory & Hansen (1996) proposed tests based 

on the notion of regime change and can be considered a generalization of the usual residual 

based cointegration tests. The null hypothesis of these tests is cointegration and the 

alternative hypothesis that the cointegrating vector has suffered a regime shift at an 

unknown date. They allow for the possibility of cointegration, in the sense that a linear 

combination of the non-stationary variables is stationary, but this linear combination has 

shifted at an unknown date in the sample. These early tests have been generalized for 

multiple breaks. Concerning the estimation and to deal with potential endogenous I(1) 

regressors, we will also use a dynamic OLS regression (DOLS) as in the no break case, 

extended to consider the different regimes: 

 

 
for i=1,...,k+1, where k is the number of breaks, 𝑇X = 0 and 𝑇Z[6 = 𝑇. 

 

One of the crucial decisions to take is the number of structural breaks and, therefore, the 

number of regimes in the sample. We will follow the strategy described by Bai & Perron 

(1998) and apply the tests they propose to determine the number of breaks. In particular, 

we use three tests whose results are presented in Tables 5 (estimation using the GDP 

deflator) and 6 (using CPI data). First, the supF=  test that has as null hypothesis no 

structural break (m=0) against the alternative of m=k breaks. This F-test is based on the 

comparison of the sum of the square residuals under null and the alternative hypotheses. 
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Second, we use the double maximum tests (DMaxF= ), specified for a maximum number m 

of breaks. In this case, the null hypothesis is no structural break against an unknown 

number of breaks, up to a maximum. There are two versions, depending on whether the 

maximization process assigns the same or different weights to its elements (UDmax and 

WDmax). Finally, we also apply the test of l breaks against l+1 breaks. The estimated 

breaks are obtained in this case following the method of global minimizers of the sum of 

squared residuals. For its application, the conditional estimation of the l breaks is tested 

against the alternative of an additional break48. 

 

In addition, one can choose the number of breaks using an information criterion. Perron 

(1997) presented a simulation study, comparing AIC (that performed very badly) with the 

Bayesian Information Criterion (BIC) and the modified Schwarz criterion proposed by Liu 

et al (1997) (LWZ hereafter). The BIC and LWZ perform reasonably well in the absence of 

serial correlation. When no serial correlation is present in the errors but a lagged dependent 

variable is present, the BIC performs badly when the coefficient on the lagged dependent 

variable is large. In such cases, the LWZ performs better under the null of no break but 

underestimate the number of breaks when some are present. Bai & Perron (1998) 

suggested the sequential application of the supF=(l + 1|l)  test using the sequential 

estimates of the breaks. Overall, selecting the break point using the BIC works well when 

breaks are present but less so under the null hypothesis of no break, especially if serial 

correlation is present. The method based on the LWZ criterion works better under the null 

hypothesis. 

 

The stability results together with the number of breaks obtained by the sequential 

procedure (SP) and the information criteria BIC and LWZ are summarized in Tables 5 and 

6. We use 15% trimming so that the maximum number of breaks allowed under the 

alternative hypothesis is 5. Both the intercept and the elasticity g are allowed to change. 

Concerning the determination of the number of breaks in the specification using the GDP 

deflator (Table 5), the supF= statistic rejects the null of no structural break against any 

alternative (up to five breaks). However, once we apply the test for l+1 versus l breaks, we 

                                                
48 In our case, as both the UDmax and the WDmax tests already detected at least one break, we omit F(1|0). 
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stop at three breaks, as the F-statistic F(4|3) is non-significant. Also, the information 

criteria and the sequential procedure, suggest a model with three breaks49. 

 

Table 5. Bai-Perron tests for multiple structural breaks in cointegrated regression 1850-2000.  

 
Notes: (a) dt, zt, q, h, and M denote the dependent variable, the regressors, the number of I(1) variables (and the intercept) allowed to 
change across regimes, the minimum number of observations in each segment, and the maximum number of breaks, respectively. (b) *, 
**, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The critical values are taken from Bai & Perron (2003). (c) 
The confidence intervals have been obtained using Eo & Morley (2015) Gauss code.  

 

With regard to the position of the breaks, the lower panel of Table 5 shows the estimated 

break-dates and the confidence intervals obtained using Eo & Morley (2015) method. The 

breaks are placed in 1889, 1935 and 1962. Whereas the precision of the estimation is very 

high in the cases of the second and third breaks, the situation is different for the first one, 

as the confidence interval goes from 1885 to 1891. Probably this break is less precise due 

to the quality of the data, lower at the beginning of the sample. The confidence intervals 

are represented in Figure 5, upper graph. We also find 3 structural breaks when CPI data 

instead of the GDP deflator is used in the regression. In Table 6, the F-statistic F(4|3) is 

also non-significant. However, the tests are placed in quite different dates: in the First 

World War (1917), at the beginning of the fifties and in 1976, at the start of the democratic 

regime. Also in this case the most recent breaks are slightly more precise. The confidence 

intervals are shown in the lower panel graph of Figure 5. 

 

  

                                                
49 However, as the Dmax tests point to a possible four-break model, we have also explored this possibility. We found a 
fourth break in 1915 with an estimated parameter around 0.4. We finally discarded this specification, as the Wald test that 
compared this parameter with the previous and the following one could not reject its similarity.  
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Table 6. Bai-Perron tests testing multiple structural breaks in cointegrated regression 1850-2012 

 
Notes: (a) dt, zt, q, h, and M denote the dependent variable, the regressors, the number of I(1) variables (and the intercept) allowed to 
change across regimes, the minimum number of observations in each segment, and the maximum number of breaks, respectively. (b) *, 
**, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The critical values are taken from Bai & Perron (2003). (c) 
The confidence intervals have been obtained using Eo & Morley (2015) Gauss code. 
 

 

Figure 5. Breaks' 95% confidence intervals computed following 

 

 

In Table 7 we present the results of the estimation of the model using DOLS for the two 

sets of prices. We have specified the model with four leads and lags and have eliminated 

the non-significant ones. The structural breaks generate four distinct regimes in each case, 

where the parameters of the intercept and the long-run coefficient are different. Due to the 

existence of autocorrelation and because of the long span of our sample, we have allowed 

the error distributions to differ across breaks and have applied Newey-West corrections to 

the coefficient covariance matrix. 
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Table 7. DOLS estimation. Prices and per-capita GDP, Spain 1850-2000/12 

  GVA, deflator CPI 

  1850-1888 1850-1916 
Constant -7.38 -1.96 
  (-27.57) (-50.71) 
Per-capita 
GDP 0.23 0.37 
  (5.08) (10.61) 
  1889-1935 1917-1949 
Constant -10.16 -3.01 
  (-84.39) (-53.47) 
Per-capita 
GDP 0.66 1.01 
  (36.42) (-40.07) 
  1936-1962 1950-1975 
Constant -10.81 -1.42 
  (-110.74) (-20.42) 
Per-capita 
GDP 0.76 0.52 
  (71.82) (-39.49) 
  1963-2000 1976-2012 
Constant -10.62 -2.68 
  (-104.31) (-16.77) 
Per-capita 
GDP 0.74 0.75 
  (98.71) (-44.96) 

R2 0.99 0.99 
 

Note: t-statistics are in brackets. Standard errors are adjusted for long-run variance. 

Source: CPI (Maluquer de Motes, 2013); GVA, deflator and per-capita GDP (Prados de la Escosura, 2003, 2016) 

 

As regards the GVA, deflator, the value of the long-run parameters increases through the 

sample period, from 0.23 in the period 1850-1888 up to 0.74 from 1963 until the end of 

the sample in 200050. The estimation results using CPI data are presented in the second 

column of table 751. The first period is now longer (1850-1916) and the corresponding 

coefficient larger (0.37 versus 0.23). In the second sub-period (1917-1949) the parameter 

reaches the value 1, probably due to the methodology used to construct the CPI between 

1860-193652. The rest of the sample the estimated coefficients are in line with the results 

                                                
50 Misspecification tests are available upon request. The residuals turn out to be stable and normally distributed, although 
some heteroscedasticity and correlation remain. As an additional specification test we have applied Wald tests to 
determine whether the parameters for each new regime are different from the one in the previous one or the following. 
We reject in the three cases the null hypothesis of equal parameters in regime 1 versus 2, 2 versus 3 and 3 versus 4. 
51  Also in this case the misspecification tests results are available upon request. The residuals are stable, normally 
distributed and do not show autocorrelation nor heteroscedasticity. The Wald tests also reject the null hypothesis of equal 
long-run parameters across regimes.  
52 Maluquer de Motes (2013) constructs a Consumer Price Index (CPI) time-series between 1830 and 1936 based on 
historical price data from Barcelona. That said, it is argued that the long-run evolution of prices in Barcelona and Spain 
after 1939 are rather similar. Maluquer de Motes (2013) claims that prices in Barcelona are representative of Spain, also 
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from the GVA deflator. Indeed, the value of the parameter is around 0.75 at the end of the 

sample in both cases, a value in line with the international evidence and also similar to the 

one obtained without considering the presence of structural breaks. 
 

 

5. The price-income relationship: Spain in the early twentieth-century   

From the above analysis, we highlight two main issues. First, the price-income relationship 

prevails, even in well-integrated markets such as the United States or Spain in the twenty-

first century. Second, when considering the long-run relationship between income and 

prices, it seems that the elasticity displays a changing nature. The latter point needs further 

study, since measurement error can be relevant, especially when dealing with historical data. 

For example, the Spanish CPI time-series between 1860 and 1936 corresponds to the city 

of Barcelona (Maluquer de Motes, 2013), while the GVA, deflator time-series relies in the 

early stages on Sardà (1947) historical data, which largely rests on wholesale prices collected 

in Barcelona. In this section, we go one step further and evaluate the relevance of spatial 

price variation in a historical setting, early twentieth-century Spain. For this, we assume that 

there exists a relationship between per-capita GDP and prices across Spanish provinces: 

 

ln
P%
P

= δ + γ. ln
y%
y

 

 

where P% and €y% are the price level and nominal per-capita GDP of region i, and υ%	is the 

standard error term. The national price level P would be a weighted average of the regional 

price levels, while €yd is the per-capita GDP national average. Table 1 above describes the 

contemporaneous estimated coefficients for the 49 Spanish provinces. Suppose we use the 

2005 estimated coefficients (δ; γ) and draw an upper and lower band (-0.5 sd; +0.5 sd). 

Using price data from several bulletins published by Instituto de Reformas Sociales in the early 

twentieth-century, we then compute provincial price levels (PLIW)53. These prices were 

collected between October-1910 and March-1912 in the capital-city and/or towns of each 

province. In order to compute provincial price indices, we use a common-basket approach, 
                                                                                                                                          
for the period that goes from 1830 to 1936. Our findings suggest that the elasticity reaches unity, a peak, in a period in 
which Barcelona grew more rapidly than the national average.   	
53 In Spain, the first national attempt to collect prices for a wide range of goods, including foodstuff, fuel, room rent, was 
a monthly bulletin published from 1904 to 1924 by the Instituto de Reformas Sociales. The bulletins of the Instituto de Reformas 
Sociales provide consumer prices for around 40 goods (Food: Wheat bread, barley bread, maize bread, rye bread, wheat flour, maize flour, 
rye flour; Beef, pork, lamb and mutton, goat meat, other meat; cured meat; Dried and salted cod, fresh seafood, other seafood; Fruits; 
Vegetables; Potatoes; Broad beans, chickpeas, rice, beans, vetches, lentils; Milk; Eggs; Salt; Olive oil. Beverages: Wine, cider. Fuel & 
energy: Petroleum, charcoal, firewood, electric light. Housing: Annual room rent. Other: Coffee; Soap) for each capital and major towns 
in each province from 1910 to 1924. Price data has been retrieved from (Proyecto Nisal, 2016: http://www.proyectonisal.org) 
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as Ballesteros-Doncel (1997)54. Our price levels are simply relative price indices reflecting 

the cost of acquiring a common basket. This implies that for each good and/or service 

relative price levels are computed for each province. Then, each of these are weighted 

using a common-basket to develop our provincial price levels (ESP=100). Nominal per-

capita GDP estimates come from Rosés et al (2010).  

  
Figure 6. Regional prices and per-capita GDP by province, Spain 1910 

 
Source: Prices: Boletín del Instituto de Reformas Sociales; GDP per capita: Rosés et al (2010). The upper and lower bound refer to 

the price-income elasticity found between 2000 and 2010, using data from Alcaide-Guindo (2011).  
 

Figure 6 displays the upper and lower bands, derived with contemporaneous coefficients, 

historical prices and per-capita GDP estimates in 1910-12. In general, it looks that the 

price-income relationship already existed in early twentieth-century Spain. In the appendix, 

figure A.1 shows the contemporaneous price-income relationship55. As expected, price and 

income dispersion are greater then, which might suggest, based on the above discussion, a 

more elastic relationship, and steeper upper and lower bands. Nevertheless, there are some 

outliers, notably northern provinces (Coruña; Pontevedra; Lugo; Ourense) which deserve 

further attention. Provincial differences, for instance, in food and/or energy consumption 

and market access were more significant in early twentieth-century Spain than today. 

                                                
54 Our common-basket approach assumes that families spend 80% of their budget on foodstuffs and beverages and 20% 
on other items, e.g. housing, fuel and energy.   
55 Figure A.2 in the appendix displays the price-income relationship for the United States, 2008-2014.  
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Thus, given that there seems to exist a positive relationship between prices and income in 

early twentieth-century Spain, we follow Costa et al (2015) and use the available evidence 

to estimate prices. Clearly, this top-down approach presents advantages and disadvantages. 

Although it is less data demanding than direct estimations of spatial price indexes, it is also 

expected to be less precise. That is why, we will check the robustness of the estimates with 

historical prices published by Instituto de Reformas Sociales from 1910 to 1912. Our focus lies 

on the relevance of regional prices for regional development. This approach thus aims at 

contexts where prices are either scant or unreliable.  

 

This indirect estimation follows Costa et al (2015), who propose a top-down approach to 

estimate subnational prices based on the price-income relationship56. This method thus 

requests knowing regional per-capita GDP and the true parameters. Given this information, 

price levels can be computed using the previous equation subject to,  

 

P = ω%. P%
4

%56
 

 

which indicates that the national price level is a weighted average of the regional price 

levels. In our case, we use provincial per-capita GDP estimates in 1910 from Rosés et al 

(2010), and the contemporaneous coefficients. This can be interpreted as follows. Given a 

well-integrated market and per-capita GDP in early twentieth-century, what would be the 

level of prices in each province i. We then compare these price estimates with those ones 

computed with historical data from the bulletins published by Instituto de Reformas Sociales. 

 

Figure 7 offers a preliminary comparison. The national price level ESP=100. Bearing in 

mind the conceptual and methodological difficulties, our estimates perform remarkably 

well, except for the northwest provinces (Coruña, Lugo, Orense, Pontevedra, Oviedo)57. In 

this case, we fail to deliver a reasonable result, partly explained because northwest Spain 

was poorer than other regions. However, this also raises concerns on measurement. Price 

data usually comes from major cities and towns, where markets are more relevant. Equally, 

the value of agriculture and services production is more difficult to quantify, especially in 

historical or developing settings. In this line of thinking, market access and/or participation 

could be less important in northwest Spain, or GDP could have been underestimated. Our 
                                                
56 López-i-Casanovas & Padró-i-Miquel (2000) already discussed the importance of adjusting for regional price variation, 
and lamented the lack of interest in Spain. 
57 Figure A.3 in the appendix compare our estimated prices with a food price index, thereby excluding non-food items. 



	 28	

approach can shed light on contexts where data availability and reliability are an issue. In 

this case, are prices, GDP or both wrongly measured? Were markets that relevant in early 

twentieth-century Spain?      
 

Figure 7. Regional prices in Spain 1910.  

 
Note: IRS prices refer to price levels derived using historical price data from the bulletins of the Instituto de Reformas Sociales.  

Source: Prices: Boletín del Instituto de Reformas Sociales and authors’ calculations.  

 

The final step of our study entails price-adjusting per-capita GDP, and evaluating the long-

run evolution of regional inequality. For this, we use decadal per-capita GDP estimates for 

49 provinces from 1860 to 201058. Regional income inequality, captured with a population-

weighted coefficient of variation, is illustrated in figure 8 for nominal and price-adjusted 

income59. Again, we use contemporaneous coefficients to compute regional prices. Though 

we expect a changing price-income relationship, as shown above, fixing conditions to today 

                                                
58 Tirado-Fabregat et al (2016) compile provincial per-capita GDP estimates from several sources. Historical estimates for 
1860, 1900, 1910, 1920, and 1930 come from Rosés et al (2010). Díez-Minguela et al (2016) provides estimates for 1870, 
1880, and 1890. For the years 1940-2000, regional GDP come from Alcaide-Inchausti (2003), BBV (1999), FUNCAS 
(2006), and Alcaide-Guindo (2011).    		
59 Williamson (1965) use a population-weighted coefficient of variation (WCV) to examine regional income inequality, 
and it can be expressed as: 

  WCV = hi
hj
− 1

R
. ki
kj

4
%56   

 
where y and p stand for the per-capita GDP and population in region i, while m refer to the national average and total.  
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simplify matters and allow us to further comment on our central motivation. In this regard, 

it would be advisable in future work to consider a time-varying elasticity.  
 

Figure 8. Regional income inequality in Spain, 1860-2010.  

 
Source: Tirado-Fabregat et al (2016) and author’s calculations.  

 

As stated earlier, a fundamental challenge in the literature is within-country comparisons. 

Supply-side indicators, such as GDP, permit researchers the study of labour productivity 

convergence or divergence processes. But, when per-capita GDP is used as a measure of 

living standards interregional comparisons need to account for the existence of spatial price 

variation. In general, the long-run dynamics are rather similar, and dispersion is reduced60. 

Figure 8 thus reinforces previous findings (Rosés et al, 2010; Tirado-Fabregat et al, 2010). 

Regional inequality exhibited an inverted U-shaped relationship, which goes in line with a 

central hypothesis in economic history (Williamson, 1965). Correspondingly, the max-min 

ratios decline. In short, price differences readjust the distribution of national income. This, 

in turn, can have significant implications, particularly for policy-making. In the appendix, 

map A.1 groups provinces into two major groups. Provinces where per-capita GDP was 

below 75% of the national average are shaded with a darker-grey. On the left-hand side, we 

use nominal GDP, while price-adjusted income is shown on the right-hand side for 1910 

                                                
60 Figure A.4 in the appendix shows the kernel density of nominal and price-adjusted per-capita GDP for Spain in 1910.			
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and 2000. Disregarding spatial price variation can lead us to underestimate (overestimate) 

real income in poor (rich) regions, and hence mislead research and policies. 

 

Theoretically, if prices and income exhibit a strong relationship it could be that prices are 

responding to a greater demand, due to the Balassa-Samuelson effect. Then, the share of 

traded goods and services, and the degree of market integration within a country, measured 

with the level of price dispersion of traded goods and services, might convey information 

to address this question. Still, markets in large cities tend to offer a wider variety of goods, 

and are more competitive, which would counteract the demand-pulling effect. In our case, 

the historical price data does not allow us to contrast the latter point, since the bulletins 

gather information on basic necessities. 

 

Furthermore, the causality or what drives what deserves further thought. Whether income 

and/or amenities drives the spatial variation of prices remains to be seen. In a frictionless 

world where labour mobility erodes differences in real wages, we would expect region-

specific amenities to offset high rents or expensive haircuts (Roback, 1982). Still, early 

twentieth-century Spain is far from being a frictionless setting. Equally, the dynamic effects 

also deserve consideration. Using a novel dataset of neighbourhoods of metropolitan areas 

in the United States between 1880 and 2010, Lee & Lin (2015) find that natural amenities 

(i.e. beach) “anchor neighbourhoods to high incomes over time”. Though state-specific amenities are 

partly responsible for differences in rents between contemporaneous California (146.1) and 

Arkansas (62.9), neglecting other factors is unfortunate, especially if income comparisons is 

our ultimate objective61.  

 

 

6. Conclusion 

In this study, we have assessed the nature and relevance of the spatial price variation along 

the process of economic development. Our basis was the Balassa-Samuelson effect, which 

states that productivity differences, resulting mainly from traded goods and services, have 

an effect on non-traded activities, thereby increasing the general price level. Although this 

is a well-known fact in international economics, it has received little attention in regional 

studies. Therefore, we first documented whether prices and income are correlated within 

contemporaneous contexts, such as the EU, United States, and Spain. In spite of having 

                                                
61 For a brief discussion on the politics of regional prices in the United States see Heston (2016).   
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relatively well-integrated markets, the price-income relationship emerges, thereby stressing 

the relevance of non-traded goods and services. 

 

This flaw of one price, as Heston (2016) recently calls it, raises further questions in economics. 

On the one hand, spatial price variation within a country needs to be accounted for when 

assessing regional development or comparing living standards across regions. Yet, historical 

price data are usually scant, unavailable, or have insufficient coverage. Our study thus aims 

at understanding the price-income relationship in developed and developing contexts. For 

this, we empirically test its long-run nature with the available evidence for Spain. All things 

considered, our results suggest that the elasticity is rather low in the early stages, increases, 

and ultimately falls. Given that measurement error is a serious hazard, particularly when 

dealing with national aggregates, we call for further thought and work. 

 

Though there appears to be a growing interest concerning the spatial price variation in 

countries, such as China, India or Brazil, the current state of affairs is inadequate. Well-

functioning and integrated markets still exhibit moderate (when not growing) differences, 

which should stimulate statistical agencies to incorporate regional prices in their agendas. 

Notwithstanding the difficulties and challenges, the second part of the paper proposes an 

indirect methodology, based on the price-income relationship, to estimate regional prices. 

Our results are then contrasted with historical price data for early twentieth-century Spain. 

Despite several potential problems, this approach allows to control for the spatial variation 

of prices in a period of growing disparities. 

 

Finally, we understand and acknowledge the conceptual and methodological challenges that 

lie ahead, but hope this study stimulates further debate and work in economics and history, 

because prices and regional development are indeed a tale worth telling.        
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Appendix:  

 

Figure A.1. Regional prices and per-capita GDP by province, Spain 2000-2010 

 
Source: Prices: Boletín del Instituto de Reformas Sociales; GDP per capita: Alcaide-Guindo (2011). The upper and lower bound 
refer to the price-income elasticity found between 2000 and 2010, using data from Alcaide-Guindo (2011). 

 
Figure A.2. Regional prices and per-capita GDP by state, United States 2008-2014 
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Source: Prices: Bureau of Economic Analysis; GDP per capita: Bureau of Economic Analysis. The upper and lower bound 
refer to the price-income elasticity found between 2008 and 2014.   
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Figure A.3. Regional prices in Spain 1910.  

 
Note: IRS prices refer to food price levels derived using price data from the bulletins of the Instituto de Reformas Sociales.  

Source: Prices: Boletín del Instituto de Reformas Sociales and authors’ calculations.  

 

Figure A.4. Regional per-capita GDP by province, Spain 1910 

 
Source: Rosés et al (2010) and authors’ calculations.   
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Figure A.5. Regional income inequality in Spain, 1910 and 2000.   

 
Notes:  Dark-grey shaded provinces are those where per-capita GDP is below 75% of the national average for each year.   
Source: Tirado-Fabregat et al (2016) and author’s calculations. 
 


