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ABSTRACT

The paper analyses the elasticity of price levels to productivity in Europe on a panel database of relative price levels of commodity groups. This exercise offered an indirect test of the Harrod-Balassa-Samuelson theory of price convergence, allowing for breaching the assumptions of the original theory and incorporating alternative explanations of price convergence. The key result is that the ceteris paribus effect of productivity on prices is generally low if endogeneity is properly taken care of; there is thus much room for relative factor endowments, taste differences and regulated prices in the explanation of the process of price convergence in Eastern European countries.
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INTRODUCTION
The process of price convergence is an important feature in the enlarged European Union. Large differences in price (and wage) levels are present between old and new member states; however, a number of factors are driving prices in new member states upwards. The causes and the persistence of such price level differentials have serious policy consequences. For example, if prices converge slowly, then wage convergence is also likely to be slower and this should encourage further migration from the East towards the West, piling up social pressures in both old and new member states. On the other hand, a faster adjustment of prices could give rise to a price-wage spiral and could make a “one-size-fits-all” monetary policy unfeasible in an enlarged euro-area.

The process of price level convergence can be modelled in numerous ways. The theory of the Law of One Price is a natural starting point; transport costs, taxes, incomplete exchange rate pass-through and pricing-to-market practices are the main obstacles to complete price convergence according to the literature; see Rogoff (1996) and Goldberg and Knetter (1997) for summaries of the issues. In the context of “emerging” Eastern Europe other explanations arise in the context of international productivity and income differences. The most prominent model, the Harrod-Balassa-Samuelson hypothesis (hence: HBS, see: Balassa, 1964, Samuelson, 1964) predicts that non-tradable prices rise in poorer countries as the productivity of their tradable sector increases. Bhagwati (1984), Kravis and Lipsey (1983) explain price level differences with relative factor endowments while Bergstrand (1991) examines the role of preferences. Égert (2004) discusses the role of regulated prices in price level convergence.
The empirical literature on price convergence in Europe is very rich and subject to a fair amount of criticism. In the context of Eastern European transition countries the HBS hypothesis has dominated thinking; Csaba (2006) could rightfully note that the “Balassa-Samuelson industry” was a typical example of contemporary economics, where empirics often precede theoretic thinking, yielding confusing results. As theoretical thinking and methodological approaches have become more sophisticated in recent years, so has the estimated impact of the HBS effect declined. For a summary of related research see for example Égert, Halpern and MacDonald (2006), or Mihaljek and Klau (2004).
A common feature of almost all studies on the subject is their macro approach: they usually examine real exchange rate or aggregate price level developments. Much less research has been done on the micro scale, utilising individual product price data. Such approaches have already been applied to examine the effects of the single market or the euro on price convergence in Western Europe; see for example papers by Allington, Kattuman and Waldman (2005), Asplund and Friberg (2001), Crucini, Telmer and Zachariadis (2005), Engel and Rogers (2004), Faber and Stokman (2004, 2005), Goldberg and Verboven (2004), Haskel and Wolf (2001), Rogers (2001), Sosvilla-Rivero and Gil-Pareja (2004). Čihák and Holub (2003) assesses the significance of the HBS effect in the enlarged European Union on prices of 30 commodity groups; they find that the elasticity of prices on GDP (a proxy for productivity) is generally between 0.4-0.9 percent. Based on these estimates they calculate that it may take 10-25 years for prices in Eastern Europe to converge to the least developed Western European countries.
This paper continues the research of Čihák and Holub by expanding their calculations. By explicitly taking into account various sources of endogeneity in the relationship of productivity and prices, including business cycle effects, government intervention and other non-specified forms of cross-country heterogeneity, their biased initial estimates are corrected. The analysis is performed on a different dataset, an unbalanced panel of 34 commodity groups in 30 European countries across 10 years. Thus, the paper can be considered a replication study of higher order, as defined by Arulampalam and others (1997). The exercise is fruitful as some noteworthy results emerge. The true effect of productivity on prices is much smaller than previously thought (indeed, the effect is insignificant or negative in a number of cases), thus the process of price convergence seems to be driven by factors other than productivity growth. In other words, the magnitude of the HBS effect is small, confirming the results of newer macro level studies (e.g. Mihaljek and Klau, 2004). 
As price convergence seems not to be driven by productivity convergence in Europe, rising prices are not automatically accompanied by increasing wages. This may give rise to a wage-price mechanism in the converging Eastern European EU member states – a possibility that needs further analysis outside the scope of this paper.
THEORY AND METHODOLOGY
A natural starting point for the theory behind price level convergence is the Law of One Price. This theory states that the before-tax price of any commodity calculated in the same currency should be equal everywhere provided there are no transaction costs. In real life however, large-scale and persistent deviations from the Law of One Price are apparent. Rogoff (1996) and Goldberg and Knetter (1997) offer summaries of the main theoretical arguments. Besides local taxes and transportation costs, incomplete exchange rate pass-through and pricing-to-market are understood to cause these deviations. Incomplete exchange rate pass-through means that changes in the exchange rate do not alter domestic prices one-for-one, while pricing-to-market means that companies apply international price discrimination, absorbing the effects of exchange rate movements and letting their mark-ups change in order to stabilise their prices.

Convergence of price levels can be a result of a number of factors. International integration, it is argued, reduces trade barriers, or – in case of a currency union – fosters price transparency. These in turn make goods arbitrage easier, hence international prices converge. This process can take place for tradable goods, but price convergence can and does occur for non-tradable goods as well. Convergence of non-tradable prices is commonly explained by the HBS effect linking nominal (price) convergence to real convergence: the faster productivity growth of less developed countries drives up their non-tradable prices provided that tradable prices tend to equalise among countries (see Balassa, 1964 and Samuelson, 1964). 
As Bhagwati (1984), Kravis and Lipsey (1983) argue, higher labour productivity of richer countries is a consequence of their higher capital-to-labour ratio. However, the relative abundance of capital also implies higher wages; therefore prices of labour-intensive goods and services will also be higher. Bergstrand (1991) offers another mechanism for price level convergence: differences in preferences (affecting consumer demand for luxury goods) can generate price level deviations; it is also conceivable that demand and different technologies for luxury goods also affect national productivity levels, although Bergstrand himself does not treat this possibility in his paper.

Regulated prices and changes in product quality are further very important factors of price level convergence, especially in the new Eastern members of the European Union. In these countries state subsidies persist in many industries and services, especially public utilities, driving the prices of these goods (electricity, heating, transport, etc.) under their respective costs, at least for households. The abolishment of these subsidies – enforced by the liberalisation of public utilities – results in rapid increases in price levels. Rising living standards and the increasing purchasing power of consumers also lead to the introduction of more expensive higher-quality goods into these markets, driving up prices.
This paper estimates the impact of productivity on price levels. From a theoretic point of view, such an estimation can be regarded as an empirical testing of the HBS hypothesis, allowing for breaching its assumptions. The applied econometric model allows for a more flexible theoretical framework, incorporating a number of approaches beside the HBS framework, including theories by Bhagwati, Lipsey and Kravis as well as by Bergstrand, and views on the role of regulated prices, etc.

From an econometric point of view the partial effect of productivity on prices is estimated:
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where Pi is the price of product (group) i relative to a reference country and LP stands for labour productivity relative to the same reference country. Since productivity is endogenous and we are interested in the ceteris paribus effect of productivity, control variables in vector X need to be added.
In this analysis four control variables are considered to proxy unobserved effects that simultaneously influence productivity and prices. Distorting economic policies (variable IEF) affect both productivity and prices in many ways, generally lowering productivity and increasing prices. For example, barriers to trade shelter the domestic sector from external competition, undermining productivity while pushing up domestic prices. Higher corporate taxes discourage productivity-enhancing investments while increasing prices if taxes are passed on to the consumer. Product market regulations are likewise detrimental for investments while the lack of productivity increases and insufficient competition increases prices. Rigid labour market regulations can lead to lower productivity if they prevent firms from investing and innovating. Neglecting these effects is likely to bias the estimate of the partial effect upwards. A second source of biases is the business cycle, because productivity and prices are both pro-cyclical (variable GAP). Third, changes in purchasing power parities are trivially related to prices, while they influence PPP-based measures of labour productivity (variable PPS). Fourth, various kinds of cross-country heterogeneity can lead to biased estimations, including different capital-labour ratios. Finally, year effects should also be considered: these catch changes idiosyncratic shocks to the reference country among others.
The estimated model is a panel with country and year fixed effects:
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where i, j and t are the product, country and time indices respectively. The partial effect in question will simply be β1. This estimation method follows the one applied by Čihák and Holub (2003), but differs from it in providing an explicit list of control variables and in introducing year effects. Country fixed effects capture a wide range of potential factors, of which two stand out: relative factor endowments (following Bhagwati, Lipsey and Kravis) and consumer preferences (following Bergstrand).
DATA
Most data were obtained from the online databases of Eurostat and the Directorate General for Economic and Financial Affairs of the European Union. Comparative price levels for 34 product groups of individual final consumption for the EU25 countries as well as Bulgaria, Romania, Turkey, Iceland and Norway were used in this paper, all retrieved from Eurostat. These relative prices are available for individual years (usually 2003). Relative price levels were deflated with annual harmonised consumer price indices for each product group for years 1996-2005. Germany was chosen as reference country; all values were expressed as the natural logarithms of price levels relative to the German level. Since exceptionally high inflation may distort estimation results, observations in countries where annual inflation was over 30 percent were omitted. This affected Romania (between 1996-2001) and Turkey (between 1996-2002).

The same data were used by a number of studies including Allington, Kattuman and Waldman (2005), Faber and Stokman (2004, 2005) as well as Sosvilla-Rivero and Gil-Pareja (2004). The advantage of this dataset is its representative nature: a great variety of goods and services is examined across a relatively wide range of time and space. The key disadvantage is information lost by aggregation, and the aggregation bias stemming from substitution effects in consumption baskets.
Labour productivity is defined as log of the gross domestic product at market prices, measured at purchasing power parity, divided by the number of employed persons, relative to the German productivity level. Purchasing power parities (relative to the German level) were obtained in a similar manner.
Government intervention is measured by the Index of Economic Freedom compiled annually by the Heritage Foundation. The index is a simple average of ten factors: trade barriers, tax burdens, government ownership of enterprises, monetary policy, banking and finance regulations, intervention into wages and prices, quality of judiciary, red tape and the informal economy. While some factors may be more important than others in this analysis, the aggregate index was used as a simple and convenient proxy variable.

Business cycle effects were approximated by a simple measure of output gap. A trend GDP was estimated with a Hodrick-Prescott filter from available series of constant price GDP; the deviation of actual GDP from this trend (in percentages) was utilised.

ESTIMATION RESULTS
A simple regression of relative prices on relative productivity levels yields a familiar result (see Appendix). Prices seem to be rather sensitive to productivity developments with the partial effects ranging between 0.2 and 1.7 percent. Non-tradable goods and services also seem to be more sensitive to productivity differentials: elasticities for public utilities, health, education, restaurants, hotels and similar services are in the range of 0.8-1.7 percent. If the Law of One Price held and no transaction costs or trade barriers existed, elasticities of “perfectly” tradable goods would theoretically be zero. This is not the case in practice, for two good reasons. First, even the sale of tradable goods requires some non-tradable inputs (maintenance of shops, employment of local salespeople). Second, it cannot be ruled out that the assumptions of the HBS model do not hold.
Introducing a set of control variables – the output gap, relative purchasing power parities, the Index of Economic Freedom as well as country and year fixed effects – considerably changes partial effects. In 31 cases out of 34, the partial effect of productivity decreases; in 23 equations the decline exceeds 0.5 percent, and in 13 cases the parameter of productivity becomes negative. For 7 product groups the estimated parameter of the relative productivity level is insignificant at 10 percent confidence level. For many typical non-tradable goods and services – such as health care, recreation and culture, education, hotels, etc. – partial effects are hardly larger than those of some clearly tradable goods like tobacco or clothing.

These results suggest that the introduction of the control variables was necessary, since unobserved variables biased the initial estimates of the partial effect of productivity. A negative partial effect of productivity is inconsistent with the HBS framework, but the result is intuitive nevertheless: higher labour productivity means lower production costs, therefore prices can be lower.

The output gap variable (GAP) is significant at 1 percent only in 14 equations and its magnitude is negligible even in these cases. Since this parameter does not include supply-side cyclical effects on prices, a potential explanation is that demand-side inflation pressures were negligible during the period of investigation. Relative purchasing powers (PPS) have highly significant positive effects on prices. This has no substantial economic meaning; as labour productivities are expressed in purchasing power parities, and purchasing powers are by definition a function of prices. The proxy for government intervention (IEF) is significant at 10 percent in half of the equations. The sign of this variable is ambiguous: in exactly half of all cases a heavier hand of the state (higher values of IEF) increases prices ceteris paribus. In the other product groups government intervention lowers prices. Since public utilities, health, transport, communication and education all fall into the latter category, price subsidies may explain this phenomenon. Robustness checks reveal that when individually included, all control variables significantly change the partial effect of productivity, suggesting that they all grasp important sources of endogeneity. The largest changes are incurred by country fixed effects, which is an indication that important factors remained outside the scope of this analysis. Some candidates are relative factor (capital and labour) endowments and differences in tastes.
CONCLUSIONS
This paper analysed the elasticity of price levels to productivity on a panel database of 34 product groups and 30 countries between 1996-2005. This exercise offered an indirect test of the HBS theory of price convergence, allowing for breaching the assumptions of the original theory and incorporating alternative explanations of price convergence. Control variables included output gap, relative purchasing powers and government interference proxied by Heritage Foundation’s Index of Economic Freedom. The key result is that the ceteris paribus effect of productivity on prices is much lower than what a casual observer would suppose; there is much room for relative factor endowments, taste differences and regulated prices in the explanation of the process of price convergence in Eastern European countries. These results reinforce the conclusions of newer macro-level studies of price convergence in this region, but from a micro perspective. The main message for policymakers is that as price increases are not very strongly linked to productivity developments, price convergence is not a direct consequence of real economic catch-up (a piece of potentially good news), but the lack of strong linkage can also give rise to wage-price spirals (a disturbing possibility). The analysis of this pessimistic scenario remains outside the scope of this paper, however.
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APPENDIX: ESTIMATION RESULTS
Notes: estimations with no controls are regressions of relative price levels on relative productivity levels and a constant. Regressions with controls and fixed effects include variables for the business cycle (GAP), relative levels of purchasing powers (PPS), government intervention (IEF) as well as country and year fixed effects. t-values are shown in parentheses under the estimated parameters. Asterisks indicate the insignificance of estimated parameters at levels of 1 percent (*) and 10 percent (**).

	
	No controls
	Controls, country and year fixed effects

	
	PR
	PR
	GAP
	PPS
	IEF
	Adjusted R2
(number of observations)

	Food and non-alcoholic beverages
	0.647
	-0.117
	0.000**
	0.658
	0.006**
	0.990

	
	(81.800)
	(-2.965)
	(0.089)
	(14.629)
	(0.776)
	(276)

	Food
	0.647
	-0.038*
	0.000**
	0.525
	0.028*
	0.992

	
	(50.794)
	(-1.717)
	(-0.315)
	(14.282)
	(2.366)
	(263)

	Bread and cereals
	0.815
	0.016**
	-0.002*
	0.723
	0.009**
	0.993

	
	(70.540)
	(0.454)
	(-1.733)
	(11.577)
	(0.846)
	(263)

	Meat
	0.766
	-0.099*
	-0.002**
	0.348
	0.021**
	0.990

	
	(40.375)
	(-2.412)
	(-1.560)
	(5.222)
	(1.516)
	(263)

	Fish and seafood
	0.568
	-0.010**
	-0.004*
	0.583
	0.044**
	0.969

	
	(36.367)
	(-0.167)
	(-1.695)
	(6.911)
	(1.596)
	(263)

	Milk, cheese and eggs
	0.440
	0.159
	-0.001**
	0.425
	-0.010**
	0.977

	
	(28.015)
	(2.956)
	(-0.325)
	(8.182)
	(-0.593)
	(263)

	Oils and fats
	0.373
	0.100**
	-0.002**
	0.462
	0.074
	0.933

	
	(31.256)
	(1.010)
	(-0.903)
	(9.283)
	(2.933)
	(263)

	Fruit
	0.594
	-0.203
	0.005*
	0.417
	0.125
	0.959

	
	(21.633)
	(-2.627)
	(1.977)
	(4.336)
	(3.610)
	(263)

	Vegetables
	0.786
	-0.234*
	0.008
	0.580
	0.078
	0.973

	
	(35.809)
	(-2.414)
	(5.713)
	(8.321)
	(3.142)
	(263)

	Sugar, jam, honey, chocolate and confectionery
	0.452
	0.279
	-0.006
	0.506
	0.013**
	0.975

	
	(37.449)
	(2.797)
	(-3.845)
	(7.899)
	(0.857)
	(263)

	Food products n.e.c.
	0.467
	-0.122
	-0.004
	0.715
	0.044
	0.985

	
	(42.922)
	(-3.577)
	(-3.408)
	(13.936)
	(3.485)
	(263)

	Non-alcoholic beverages
	0.389
	-0.333
	-0.003**
	0.663
	0.011**
	0.965

	
	(27.601)
	(-7.750)
	(-1.538)
	(23.842)
	(0.646)
	(263)

	Coffee, tea and cocoa
	0.304
	-0.369
	0.002**
	0.782
	0.062
	0.928

	
	(30.646)
	(-7.480)
	(1.224)
	(15.153)
	(2.749)
	(263)

	Mineral waters, soft drinks, fruit and vegetable juices
	0.451
	-0.073**
	-0.006
	0.562
	-0.034*
	0.977

	
	(34.686)
	(-1.450)
	(-3.087)
	(11.767)
	(-1.847)
	(263)

	Alcoholic beverages, tobacco and narcotics
	0.825
	-0.206*
	0.000**
	1.005
	-0.054*
	0.982

	
	(55.651)
	(-1.929)
	(0.191)
	(22.443)
	(-2.096)
	(276)

	Alcoholic beverages
	0.407
	-0.130*
	0.002**
	0.841
	0.007**
	0.985

	
	(20.099)
	(-1.891)
	(1.265)
	(16.562)
	(0.593)
	(263)

	Tobacco
	1.266
	0.212*
	-0.005*
	0.902
	-0.109
	0.984

	
	(84.365)
	(1.932)
	(-1.751)
	(15.007)
	(-2.779)
	(263)

	Clothing and footwear
	0.372
	0.165*
	-0.002*
	0.759
	-0.025
	0.894

	
	(21.356)
	(1.895)
	(-1.667)
	(8.997)
	(-2.981)
	(276)

	Clothing
	0.365
	0.319
	-0.001**
	0.503
	-0.014**
	0.883

	
	(22.173)
	(2.752)
	(-0.596)
	(5.744)
	(-0.903)
	(263)

	Footwear incl. repair
	0.299
	0.141**
	-0.006
	0.638
	0.034**
	0.886

	
	(23.338)
	(1.250)
	(-4.869)
	(6.468)
	(1.590)
	(263)

	Housing, water, electricity, gas and other fuels
	1.235
	0.617
	-0.010
	1.182
	-0.067*
	0.984

	
	(41.755)
	(8.952)
	(-4.296)
	(19.398)
	(-1.726)
	(276)

	Electricity, gas and other fuels
	0.645
	0.799
	-0.015
	0.907
	-0.137
	0.929

	
	(17.887)
	(8.438)
	(-6.075)
	(7.890)
	(-2.634)
	(263)

	Furnishings, household equipment and routine maintenance of the house
	0.573
	-0.124
	-0.005
	0.641
	0.026*
	0.987

	
	(39.677)
	(-5.041)
	(-4.492)
	(14.453)
	(2.522)
	(276)

	Furniture and furnishings
	0.555
	-0.094
	-0.002**
	0.572
	0.015**
	0.981

	
	(38.488)
	(-3.149)
	(-1.438)
	(9.300)
	(1.449)
	(263)

	Carpets and other floor coverings
	0.451
	0.206
	-0.005
	0.569
	0.164
	0.953

	
	(17.960)
	(5.003)
	(-3.679)
	(7.146)
	(5.854)
	(263)

	Glassware, tableware and household utensils
	0.716
	0.175
	-0.006
	0.585
	0.036*
	0.988

	
	(38.157)
	(5.996)
	(-5.611)
	(11.242)
	(2.058)
	(263)

	Health
	1.295
	0.074**
	0.001**
	1.366
	-0.045**
	0.987

	
	(64.774)
	(1.112)
	(0.428)
	(11.727)
	(-1.457)
	(276)

	Transport
	0.591
	0.274
	-0.003
	0.877
	-0.017**
	0.988

	
	(28.430)
	(6.573)
	(-3.365)
	(29.497)
	(-1.306)
	(276)

	Operation of personal transport equipment
	0.308
	0.422
	-0.007
	0.741
	-0.029
	0.976

	
	(10.223)
	(7.726)
	(-6.111)
	(11.542)
	(-4.339)
	(263)

	Communications
	0.222
	0.981
	-0.010
	1.053
	-0.203
	0.849

	
	(2.445)
	(4.822)
	(-3.863)
	(15.337)
	(-4.962)
	(276)

	Recreation and culture
	0.746
	0.081**
	-0.003*
	0.996
	0.010**
	0.991

	
	(59.951)
	(1.431)
	(-1.750)
	(12.822)
	(0.567)
	(276)

	Education
	1.702
	0.229*
	0.000**
	1.231
	0.014**
	0.988

	
	(84.924)
	(1.743)
	(-0.030)
	(6.285)
	(0.382)
	(272)

	Restaurant and hotels
	0.837
	0.115*
	-0.003*
	1.007
	-0.008**
	0.994

	
	(75.055)
	(1.916)
	(-1.866)
	(16.653)
	(-0.465)
	(276)

	Misc. goods and services
	0.959
	0.079*
	-0.006
	0.928
	-0.006**
	0.997

	
	(116.427)
	(1.958)
	(-5.740)
	(19.563)
	(-0.458)
	(276)
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