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ABSTRACT 

 

This paper empirically examines various macroeconomic indicators as factors when modeling stock 

returns in Croatia. The Chen-Roll-Ross macroeconomic factor model has imposed as a logical starting 

point. In contrast to the results of Chen, Roll and Ross for the U.S. stock market, their model was not 

very successful when describing a risk-return relation of Croatian stocks. As expected, the market 

portfolio showed as the most significant factor when explaining returns of Croatian stocks in both, time-

serially and cross-sectionally. Among the other macroeconomic indicators, the oil price, liquidity and 

employment showed off as factors that also bear certain marginal explanatory power. 

 

INTRODUCTION 

 

During the last sixty years the search for common risk factors in the returns on stocks and bonds is of 

great interest for researchers in the field of investment analysis and corporate finance. Because of their 

simple use, development possibilities and easy interpretation, the linear factor models have immediately 

become very popular in scientific papers when describing securities return-generating process. Till today 

a great number of factor models has been developed – primarily for the developed capital markets. 

Emerging capital markets, like Croatian, bear their own specifics and are characterized by a lower 

overall level of development. In addition, there is a very small number of researchers and scientific 

papers that explore return-generating process or develop asset pricing models for those markets. The aim 

of this paper is to test the well-known Chen-Roll-Ross model of stock returns for Croatia and to give a 

starting point for development of country-specific macroeconomic factor models. 

 

The remainder of this paper is organized as it follows. The next section in short discusses the position of 

macroeconomic factor models within the modern portfolio theory. The section after that is the central 

part of the paper. It gives a quick review of Croatian stock market and presents the data, data sources, 

used methods, and results of regression analysis. The last section concludes the paper. 

 

MACROECONOMIC FACTOR MODELS 

 

About Factor Models 

 

The objective of modern portfolio theory is to provide the means by which an investor can identify his or 

her optimal portfolio [11, p. 256]. Modern portfolio theory is characterized by the use of wide range of 

models that imply interaction of both, company business performance and capital market. [10, p. 427]. 

The first task in the investment process is security and market analysis, by which the risk and expected 



return attributes of the entire set of possible investment vehicles are assessed [1, p. 154]. Risk reduction 

through diversification, as a major motive for portfolio creation, is based on the assumption that the total 

risk of every security can be separated into two parts: the systematic risk and the specific risk. Since the 

specific risk of individual securities can be significantly reduced or even eliminated through portfolio 

construction, the systematic risk of a security is the only one relevant and determines its expected return. 

 

Factor models are statistical models that assume that the return on a security is sensitive to the 

movements of various risk factors. They attempt to capture the major economic forces that 

systematically move the prices of all securities. [11, pp. 256-257]. Risk factor selection tends to limit on 

those factors that seem likely to be important, that is, factors that concern investors sufficiently that they 

will demand meaningful risk premiums to bear exposure to those sources of risk [1, p. 311]. Depending 

on the nature of risk factors [11, pp. 270-275] three statistical approaches are known when estimating 

factor models: time-series approaches (mostly related to macroeconomic factors), cross-sectional 

approaches (mostly related to fundamental factors) and factor-analytic approaches (which use factor 

analysis). Special forms of factor models like Capital asset pricing model and Arbitrage pricing theory 

are models developed from the theories of capital market that assume capital market equilibrium and 

imply a great number of assumptions [10, pp. 180, 191]. 

 

Macroeconomic Risk Factors 

 

In a macroeconomic factor model, the factors are defined by economic theory and observed externally to 

the security returns data [6, p. 43]. Representation of returns in macroeconomic factor models assumes 

that the returns to each asset are correlated with only the surprises in some factors related to the 

aggregate economy. A factor surprise is the component of the factor return that was unexpected, and the 

factor surprises constitute the model independent variables [2, p. 423]. In practice, the usefulness of any 

factor for explaining asset returns is generally evaluated using historical data. Confidence that a factor 

will explain future returns increases if we can give an economic explanation of why a factor should be 

important in explaining average returns [2, p. 434]. Macroeconomic indicators that consistently capture 

significant fractions of common movement of stock prices are of great interest for researchers. Although 

all macroeconomic indicators are mutually related, they could be separated into following four groups: 

(1) general economic condition and business cycle factors, (2) market related factors, (3) monetary 

policy related factors and (4) internationally related factors [12, pp. 105-107]. As the proxy of general 

economic condition and business cycle, variables usually used are: employment, GDP, industrial 

production index [3] [5], etc. As market related factors the following variables are used: government 

bond yield [3] [5], corporation bond yield [3] [5], yield on the stock market index [3] [5], the price of 

commodities (like crude oil [5]), etc. Among the monetary policy related factors the most common are: 

inflation, presented via consumer price index [5] [9] or some other price index, and money market 

interest rate [8]. International sections of economy are usually presented throughout the foreign 

exchange rate [4]. Consequently, the variety of possible combinations of macroeconomic indicators, 

with different geographical- or time-coverages, and performed with different statistical techniques, result 

with huge number of scientific papers, often with inconsistent findings. 

 

Macroeconomic Factor Models in Practice 

 

Macroeconomic factor models are the simplest and the most intuitive type of factor models. They use 

observable economic time-series as a measure of the pervasive factors in security returns. A security's 

linear sensitivities to the factors are called the factor betas [6, p. 42]. Relevant financial literature 

emphasizes following macroeconomic factor models: Chen-Roll-Ross (CRR), Burmeister-Roll-Ross 



(BIRR) and Salamon-Smith-Barney (Salamon RAM). All of them are designed and tested for the U.S. 

equity market. CRR pioneered the development of macroeconomic factor models. They found several 

economic variables to be significant in explaining expected stock returns, most notably, industrial 

production, changes in the risk premium, twist in the yield curve, and, somewhat more weakly, measures 

of unanticipated inflation and changes in expected inflation during periods when these variables were 

highly volatile. The most striking result of the CRR paper is that even though a stock market index 

explains a significant portion of the time-series variability of stock returns, it has an insignificant 

influence on pricing when compared against the economic state variables. CRR also examined the 

influence on pricing of exposure to innovations in real per capita consumption and changes of an index 

of oil price. For both variables no overall effect was found [5, p. 402]. The BIRR and the Salomon RAM 

are not the models of interest for this paper, therefore they will not be discussed in detail. 

 

TEST OF THE CHEN-ROLL-ROSS MODEL IN CROATIA 

 

Croatian Equity Market 

 

The Zagreb Stock Exchange (ZSE) represents the central Croatian equities marketplace, where stocks of 

Croatian companies, as well bonds and commercial bills, are traded. The ZSE was first established in 

1907. The modern ZSE in its present form was reestablished in 1991. During the last 20 years the ZSE 

experienced huge development in both, technological and trading aspect. As of March 31, 2013, market 

capitalization of listed companies on the ZSE is 138.6 billion kunas (US$ 23.9 billion). From 2005 to 

2007 Croatian and regional capital markets were under the influence of investors optimism. Thus, a 

significant increase was realized in both, turnover and growth sense. After 2007 this equity boom ended 

and upcoming economic crisis has taken its place. Growing risk aversion among investors struck equity 

indices and market liquidity. Namely, the CROBEX index declined in 2008 by 67%, while equity 

market turnover is reduced by more than 3 times on average after 2008. 

 

Data selection and data sources, definition of variables, and necessary modifications 

 

This paper focuses on the stocks that are listed on the ZSE in the period from April 2007 till March 

2013. Not all stocks were chosen for the factor model testing. 25 stocks were selected as an intersection 

of four criteria: (1) stock is common; (2) stock issuer is nonfinancial company (3) stock has at least 72 

months of trading in a row, and (4) stock liquidity is in the top 50 over the observed period. Selected 

stocks altogether account around 50% of total market capitalization and more than 70% of total turnover 

of stocks on the ZSE. In relation to the originally CRR model three major modifications had to be made 

to the sources and definitions of variables and factors, mainly because of the country specifics. First, 

since Croatian corporate bond market is illiquid, interest rate on long-term bank loans to enterprises had 

been taken as a proxy for the yield on corporate bonds. Second, because of weaker information 

background, real retail-trade turnover index had been taken as a proxy for the real per capita 

consumption. Third, due to lack of expectation regarding inflation, only one inflation factor had been 

used, in contrast to the two CRR-inflation factors. Finally, this paper examines three additional 

macroeconomic factors: employment, liquidity of the equity market and foreign exchange rate. Table 1 

contains definitions of variables and factors in the context of this paper. 

 

Regression analysis 

 

To ascertain whether the macroeconomic variables are related to the underlying factors that explain 

pricing in the Croatian equity market, like CRR, a version of the Fama-MacBeth (1973) technique was 



employed. The procedure has two phases: first- and second-pass regression analysis. First-pass 

regressions examine the significance of factor sensitivities (betas), by regressing time-series of stock 

returns on the macroeconomic variables. Second-pass regressions examine the significance of factor risk 

premiums, by regressing cross-section of stock returns on the resulting estimates of factor betas from the 

first-pass regressions. Estimates of factor risk premiums for each macroeconomic variable were tested 

by t-test for significance (90% confidence level is assumed). Due to large number of values, table 2 

shows averages of estimated risk premiums, as well as averages of absolute values of their t-statistics, 

for each observed year and for whole six-year period. 

 

TABLE 1. Selected variables and definition of factors 
Symbol Variable / Factor Source* / Definition 

Basic Series 

SPS Stock price series (end of month) ZSE 

IPI Industrial production volume index (seasonally adjusted) CNB, CBS 

CPI Consumer price index (seasonally adjusted) CNB, CBS 

LEL Interest rate on long-term bank loans to enterprises (domestic currency) CNB 

LGB YTM on long-term government bonds (domestic currency) EB, ZSE 

TBY Yield on six-month treasury bills (at the moment of issuing) CNB, MF 

MPI Market portfolio index (value weighed) Dolinar (2013) [7], ZSE 

RTI Real retail trade turnover index (seasonally adjusted) CNB, CBS 

COP Crude oil price (NYMEX Futures Prices, contract 1) U.S. Energy Information Admin. 

NEP Number of employed persons (seasonally adjusted) CNB, CBS 

EMT Equity market turnover Dolinar (2013) [7], ZSE 

FER Foreign exchange rate HRK/EUR CNB 

Derived Series 

R(i, t) Monthly return of stock i (dependent variable) SPS(i, t)/SPS(i, t-1)-1 

IPR(t) Industrial production, monthly growth IPI(t)/IPI(t-1)-1 

INF(t) Inflation, change on a monthly level CPI(t)/CPI(t-1)-CPI(t-1)/CPI(t-2) 

RDP(t) Risk (i.e. confidence or default) premium LEL(t)-TBY(t) 

TSP(t) Term structure premium LGB(t)-TBY(t) 

MPR(t) Market portfolio, monthly return MPI(t)/MPI(t-1)-1 

CON(t) Consumption, monthly change RTI(t)/RTI(t-1)-1 

OIL(t) Oil price, monthly change COP(t)/COP(t-1)-1 

EMP(t) Employment, monthly change NEP(t)/NEP(t-1)-1 

LIQ(t) Liquidity, monthly change EMT(t)/EMT(t-1)-1 

FXR(t) FX, monthly change FER(t)/FER(t-1)-1 

* ZSE – the Zagreb Stock Exchange, CNB – the Croatian National Bank, CBS – the Croatian Bureau of Statistics,  

MF – the Ministry of Finance, the Republic of Croatia, EB – the Erste Bank (Daily Financial Report) 

 

First we tested the CRR model (with the above defined modifications; eq. 1). First-pass regression 

analysis showed that factor sensitivities were statistically insignificant for almost all observed stocks. 

Second-pass regressions indicated that only risk premiums related to inflation were statistically 

significant for most of the time. Afterwards, industrial production risk premiums may be seen relevant, 

but only if confidence level is reduced. Finally, we can conclude that the CRR model, solely cannot 

adequately capture common movement of stock prices on Croatian equity market. 

CRR: Rti=ai+bIPRiIPRt+bINFiINFt+bRDPiRDPt+bTSPiTSPt+eti (1) 

 

Because the CRR model was of little or no use, additional six factors were taken into consideration – 

three from the CRR paper (market portfolio, consumption and oil price) and three of our choice 

(employment, liquidity and FX). By doing simple regressions of stock returns on each macroeconomic 

variable, following four factors showed more or less relevant in explaining the time-series variability of 



stock returns: market portfolio, oil price, employment and liquidity. In order to avoid multicollinearity 

problem between market portfolio and oil price following three-factor models were examined: market 

portfolio–employment–liquidity (MEL, eq. 2) and oil price–employment–liquidity (OEL, eq. 3). 

MEL: Rti=ai+bMPRiMPRt+bEMPiEMPt+bLIQiLIQt+eti (2) 

OEL: Rti=ai+bOILiOILt+bEMPiEMPt+bLIQiLIQt+eti (3) 

 

As expected, first-pass regression analysis of the MEL model showed that factor sensitivities on market 

portfolio were statistically significant for almost all observed stocks, while factor sensitivities on 

employment and liquidity were significant for a small number of stocks. First-pass regressions of the 

OEL model showed statistical significance of factor sensitivities on oil price and liquidity for less than 

half of the observed stocks. Again, factor sensitivities on employment were significant for a small 

number of stocks. Second-pass regressions of both models pointed out statistical significance of risk 

premiums related to market portfolio and oil price for the first three years of the observed period. 

Significance of risk premiums related to employment and liquidity is limited just to certain years. 

 

TABLE 2. Risk premiums of factors 

Period 

CRR model 

IPR t-stat INF t-stat RDP t-stat TSP t-stat 

April07-March08 -0.012 1.423 -0.004 1.515 0.012 1.280 0.010 1.565 

April08-March09 0.004 1.810 0.001 1.658 -0.005 1.368 -0.005 1.654 

April09-March10 0.001 1.466 0.001 1.881 0.005 0.737 0.002 0.966 

April10-March11 0.009 1.407 0.002 0.941 0.009 0.997 0.019 1.250 

April11-March12 -0.006 1.441 0.000 2.505 -0.006 1.412 0.000 1.295 

April12-March13 -0.005 0.997 -0.004 1.912 -0.001 0.997 -0.002 1.056 

April07-March13 -0.001 1.424 -0.001 1.735 0.002 1.132 0.004 1.298 

Period 

MEL model OEL model 

MPR t-stat EMP t-stat LIQ t-stat OIL t-stat EMP t-stat LIQ t-stat 

April07-March08 0.062 2.228 0.002 1.137 0.122 1.700 0.107 2.118 0.003 1.260 0.397 1.762 

April08-March09 -0.018 2.339 -0.002 0.770 -0.022 1.251 -0.048 1.773 -0.002 1.090 -0.066 1.653 

April09-March10 0.012 1.860 -0.002 0.647 0.003 0.717 0.018 1.793 -0.002 0.682 -0.055 0.844 

April10-March11 -0.001 1.404 0.000 1.656 0.375 1.224 -0.005 0.991 0.001 1.536 0.313 1.368 

April11-March12 0.000 1.092 0.001 1.365 -0.289 1.316 -0.070 1.335 0.002 1.514 -0.279 1.412 

April12-March13 0.013 1.034 -0.001 1.194 -0.313 1.142 -0.034 0.905 0.000 0.800 -0.217 1.093 

April07-March13 0.011 1.659 0.000 1.128 -0.021 1.225 -0.005 1.486 0.000 1.147 0.015 1.355 

Source: Authors’ calculation 

 

CONCLUSION 

 

This paper shows that pricing models built for the developed capital markets, like the U.S., can be 

applied to an emerging capital market, like Croatian. However, their success in explaining a risk-return 

relation cannot be so easily copied from one market to another. Emerging capital markets bear their own 

specifics that need to be taken into account when applying existing or developing new pricing models. In 

that context the Chen-Roll-Ross model has imposed as a logical starting point. 

 

Based on the two-pass regression analysis of returns of 25 Croatian stocks on 10 macroeconomic factors 

during the six-year observation period the following conclusions are made. (1) In contrast to the results 

of Chen, Roll and Ross for the U.S. stock market, their model was not so successful when describing a 

risk-return relation of Croatian stocks. (2) Among factors of the CRR model, only inflation showed 

certain statistical significance. Namely, although inflation did not explain much of the intertemporal 

movements in stock returns, their estimated risk premiums are significant when explaining cross-



sectional differences in average returns. (3) Among the 10 observed macroeconomic factors, market 

portfolio, oil price, liquidity and employment are factors that together explain the biggest portion of the 

time-series variability of stock returns. (4) Due to great collinearity, the oil price as a factor may be seen 

as the best replacement for market portfolio. (5) In the proposed MEL (market portfolio–employment–

liquidity) model, market portfolio is the most significant factor when explaining stock returns in both, 

time-serially and cross-sectionally. The influence of employment and liquidity was partial, i.e. factors 

were statistically significant only for some stocks and/or for some time periods. (6) In the proposed OEL 

(oil price–employment–liquidity) model, the oil price and liquidity have shown as statistically 

significant, although not consistently. The employment as a factor was not of great importance. (7) 

Finally, the proposed MEL model proved to be better in explaining common variation in stock returns in 

relation to the proposed OEL model. 

 

Several reasons can be named why the CRR model for the Croatian stock market has not showed any 

statistical significance that it has in Chen, Roll and Ross paper. One of the reasons for such result is an 

inadequate informational background. Other reasons can be found in the specifics of emerging capital 

markets. Lower liquidity in general is the result of lower level of knowledge and experience of capital 

market participants, huge influence of commercial banks on overall financial system, and a small 

number of institutional and individual investors. Further research will focus on incorporating these 

issues when developing a new stock pricing model for emerging markets. Finally, many combinations of 

factors are left open for the future research, therefore the aim and purpose of new findings are in some 

degree intended to improve today's financial industry practice when analyzing emerging markets. 
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