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ABSTRACT
This paper explores the relationship between unemployment (UR) and job vacancies rate (VR) on Croatia’s labor market during the observed period from January 1990 to December  2008 on the basis of empirical analysis using the framework of the UV Curve, also known as the Beveridge Curve. We estimated the natural rate of unemployment (in static and dynamic time varying equilibrium version) as a concept which follows from the Beveridge Curve theory that says that changes in vacancy rate push unemployment in the  opposite direction. 
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1. Introduction

The key function of the labor market is to match unemployed workers with jobs available. New hires (successful matches) are the key output of the matching function. Analyzing the unemployment and vacancy relationship on the labor market (the Beveridge Curve) can thus reveal essential information about the flexibility and the current state of the labor market. The objective of the paper is not only to empirically estimate the Beveridge Curve for the Croatian labor market, but is somewhat broader. 

Although not exactly neglected, the Beveridge curve has been somewhat overlooked due to heavy emphasis on the Phillips curve. Blanchard and Diamond (1989), in their seminal paper, consider this wrong and to quote: “The Beveridge relation comes conceptually first and contains essential information about the functioning of the labor market and the shocks that affect it” (p. 1). It is the centerpiece of several studies, of course, like that of Elmeskov (1993), Elmeskov and MacFarlan(1993), and Wall and Zoega (2001), to name a few which have provided insights for this research. Petrongolo and Pissarides (2001) provide an overview of different attempts to assess the matching function. 

But first of all, let us present a history of this research; the Beveridge Curve conceptually shares some similarities with the Phillips Curve, some modest contribution in this direction has already been done (cf. Šergo, Tomčić, 2003a), but we failed in understanding what triggered the accelerating unemployment and recession in the last decade. Modeling of the matching function of the labor market by region for the selected countries in transition (included Croatia) is performed by translog regression function (Obadić, 2006).  We should emphasize the contribution in modeling of NAIRU by the HP filter; Botrić shows that the NAIRU stands very close to the actual rate of unemployment (Botrić, 2005). But the natural rate of unemployment obtained via simple unemployment-vacancy rate contrary forces is still a dark room in the thoughts of our labor economists.

The paper undertakes the analysis at four levels. Firstly, the paper reports estimates of the Beveridge curves across Croatia using quarterly (and monthly) data in the period 1990 – 2008, highlighting the trends and any systemic effects across Croatia. Secondly, a more detailed study on Croatian economy is undertaken to account for the structural changes in the labor market, such as changes in the matching technology and the persistence of structural unemployment from the recent external shocks affecting economy. Thirdly, on the basis of various econometric results we will try to shed light on the magnitude of the natural rate of unemployment in Croatia.

2. The Concept of the Beveridge Curve

The Beveridge Curve draws an inverse relationship between the unemployment rate (UR) and the vacancy rate (VR) from the matching function of the labor market. The position on the curve can indicate the current state of the economy in any business cycle. For example, the recessionary periods are indicated by high unemployment and low vacancies, corresponding to the lower right end of the curve. Conversely, high vacancies and low unemployment indicate the expansionary periods, corresponding to the high left end of the curve (see Figure 1). 

Figure 1
Natural rate of Unemployment
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Source: Teo, E. T.,  Thangavelu, M. S.,   Quah, E., 2004

The position of the curve from the origin indicates the overall activity of the labor market. This would indicate the underlying structure of efficiency of the labor market, the mobility of workers within industries (intra-industry) and between industries (inter-industry). The following would account for shifts in the Beveridge curve (Teo, E. T., Thangavelu, M. S.,   Quah, E., 2004).

Increase in the rate of growth of the labor force will shift the curve outwards from the origin as new entrants will add more to the unemployed. 

The matching process will determine how efficiently workers are matched with jobs. The improvements in the efficiency of the matching "technology" would shift the curve towards the origin, since an efficient matching process will create faster reduction in the unemployed stock and vacancies. Factors affecting the matching efficiency of the labor market include, for example, the introduction of labor market intermediaries, introduction of social insurance, unionization, and changes in the mobility of labor (Nickell p.4).
A decrease in the labor market "churn" would decrease the number of firms searching for workers and the number of workers searching for jobs. This would shift the curve towards the origin. Job losses, resignations in industry, and job creation in service sectors (in Croatia especially) are related to the labor market "churning", or reallocation effects. Increase in the "churning" or reallocation effects will shift the curve outward from the origin.

Long-term unemployment is positively related to the intercept of the Beveridge Curve. The persistence of long-term unemployment will push the curve outward from the origin. The persistence of structural unemployment could be caused by factors such as deterioration of human capital of the unemployed (skills out of date) or a negative perception of the unemployed on the part of the potential employers. In any case, unemployment of industrial workers which by causation can lead to increasing returns of permanent unemployment is into a hub of “hysteresis” problems.
3. The Natural Rate of Unemployment in the Beveridge Curve Framework

Let us try to define the natural rate of unemployment, or translate that concept in the  Beveridge curve framework. We located the first occurrence of this concept in the history of macroeconomics thought. 

In his 1967 American Economic Association (AEA) presidential address aimed at bringing the concept of a natural rate of unemployment to the attention of the economics profession, M. Friedman first defined the NARU concept. By a „natural rate of unemployment“ Friedman postulated that it is „the level of unemployment which is consistent with equi​librium in the structure of real wage rates. At that level of unemploy​ment, real wage rates
 are tending on the average to rise at a “normal“ secular rate, i.e., at a rate that can be indefinitely maintained so long as capital formation, technological improvements, etc., remain on their long-run trends“. Different factors influence the natural rate of un​employment, including “market imperfections, stochastic variability in demands and supplies, the cost of gathering information about job vacancies and labor availabilities, the costs of mobility”. There will always be some unemployment as a result of individu​als who are between jobs, technological improvement, seasonal vari​ations in employment, and so on. „The existence of a natural rate of employment" means that "the goal of zero unemployment is not re​alizable“ (citation according to Ebenstein, L., 2007, p.161). We should point out that our concept of the NRU is closely linked with the variability of job vacancies/unemployment rate and its equilibrium (as part of conventional wisdom according to Beveridge curve) and otherwise has nothing in common with the Keynesians term NAIRU (nonaccelerating inflation rate of unemployment) although it shares some similarities.
 Moreover, since Friedman’s definition of the NRU in 1967 leads the Beveridge curve contribution we are prone to believe that equilibrium vacancies/unemployment rate deduced out of a regressing Beveridge curve (see below), or NRU is not the same term, but they both share same  basis “equilibrium” idea. In short, if we imagine that the Croatian Employment Service as an economic agent intermediating and gathering information about unemployment and job vacancies does the job completely and perfectly in some economy and no job vacancies or involuntary unemployment are left unnoticed by that agent, we can obtain some equilibrium vacancies/unemployment (or NRU) rate by some statistical tool, as we will see later.

Graphical Analysis of the Unemployment And Vacancy Rate are presented in the figure below. Figure 26 shows the rate of unemployment and the vacancy rate over the period 1990:Q1 to 2008:Q4. 
Figure 2
Unemployment & Vacancy Rate 1990:Q1 - 2008:Q4 in Croatia
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Source: calculated by authors 

Notes:

VR= Vacancy Rate

UR = Unemployment Rate 
Unemployment increased over much of the 1990s and up to 2002.Q1, while the vacancy rate has overall a declining trend. From 1995 on, the unemployment/vacancy rate gap continued to repeat its direction because the unemployment rate substantially oversized the vacancy rate and had been doing so continually in various quartiles yet almost twice above the vacancy rate level. A disastrous level of unemployment rate in Croatia in 2002, in the first quartile, mounted to 24% which is near the unemployment peak crises experienced in the USA economy during some episodes of the Great Depression in the thirties.7 8 After 2002 unemployment has sharply declined and amounts to 13.23% at fourth quartile of 2008. At the end of observation the vacancy rate has converged to unemployment rate from the bottom and almost equalized in magnitude (vacancy rate was 12.35% and 9.6% in last two quartiles of 2008), with the unemployment rate. 

Figure 3
Croatia UR/VR plot (Beveridge Curve) 1990:Q1-2008:Q4

[image: image3.jpg]Al

40 -

S -

16
LIP




Source: calculated by authors 

Notes: x-axis (UR) unemployment rate in % 

            

y- Axis is (VR) job vacancy rate in %

The scatter plot of the relationship between Croatia's unemployment and job vacancies reveals four distinct phases of Croatia's development (see Figure 3). The first period in row is 1990:Q1-1992:Q1, we could epitomize it in contradictory terms as „deterring trend of fragile or absent economic recovery”, a consequence of Marković reform’s program – in that period vacancy rate was substantial, at the end of cycle however only marginally, and  unemployment was the lowest. At that time the socialist - self-government legislation with its inherent policy of employees’ overprotection, had terminated. Meanwhile a first shocking ownership transformation and secondly, privatization efforts unleashed easier workmen banishment9. 

No wonder that in the latter period 1992:Q2-1996:Q1 (following a contraction on the labor market), which coincided with an acceleration of unemployment, there still persist some sparks of market vitality measured by a reasonably high rate of labor demand, so that vacancy rate is still higher than the unemployment rate despite of war, up to structural shift into labor market which, in our opinion, appeared for two reasons: - first, abrupt deindustrialization, and second, a broader restructuring of the labor market due to technology, industrial workers switched or opted in finding a new job in different service industries (first symptoms of Dutch disease  occurred). During the first quarter of 1996, the unemployment - vacancy rate equalized at a level of about 15 % (very near the average NRU, see later). Later on there is the third cycle (1996:Q2-2002:Q3) observed as a distinguished pattern of our research. Apparently, the postwar economic depression, measured in job losses, is in full swing.  The second half of this period can be (by future scholars) stigmatized due to the unemployment rate hitting unseen levels. The vacancy rate remains chronically much lower than the unemployment rate (which is over 20%), however, it is a renowned fact that in economy, debts are always paid with certain temporal lags. The fourth cycle can be defined as some sort of Economic Recovery, when unemployment is gradually falling from more than 21% to around 14,5% by the end of 2007, but the vacancy rate is nevertheless fluctuating at a very low level. If we postulate the vacancy rate as a proxy variable for labor demand, it seems that the labor market is on a path to recovery. In the first quarter of 2008, vacancy rate is just over the unemployment rate (which tells us that the global recession shock still did not affect Croatia’s real sector at the end of 2008). 
The scatter diagram with belonging dots, which pairs up UR/VR space and constructs the Beveridge Curve as a continuous line, becomes much closer to its origin as a time trend function at the end of the observed period10; dots at a later time in Figure 2 are closer than dots at the starting point of graphical observation. This decrease in the labor market "churn" as a function of time tells us that the labor market stabilizes over time because the number of firms searching for workers and the number of workers searching for jobs become less and less evident. This tendency shifted the curve towards the origin in three (even four – if we take for granted the beginning of observation) circular steps. There are job losses, forceful resignations, but also some job creation due to structural changes because of de-industrialization and a fast tertialization. This situation is mainly behind us and it seems that the huge reallocation surge present in the last two decades is somehow dampened. However, we cannot be too optimistic because of the oncoming shock of the global recession in 2009. As a matter of fact the global recession shock at the end of 2008 transmits potential for new economic depression and hence huge unemployment again, decrease in the "churning" or reallocation effects will shift the Beveridge curve transitorily inward closer to the origin.

From the visual inspection of Figure 2, the change in the UR/VR relationship after war shock 1992 Q2 is quite evident. The change in the business cycle appears to have pushed Croatia's UR points upward towards the higher right end of the Beveridge curves, indicating that in 1992 the economy was in a recession. In addition to the upward movements, the curve has shifted inwards (or more to the left toward the ordinate axes), in three circular steps (as mentioned before). This raises an interesting question about the structural changes in Croatia's labor market after 1992, and the subsequent period of fragile economic recovery measured by the unemployment rate. On this point we can scatter some important factors in the labor force issue like the aging population and a very low rate of births, emigration flows during and after the war, decrease in the growth rate of the labor force, which shifted the curve inwards more toward the origin. Despite those favorable demographic changes, i.e. labor force shrinkage, in terms of unemployment problem, the crises could be much worse, as we can superficially conclude, if it wasn’t for such a huge negative demographic shock in Croatia. The lower number of employed people resulted in an improved productivity, and less “hidden unemployment” within firms. It reminds us of the problem in socialist economies that absorbed the demographic increase of population through production capacities on the level of industrial expansion. The latter is a consequence of the capitalist orientation of economy based on liberal premises. In the 90ies there is hard evidence and econometric measurements proving the growth of the total productivity factor. (Šergo, Tomčić,  2003b).
4. Theoretical and Empirical Framework: Beveridge Curve

The starting point of the Beveridge Curve is the matching function in the labor market, which is given as:

M=M(U,V), MU >0, MV > 0.                                              (1)

M denotes the number of hires or job matches, U is the number of unemployed workers, and V is the number of vacancies. The matching function summarizes the effectiveness of the technology that brings workers searching for jobs together with the employers searching for workers.

We could specify a Cobb-Douglas matching function that exhibits constant returns to scale:
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The matching technology is given by the A parameter. In equilibrium the number of separation will be equal to the number of matches and thus we could derive the following (dividing by labor force, L):
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This could be written as:
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                     (4)
where s denotes the separation rate, UR the unemployment rate, and VR the vacancy rate. With a fixed separation rate, the implicit theorem suggests that there is an inverse relationship between UR (unemployment rate) and VR (vacancy rate) - the Beveridge Curve. The theoretical construct of the basic model is that there is a relationship between the unemployment rate and the vacancy rate in a labor market, represented in the equation (5).
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Equation (5) is transformed into logarithms so that the coefficients can be interpreted in terms of elasticities. 

The Beveridge Curve also allows one to derive the natural rate of unemployment (NRU). It must be clarified that the natural rate, as defined in the context of the Beveridge Curve, is not directly equivalent to the definition of the natural rate of unemployment as defied by Friedman (1968), which too does not correspond to any particular rate of inflation. The natural rate of unemployment, in the context of the Beveridge Curve, is the equilibrium condition that must exist in a "steady-state" where unemployment rate is equivalent to vacancy rate - equality of the inflow and outflow in the labor market. In equilibrium, this would imply the point(s) where the job vacancy rate is equal to the unemployment rate, by plotting a 45° line from the origin (see Figure 1). The NRU is not necessarily the socially optimal, but is the rate at which a labor market system is converging for a given underlying economic structure of unemployment and vacancies.

From (5) we can deduce the so cold natural rate of unemployment (NRU), which is by definition some ratio of constant and slope less than one according to Beveridge curve regression parameters. Why?  The unknown rate that equals left and right side of (5) (or deviation of steady state UR from deviation from steady state VR in time dynamics) should be NRU11. If the monthly time series URt and VRt are related by (5), then in steady – state equilibrium the relationship becomes 
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So that we have the steady state solution 
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Now we ought to conclude that the NRU indicates some rate of unemployment toward which steady state rate of unemployment would converge if the steady state vacancies rate deviates in magnitude from long run unemployment rate. So, we can calculate the NRU from Beveridge regression curve according to NRU = exp (a0/ (1-a1))12.  Equation (5) is augmented with a time trend variable (T) to capture improvements in the labor market efficiency over time (so regression specification refers to column 2 in Table 1.) We used 1 period lag of vacancies to capture the effects of vacancies as a leading indicator for unemployment (regression specification). The persistence of unemployment is captured by the lag of unemployment rate. The final form of the equations used in regression exercise is given as:  
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where log (URt) = log (Unemployment rate in time t)

Log (VRt-1) = log (Job Vacancy rate in time t-1)

T = time trend

et = i.i.d error term 



5. About the Data and the Unit Root Testing

The web page of the Croatian Bureau of Statistics and MojPosao contain data of monthly registered unemployment rate. On the Web page of the CBS we find data regarding filled job vacancies and opened job vacancies in Croatia in the observed period.  The monthly stock data (1990-2008) are transformed to quarterly frequencies by the authors, by moving the average method.

Table 1
Unit root test on log of unemployment rate and log of vacancies rate (in levels)
	
	Log(UR)
	Log(VR)

	
	ADF
	PP
	ADF
	PP

	Case 1
	-2.534d(2)**
	-2.765c(1)***
	-1,106c(4)**
	-4,314a(6)***

	Case 2
	-2.232d(2)**
	-4.086a(1)***
	-1.768c(4)**
	-6,521a(2)***

	Case 3
	-0,274 d (4)**
	0,368c(1)***
	-0,650c(4)**
	-1,956b(4)***


Source: calculated by the authors 

* Notes: Case 1 shows that the auxiliary regression is run with a constant. Case 2 shows that the auxiliary regression is run with a constant and time trend. Case 3 shows that the auxiliary regression is run without any deterministic term.

(a) Implies that the null hypothesis of the existence of a unit root is rejected at a %1 significance level.

(b) Implies that the null hypothesis of the existence of a unit root is rejected at a %5 significance level.

(c) Implies that the null hypothesis of the existence of a unit root is accepted at a %10 significance level.

(d) Implies presence of the unit root (I(1)) in series 

(**) The lag lengths are chosen according to Akaike Information Criteria (AIC) for ADF tests.

(***) PP tests are estimated for Bartlett kernel truncation lags.

The ADF test statistics for unit root has found evidence of presence of unit-root for the log of unemployment rate variable for levels at least 1% significant, but PP test statistics does not give us hard evidence of the unit root issue in the log(u) series. The ADF test and PP statistics for unit root reveal evidence against unit-root null hypothesis for the log of vacancy rate variable for at least 1% significance levels (in case of PP statistics). Thus, log of unemployment rate is non-stationary [I (1)] and log of vacancies rate time series is a stationary variable [I (0)].

6. The Beveridge Curve Regression Results

From the regression analysis, given in Tables 2 and 3, we are able to verify the existence of the negative Beveridge Curve for the Republic of Croatia. The higher negative elasticity coefficient of log (VR) and statistically significant in value (in (8) compared to other regressions referred to (9) and (10)) suggests that the Croatian labor market is experiencing higher vacancies-unemployed matching efficiency than was the case in the recent past. The time trend, which captures the matching technology or efficiency of labor market matching, is statistically insignificant (in (9) e.g. located in column 2 but not in the (10) regression contained in column 3) and negative, thereby suggesting that there is an inward shift in the curve over time. This indicates that Croatia is experiencing greater matching efficiency in the labor market over time. Therefore, this finding confirms the previous finding saying that the labor market is more efficient today than it was yesterday.

Table 2
Estimates of the Beveridge Curve for Croatia, 1990Q1-2008Q4, Dependent Variable; log (UR), by OLS Estimator

	Independent variable
	Coefficient  (t-statistics)

	
	(1)
	(2)
	(3)

	Constant
	3,426 (22,5)
	3,41 (12.29)
	0,46 (2,88)

	Log(VR)
	-0,234 (-4,014)
	
	

	Trend    
	
	-0,0004 (-0.26)
	-0,001 (-2,79)

	Log(VRt-1)                
	
	-0,236 (-0.253)
	-0,062 (-2,73)

	Log(Urt-1)                
	
	
	-0,91(-22,9)

	White Test
	
	14.54(0.006)
	1.56(0.95)

	Breusch-Godfrey Test
	
	56.75684(0,00)
	6.402(0.041)

	DW
	0,21
	0.22
	1,67

	R^2                  
	0,17
	0,17
	0,91

	a0/(1-(a1+a2+a3))
	2,776
	2,758
	2,948

	NRU
	16.06
	15,77
	19,08


Source: Calculated by authors 

*Legend: NRU = exp (a0/ (1-(a1+a2+a3))

Granger and Newbold (1974) suggested the ‘rule of thumb’ for detecting spurious regressions. By simple visual inspection we see that R2 is low enough and less than DW-statistics, so the regression (1 and 2) is not spurious. Early testing for presence of unit root confirms those findings because I (1) process (e.g. log (UR)) is regress by I (1) process (e.g. I (0)).  To avoid spurious regression, the residuals of the estimated equations are tested for stationarity using the unit-root test. The results from ADF tests indicate that the residuals are stationary for the first two regressions but not for the third regression at least at a 0,05 level of significance, hence the calculated NRU is overrated since the result of the third regression is very likely spurious, the conclusion for regression (1) and (2) suggests the above equations are cointegrated (the conclusions from the maximal eigenvalues and trace statistics according to Johansen cointegration tests confirm the last findings at at least 0,05 level significance for regressions) and hence, we can proceed without complications, because the estimations at levels for those equations are valid. This is important if we wish to extract the NRU as a steady state long run value from regressions.

The DW statistics test for the presence of first-order autocorrelation reveal these problems in regression (1); a more flexible test, covering autocorrelation of higher orders and applicable whether or not the repressors include lags of the dependent variable (regressions 2 and 3), is performed by the Breusch–Godfrey test. The simplest version of the test statistic from this auxiliary regression is TR2, where T is the sample size and R2 is the coefficient of determination. A test of serial correlation rejects the null hypothesis of no serial correlation in the reformulated equation (2) and (3). The White test for heteroskedasticity in the above OLS residuals show possible heteroskedasticity problem in those regressions.

The authors' response to evidence of nonzero autocorrelation in the above regressions includes running new regressions by the Newey-West HAC estimator.13
Table 3
  Estimates of the Beveridge Curve for Croatia, 1990Q1-2008Q4
Dependent Variable; log (UR), HAC Estimator
	Independent variable
	Coefficient 

(t-statistics)

	Constant
	3,5 (13,1)
	3,2 (10,4)
	0.46  (2.7)

	Log(VR)
	-0,26 (-2,4)
	
	

	Trend    
	
	-0,001 (-0,6)
	-0.001  (-2.28)

	Log(VRt-1)                
	
	-0,177 (-1,8)
	-0.05 (-2.0)

	Log(URt-1)                
	
	
	0.91 (22.682)

	R^2                  
	0,23
	0,21
	0,91

	a0/(1(a1+a2+a3))
	2,77
	2,71
	3,19

	NRU
	16,08
	15,13
	24,38


Source: Calculated by authors 

*Notes: NRU = exp (a0/ (1-(a1+a2+a3))

The Beveridge Curve is re-estimated using the lagged unemployment rate to account for the persistence of unemployment over time (third regression). The unemployment persistence coefficient is statistically high significant and positive in our study.14 The positive coefficient suggests that unemployment "hysteresis" has a strong outward effect on the Beveridge Curve creating inefficiencies in the labor market. Because of the magnitude of this elasticity coefficient we can categorically state that Croatia is also experiencing greater persistence of unemployment, which is still a great obstacle to further progress in labor issues. We can measure persistence by the coefficient of correlation between the current unemployment rate and its own past values. There are clear positive correlations in the current rate and the previous quarterly rate of unemployment, the dying out effect (or  decreasing autocorrelation of UR) in unemployment persistence is very slow – after the third year, hence the prolonged hysteresis problem still persists in Croatian labor market.    

Table 4
The Persistence of Croatia's Unemployment 1998.Q1-2008.Q4 

	Time lag
	Autocorrelation in unemployment rate over time (in quartile)

	1
	0.900

	2
	0.776

	3
	0.685

	4
	0.606

	5
	0.491

	6
	0.381

	7
	0.322

	8
	0.281

	9
	0.222

	10
	0.151

	11
	0.111

	12
	0.075


Source: Calculated by authors 

The derivation of the natural rate of unemployment is given in Table 2 and Table 3. Croatia experienced a very high natural rate of unemployment, it is around 16 percent (if focused on value without persistence in unemployment rate only), and this huge figure which dictates the path of the natural rate of output happens, not surprisingly, as the consequence of huge social damages caused by privatization efforts in the early nineties. Hence the lower demand for work pushes the NRU as the balance rate of long-term unemployment, very high towards the top. It is not a surprise that the vast damage of privatization efforts in the early nineties pushed up the NRU as a steady state unemployment rate.

However, the assumption of a constant NRU underlying the above deduction is unauthentic.

It will be more plausible if we calculate and explain the NRU as a time varying parameter.  There is plenty of references and authors that seek to estimate the path of a time varying NRU. This knowledge is based on the idea, discussed above, that movements in U* are long-term (or trending) shifts in the unemployment-vacancy relation, while the shock v captures short-run fluctuations. In the proceeding we use a Ball & Mankiew's approach that is a simplification of Staiger et al. and Gordon (1998) in calculating USA NAIRU according to the Philips curve. We already know that the Philips curve, in the case of rejecting the inflation variable and instead including the change of vacancy rate, transforms it in the Beveridge curve equation, so we can apply the previous approach without doubting its adequacy. 

7. The NRU and a time varying approach

To see how we alternatively might estimate the NRU in the framework of the Beveridge Curve, we will alter slightly (6) exchanging the parameters sides in the Beveridge curve equation, and as endogenous variable we will set up first-differences of vacancies rate in levels, and we will leave out the constant parameter, to obtain 

Δ (VR t) = b1 (URt- URt*) + et.                                     (11)

Suppose for the moment that we know the value of the parameter b1 (or slope coefficient), which gives the slope of the unemployment-vacancy differential change tradeoff. We can then rearrange to obtain the equation

URt* + et/b1 = UR t + ΔVR t/b1.                                   (12)

The right-hand side can be computed from the data, yielding an estimate of URt* + et/b1, which measures the shifts in the Beveridge curve inside the given framework. Within this sum, URt* represents the longer-term trends, and et/b1 is proportional to the shorter-term supply shocks that draw demand for labor (proxies by vacancy rate) up and down. It is therefore natural to try to extract URt* from URt* + et/b1 using a standard approach to estimate the trend in a series.

We use the Hodrick-Prescott filter (Hodrick and Prescott, 1997), which is a generalization of a linear time trend that allows the slope of the trend to change gradually over time. Formally, the HP filter minimizes the sum of squared deviations between the trend and the actual series, with a penalty for curvature that keeps the trend smooth. If there were no penalty, the filter would yield the original series; if the penalty were very high, it would yield a linear time trend.

To implement this procedure, we must choose two parameters. The first is the modified Beveridge curve slope, b1. 

Table 5

Dependent Variable: Δ (VR)
	Variable
	Coefficient
	t-Statistic
	Prob.  

	Constant
	-6.428
	-3.03
	0.003

	UR
	0.342
	2.81
	0.006

	R-squared
	0.097
	    Mean dependent var
	-0.503

	Adjusted R-squared
	0.085
	    S.D. dependent var
	3.315

	Log likelihood
	-191.968
	    F-statistic
	7.90

	Durbin-Watson stat
	2.127
	    Prob(F-statistic)
	0.006


In our results below, we use a 0.34, the slope coefficient obtained from regressing ΔVR on unemployment and a constant. Both coefficients are above 2 and hence significant in our regression, hence the null hypothesis about the slope coefficient value used in further analysis is rejected at 0.001 levels.  The obtained value of slope is consistent with conventional wisdom about the opportunity costs of decreasing demand on the labor market (it implies that reducing the vacancy differential (between two quartiles) by one percentage point in level produces an increasing unemployment rate by 1/0.342 = 2.92 %). The other parameter is the smoothing parameter in the HP filter- the weight that the procedure gives to keeping the estimated U* smooth rather than fitting every movement in URt*+ (et/b1). The choice of this parameter is largely arbitrary. In some ways, this is not surprising: as we noted earlier, the distinction between UR* and a1 is not well-defined.

Figure 4 presents estimates of Croatia’s NRU over the last eighteen years. The solid line gives the values of URt* computed as described above; this represents the long-term and permanent shift in the vacancy-unemployment tradeoff. The dashed line gives the actual unemployment rate as a series that serve as our estimates of UR*.

Figure 4
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The NRU followed an irregular spiral-shaped path: it trended up very sloppy from the 1990.Q215 until 1992.Q4 – afterward the rising had been slow and its magnitude remained below the actual UR till 1995.Q1, at the start of 1995 the NARU intersects with the actual UR and simultaneously converges to a steady rate of 16% (calculated in the previous approach). From 1994.Q2 until about 1997.Q2 the NRU remained quit stable around 16%, then peaked in 2000.Q3 and followed very closely the trajectory path of UR (the ups and downs-margin duo to UR are narrow) and declined since then but slightly until 2003. Meanwhile, with skyrocket unemployment rate in 2002.Q1 (23.88%), the NRU remains below the actual UR. In the last few years we can see that the actual unemployment rate is pressured below the NRU. But we can’t predict how long it will prevail since global recession started at end of 2008. As we can see the NRU resembles, ironically, a “broken thermostat”. 

In Croatia, metaphorically speaking, as a home gets cold, the thermostat16 switches on the heat. As the heat rises past a set point, the thermostat switches off, until the labor market cools back below the set point. The NRU dampens the fluctuations of unemployment in the national economy, keeping the unemployment rate close to the set point, e.g. room temperature of 16-18% degrees. But irony lay in the direction of switching on and off, and not so unimportant – the optimum set point of long-run (or full employment) unemployment rate which should be, in our opinion, like in a summer’s cave, around 4-6% degree unemployment rate. 

8. Conclusions

We will conclude in a few non-technical sketches. The results of the Beveridge curve scatter plot confirmed by regression results suggest that Croatia's labor market appears to have improved in its matching efficiency. The improvement of the matching efficiency has been rising since the war and the de-industrialization shocks in the 90es. Shortly, Croatia is experiencing a greater matching efficiency on the labor market over time, in other words, today, the labor market put in the capitalist framework of private employer – personal employee is more efficient than in the early transition period judged by our limited (read: official) dataset about unemployment and vacancy rate. The responsiveness of the labor market depends not only on the willingness of the unemployed to fill jobs but also on the responsiveness of employers to fill vacancies with workers. In the early nineties (in a state of shock due to the war and a breakup of the commercial connections with the ex Yugoslav republics) and after workers had changed their rational expectations about the future demand on the employment market, there is a certain structural breakup with the earlier structural needs for workforce. Workers requalify and thus change the situation regarding skills and capabilities. They readjust, undergo further education in order to remain employable. The height of the calculated natural rate of unemployment, mainly due to methodological consequences of HP filters, closely follows the current unemployment rate which is, on average, around 16% for the mentioned period. We also established an increase in "hysteresis" because of deindustrialization of the economic structure of Croatia. The "hysteresis" problem is greatly linked to the now aged unemployed workers in their 50s or 60s who did not adjust their skills to the big structural changes in the 90es and, after the privatization of firms in state-ownership17, toward the new economy structures (lower industry workers formerly accommodated in goods export sectors are demanding, hence the persistence of unemployment). 
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Notes

4 

5 
6 The unemployment rate, calculated by the Central Statistical Bureau of Croatia is official unemployment, end of period, as a percentage of the labor force whereas the vacancy rate is number of vacancies, end of period, as a percentage of the job filled and open or vacant job. Therefore, the formulas are: UR = (unemployed persons/ (labor force))*100, VR=job vacancies / (job filled + vacant job)*100. Vacancies are collected by the Croatian State Employment Service, but as we know the CSES, alas, is not able to perfectly cover all the vacancies on the labor market (as there are other private intermediates); hence drawing further conclusions in our research on the basis of these limited sets of data ought not to be very strong but only indicative.
7 In modern economic history of OECD countries (included Western European countries – beside the United States in the era of economic depression) the unemployment rate was never so hard an issue as in Croatia (and other former communist countries). There is no need to compare those countries to Croatia. In the short run almost all transition eastern European economies have experienced dramatic declines in GDP (and hence unemployment rising) before growth recovers, this „U shaped“pattern of output decline and recovery (followed by rising employment) is a stylized fact of the experience of transition (Blanchard, 1996; Blanchard and Kramer, 1997). In unemployment terms those experiences are fitted by inverse „U shaped“ model, and if we assume that January 2001, with the unemployment rate of one forth of the labor force, lays about in the mean period of observed transitional dynamics, we can happily conclude that the worst unemployment problem is behind us.    

8 If so, (e.g. below 9,5 percentage margin) in spite of the economic recovery. We provide an estimate of the natural rate of unemployment in an implicit way, using the regression results based on the Beveridge curve estimation.
9 Essentially, according to the simple Okun's law, any growth in unemployment is some quantitative reflection of a decrease in the aggregate output by some time lag. Croatian GDP does, at the beginning of our observations, transform itself in nearly half its standard volume. In 1991 GDP was half of 1989 sum, relatively minor by 21,1% of what we produced in 1990. In 1992 the aggregate output depreciated by 11,7% even compared with the disastrous 1991 as basis. A diminished external demand for Croatian goods and mainly tourist services was the result of the war in Croatia and Bosnia and Herzegovina. From 1989 up to 1994 industry production slowed down by half in volume, in 1994 Croatia had only 35,1% industrial workers employed. The job vacancy rates blow while the unemployment rate hit levels unprecedented in the formal communist era of development. But the irony of Croatia's labor market, judging from the growth of unemployment, is that it was much more effective during the war (1991-1995) than after the end of the war operations in Croatia and Bosnia.

10 The closer the curve is situated to the origin, the less severe are the problems of mismatch, or market labor becomes more efficient (Sorensen, Whitta-Jacobsen, p. 318, 2005).
11In steady –state equilibrium, our economic variables take the same values from period to period, URt = UR t-1=URt-2=…. =UR*, and as well as VRt = VR t-1=VRt-2=…. =V R*, until the system is disturbed.
12If the reader is not persuaded after having read the mentioned technicalities about the link between NRU, unemployment rate and vacancy rate, we refer to Edward Teo, T.,  Thangavelu, M. S.,   Quah, E. (2005) because the extraction of the NRU in our paper and their is done in same way. Regarding to steady state solution in econometrics regression we refer to Judge, G., C. Hill, W. Griffits, and T. Lee (1985). For the determination of the long-term or steady state unemployment rates see Hejidra & van der Ploeg, p. 165 (2002). By the way, if the differenced model is considered 
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 there is no solution (and the NRU identification which is one of the purposes of the paper is impossible). Hence, in this part of the paper we consciously neglect the seasonality issue because we want to consider levels rather than seasonal differences as a form of seasonal adjustment.  
13The Newey-West HAC Estimator is a general covariance matrix estimator used to treat heteroskedasticity. It is consistent in the presence of both heteroskedasticity and autocorrelation of unknown form. (EViews User’s Guide, p 252)

14Persistence problem in unemployment is intuitively implied early by the unit root testing of log (U) when we conclude that log (u) is I (1). Or, in the simplest case with one time lag if regress ut=aut-1 +et where et is „white noise“, we obtain a =1.00255 and this coefficient higher than zero and approximately 1(and significant) expresses the strength of the persistence effect. According to the „hysteresis hypothesis“ coefficient a would be unity (as in our case due to unit root hypothesis) , implying that the excepted rate of the unemployment in one quartal would be the actual rate in the period immediately preceding it (Lindbeck, 1993, pp 9-10)

15Because the difference operator 1990Q1 observation is missing; otherwise a few first and last observations in estimating time varying NRU via HP-filter are not suitable to interpret due to neglecting the power of HP-filter to extract the long time trend component from time series,
16The relevance of thermostats as a term in the rhetoric of economics refers to the enormously interesting paper by Schelling T, 1978. 

17If someone wants to re-evaluate the effects of privatization on unemployment we strongly suggest reading the short essay which begins: “Man is an animal, technically, an alpha male primate. Man is parasitic, he practices slavery against conspecifies (other members of his species.“ (Bioeconomics: Lesson for Business, Nations and Life, Magee P. S., p. 255 in  Colander, D., 2000).
HRVATSKA BEVERIDGE KRIVULJA I PROCJENA PRIRODNE STOPE NEZAPOSLENOSTI 1990-2008

SAŽETAK

Rad istražuje odnos između nezaposlenosti (UR) i stope slobodnih radnih mjesta (VR ) u Hrvatskoj na  tržištu rada u razdoblju od siječnja 1990 do prosinca  2008, na bazi empirijske analize koristeći okosnicu dane UV krivulje (poznatu još kao Beveridge krivulja). Procijenjena je prirodna stopa nezaposlenost (u statičnoj i dinamičnoj ravnotežnoj inačici) koja se kao koncept izvodi iz Beveridge krivulje, prema teoriji da promjena upražnjenih radnih mjesta potiskuje nezaposlenost u suprotnom smjeru. 

JEL: J64

Ključne riječi: Beveridge krivulja, stopa nezaposlenosti, stope slobodnih radnih mjesta, prirodna stopa nezaposlenosti.
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� We should stress out that Friedman's definition of natural rate of unemployment leaning on structure of real wage rates and etc.  is abbreviated by NARU, and cannot be translating itself to the vacancy / unemployment rate equilibrium (abbreviated by NRU due to evident differences). We put the first definition only because of historical reasons, however, it is not an empirically valid framework in further analysis.   


� For example Mankiew answered when asked „Do you see the concept of NAIRU and Friedman's natural rate, as being the same idea or are they different ?“…- „I have always thought of them as being basically the same“ (Snowdon, and Vane, page 113, 1999). Could we persuade the highly regarded reader of this paper in a similarity between Friadman’s NARU and our Beveridge’s NRU?
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