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Abstract 

We investigate the idea that when we separate an explanatory variable into its “between” and “within” 

variations we could be roughly decomposing it into a structural (long-term) and a cyclical component 

respectively, and this could translate into different Between and Within estimates in panel data.  We first 

present empirical evidence that the long and medium-term components of the GDP per capita have indeed 

different effects than the cyclical (short-term) component on the private Credit-to-GDP ratio. Then, we show 

through Monte Carlo simulations that the former explanation fits better the empirical results than the 

alternative based on a misspecification of the dynamics in order to explain the observed differences in the 

Between and Within estimators.  
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1 Introduction and Motivation 

The first studies that pooled and compared time-series and cross-section estimates found that they may differ 

widely when estimating the same underlying equation.  The initial interpretation was that cross-sectional 

estimators reflect long-run responses while time-series studies tend to yield short-run responses (Kuh (1959) 

and Houthakker (1965)).   

In applied work, the Between and the Within estimators still tend to differ very often, although the initial 

interpretation seems to be long-forgotten based on the argument that the observed differences in the 

estimators are only due to different misspecification problems.  For instance, Mundlak (1978) qualifies the 

theoretical difference in the Between and Within estimators as “imaginary” and based only on the correlation 

between the unobservable omitted individual effects and the explanatory variables.   

Later on, Baltagi and Griffin (1984) took side with Mundlak although because of a different rationale. They 

claim that the difference exists but that it is due to a different misspecification problem.  They argue that it is 

the consequence of estimating a static specification when the true underlying data comes from a dynamic 

process that includes a number of lags of the explanatory variables. Several other theoretical studies have 

confirmed that in a dynamic framework, the Between estimator should capture the “long-term” effect and that 

the Within estimator will tend to capture a short-term (or contemporaneous) effect, although with different 

biases depending on the dynamic characteristics of the explanatory variables (Van den Doel and Kiviet (1994, 

1995), Pirotte (1999), Eggen and Pfaffermayr (2005)). 

Other authors (Griliches and Hausman (1986), Mairesse (1990), Mairesse and Sassenou (1991) have argued 

that the differences between the cross-sectional and time-series estimators could arise from measurement 

errors in the explanatory variables that could be minimized by the Between estimator. 

In any case the initial idea that the estimators could be different in nature because they truly capture different 

types of effects seems to have been almost completely abandoned despite the potential implications of such 

concept for the panel data theory.   

In this paper we want to somehow revisit the old interpretation about the difference in the Between and Within 

estimators but from a different perspective. We propose that in certain situations, when we separate the 

variance of an explanatory variable into its “between” and “within” parts we could also be roughly decomposing 

it into a structural or long-term component and a temporary or cyclical component respectively, and therefore, 

this could translate into different Between and Within estimates. 

This idea is not completely new.  For instance, in the reference manual of the program Stata for the command 

“xtreg”, it is suggested that “changes in the average value of x (an explanatory variable) for an individual may 

have a different effect from temporary departures from the average. In an economic situation, y might be 

purchases of some item and x income; a change in average income should have more effect than a transitory 

change”
3
.  Despite the simplicity and appeal of this idea, we were not able to find a theoretical or empirical 

literature supporting this argumentation.  

In this paper we further explore such concept from both a theoretical and an empirical point of view. In order to 

support this idea we first investigate the effects of real income per capita on the private credit ratio (Credit-to-

GDP), as an empirical example that provides evidence that the observed difference in the Between and the 

Within estimators could be due to actual different effects of the cyclical and structural components of the 

explanatory variable, i.e. GDP per capita.   

                                                                                                                                                               
3: Stata 12 Longitudinal Data/Panel Data Reference Manual, Release 12. 
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 The relationship between these two variables offers a perfect example, because the permanent income 

hypothesis suggests a theoretically different relation between the two variables given temporary vs. permanent 

changes in income. Long-run variations (permanent) in income should have a positive impact but short-run 

changes (temporary) should have a negative impact. 

Actually, when we estimate the empirical relationship between the private Credit-to-GDP ratio and real GDP 

per capita we find the following results: 

1. The Between and the Within estimators are clearly different in any specification according to the standard 

Hausman test.  This would initially imply that we should hold to the Within estimated effect according to the 

standard textbook suggestion. 

2. Moreover, when taking into account the effect of time fixed-effects, the Between estimator is clearly higher 

than the Within one. 

3. However, when we decompose GDP per capita into three components, a long-term (individual) mean, a 

medium-term component, and a cyclical component, we clearly find that the effect of the cyclical 

component is negative, as the permanent income hypothesis suggests.  On the other hand, the long-term 

and the medium-term components’ effects turn out to be positive, also in accordance to the expected 

theoretical results. 

4. Similarly, when we estimate the effect of the medium and short-term components through the Within or the 

Arellano-Bond estimators, we find that the effect of the short-term component is negative and the medium-

term one is positive, again, in accordance to the expected sign suggested by the economic theory.   

The fourth result is quite important because it shows that we can get a different estimated effect of two 

components (short- vs. medium-term) while using estimators that are consistent to the presence of both time 

and individual effects (Within and Arellano-Bond). Moreover, we also obtain the same result through an 

estimator such as the Arellano-Bond that explicitly accounts for a dynamic specification of the underlying data.  

Thus, the estimated differences cannot be explained by the existing theoretical explanations
4
. 

Through Monte Carlo simulations we also show that the empirical results explained before are, on the one 

hand, consistent with our proposed explanation of different effects of the different components and that on the 

other hand, they could not be properly explained by the alternative explanation based on a dynamic 

misspecification. In the simulations we consider two types of misspecifications.   

In the first simulation the estimated regression specification omits that the true data generating process 

includes three components with their own different effects (components misspecification), with true positive 

long- and medium-term effects and a true negative short-term one.  In the second simulation the estimated 

specification ignores that true data generating process includes multiple lags for the explanatory variables 

(dynamic misspecification). This leads to the following testable predictions: 

1. When the true long-term effect is positive in a dynamic misspecification, the bias of the Within estimator is 

always positive no matter the size of the sample
5
.   

2. The simulated Within coefficient estimate decrease when we reduce the length of the time series (T) in both 

type of misspecifications, but the reduction is much higher in the components misspecification (when the 

true short-term component effect is negative).   

                                                                                                                                                               
4: We have also tested for possible non-stationarity of our dependent and explanatory variable. However, the different panel unit-root tests for the Credit-to-
GDP ratio and the GDP per capita (in logs, PPP and real USD) seem to provide mixed and inconclusive results at best, although in the majority of the cases 
non-stationarity is rejected for both variables.   
5: Although the size of the bias does depend on T. 
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 3. On the one hand, the simulated Arellano-Bond estimate is not sensitive to the length of the sample in the 

case of the dynamic misspecification.  On the other hand, under the components misspecification, the 

Arellano-Bond estimator is indeed sensible to the number of periods.  If the true medium-term effect is 

positive and the true short-term effect is negative, the Arellano-Bond estimate changes from a positive (or 

near zero) to a negative value when T becomes small. 

The previous theoretical simulation results are further confirmed in the empirical data: 

 The first prediction is not consistent with our empirical finding of a positive Between estimate and a 

negative short-term component effect. In order to find a negative short-term response in the dynamic 

misspecification case the true long-term response must be negative as well (given the positive bias). 

 The Within estimate strongly decreases when we estimate it in small T subsamples (3 to 5 years long) 

compared to the original sample from 1990-2014 (25 years), becoming non-significant and close to zero on 

average, and even negative in many of the sub-samples.  

 The Between estimate does not change in small T subsamples (on average). 

 The Arellano-Bond estimate is positive when estimated in the whole sample (25 years), but when estimated 

in small T subsamples (3 to 5 years) it actually becomes negative both on average and in the majority of 

the subsamples. 

The implications of these results are both theoretical and practical. First, the presented rationale for the 

difference in the estimated effects could help us reconcile some conflicting empirical results.  Moreover, it 

implies that in the situations in which the Between and Within estimators could be different for the reasons 

exposed before, we may have to re-evaluate the use of some specification tests widely used in panel data 

analysis, such as the Hausman test and its implied choice between the Within and Between estimator. 

The rest of the paper is organized as following:  Section 2 discusses the possible theories behind the empirical 

differences in the Within and the Between estimators and offers a set of testable hypotheses derived from our 

proposed explanation of this phenomenon. Section 3 presents some empirical estimations of the relationship 

between private credit (leverage) and real income per capita.  Section 4 presents the results of the Monte 

Carlo simulations that compare which theoretical explanation fits better the empirical results shown in Section 

3. Section 5 concludes. 
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2 Theoretical Discussion 

The typical error component, panel-data model specification is the following: 

𝑌𝑖𝑡 = 𝛽𝑋𝑖𝑡 + 𝑢𝑖𝑡                 (1) 

𝑢𝑖𝑡 = 𝛿𝑖+𝛾𝑡 + 𝜀𝑖𝑡                  (2) 

We usually estimate one of the following equations or a combination of the two (as in Random Effects):  

𝑌̅𝑖∙ = 𝛽𝐵𝑋̅𝑖∙ + 𝑢̅𝑖∙                       (3) 

(𝑌𝑖𝑡 − 𝑌̅𝑖∙) = 𝛽𝑊(𝑋𝑖𝑡 − 𝑋̅𝑖∙) + (𝑢𝑖𝑡 − 𝑢̅𝑖∙)              (4) 

We generally assume that the Between and the Within coefficients are identical, i.e. 𝛽𝐵 = 𝛽𝑊.  

However, as explained in the introduction, since the first econometric studies started pooling time-series and 

cross-section data it has been frequently common to find that these estimators differ substantially when 

estimating the same underlying equation. For instance, Kuh (1959) provided evidence of such difference for an 

investment equation.  Similarly, Houthakker (1965) through an exercise on consumers' expenditure in different 

countries found that the effect estimates from "within countries" and "between countries" regressions were 

significantly different both statistically and economically.  They concluded that this difference arises because 

cross-section (Between) estimators reflect long-run effects, whereas time series deviations (Within) reflect 

shorter run reactions.   

However, Mundlak (1978) argued that the observed differences in the estimators are only due to the omission 

of individual fixed effects that are correlated with the explanatory variables. He thus argued that there is a 

unique estimator, that there should be a uniform approach, and that the Within estimator is the best one, 

because is consistent since it eliminates the bias from the unobserved individual effects. 

Later on, Baltagi and Griffin (1984) and others have argued that the observed differences were only the 
consequence of estimating (1) when the true underlying data comes from any of the following dynamic 
processes: 

𝑌𝑖𝑡 = ∑ 𝛽𝑟𝑋𝑖𝑡−𝑟
𝑘
𝑟=0 + 𝑢𝑖𝑡                      (5) 

𝑌𝑖𝑡 = ∑ 𝜌𝑟𝑌𝑖𝑡−𝑟
𝑘
𝑟=1 + 𝛽𝑋𝑖𝑡 + 𝑢𝑖𝑡                 (6) 

𝑋𝑖𝑡 = ∑ 𝜆𝑟𝑋𝑖𝑡−𝑟
𝑘
𝑟=1 + 𝜈𝑖𝑡               (7) 

These studies generally conclude that the Between estimator captures well the true long-run effect, whereas 

the Within estimator underestimates the long-run, although it approximates better the short-run response. 

However, there could be different biases depending on the dynamic structure of the explanatory and 

dependent variables and the size and length of the sample. 

For instance, Van den Doel and Kiviet (1994) conclude that “static estimators usually underestimate the long 

run effect”, if the explanatory variable is stationary. They show that “the estimators are consistent for the long 

run effect” if the explanatory variable follows a random walk and if the impact of the initial condition is 

negligible. Van den Doel and Kiviet (1995) conclude that “the long run coefficients will usually be 

underestimated when the Fixed Effects “Within” estimator is employed”. 

Pirotte (1999) assumes a general, ADL(l,k) dynamic error components model. He estimates that the within 

estimator tends to approximate the short run effects if the data generating process of the explanatory variable 

exhibits no memory, whatever the memory of the dependent variable. He furthers estimates that the Between 
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 estimator of the static model converges, in all cases, to long run effects and that long run effects are obtained 

directly from the static relation without the need of a dynamic model. 

Eggen and Pfaffermayr (2005) provide estimates of the biases of the within, between, random effects and 

pooled OLS with respect to both the short and long run effects of a dynamic data generating process in the 

case one wrongly estimates a static model. An important result they find and that we will use later is that given 

a positive true short-run parameter, the within estimate is upward (downward) biased, if the memory of the 

explanatory variable is high (low). At a high memory of the explanatory variable, the Within estimator gets even 

closer to the long-run than to the short run impact, and at small T, its bias with respect to the short run increase 

as T rises. 

Another reason why the initial idea of different estimators could have been left aside is the success of dynamic 

panel data estimators such as the Arellano-Bond, which provides a proper specification for equations like (6) 

and in some cases to specifications like (5)
6
. These dynamic estimators could estimate appropriately the short-

run response 𝛽 in both equations (5) or (6), and the long-run response would be simply given by 𝛽 (1 − 𝜌)⁄ , 

where  is the autocorrelation coefficient of the lagged dependent variable. 

Other authors (Griliches and Hausman (1986), Mairesse (1990), Mairesse and Sassenou (1991) have argued 

that the differences between the cross-sectional and time-series estimators could arise from measurement 

errors in the explanatory variables. The Between estimator tends to minimize the importance of those errors by 

averaging, meanwhile the Within estimator magnifies the variability of these measurement errors and 

increases the resulting bias.  Mairesse and Sassenou (1991) also described other reasons for the persistent 

differences found in empirical studies that analyze the effect of R&D in productivity.  However, most of the 

reasons exposed have a practical rather than theoretical rationale, and are mostly applied to their particular 

case of study. 

Summarizing, we can broadly identify the following reasons in the literature for the divergence between the 

Within and the Between estimators: 

1. Inconsistency of the Between estimator due to unobserved individual (or time) fixed effects. 

2. Misspecification of the true dynamic underlying process.  The Within estimator captures the 

contemporaneous effect 𝛽𝑋𝑖𝑡, meanwhile the Between estimator captures the accumulated effect of all 

the lags or dynamic components (∑ 𝛽𝑟𝑋𝑖𝑡−𝑟
𝑘
𝑟=0  or approximately 𝛽𝑋𝑖𝑡 (1 − 𝜌)⁄ ). 

3. Measurement error in the explanatory variables. 

However, we want to consider the case in which the explanatory variables have different cyclical and structural 

components. For instance, if some underlying determinants of the explanatory variables are constant, others 

vary slowly over time and others vary widely and in a noisy way. 

Consider for instance the case in which the GDP or the GDP per capita are the explanatory variable.  We 

would all agree that the GDP could be composed of a cyclical component and a structural component.  For 

instance, we recognize that the observed differences in the GDP per capita level between different countries 

could depend on a number of institutional, regulatory or geographical factors that do not change or change 

slowly over time, but also on assets or commodity prices that change very fast. 

This would not matter if all the different components of GDP or GDP per capita have the same effect on the 

dependent variable we want to explain.   But what if different components of income have different effects on 

the dependent variable?  For instance, if the dependent variable responds to an economic decision of agents, 

they should take into consideration what the factors behind movements or differences in income are.   

                                                                                                                                                               
6: In the cases in which the effect of each lag of the explanatory variable decays as a function of the autocorrelation coefficient of the dependent variable in 
the following way: 𝛽𝑟 = 𝜌𝑟𝛽 
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 For instance, when agents take decisions on investment, or when they decide about granting or demanding 

credit, they should consider whether their current income level responds only to transitory factors or to more 

permanent and stable causes.  

The main idea that we want to consider is that in many economic situations, when we separate the variance of 

an explanatory variable into its “between” and “within” parts we are roughly decomposing it into a structural or 

long-term component and a temporary or cyclical component respectively, and therefore, this could translate 

into different Between and Within estimates. 

The specific example we will consider here is the relationship between private leverage (or financial 

deepening) and economic development (income per capita). Financial development is usually measured by the 

Credit-to-GDP ratio.   Let’s suppose that we want to investigate the following: 

(𝐶𝑟𝑒𝑑𝑖𝑡/𝐺𝐷𝑃)𝑖𝑡 = 𝛽(𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎)𝑖𝑡 + 𝑢𝑖𝑡       (8) 

A very extensive literature recognizes a positive relationship between the two variables, based broadly on 

microeconomic theories of credit market imperfections among other explanations (see for instance Djankok et 

al. (2007), Cottarelli et al. (2003) and Becerra et al. (2010)). 

However, if the permanent income hypothesis holds, we can argue that if an increase in output (GDP) is 

perceived by economic agents to be only a short-term temporary change, consumers or investors have no 

reason to increase leverage in order to invest or consume more. Thus, a short-term increase in output should 

only affect the denominator in the Credit/GDP ratio and thus, it should have a negative impact on it.  

In the same fashion, there could be a negative relation if households/firms increase credit levels to smooth 

consumption or investment at times when their income is temporarily below expected levels. 

In summary, all these reasons imply that different components of the income per capita may have different 

effects on the credit ratio. 

Let’s consider the following.  We want to explain Yit as in equation (1), but we have that: 

𝑋𝑖𝑡 = 𝑓(𝑍𝑖𝑡
1 … 𝑍𝑖𝑡

𝐻, 𝑍𝑖𝑡
𝐻+1 … 𝑍𝑖𝑡

𝐾,𝑍𝑖𝑡
𝐾+1 … 𝑍𝑖𝑡

𝑇 ,𝑒𝑖𝑡 )               (9) 

Where 𝑍𝑖𝑡
1  to 𝑍𝑖𝑡

𝐻 are factors that are constant over time, 𝑍𝑖𝑡
𝐻+1 to 𝑍𝑖𝑡

𝐾 are factors that change slowly over time, 

and 𝑍𝑖𝑡
𝐾+1 to 𝑍𝑖𝑡

𝑇  are factors that changes widely over time and 𝑒𝑖𝑡  is a noise component.  

Then, we might decompose our explanatory variable 𝑋𝑖𝑡 into two, three or more components (“Long-Term” or 

constant over time, Medium-Term and Cyclical or Short-Term): 

𝑋𝑖𝑡 = 𝑋𝑖𝑡
𝐿𝑇 + 𝑋𝑖𝑡

𝑀𝑇 + 𝑋𝑖𝑡
𝐶𝑌𝐶               (10) 

And each of them could have its own different effect on the dependent variable: 

𝑌𝑖𝑡 = 𝛽𝐿𝑇𝑋𝑖𝑡
𝐿𝑇 + 𝛽𝑀𝑇𝑋𝑖𝑡

𝑀𝑇 + 𝛽𝐶𝑌𝐶𝑋𝑖𝑡
𝐶𝑌𝐶 + 𝑢𝑖𝑡           (11) 

Thus, equation (11) would be the correct specification that we should estimate empirically, provided that we 

can identify the underlying components. Consequently, if instead of (11) we were to estimate the following 

equation:  

𝑌𝑖𝑡 = 𝛽𝐵𝑋̅𝑖∙ + 𝛽𝑊(𝑋𝑖𝑡 − 𝑋̅𝑖∙) + 𝑢𝑖𝑡                           (12) 

We will have the following testable implications according to the previous basic theoretical assumptions: 
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 A. If 𝛽𝐿𝑇 = 𝛽𝑀𝑇= 𝛽𝐶𝑌𝐶 then 𝛽𝐵 = 𝛽𝑊. However, if any of the former differs, then the latter should also differ. In 

other words if any of the components have a different effect, then the Between and the Within estimators 

should also be different. 

B. The Between estimator 𝛽𝐵 should be similar or equal to 𝛽𝐿𝑇 .  

C. The Within estimator 𝛽𝑊 should be a combination of the medium-term and short-term components’ effects 

𝛽𝑀𝑇 and 𝛽𝐶𝑌𝐶 when T is large, and it should capture the short-term effect when T is small.  

Proposition (C) follows from the fact that given our assumptions, (𝑋𝑖𝑡 − 𝑋̅𝑖∙) = 𝑋𝑖𝑡
𝑀𝑇 + 𝑋𝑖𝑡

𝐶𝑌𝐶 , so if we have a 

medium-term component that has a different effect than the short-term component, i.e. if 𝛽𝑀𝑇 ≠ 𝛽𝐶𝑌𝐶 then the 

Within estimator would not be capturing a purely cyclical effect, but a combination of a medium-term effect and 

a cyclical one.  However, this would only be true in a sample that covers a relatively long period of time, i.e. a 

long T, because in a sample with a short length, i.e. small T, the medium-term component could be 

undistinguishable from the long-term one.   

Here it is also important to emphasize that 𝑋𝑖𝑡
𝐿𝑇 + 𝑋𝑖𝑡

𝑀𝑇 + 𝑋𝑖𝑡
𝐶𝑌𝐶 = 𝑋𝑖𝑡 and 𝑋̅𝑖∙ + (𝑋𝑖𝑡 − 𝑋̅𝑖∙) = 𝑋𝑖𝑡 so if 𝛽𝐿𝑇 = 𝛽𝑀𝑇= 

𝛽𝐶𝑌𝐶  then estimating (11) or (12) would be exactly equivalent to estimating 𝑌𝑖𝑡 = 𝛽𝑋𝑖𝑡 + 𝑢𝑖𝑡 . Therefore, the 

proposed approach should not have any consequence beyond increasing the number of regressors in the 

equation. 
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3 Empirical Exercise  

In order to empirically test propositions A to C in the specific case of the relationship between private leverage 

and real income per capita, we estimate equations (8), (11) and (12) in a sample of 167 countries from 1990 to 

2014, using different estimators, Random Effects, Within, Between, OLS and Arellano-Bond.  The dependent 

variable is the private Credit-to-GDP ratio taken from the IFS (IMF) and the World Bank, and the explanatory 

variable is the GDP per capita measured in real US dollars and PPP terms.  Its source is WEO (IMF)
7
. 

The specific hypotheses derived from our proposition that we want to test are the following: 

A. The Between and the Within estimators should be statistically different.  Moreover, if we decompose the 

GDP per capita into three components (long, medium and short term) their estimates should also be 

statistically different.   

B. The Between estimate should be positive given that it is associated to the long-term component. 

C. We also expect a positive sign for the effect of the medium-term component, although we do not have a 

prior on whether it could be larger or smaller than the long-term effect. In any case, the Within estimate 

should vary between a positive and a negative value depending on the length of the sample.  In large T 

samples the Within estimate should be positive but smaller than the Between estimate, and in small T 

samples the Within estimate should be negative. 

In all the regressions that we will run here the only explanatory variable will be the real GDP per capita or 

some variation of it, either its components or its lags.  We refrain from including other explanatory variables in 

order to avoid diverting the discussion to whether we are omitting any specific variable.  We have ran 

numerous robustness exercises including several other explanatory variables and the results related to the 

GDP per capita remain intact.    

In Table 1 we show the results of estimating equation (8). We can also observe the Hausman test of the 

difference between the Within and Random Effects GLS estimates:  

Table 1  

Basic specification under different estimators 

  Random GLS Within Between OLS 

Log GDP per capita 29.575*** 31.396*** 23.496*** 24.338*** 

  (29.01) (27.04) (11.08) (49.82) 

Within R2 0.165 0.165 0.165 
 

Between R2 0.427 0.427 0.427 
 

Overall R2 0.391 0.391 0.391 0.391 

Hausman Test p-value 
 

0.001 
 

 

Source: BBVA Research  

Given that in practice, besides the possible presence of individual fixed-effects we could also have time fixed-

effects that bias our results, we also estimate equation (8) including time dummies for each year (Table 2). 

  

                                                                                                                                                               
7: The GDP per capita in PPP from WEO comes in current dollars.  We use the USA GDP deflator to turn it into real dollars. 
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Table 2  

Basic specification under different estimators including time dummies 

  Random GLS Within Between OLS 

Log GDP per capita 11.829*** 6.3351*** 23.496*** 23.767*** 

  (9.78) (4.35) (11.08) (48.49) 

Within R2 0.295 0.298 0.165  

Between R2 0.400 0.361 0.427  

Overall R2 0.366 0.270 0.391 0.403 

Hausman Test p-value 
 

0.0077 
 

 

Source: BBVA Research  

The results clearly show that Between and the Within estimators are statistically different according to the 

standard Hausman test.  This would imply that we should hold to the Within estimated effect according to the 

standard textbook suggestion. Additionally, once we control for time effects, the Within estimate is clearly 

smaller than the Between or the Random Effects estimates.  

In the same fashion, we estimate equation (12) first without including time dummies (Table 3) and then 

including them (Table 4).  In this specification the explanatory variables are: 

 Log GDP pc (Country Mean): 𝑋̅𝑖∙ 

 Log GDP pc (deviation from country mean):(𝑋𝑖𝑡 − 𝑋̅𝑖∙) 

Table 3  

Specification with two components of GDP per capita 

  Random GLS Within Between OLS 

Log GDP per capita (Country Mean) 23.452*** 
 

23.381*** 23.945*** 

  (10.97) 
 

(10.92) (48.04) 

Log GDP per capita (deviation from country mean) 31.395*** 31.396*** 
 

30.396*** 

  (27.05) (27.04) 
 

(12.06) 

Within R2 0.165 0.165 0.163 
 

Between R2 0.427 0.011 0.424 
 

Overall R2 0.392 0.027 0.388 0.3895 

Hausman Test p-value 0.883     

Test X1 = X2 (p-value) 0.000     
 

Source: BBVA Research  

Table 4 

Specification with two components of GDP per capita, including time dummies 

  Random GLS Within Between OLS 

Log GDP per capita (Country Mean) 23.595***  23.734*** 24.095*** 

  (10.84)  (10.93) (47.72) 

Log GDP per capita (deviation from country mean) 6.4946*** 6.3351***  15.466*** 

  (4.46) (4.35)  (4.92) 

Within R2 0.298 0.298 0.163  

Between R2 0.410 0.000 0.424  

Overall R2 0.402 0.042 0.388 0.4045 

Hausman Test p-value 0.311     

Test X1 = X2 (p-value) 0.000     
 

Source: BBVA Research  
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 Not surprisingly, we obtain basically the same results than before. Moreover, we always reject the Hypothesis 

that 𝛽𝐵 = 𝛽𝑊 when estimating equation (12) in the Random Effects and the OLS case. 

In order to explicitly test for different effects of long, medium and short-term components, we further estimate a 

specification like equation (11) using a 5 years moving average of the GDP per capita as a measure of the 

medium term component and the deviation from the moving average as a measure of the cyclical component.  

Therefore, the explanatory variables are the following: 

 Log GDP pc (Country Mean): Long term component: 𝑋̅𝑖∙ 

 Log GDP pc (MA 5 yrs - Country Mean): Medium term component: (𝑋̅𝑖𝑡
5𝑦𝑟𝑠

− 𝑋̅𝑖∙) 

 Log GDP pc (obs – MA 5 yrs): Short term component: (𝑋𝑖𝑡 − 𝑋̅𝑖𝑡
5𝑦𝑟𝑠

) 

Table 5 

Specification with three components of GDP per capita 

  Random GLS Within 

Log GDP per capita (Country Mean) 23.551*** 
 

  (11.53) 
 

Log GDP pc (MA 5 yrs - Country Mean) 39.002*** 39.137*** 

  (27.67) (27.79) 

Log GDP pc (obs - MA 5 yrs) -24.15*** -25.10*** 

  (-4.58) (-4.76) 

Within R2 0.205 0.205 

Between R2 0.424 0.424 

Overall R2 0.395 0.392 

Hausman Test p-value 0.000 

Test X1 = X2 (p-value) 0.000 0.000 
 

Source: BBVA Research  

 

Table 6 

Specification with three components of GDP per capita, including time dummies 

  Random GLS Within 

Log GDP per capita (Country Mean) 23.521***  

  (10.71)  

Log GDP pc (MA 5 yrs - Country Mean) 10.069*** 9.9156*** 

  (6.81) (6.69) 

Log GDP pc (obs - MA 5 yrs) -33.89*** -33.78*** 

  (-8.07) (-8.03) 

Within R2 0.317 0.317 

Between R2 0.413 0.004 

Overall R2 0.405 0.050 

Hausman Test p-value 0.000 

Test X1 = X2 (p-value) 0.000 0.000 
 

Source: BBVA Research  
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 In Table 5 we show the results without including time dummies and in Table 6 including them.  In both cases 

the results are clearly as expected.  The effect of the cyclical component is negative, as the permanent income 

hypothesis would suggest. On the other hand, the long-term and the medium-term components effects turn out 

to be positive, also in accordance to the expected theoretical implications.   

However, when we do not include time dummies the effect of the medium-term component is higher than the 

long-term one, meanwhile, when we control for time dummies the opposite happens. 

As a robustness exercise, we also estimate equation (11) but replacing the 5 years moving average with a 

Hodrick-Prescott estimated trend as a measure of the medium-term component and its deviation as a measure 

of the cyclical one: 

 Log GDP pc (Country Mean): Long term component: 𝑋̅𝑖∙ 

 Log GDP pc (Trend HP): Medium term component: (𝑋̅𝑖𝑡
𝐻𝑃 − 𝑋̅𝑖∙) 

 Log GDP pc (Cycle HP): Short term component: (𝑋𝑖𝑡 − 𝑋̅𝑖𝑡
𝐻𝑃) 

Table 7 

Specification with three components of GDP per capita (HP trend) 

  Random GLS Within Random GLS 

Log GDP per capita (Country Mean) 
  

40.640*** 

  
  

(9.03) 

Log GDP per capita (Trend HP) 49.777*** 51.652*** 51.684*** 

  (26.72) (25.23) (25.25) 

Log GDP per capita (Cycle HP) -0.509 -0.557 2.7850 

  (-0.09) (-0.09) (0.45) 

Within R2 0.265 0.265 0.265 

Between R2 0.447 0.447 0.440 

Overall R2 0.418 0.418 0.416 

Hausman Test p-value 0.261 
 

Test X1 = X2 (p-value) 0.000 0.000 0.026 
 

Source: BBVA Research  

 

Table 8 

Specification with three components of GDP per capita (HP trend), including time dummies 

  Random GLS Within Random GLS 

Log GDP per capita (Country Mean)   40.604*** 

    (8.9) 

Log GDP per capita (Trend HP) 19.922*** 9.0710*** 9.2375*** 

  (7.44) (2.75) (2.8) 

Log GDP per capita (Cycle HP) -13.80** -26.58*** -25.66*** 

  (-2.32) (-4) (-4.08) 

Within R2 0.351 0.354 0.354 

Between R2 0.388 0.008 0.434 

Overall R2 0.369 0.030 0.428 

Hausman Test p-value 0.190  

Test X1 = X2 (p-value) 0.000 0.000 0.000 
 

Source: BBVA Research  
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 The results in Tables 7 and 8 show that the differences in the components effects are robust to an alternative 

definition of the medium-term and the cyclical component. 

Importantly, the results obtained through the Within estimator that include time dummies (Table 8) are quite 

important because they show that we obtain different effects of the medium and short-term components while 

using an estimator that is consistent to the presence of both time and individual effects.  The use of the Within 

estimator controls for the presence of individual fixed effects and the additional use of time dummies controls 

for the presence of time fixed effects. 

Finally we also estimate equation (11) specification using the Arellano-Bond estimator.  In this case we are 

controlling for the presence of individual and time fixed effects and we are additionally using a dynamic 

specification.  

Table 9 

Specification with medium (MA 5 years) and short-term components using Arellano-Bond estimator 

 

Without Time 
Dummies 

Including Time 
Dummies 

Implied Long 
Run 

Implied Long 
Run (Time 
Dummies) 

Y (t-1) 0.8572*** 0.8214*** 
  

  (74.87) (62.99) 
  

Log GDP pc (MA 5 yrs - Country Mean) 10.474*** 4.4821*** 73.38 25.10 

  (11.27) (3.94) 
  

Log GDP pc (obs - MA 5 yrs) 12.764*** -4.489* 89.42 -25.14 

  (5.52) (-1.84) 
  

Overall R2 0.946 0.981 
  

Test X1 = X2 (p-value) 0.000 0.000 
  

 

Source: BBVA Research  

The results in Table 9 show that when we estimate a dynamic specification we can also obtain different effects 

of the medium and short-term components (positive and negative). Since the Arellano-Bond with time 

dummies is a consistent estimator and explicitly accounts for a dynamic specification, it shows that the 

estimated difference in the coefficients cannot be explained by the existing theoretical explanations.   

As an additional robustness check we repeat all the same estimations performed in this section but using other 

non-lineal specifications, trying to account for the possible existence of different non-linear functional forms in 

the relationship between the credit ratio and the income per capita (Poisson and Gompertz Curve).  Although 

we do not show the results, we can simply say that the results are identical in terms of the estimated signs and 

the relative size of the coefficients.  
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4 Monte Carlo Simulation Exercise 

In order to evaluate whether the theoretical explanation based on the misspecification of the dynamics could 

explain the previous empirical results we run a simple Monte Carlo simulation in which we simulate different 

samples of artificial data.  We first generate 50 samples of 5000 observations with 200 individuals (N=200) and 

25 years (T=25).  We also generate 50 samples of 500 observations (N=20 and T=25) in order to test the 

effect of a small number of individuals (small N). Finally, we generate 50 samples of 800 observations (N=200 

and T=4) in order to identify the effects of having a short time-series (small T)
8
. 

The explanatory variables are simulated according to our theoretical assumptions. First, we generate 3 

explanatory variables X1, X2 and X3 that include three types of underlying factors: i) Two factors that are 

constant over time but that differ across individuals; ii) Two factors that move slowly over time because they 

are simulated as a moving average of other normal random variables; and iii) two factors that are just random 

normal variables in order to reproduce variables that vary widely over time.   

After generating the explanatory variables, we simulate the long-term, the medium-term and the cyclical 

component through a Hodrick-Prescott filter on each one of the explanatory variables (X1, X2 and X3). With 

these components, we then generate our dependent variables.  As a robustness exercise, we also decompose 

the variables using a moving average of 5 years. 

For each set of samples we generate two dependent variables that come from two different specifications. 

First, one specification in which the explanatory variables are allowed to have three different components with 

their own specific effects, i.e. equation (11). Secondly, a specification in which we include multiple lags of the 

explanatory variables as in equation (5).   

The true parameters for each one of the explanatory variables in each specification are shown in Tables 10 

and 11
9
: 

Table 10 

True values of the coefficients of the three of each 
explanatory variable    

Table 11 

True values of the coefficients of components 
each lag of the explanatory variables 

   (LT)  (MT)  (CYC) 

X1 2.7 1.7 -0.5 

  
   

X2 3.5 1.5 0.85 

  
   

X3 1.5 1.5 3.5 
 

    (t) 


 (t-1) 
  

(t-2) 


 (t-3) 
  

(t-4) 
  

(t-5) 
Long 
Run 

X1 1.5 1.3 1.1 0.8 0.7 0.6 6 
  

       
X2 1.8 1.6 1.3 1 0.8 0.7 7.2 
  

       
X3 2.5 2.5 

    
5 

 

Source: BBVA Research  Source: BBVA Research 

For instance, for the case of variable X1, the components specification would be:   

𝑌𝑖𝑡 = 2.7𝑋̅𝑖∙ + 1.7(𝑋̅𝑖𝑡
𝐻𝑃 − 𝑋̅𝑖𝑡) − 0.5(𝑋𝑖𝑡 − 𝑋̅𝑖𝑡

𝐻𝑃) + ⋯ + 𝑢𝑖𝑡 

And the dynamic specification would be: 

𝑌𝑖𝑡 = 1.5𝑋𝑖𝑡 + 1.3𝑋𝑖𝑡−1 + 1.1𝑋𝑖𝑡−2+0.8𝑋𝑖𝑡−3 + 0.7𝑋𝑖𝑡−4 + 0.6𝑋𝑖𝑡−5 + ⋯ + 𝑢𝑖𝑡 

We clarify that the specification in each case the three variables X1, X2 and X3 are included. 

                                                                                                                                                               
8: We also run the same simulation for T=5 and T=3, with the same results. 
9: We have defined the true parameters of the lags so that the long-term response could be roughly approximated by the Arellano-Bond estimator using the 

lag dependent variable coefficient .  The lag-coefficients are thus defined as 𝛽𝑟 = 𝜌𝑟𝛽 with =0.75, and =1.75, where   is the short-term 
(contemporaneous) response and r corresponds to the lag period. 
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 Through this simulation exercise we will try to identify which one of the two misspecifications produces 

estimates that are more consistent with the empirical differences found in the Between and the Within 

estimators, and the different signs of the short-term and long-term components.   

Therefore, we estimate the Random Effects, the Within estimator and the Arellano Bond estimator in all the 

simulated samples, but purposely ignoring the true specifications in both cases, i.e. including only the 

explanatory variables X1, X2 and X3 instead of the true explanatory variables: the three components in the first 

case and the different lags in the second one. We will denote the first misspecification the “components 

misspecification” and the second one “dynamic misspecification”.  

We should clarify that in the case of multiple lags (dynamic misspecification) the Arellano-Bond estimator is not 

exactly miss-specified since it allows us to consistently estimate the short-run response. 

The results of the simulated data regressions for a long sample (T= 25) are shown in Table 12 and Table 13.  

The results for a short sample period (T=4) are shown in Tables 14 and 15. 

Table 12 

Long sample (T=25) component misspecification 

  Between Within Random Arellano-Bond 
AB Implied Long 

Run 

X1 2.7*** 1.1*** 1.94*** 0.13*** 0.2 

  (360.6) (69.3) (106.1) (4.8) 
 

X2 3.5*** 1.29*** 2.6*** 1.07*** 1.6 

  (303) (46.5) (87) (24.6) 
 

X3 1.5*** 2.01*** 1.66*** 3.04*** 4.4 

  (134.9) (62.8) (54) (53.1) 
 

Z1 0.34** 0.3*** 0.29*** 0.32*** 
 

  (2.4) (5.1) (3) (6.4) 
 

Z2 0.41*** 0.4*** 0.4*** 0.43*** 
 

  (2.8) (6.8) (4.1) (8.6) 
 

Y (t-1) 
   

0.31*** 
 

  
   

(20.8) 
 

Within R2 0.57 0.70 0.62 
  

Between R2 0.999 0.77 0.98 
  

Overall R2 0.80 0.71 0.81 0.57 
 

Hausman Test p-value 0.000 
    

Source: BBVA Research  
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Table 13 

Long sample (T=25) and dynamic misspecification 

  Between Within Random Arellano-Bond 
AB Implied Long 

Run 

X1 6.09*** 4.46*** 5.01*** 1.59*** 5.2 

  (68.5) (72.5) (94.1) (37.4)  

X2 7.27*** 4.88*** 5.8*** 1.8*** 5.8 

  (53.9) (46.8) (66.9) (27.3)  

X3 5*** 4.7*** 4.85*** 2.44*** 7.9 

  (38.6) (37.3) (51.1) (24.4)  

Z1 0.05 0.28 0.29 0.4***  

  (0) (1.6) (1.6) (5.9)  

Z2 0.39 0.41** 0.4** 0.52***  

  (0.3) (2.3) (2.2) (7.7)  

Y (t-1)    0.69***  

     (108.9)  

Within R2 0.69 0.70 0.70   

Between R2 0.979 0.96 0.97   

Overall R2 0.88 0.88 0.89 0.99  

Hausman Test p-value 0.000       
 

Source: BBVA Research  

 

Table 14 

Short sample (T=4) and components misspecification 

  Between Within Random Arellano-Bond 
AB Implied Long 

Run 

X1 2.32*** -0.07 1.05** -0.16** -0.16 

  (33.1) (-1.1) (-2.6) (-2.6)  

X2 3.02*** 0.94*** 1.86*** 0.94*** 0.96 

  (27.5) (9.6) (10.2) (10.2)  

X3 1.52*** 3.04*** 2.1*** 3.26*** 3.35 

  (14) (21.1) (24.3) (24.3)  

Z1 0.24 0.28*** 0.25*** 0.28***  

  (0.4) (2.9) (3.1) (3.1)  

Z2 0.49 0.42*** 0.41*** 0.41***  

  (0.8) (4.2) (4.6) (4.6)  

Y (t-1)    0.03  

     (0.6)  

Within R2 0.09 0.34 0.26   

Between R2 0.91 0.19 0.75   

Overall R2 0.83 0.20 0.71 0.19  

Hausman Test p-value 0.000    
 

Source: BBVA Research  
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Table 15 

Short sample (T=4) and dynamic misspecification 

  Between Within Random Arellano-Bond 
AB Implied Long 

Run 

X1 5.83*** 1.82*** 3.94*** 1.45*** 4.97 

  (40.7) (12.2) (14.1) (14.1)  

X2 7.03*** 1.75*** 4.4*** 1.68*** 5.74 

  (31.2) (7.9) (11) (11)  

X3 4.99*** 3.27*** 4.45*** 2.46*** 8.40 

  (22.4) (9.9) (10.3) (10.3)  

Z1 0.05 0.34 0.34*** 0.43***  

  (0) (1.6) (2.9) (2.9)  

Z2 0.44 0.43* 0.44*** 0.52***  

  (0.4) (1.9) (3.5) (3.5)  

Y (t-1)    0.71***  

     (22.9)  

Within R2 0.30 0.35    

Between R2 0.94 0.81    

Overall R2 0.89 0.78 0.88 0.98  

Hausman Test p-value 0.000       
 

Source: BBVA Research  

Although we do not show the results for the small N simulation, it suffices to say that the number of individuals 

(N) does not have any effect in our simulated estimates. 

We can summarize the simulation predictions shown in Tables 14 to 17 in the following four parts:   

1. Long series (large T) and components misspecification:  

a. The Between estimator correctly estimates the true long-term component effect. 

b. The Within estimator yields a combination of the true medium and short-term components’ effects (it is 

close to the sum of the two). 

c. The Arellano-Bond estimator yields also a combination of the medium-term and short-term components, 

but is much closer to the true short-term effect than the Within estimator. In any case we cannot recover 

the true long-term effect from the Arellano-Bond estimates. 

2. Long series (large T) and dynamic misspecification:  

a. The Between effect captures exactly the true long-term responses.  

b. The Within estimator is severely upward bias with respect to the true short-run response and it is 

actually closer to the long-term response, something that is in line with the results of Eggen et al (2005).  

c. Finally, the Arellano-Bond estimator correctly estimates the true short-run response (the contemporary 

effect) and it approximates well the true long-run response. 

3. Short series (small T) and components misspecification:  

a. The Between estimate becomes slightly downward biased with respect to the true long-term component 

effect, but only in the X1 and X2 cases, when the true long-term was much higher than the true medium-

term. In the case of X3 is unbiased. 
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 b. The Within estimator now becomes much closer to the true short-term component effect.  For instance, 

in the case of variable X1 that has by construction a negative short-term effect, the Within estimate 

correctly becomes negative as well, although is upward biased.  

c. The Arellano-Bond estimator yields also a combination of the true medium-term and short-term 

components, but in this case comes very close to the true short-term effect.  Again, we cannot recover 

the true long-term effect or the medium-term effect from the Arellano-Bond estimates. 

4. Short series (small T) and dynamic misspecification:  

a. The Between estimator is unbiased with respect to the true long run response. 

b. The Within estimator still shows an upward bias with respect to the short-run response but now is closer 

to the short response than the long response compared to the large T case. Again this is in line with the 

results of Eggen et al (2005).  

c. The Arellano-Bond estimator again correctly estimates the short-run response and importantly, the 

estimates are exactly the same as in the large T case.  This is important because it show us that the 

Arellano-Bond estimates do not vary with the length of the sample when we are estimating a relationship 

that comes from a dynamic specification. 

Our simulation results together with those from Eggen and Pfaffermayr (2005) provide clear support for our 

theoretical explanation of the empirical findings versus the alternative explanation based on a dynamic 

misspecification.   

First of all, our simulations and those from Eggen and Pfaffermayr (2005) indicate that in the dynamic 

misspecification case, given a positive true short run parameter, the Within estimate is upward biased in both 

the small T and the large T cases (if the memory of the explanatory variable is high, as in the case of GDP per 

capita). Therefore, it follows that given that in the small T case we find a negative Within estimate, this means 

that in reality the true long-term effect should be lower because of the upward bias. Thus the true long-run 

response would have to be more negative than the short-run response, something that conflicts with the 

positive Between estimate that we obtain in the empirical exercise. 

Also importantly, although the simulated Within coefficients decrease when we reduce the length of the time 

series (T) in both type of misspecifications, the simulated Arellano-Bond is not sensitive to the length of the 

time series in dynamics misspecification case.  However, in the components misspecification simulation, the 

Arellano-Bond is indeed sensible to the number of periods.  More specifically, when we go from a long sample 

to a short sample, the Arellano-Bond estimate goes from a combination of the medium-term and the short-

term, to being more closely associated to the short-term component.  This means that in reality, if the true 

medium-term effect is positive and the true short-term effect is negative, the Arellano-Bond estimator would 

change from a positive to a negative estimate. 

In order to test these simulation predictions with the data, we estimate the Between, the Within and the 

Arellano-Bond coefficients with our empirical data in smaller subsamples.  Since our data sample consists of 

25 years, we estimate the coefficients in several subsamples of 5, 4 and 3 years long, and we compare the 

average of all the subsamples to the estimated coefficients obtained using the 25 years (whole sample)
10

.    

In each regression we estimate equation (8), i.e. the credit-ratio as a function of the log of the GDP per capita.  

These regressions only include the GDP per capita, nor the components, nor any lag. In tables 16 and 17 we 

can observe the average coefficients estimated in all these subsamples.   

                                                                                                                                                               
10: By splitting the 25 years from the original sample (1990 to 2014), we are able to estimate the parameters in 15 subsamples of 5 years using different 
combinations of years (1990-1994, 1991-1995, 1992-1996, etc.), 18 subsamples of 4 years, and 24 subsamples of 3 years. 
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 We can see that in all the cases, both the Within and the Arellano-Bond estimates clearly decrease as we 

reduce the length of the samples (as T decreases).  Moreover, in the Arellano-Bond specification that includes 

time dummies the estimated coefficient of the GDP per capita goes from a positive to a negative value.    

This effect can also be observed if we estimate the proportion of subsamples in which the estimated effect is 

negative and we can see that it clearly grows as we reduce the sample period and as we go from the Within 

estimator to the Arellano-Bond estimator with time dummies (the theoretically more consistent and well-defined 

one). 

Notably, the Between estimate does not change at all when we reduce the length of the time series. The 

simulation results predicted that it could decrease slightly, depending on the true difference between the long-

term and the medium-term. 

Table 16 

Average estimated coefficients of the log of GDP per capita in different subsamples 

 
Whole Sample 

Average Sub-
samples 5 years 

Average Sub-
samples 4 years 

Average Sub-
samples 3 years 

Within Estimator 31.4 17.0 12.2 9.8 

Arellano Bond Estimator 12.4 6.2 5.4 4.0 

AB Implied Long Run 79.5 14.2 10.9 9.1 

Within + Time dummies 6.3 5.1 3.0 1.5 

Arellano Bond + Time dummies 4.5 -1.5 -1.9 -2.7 

AB Implied Long Run (+ T. Dum) 19.7 -3.6 -4.2 -5.9 

Between Estimator 23.9 23.3 23.6 23.7 
 

Source: BBVA Research  

Table 17 

Proportion of subsamples with negative coefficients of the GDP per capita 

 
Whole Sample 

Average Sub-
samples 5 years 

Average Sub-
samples 4 years 

Average Sub-
samples 3 years 

Within Estimator 0% 8% 0% 0% 

Arellano Bond Estimator 13% 25% 29% 13% 

AB Implied Long Run 33% 42% 38% 33% 

Within + Time dummies 20% 17% 46% 20% 

Arellano Bond + Time dummies 53% 67% 71% 53% 

AB Implied Long Run (+ T. Dum) 64% 72% 75% 64% 

Between Estimator 0% 0% 0% 0% 
 

Source: BBVA Research  
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5 Conclusions 

We present a rationale and supporting evidence that suggests that the observed difference in the Between and 

the Within estimators could be due to actual different effects of different underlying components of an 

explanatory variable. More specifically, we present evidence that the structural (long-term) and short-term 

components of a variable can have different effects on the dependent variable we want to explain. 

We also show through the use of Monte Carlo simulations that this explanation fits better the empirical results 

obtained when we study the relationship between private Credit-to-GDP and real income per capita than the 

alternative explanation based on the misspecification of the dynamics.  

Thus, the Between estimator could indeed be capturing the effect of a long-term component, whereas the 

Within estimator could be capturing the effect of medium-term and short-term components, depending on the 

length of the sample (T). 

The existence of such possible different effects of these components is quite important because it could help 

us reconcile many conflicting empirical results. For instance, when the long-term component has a significant 

effect but the others have a non-significant effect, using only the Within estimator might result in concluding 

that the variable is not significant at all.  

It can also help us to improve the goodness of fit of our estimations, and we could also estimate and forecast 

the structural and cyclical levels of the dependent variable, when the distinction between the structural and 

cyclical parts of a variable and their respective determinants is of interest.   

Moreover, if the theoretical situation presented here were actually a common phenomenon in empirical 

applications, it may force us to re-evaluate the meaning and the use of some specification tests widely used in 

the panel data analysis, such as the Hausman test. Simply, in the cases that the Between and the Within 

estimators were indeed capturing the effect of different components, then the tests that intend to identify 

whether the “Random Effects” or the Between estimator are not different from the Within (consistent) estimator 

would be doomed to fail. 

Furthermore, both the Within (Fixed Effects) and the Arellano-Bond estimators are probably the most widely 

used in Panel Data applications. However, a widely discussed problem in the field is that these estimators wipe 

out the “between” variance of the variables, which severely complicates the estimation of the effect of time-

invariant variables or those that have very little time variation.   

Moreover, in several applied cases, the “between” variance represents the bulk of the total variance and when 

using the Within or other estimators that apply the same transformation we could be ignoring the lion’s share of 

the information contained in many variables. For instance, in the empirical data that we use here, the 

“between” variance represents 85% the total variance of the variable Credit-to-GDP ratio in our sample 

covering 25 years, from 1990 to 2014. If we estimate the same proportion in subsamples of 5 years, the 

average proportion rises up to 97%. In the case of the real GDP per capita the “between” variance represents 

96% and 99.7% in the 25 years and 5 year subsample (in US$ constant PPP dollars). 

Table 18 

Percentage of the total variance explained by the Between variance 

  Between Variance/Total Variance 

  Sample 25 years Sample 5 years 

Credit/GDP 85.53% 96.62% 

GDP pc PPP in Logs 96.07% 99.71% 
 

Source: BBVA Research  
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