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Abstract:  In this paper we look to empirically validate the formulations of the marginal product 

of capital put forth in Caselli and Feyrer (2007) by regressing them against six measures of 

capital flows.  Were these formulations to be ‗correct‘ we would expect statistical significance 

between them and measures of capital flows if capital flows were indeed driven by movements 

in the return to capital.  In the end we conclude that this measure is probably correct but not all 

forms of capital inflows respond to movements in the marginal product of capital. 
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1. Introduction  

The marginal product of capital is a central figure in the theory of international capital flows.  

Many papers on the topic allude to the marginal product of capital in one respect or the other.  In 

a recent contribution, Franceso Caselli and James Feyrer (2007) devise a new method of 

calculating the marginal product of capital.  Other methods have been devised to calculate this 

theoretical figure but most have one problem or another.  The Caselli-Feyrer methodology is 

ingenious and is seen as the latest standard in calculating the marginal product of capital.  This 

paper takes the next logical step and relates their calculation to six different measures of capital 

flows.  We should expect statistical significance between capital flows and this new formulation 

of the marginal product of capital (MPK).  Of interest should be which measure of capital flows 

responds most to the marginal product of capital.   

Under competitive markets and in the absence of externalities, capital earns its marginal product.   

Capital should flow to where the MPK is highest, causing diminishing returns to set in.  In a 

world of equal MPK‘s then the world‘s capital stock is efficiently allocated across nations. 

In many theoretical models the assumption is usually made that a rise in the marginal product of 

capital usually leads to greater investment and capital flows.  This paper seeks to validate or 

refute this theoretical link.  We find that net income from abroad responds most to this new 
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formulation of the MPK.  We also find major differences between the MPK and the real interest 

rate bolstering claims of frictions driving a wedge between the two.   

1.1. Stylized Facts  

The six measures of capital flows used in this study are:  

 

(a) FDINI =  Foreign direct investment, net inflows (% of GDP),  

(b) FDINI2 = Foreign direct investment, net inflows (BoP, current US$),  

(c) FDINO = Foreign direct investment, net outflows (% of GDP),  

(d) NIFA = Net income from abroad (constant LCU),  

(e) PENI = Portfolio equity, net inflows (BoP, current US$) and  

(f) PCF = Private capital flows, total (BoP, current US$) 

 

The list of countries covered in this dataset is in Table 1.  Belgium in the year 2000 has the 

highest level of FDINI (Foreign direct investment, net inflows (% of GDP)) in this dataset.  They 

also have the second highest level in the year 1999, and are represented four times in the top ten 

of this dataset.  Hong Kong has the third highest level and is represented three times in the top 

ten of the dataset.  Ireland in 2005 has the lowest value of FDINI, they are represented three 

times in the bottom ten and Botswana and Panama each represented twice in the bottom ten. 

 

The United States holds the top five spots in FDINI2 (Foreign direct investment, net inflows 

(BoP, current US$)).  This occurred first in 2000, then in 2008 then 1999, 2006, and 2007.  They 

are represented seven times in the top ten in FDINI2.  The United Kingdom is represented twice 

in the top ten.  Australia in 2005 has the lowest value of FDINI2 and Ireland is represented a 

total of four times in the bottom ten. 

 

Belgium in 2008 represents the highest level of FIDINO (Foreign direct investment, net outflows 

(% of GDP)).  They are followed by Hong Kong in 2000, Hong Kong in 2009, Hong Kong in 

2007 and Hong Kong in 2004.  In fact Hong Kong is represented six times in the top 10 of 

FDINO.  Australia in 2005 has the lowest value of FDINO and notable is New Zealand who is 

represented five times in the bottom ten. 

 

Korea Republic has the highest value of NIFA (Net income from abroad (constant LCU)) 

occurring in 1995, and are represented nine times in the top ten with Japan 2007 being in the 

tenth spot.  The nation of Columbia has the lowest ten values of NIF in the data set, occurring in 

2008, 2009, 2007, 2006, 2005, 1990, 2004, 2003, 1989 and 1991 respectively. 

 

The United States in 2007 represents the highest level of PENI (Portfolio equity, net inflows 

(BoP, current US$)).  They also came in second (2009) and third (2000) – they are represented a 

total of six times in the top ten in this dataset.  The lowest value for PENI goes to Netherlands in 

2007 followed by Japan in 2008 and 1987.  Besides Japan, the Republic of Koreas is the only 

other country represented more than once in the bottom ten – they are represented twice. 

 

The United States also has the top five values of PCF, occurring in 2008, 2005, 2006, 2007 and 

2004 respectively.  The United Kingdom in 2008 holds the sixth spot and then the United States 

holds the remaining spots in the top ten.  Japan is represented four time in the bottom ten in this 
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category including having the lowest value in 2008.  The United States also makes an appearance 

in the bottom ten – they are ranked fifth lowest in 2009. 

 

The rest of this paper is organized as follows.  Section 2 delves into the literature review, while 

section 3 outlines the theoretical and empirical model.  Section 4 for details the sources of the 

data, variable definitions and empirical results, while Section 5 concludes. 

  

2. Literature Survey 

 

There is an on-going academic debate about the role of the MPK and realized capital flows.  In 

the seminal paper, Professor Robert Lucas queries, ―Why Doesn‘t Capital Flow from Rich to 

Poor Countries?‖  Rich countries are capital abundant while poor countries are capital starved.  

In one view, the law of diminishing marginal returns implies the marginal product of capital 

should be low in rich countries and high in poor countries.   So there should exist profit 

opportunity in global income by moving capital from rich to poor countries.  Yet this is not a 

reality.  This is the Lucas paradox.   

 

Many have attributed the Lucas Paradox to the role of international credit frictions causing for 

the MPK to vastly differ across nations.  Caselli and Feyrer (2007) challenge this view and find 

‗no support for the view that international credit frictions play a major role in preventing capital 

flows from rich to poor countries‘.   Their conclusion is hinged on the fact that they calculate 

MPK to be largely similar across nations for the year of 1996. 

 

In Lucas 1990, the author argues, using the example of India and the U.S., that capital should 

flow from the U.S. to India where the marginal product of capital is about 58 times greater.  He 

dismisses political (sovereign) risk to be the causal factor as colonialism caused investors in 

India to face the same rules and regulations as the investors in the U.K.  He settles on a ‗new 

growth theory‘ explanation that externalities in human capital formation favors further 

investment in already capital rich countries.  He considers other explanations including 

differences in labor productivity, absence of knowledge spillovers across countries, and 

restrictions on capital inflows.   

 

Caselli and Feyrer show in ―The Marginal Product of Capital‖ that the MPK does not vary across 

nations.  They first discuss different approaches to estimating this variable and the related 

strengths and weaknesses.  They also go on to calculate this variable for a set of nations for 1996 

using their new approach.  Once Caselli and Feyrer correct for natural capital, and add multiple 

sectors because of  the higher relative price of capital to consumption goods in poor countries 

(higher cost of installing capital), they find that the marginal product of capital is roughly equal 

across nations. 

 

Other important papers have investigated the Lucas Paradox.  In Alfaro, Kalemli-Ozcan and 

Volosovych, 2005, the authors argue that institutional quality is the most important causal 

variable explaining the ―Lucas Paradox‖.  Human capital and symmetric information play a role 

as determinants of capital inflows but these variables cannot fully account for the paradox.  They 

look at two sets of candidate explanations for the Lucas Paradox, a) differences in fundamentals, 

which affect the production structure of the economy, such as technological differences, missing 
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factors of production in the model, government policies and institutional structure and b) 

international capital market imperfections, which include asymmetric information and sovereign 

risk. They empirically find institutional quality to be the most important determinant. 

 

In Reinhart and Rogoff, 2004 the authors argue that a causal factor is the risk of loan default as 

well as the rate of loan default in capital starved nation.  They point to credit market risk, 

specifically a history of serial defaults as the leading explanation.  Poor countries who do not 

repay their debts have a harder time borrowing from the rest of the world; in addition, very little 

funds are channeled through equity to poor countries - ―only 12 percent of low income countries 

issued any equity at all during 1983-2003, and only a third of middle income countries did so—a 

contrast to the fact that all the OECD countries issued equity‖(Reinhart and Rogoff 2004). Also 

private lending to developing countries rises more than percent for percent with per capita 

income among poor developing countries.  

 

There is also the capital market efficiency hypothesis of Gertler and Rogoff (1990).   Gertler and 

Rogoff (1990) put forward a framework to show that ―even where lending contracts can be 

enforced perfectly across borders, regions with higher wealth will suffer less from innate credit 

market imperfections thanks to the ability of entrepreneurs to rely more on self-finance.  Gertler 

and Rogoff illustrate how, in principle, it is possible for these endogenously determined credit 

market imperfections to cause net capital flows to go from poor to rich, even with identical 

technologies and identical institutions for contract enforcement.‖(Reinhart and Rogoff, 2004). 

 

Finally, Ju and Wei, 2006 propose a solution to the Lucas paradox as well as another 

longstanding paradox in international economics.  The Lucas paradox (in a one-sector model) 

says flows from rich countries to poor countries are too little, while factor price equalization (in a 

two sector model) sais there should be no cross border capital flows or the rich to poor country 

flows are too much.  They show how financial and property rights institutions can drive rich 

patterns of capital flows in a non neoclassical model that features financial contracts and firm 

heterogeneity.  They separate financial capital from FDI and show how different factors drive 

inflows and outflows of each. 

 

3. Theoretical Model 

 

A quick overview of the reasoning in constructing the MPK measure is this.  Aggregate capital 

income is MPK * K where K is the capital stock.  If  is the capital share in GDP and Y is GDP 

then  =MPK * K/Y or the naïve estimate of MPK (MPKN) =  .  Then substitute the 

reproducible capital share ( ) in for  to get MPKL=  .  The reproducible capital share is got 

through the formula (PkK/W) , and corrects for payments accruing to land and natural resources; see 

Caselli and Feyrer, 2007 for more details.   The authors the derive the multi-sector version of the 

MPK and see that it recommends correcting for the relative price of final output to investment, 

once they correct their  measure to capture the higher relative cost of capital in poor countries, 

they arrive at MPK equalization.   The price corrected MPK are PMPKN and PMPKL.  PMPKN 

= PyY ÷ PkK  and PMPKL = PyY ÷ PkK where Py is the price of output and Pk is the price of 

investment. 
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3.1.  Empirical Analysis 

 

So, in total there are four widely accepted methods of calculating the MPK.  They are 1) 

comparison of interest rates, 2) regression of ∆Y on ∆K, using identification restrictions, 3) 

calibration along with 4) the Caselli-Feyrer method.   Ideally we would like to test each of the 

four methods against each other and see which performs the best, empirically, in predicting 

actual capital flows.  We have yearly data (for most years) on the real interest rate and estimates 

of PMPKL (the Caselli-Feyrer preferred estimate of MPK) for 1970-2009, so we can compare 

the Caselli-Feyrer method against the real interest rate and see which outperform which in 

predicting capital flows.  Unfortunately we don‘t have yearly calibrated estimates and can only 

get one aggregate measure of the MPK for all years in the regression method.  So we do what we 

can and compare the Caselli_Feyrer method against the interest rate method. 

 

Our baseline regression specification takes the following form: 

 

CFi,t =  + X + Z +  

Where CF is the particular measure of capital flows, X is a vector of regressors correlated with 

capital flows and Z is a financial indicator and is either the real interest rate or one of the four 

formulations of the marginal product of capital from the Casselli-Feyrer paper.  To be thorough 

we run ten regressions for each measure of capital flows – five in the fixed effects setting and 

five in the random effects setting.  The five regression in each setting consists of a regression 

with the proposed regressors (X-varaiables) and either the real interest rate or one of the four 

measures on the MPK, which are MPKN, MPKL, PMPKN, PMPKL.  We avoid simply adding 

them all in one regression because of the presence of multicollinearity due to the similar ways 

each MPK version is created. 

4. Data 

The data is mostly garnered from two sources.  The data used to derive the capital stock comes 

from the Penn World tables.  The variables used are population, PPP converted GDP per capita 

at 2005 constant prices and investment share of PPP converted GDP per capita at 2005 constant 

prices – they are used to calculate investment amount, It.  It is calculated as:  Population * GDP 

per capita * investment share.  The capital stock is then calculated by the perpetual inventory 

method in which  

 

Kt = It +(1- )Kt-1   

 

Kt is the capital stock, It is investment and  is the depreciation rate (which is set to 0.06).  This 

method closely follows Casselli-Feyrer so as to get comparable estimates of the MPK.  Initial 

capital stock, K0, is I0/(g+ ),  where I0 is the value of the investment series in the first year it is 

available, and g is the average geometric growth rate for the investment series between the first 

year with available data and 1970.  
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Real interest rates come from the World Development Indicators published by the World Bank.  

Foreign direct investment, net inflows (% of GDP), Foreign direct investment, net inflows (BoP, 

current US$), Foreign direct investment, net outflows (% of GDP), Net income from abroad 

(constant LCU), Portfolio equity, net inflows (BoP, current US$) and Private capital flows, total 

(BoP, current US$) also come from the World Bank. 

 

In this paper, we create a new database of capital stocks for the nations with available data on 

capital share.  This is the same set of countries initially used in the Bernanke-Gurkaynak dataset 

(where the authors carefully compute labor‘s share and we take capital‘s share to be 1-labors 

share) as well as used in the Caselli-Feyrer dataset.  We expand on the Caselli-Feyrer dataset by 

providing a time series dimension to the estimates of the MPK.  We provide MPK estimates 

from 1970 – 2009 for the four measures of MPK derived in their paper – MPKN, MPKL, 

PMPKN, PMPKL; whereas Caselli and Feyrer only provide estimates for 1996.  MPKN is the 

naïve estimate of the marginal product of capital, MPKL corrects for the share of natural capital 

in the economy, PMPKN is the price corrected (for the relative price of output to investment) 

naïve estimate of the MPK and PMPKL is both price corrected as well as corrected for the share 

of natural capital.  For more detail, please see their paper.  In constructing this dataset we make 

one simplifying assumption – that capital share stays constant though time.  This can be seen as 

using the predictions of the Cobb Douglas assumption which predicts constant factor shares.  We 

are not the first to make this assumption, in fact it is used by Chaterjee and Naknoi in their recent 

paper. (Chaterjee and Naknoi 2010)  

 

4.1. Variable Definitions 

Of the four methods discussed earlier in calculating the MPK, we make a comparison of two of 

them – comparing interest rates and the Caselli Feyrer methodology.  We begin our empirical 

investigation by looking at the relationship between the real interest rate and capital flows.  We 

measure capital flows with six different measures;  Foreign direct investment, net inflows- as a 

percent of GDP (FDINI),  Foreign direct investment, net inflows- in current dollars (FDINI2), 

Foreign direct investment, net outflows- as a percent of GDP (FDINO), Net income from abroad 

(NIFA), Portfolio equity, net inflows (PENI) and Private Capital Flows (PCF).  We use the panel 

data fixed effects setting, and compare the results with the random effects setting. 

For the X-variables we use:  

i)Taxes on income, profits and capital gains -% of revenue (TOI), this variable serves as a 

measure of direct taxes in the economy;  

ii) Current account balance -% of GDP (CAB);  

iii) the log of GDP per capita -constant LCU (LNGPC);   

iv) taxes on goods and services - % of revenue (TGS), this variable serves as a measure 

of indirect taxes in the economy.  

v) the log of the exchange rate with the US dollar (LNEXCH)  
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For the Z-variables we use real interest rate (RI) and the four Caselli-Feyrer measures of the 

marginal product of capital, MPKN, MPKL, PMPKN, and the preferred, PMPKL. 

4.2.  Empirical Results 

 

We start with FDINI as our first measure of capital flow.  We run the fixed effects setting for 

FDINI.  The results are in Appendix A.  As we see from the F-tests we reject the null and 

conclude that the fixed effects are significant for all regressions.  So we therefore do not need to 

run the OLS model as the fixed effects model trumps the OLS.  As seen in the output the real 

exchange rate (-) is the only significant Z-variable when added.  None of the MPK formulations 

are significant.  As far as the significant X-variables CAB, LNGPC and TGS are consistently 

significant in all models, and finally for FDINI we run the random effects models and the 

corresponding Hausman test.  The test tells us to reject the random effects model so to save space 

we do not report the results although they are available from the author upon request. 

 

So for the FDINI as the dependent variable we settle on the fixed effects model, which has CAB 

(-), LNGPC(+) and TGS(+) as significant   Of the Z-variables only RI is significant (with a 

negative sign) – none of the MPK formulations are significant in the fixed effects model.   

 

Next we analyze FDINI2.  We start with the fixed effects setting and report the results below. 

Remember that PMPKL is the preferred measure of the MPK.  See Appendix B.  In these results 

LNGPC is the only significant X-variable.  All of the MPK formulations are individually 

significant in their models but with a negative sign which is counterintuitive.  The F-test show 

that the fixed effects are significant, thus invalidating the OLS results – we therefore do not 

report them.  We once again run the random effects model and the Hausman test.  The results 

suggest we should reject the random effects model so we do not report the results.  Again, they 

are available from the author upon request.  So we once again concentrate on the results of the 

fixed effects model. 

 

Now we turn to NIFA as the dependent variable.  See Appendix C.  When MPKN and MPKL are 

included into the regression all variables (X and Z variables) are highly significant.  With 

PMPKN and PMPKL in the regression all variables except LNEXCH are significant, and with 

RI as the Z-variable, only TOI, LNGPC and TGS are significant.  The F-tests tell us that in all 

cases the fixed effects are significant so we choose the fixed effects setting over the OLS 

settings.  We run the random effects models and once again the Hausman test tells us to reject 

the random effects models for the fixed effects models.  So we once again get all our inference 

from the fixed effects model. 

 

For PENI as the dependent variable, we once again begin with the fixed effects regressions.  The 

results are in Appendix D1. None of the variables are significant in this setting yet the F-test tells 

us the fixed effects are significant.  Now to the random effects results. The results are in 

Appendix D2. The results show the decision between the random effects and fixed effects model 

is very close.  With RI as the Z-variable the Hausman test tells us to adopt the random effects 

model over the fixed effects model though none of the variables are significant in either model.  

With MPKN as the Z-variable, the Hausman test leads to a rejection of the random effects model 

for the fixed effects model.  With MPKL as the Z-variable, we adopt the random effects model.  
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In this model TOI is marginally significant.  With PMPKN we reject the random effects model 

and with PMPKL we adopt the random effects model.  With PMPKL the only significant 

variable is TOI.   

 

Now we examine PCF (private capital flows) as the measure of capital flows.  The fixed effects 

regressions are in Appendix E.  Once again the F-tests confirm that we should adopt the fixed 

effects model over the OLS.  With RI as the z-variable, none of the variables are significant.  Of 

all the MPK formulations, only MPKL is significant but with a negative sign. With MPKN, 

PMPKN and PMPKL as the Z-variable CAB, LNGPC and TGS are significant.  With MPKL 

only CAB and LNGPC are significant.   

 

We run the random effects model and the corresponding Hausman test and find that the test tells 

us to reject the random effects models for the fixed effects ones.  So once again to save space we 

do not report the results though available by request. 

 

Finally we take a look at capital outflow.  All the dependent variables used so far are a measure 

of capital inflow.  We test to see the effects on capital outflows.  To this end we take FDINO as 

the dependent variable.  For the fixed effects setting we have the results in Appendix F.  Here the 

F-test tells us the fixed effects are significant and we should rely on these models over the OLS 

ones.  LNGPC is the only significant variable.  None of the Z-variables are significant, and this 

kind of makes sense as the MPK should only influence inflows.   

 

The results for the FDINO random effects models tell us to reject those models for their fixed 

effects counterpart.  As before we do not report the results. 

  

5. Summary and Conclusions 

 

Throughout this study we cannot empirically decide for or against the MPK formulation, though 

there is some evidence against them.  For all the models, the tests show we should settle on the 

fixed effects models except for when PENI is the dependent variable in which case it depends on 

what the Z-variable is.  In the fixed effects models for FDINI, the real interest rate is significant 

albeit negative while none of the MPK formulations is significant.  In the fixed effects setting for 

FDINI2, LNGPC is significant and all formulations of the MPK are also significant, where 

included, but with a counterintuitive negative sign.  This may be omitted variable bias or 

multicollinearity, or a flawed construct.  Judging from the low R-squared it could most probably 

be omitted variable bias.  For NIFA we find in the fixed effects models that all variables are 

significant when MPKN and MPKL are included and all variables except LNEXCH are 

significant when PMPKN and PMPKL are included.  When RI is the Z-variable only TOI 

LNGPC and TGS are significant.  In these models we also find that all MPK formulations are 

significant and have the correct sign. For PENI as the dependent variable we alternate between 

the fixed effects model and the random effects model.  Whichever we select, none of the 

variables are significant except in the case of random effects model with MPKL as the Z-

variable, in which case TOI is marginally significant (15%). Finally for PCF we find that the 

MPK, in all its formulations, is not significant in any of the fixed effects models except for 

MPKL which has a counter-intuitive negative sign.  In summary, NIFA and FDINI2 respond to 

MPK in the regressions.  Also LNGPC solely predicts FDINI2 and FDINO in these regressions. 
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We are also no able to differentiate between the formulations of the MPK as the other 

formulations apart from the preferred measure (PMPKL) sometimes appear significant.  As far as 

a comparison between the real interest rate and the MPK – the real interest rate usually has a 

negative sign when significant in relation to capital flows.  We find significant differences in the 

parameters for real interest rate and the MPK.  In a few places we get a negative sign on a 

formulation of the MPK but that might be attributable to bias.  Our results are consistent with 

those of Chaterjee and Naknoi (2010) in which they find weak evidence that capital inflows are 

driven by movements in the return to capital. 

 

5.1. Direction for Future Research 

 

One can try figuring out the marginal product of labor using a similar methodology.   

 

MPL = (1- )  

 

where L = labor force.  The marginal product of labor is not a popular figure in the literature but 

it can be used along with the marginal product of capital to find the marginal rate of technical 

substitution ( ) which can be important to know and have estimates of. 

 

―We are certain that the MPK should be no less than the interest rate because if this were not true 

‗they could simply divert the last unit of capital toward whatever they are borrowing the money 

for and be better off‘.‖ (Banerjee and Dufflo 2004).  Unfortunately, it seems the Caselli-Feyrer 

estimates of the MPK (those used in this paper) do not abide by this logic as most are less than 

the prevailing interest rate.  Further progress on this line of research will try to answer this 

discrepancy. 

 

Endnotes 
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Table 1: Countries covered in this dataset 

 

 Algeria    Morocco  

 Australia    Netherlands 

 Austria    New Zealand 

 Belgium    Norway  

 Bolivia    Panama  

 Botswana   Paraguay  

 Burundi    Peru  

 Canada    Philippines 

 Chile    Portugal  

 Columbia    Singapore 

 Congo, Rep.   South Africa 

 Costa Rica   Spain  

 Cote d‘Ivoire   Sri Lanka  

 Denmark    Sweden  

 Ecuador    Switzerland 

 Egypt    Trinidad and Tobago 

 El Salvador   Tunisia  

 Finland    United Kingdom 

 France    United States 

 Greece    Uruguay  

 Hong Kong    Venezuela 

 Ireland    Zambia  

 Israel     

 Italy     

 Jamaica     

 Japan     

 Jordan     

 Korea, Rep.    

 Malaysia     

 Mauritius     

 Mexico     
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Appendix A            

    (i)   (ii)   (iii)   (iv)   (v)   

Variable   
Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

                      

TOI  0.0120553   0.0089323   0.0128777   0.0083301   0.0169344   

  [0.37]   [0.28]   [0.41]   [0.26]   [0.54]   

CAB  -0.0432705  -0.0453859  -0.0484358  -0.0448561  -0.0470304   

  [-1.49] *** [-1.57] *** [-1.73] ** [-1.56] *** [-1.68] ** 

LNGPC  6.737081  6.167564  5.477245  6.073627  5.478863   

  [5.05] * [4.91] * [4.55] * [4.77] * [4.45] * 

TGS  0.1053641  0.0876791  0.091898  0.0879723  0.0944737   

  [3.17] * [2.81] * [3.01] * [2.82] * [3.1] * 

LNEXCH  0.2684267   0.3644562   0.399404   0.3683152   0.4252097   

  [0.74]   [1.05]   [1.21]   [1.07]   [1.29]   

RI  -0.0374749                  

  [-2.05] *                 

MPKN      10.71626               

      [0.79]               

MPKL          31.34488           

          [1.12]           

PMPKN              7.746543       

              [0.88]       

PMPKL                  10.48532   

                  [0.52]   

                        
Overall R-
Square 0   0.0001   0.0001   0.0001   0.0001   

                      

N  498   596   589   596   589   

                      

F-Test  
F(46, 445) =    
12.68              

F(49, 540) =    
12.02              

F(48, 534) =    
10.11              

F(49, 540) =    
11.97              

F(48, 534) =     
9.91 

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  Prob > F = 0.0000 

            

Notes: Dependent Variable is FDINI, Figures in parenthesis [ ] ate t-ratios,      

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level    
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Appendix B             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Fixed 
Effects  

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

Fixed 
Effects   

                      

TOI   -1.32E+07   2.80E+07   8.39E+07   4245508   2.43E+07    

   [-0.07]   [0.16]   [0.48]   [0.02]   [0.14]    

CAB   -9.74E+07   -8.14E+07   -1.05E+08   -1.21E+08   -1.25E+08    

   [-0.59]   [-0.52]   [-0.67]   [-0.77]   [-0.79]    

LNGPC   3.39E+10   3.83E+10   3.52E+10   3.72E+10   3.52E+10    

   [4.45] * [5.64] * [5.24] * [5.38] * [5.11] *  

TGS   -5.79E+07   -1.33E+08   -5.66E+07   -1.34E+08   -9.47E+07    

   [-0.3]   [-0.79]   [-0.33]   [-0.79]   [-0.56]    

LNEXCH   -1.42E+09   -2.75E+08   -6.34E+08   -8.04E+08   -1.01E+09    

   [-0.69]   [-0.15]   [-0.34]   [-0.43]   [-0.55]    

RI   3.66E+07                

   [0.35]                

MPKN      -2.02E+11             

      [-2.74] *           

MPKL          -4.73E+11          

          [-3.03] *        

PMPKN              -7.44E+10       

              [-1.55] ***     

PMPKL                  -1.64E+11    

                  [-1.46] ***  

                         
Overall R-
Square 0.0003   0.0004   0.0006   0.0001   0.0001    

                       

N  498   596   589   596   589    

                       

F-Test  
F(46, 445) =    
16.25 

F(49, 540) =    
17.71 

F(48, 534) =    
17.88 

F(49, 540) =    
17.33 

F(48, 534) =    
17.65  

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  

             

Notes: Dependent Variable is FDINI2, Figures in parenthesis [ ] ate t-ratios      

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level     

I wanted to log the dependent variable but did not because I would lose all negative values    
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Appendix C             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Fixed 
Effects  

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

Fixed 
Effects   

                      

TOI   1.52E+11   1.15E+11   9.28E+10   1.24E+11   1.16E+11    

   [4.6] * [4.08] * [3.27] * [4.34] * [4.01] *  

CAB   -5.40E+10   -7.00E+10   -6.27E+10   -7.31E+10   -7.92E+10    

   [-1.35]   [-2.12] * [-1.92] ** [-2.16] * [-2.33] *  

LNGPC   -1.27E+13   -1.12E+13   -1.06E+13   -1.11E+13   -1.10E+13    

   [-8.75] * [-9.89] * [-9.47] * [-9.48] * [-9.45] *  

TGS   1.34E+11   1.19E+11   9.86E+10   1.24E+11   1.17E+11    

   [3.95] * [4.31] * [3.57] * [4.41] * [4.15] *  

LNEXCH   1.06E+11   -5.48E+11   -4.31E+11   -3.84E+11   -3.00E+11    

   [0.3]   [-1.85] ** [-1.49] *** [-1.27]   [-1.01]    

RI   -2.62E+10                

   [-1.35]                

MPKN      7.42E+13             

      [6.12] *           

MPKL          1.85E+14          

          [7.21] *        

PMPKN              3.35E+13       

              [3.96] *     

PMPKL                  8.59E+13    

                  [4.4] *  

                         

Overall R-Square 0.0428   0.0362   0.0244   0.0332   0.0274    

                       

N  445   537   530   537   530    

                       

F-Test  
F(43, 395) =    
14.97 

F(45, 485) =    
19.37 F(44, 479) =    20.68 F(45, 485) =    18.24 F(44, 479) =    18.52  

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  

             

Notes: Dependent Variable is NIFA, Figures in parenthesis [ ] ate t-ratios       

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level      

I wanted to log the dependent variable but did not because I would lose all negative values     
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Appendix 
D1             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Fixed 
Effects  

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

Fixed 
Effects   

                      

TOI   1.62E+08   1.31E+08   1.48E+08   1.37E+08   1.58E+08    

   [0.89]   [0.8]   [0.9]   [0.84]   [0.96]    

CAB   2.17E+07   1.40E+07   5426305   1.42E+07   445306.4    

   [0.12]   [0.09]   [0.03]   [0.09]   [0]    

LNGPC   -4.02E+09   -4.06E+09   -5.39E+09   -4.20E+09   -5.74E+09    

   [-0.53]   [-0.63]   [-0.84]   [-0.65]   [-0.88]    

TGS   6.02E+07   4.61E+07   5.54E+07   4.95E+07   6.29E+07    

   [0.33]   [0.3]   [0.35]   [0.32]   [0.4]    

LNEXCH   8.93E+08   4.36E+08   5.83E+08   5.11E+08   6.37E+08    

   [0.47]   [0.26]   [0.35]   [0.31]   [0.39]    

RI   8951993                

   [0.09]                

MPKN      4.00E+10             

      [0.56]             

MPKL          8.49E+10          

          [0.59]          

PMPKN              2.03E+10       

              [0.42]       

PMPKL                  4.51E+10    

                  [0.43]    

                         
Overall R-
Square 0.0008   0   0.0017   0.0002   0.001    

                       

N  472   570   563   570   563    

                       

F-Test  F(46, 419) =     7.76 F(49, 514) =     8.50 F(48, 508) =     8.65 F(49, 514) =     8.48 F(48, 508) =     8.67  

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  

             

Notes: Dependent Variable is PENI, Figures in parenthesis [ ] ate t-ratios       

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level      

I wanted to log the dependent variable but did not because I would lose all negative values     
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Appendix 
D2             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Random 
Effects  Random Effects Random Effects 

Random 
Effects  

Random 
Effects   

                      

TOI   1.68E+08   1.67E+08   1.70E+08   1.68E+08   1.68E+08    

   [1.36]   [1.46] *** [1.48] *** [1.46] *** [1.47] ***  

CAB   -4.48E+07   -2.35E+07   -4.48E+07   -2.30E+07   -5.18E+07    

   [-0.29]   [-0.16]   [-0.31]   [-0.16]   [-0.35]    

LNGPC   8.15E+08   7.05E+08   4.22E+08   7.25E+08   4.39E+08    

   [0.54]   [0.51]   [0.3]   [0.53]   [0.31]    

TGS   -1.15E+08   -9.03E+07   -8.64E+07   -9.07E+07   -8.16E+07    

   [-0.8]   [-0.72]   [-0.68]   [-0.72]   [-0.64]    

LNEXCH   -9.78E+08   -8.64E+08   -6.67E+08   -8.91E+08   -6.79E+08    

   [-0.85]   [-0.76]   [-0.62]   [-0.83]   [-0.63]    

RI   3530336                

   [0.04]                

MPKN      -4.11E+09             

      [-0.11]             

MPKL          6.65E+10          

          [0.89]          

PMPKN              -2.99E+09       

              [-0.09]       

PMPKL                  4.27E+10    

                  [0.69]    

                         

Overall R-Square 0.0869   0.0792   0.073   0.0796   0.0727    

                       

N  472   570   563   570   563    

                       

Hausman Test Stat. 9.35   9.73   9.08   9.98   9.16    

Prob>chi2   0.1549   0.1367   0.1693   0.1255   0.1647    

             

Notes: Dependent Variable is PENI, Figures in parenthesis [ ] ate t-ratios       

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level      

I wanted to log the dependent variable but did not because I would lose all negative values     
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Appendix E             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Fixed 
Effects  

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

Fixed 
Effects   

                      

TOI  -3.11E+08  -2.18E+08  -1.48E+08  -2.73E+08  -2.66E+08    

   [-0.81]   [-0.61]   [-0.4]   [-0.76]   [-0.73]    

CAB   -4.87E+08   -5.35E+08   -5.46E+08   -5.82E+08   -5.94E+08    

   [-1.31]   [-1.57] *** [-1.6] *** [-1.69] ** [-1.71] **  

LNGPC   2.00E+10   2.51E+10   2.33E+10   2.16E+10   2.06E+10    

   [1.28]   [1.81] ** [1.69] ** [1.53] *** [1.46] ***  

TGS   -5.34E+08   -5.42E+08   -4.69E+08   -5.39E+08   -5.33E+08    

   [-1.38]   [-1.58] *** [-1.35]   [-1.57] *** [-1.54] ***  

LNEXCH   1.18E+09   2.48E+09   2.27E+09   1.60E+09   1.61E+09    

   [0.28]   [0.65]   [0.6]   [0.42]   [0.43]    

RI   -1.88E+07                 

   [-0.09]                

MPKN      -1.79E+11             

      [-1.18]             

MPKL          -5.00E+11          

          [-1.57] ***        

PMPKN              -5.10E+08       

              [0]       

PMPKL                  1.81E+10    

                  [0.08]    

                         

Overall R-Square 0.0001   0   0   0   0    

                       

N  495   590   583   590   583    

                       

F-Test  
F(46, 442) =    
31.07 F(49, 534) =    32.31 F(48, 528) =    32.36 F(49, 534) =    32.20 F(48, 528) =    32.02  

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  

             

Notes: Dependent Variable is PCF, Figures in parenthesis [ ] ate t-ratios       

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level      

I wanted to log the dependent variable but did not because I would lose all negative values     
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Appendix F             

    (i)   (ii)   (iii)   (iv)   (v)    

Variable   
Fixed 
Effects  

Fixed 
Effects   

Fixed 
Effects   

Fixed 
Effects  

Fixed 
Effects   

                      

TOI   0.00453   -0.0038808   0.0135249   -0.0000285   0.0157938    

   [0.11]   [-0.09]   [0.32]   [0]   [0.38]    

CAB   0.0469018   0.0446081   0.0411476   0.0458004   0.0423232    

   [1.36]   [1.2]   [1.16]   [1.22]   [1.17]    

LNGPC   5.644465   5.510522   4.542589   5.563949   4.572719    

   [3.86] * [3.66] * [3.13] * [3.65] * [3.11] *  

TGS   0.0203409   -0.0046505   0.0109706   -0.0018636   0.013063    

   [0.52]   [-0.11]   [0.27]   [-0.05]   [0.33]    

LNEXCH   -0.0552174   -0.1588687   -0.0668489   -0.1269967   -0.0563271    

   [-0.09]   [-0.24]   [-0.11]   [-0.19]   [-0.09]    

RI   -0.0056669                

   [-0.23]                

MPKN      3.425937             

      [0.18]             

MPKL          2.600643          

          [0.08]          

PMPKN              -1.971051       

              [-0.15]       

PMPKL                  -3.811355    

                  [-0.15]    

                         

Overall R-Square 0.0034   0.0097   0.0047   0.01   0.0043    

                       

N  418   501   494   501   494    

                       

F-Test  F(42, 369) =     7.63 F(44, 450) =     6.78 F(43, 444) =     4.60 F(44, 450) =     6.78 F(43, 444) =     4.75  

  Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000 Prob > F = 0.0000  Prob > F = 0.0000  

             

Notes: Dependent Variable is FDINO, Figures in parenthesis [ ] ate t-ratios       

*= significant at 5% level, ** = significant at 10% level, *** = significant at 15% level      

             

             

             

             

 

 

 

 

 


