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ABSTRACT
This study employs a VES functional form of the production function to capture both the direct and indirect effects from transport capital on growth for the small island economy case of Mauritius. Results from the analysis yield a positive contribution of such type of capital. Further analysis based on marginal productivities of inputs tend to suggest that there exists complementarity between transport capital and private capital and thus suggests that they impact on aggregate output indirectly as well. Same is observed with the total level of public capital.
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INTRODUCTION
Capital formation originates from both the private and public sectors of the economy.   Economic studies have mostly concentrated on the link between private and total capital accumulation and economic growth. The contribution of public capital in the above context has not received good focus in the literature. An even more scarce number of studies (example Fischer, (1997), Fernald (1999), and Stephane (2001)) is available on the link between the disaggregated components of the public capital, particularly transport capital which is often one of the major government’s capital expenditure, and economic performance. In fact, all too often, we neglect or take for granted the role of public capital, particularly transportation as an integrative part in the market economy, perhaps because of the very banality of efficient transport in most of the developed world today. Yet without well-maintained roads, low-cost water transport and rapid air service, our complex economy would quickly collapse.  

The majority of the researches attempting to actually support the public and transport capital-growth hypothesis, focused on developed countries cases such as US and Western Europe. Very few studies (for instance Looney (1997) and Ghali (1998)), have been identified for developing countries, including Africa and cases. 
Very importantly as well is the fact that most of existing research has used an extended Cobb-Douglas production as their preferred specification. However the constraint with this type of specification is that is limited to the assumption of an elasticity of substitution of unity. It is believed that it might be more interesting to analyse the contribution of public and transport capital in a Variable Elasticity of Substitution (VES) production function framework. In fact there are very valuable reasons as to why the elasticity of substitution should vary. For example, it might be expected to vary with the capital/labour ratio (K/L). The greater the capital intensity of production, the harder it is likely to be to substitute further capital for labour and the lower the elasticity of substitution is likely to be. Alternatively, even with constant K/L ratio, the elasticity of substitution may simply change over time if technical progress affects the ease with which factors may be substituted for each other.

Moreover most attention in measuring the contribution of public capital to economic growth have been based on the premise that the public capital input enters as an ‘unpaid factor of production’, that is public capital raises output directly. However Meade (1952) suggested another channel through which public  input can impact on a country’s output. He argued that public input may also indirectly act as what he denoted as ‘environmental factor’ or ‘atmosphere goods’
. Delgado and Alvarez (2000) indicated that the indirect effect arises from the assumption that public capital and private capital services are ‘complements’ in production. An increase in public capital raises the marginal productivity of private capital and this might lead to an increase in demand for private capital and stock of private assets
. Less attention (except Stephane (1997), Delgado and Alvarez (2000), Canning and Bennethan (2000)) has in fact been devoted to this channel and to the technological relationship between public and transport capital and the other inputs.

This research is two-folded and focuses, in the first instance, on a study of the relationship between, public capital and subsequently and particularly between transport capital and the Mauritian economy’s output using a uniquely constructed time series dataset dating back since 1950. It also attempts to address all the above specification issues by employing a more general and flexible functional form of the production function which takes into account the VES type of technical relationship and the ‘creation of atmosphere’ effect from public and transport capital. 
The structure of this paper is as follows

Section 2 discusses very briefly the theoretical underpinnings of the link between transport capital and economic growth and the relevant empirical literature. Section 3 describes the preferred modelling function used and elaborates on the proxies used and the data set construction. Section 4 investigates the empirical link between i) public capital and economic growth and ii) transport capital and economic growth for the case of Mauritius and section 5 concludes and deals with policy implications. 

 LITERATURE REVIEW
In fact it has been mostly argued throughout the literature that transport capital improvement primarily reduces transport costs for both the movement of goods and people. It also increases accessibility and attractiveness to regions with impact on aggregate productivity and thus economic growth. It is also believed that transport capital investment, via its primary benefits, will positively affect productivity and output through the following ways 

· Reorganization and rationalization of production, distribution and land use.

· Better productivity and higher level of private investment (inwards and foreign direct)
· Wider markers, increased specialization and economies of scale.

· Effects on labour market supply ( on labour costs) and labour productivity 
Most of the existing country cases researches on the debate were based on an extended Cobb-Douglas specification for developed economies cases. They treated public input as an unpaid factor and have reported on the overall a positive and significant effect of public capital on the economic growth(see Aschauer (1989),Munnell (1990,1992), Pereira and De Fructos (1999), Lighhart (2000),Pereira (2000), Pereira and Andraz 

(2001) among others). There has also been a few exceptions which reported insignificant effects (see Tatom(1991)),C Hulten and Schwab (1993) and Holz-Eakin (1994)). Among the very scarce studies on developing countries based on the above specification features Looney (1997) who studied the link for the case of Pakistan and Ghali (1998) for the case of Tunisia. In the first case public capital was reported not to have been instigating private sector expansion while in the second case public capital were even seen to have a negative effect on private investment and thus output. 
A couple of work that come closer to this one and which merit a brief review are that of Stephan (1997,2001) and  M J Delgado and I Alvarez (2000) who both used a Transcendental Logarithmic production function(Tranlog) framework to analyse the effect of public capital and transport capital on economic growth.
Stephan (1997) used a time series cross section data from the manufacturing sector for 11 states from 1970 to 1993 in the German manufacturing sector to examine the impact of road infrastructure on private production. He found that road infrastructure played a significant role in the productivity and output of the manufacturing sector. He also concluded that differences in road infrastructure might explain a part of the existing productivity gap between manufacturing in East and West German regions. 

In a subsequent study Stephane (2001) investigated the effects of public infrastructure on private productivity in both Germany and France based on a total sample was 596 observations(281 for Germany and 315 for France). Results obtained confirmed a significant coefficient for infrastructure with a magnitude of 0.740. Though his specification circumvents the question of elasticity of substitution in both cases however, the reported figures seem too large to be plausible. 

Delgado and Alvarez (2000) also investigated the technical relationship between public infrastructure and its effect on private productivity. They used physical units as a measure of productive infrastructure over the period 1980-1995 for 17 Spanish regions. Their results showed that infrastructure capital formation had a positive link with private investment, estimated to be complements, thus providing an indirect effect on economic growth. 
METHODOLOGY AND DATA SOURCE
We follow Christensen et al (1973), Stephane (1997) and Delgado and Alvarez (2000) by specifying a production function which does not impose any a priori restriction on elasticity of substitution and which takes into account the ‘atmosphere effect’ from public and transport capital as well.
The approach is based on a Transcendental logarithmic (Translog) production function
 and in its basic form (for a two variables model) is as follows
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-------equation 1
where K is the capital stock , L is Labour, a0 the constant term and the aii denote the respective coefficient of the parameters. 
The framework is extended to firstly analyse contribution of public capital and secondly transportation capital on the economy’s output.

Extension of the translog framework: Decoupling public capital
To analyse the case of public capital we can extend equation 1 to obtain
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----------equation 2
where 
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is the constant, k is now the private capital stock, g is the public capital stock and l is the labour force and the small cap letters denotes variables in logarithmic terms and 
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 denotes that variables are in first difference

In this specification, cross terms represent relations of complementarity and substitutability between factors when they are positive or negative respectively. The quadratic coefficients characterise denotes returns to scale.

As pointed earlier, this model differs from the Cobb-Douglas model in that it relaxes the Cobb-Douglas’s assumption of a unitary elasticity of substitution. The Cobb-Douglas model is obtained by the restriction a12, a13, a23, a11, a22 and a33 = 0 (null hypothesis) and can be tested by the use of an F-Test 
 (Garcia Mila, McGuire and Porter(1996). 

Note that the coefficient of variables can be negative and that one might conclude that the estimated output elasticity with respect to capital has the wrong sign. However we should be careful in the interpretation as in the Translog model as the respective capital elasticity of output is computed as shown by equations below. In fact to analyse the elasticities of the private inputs and productive capital it is necessary to differentiate the production function (equation 1) partially with regard to these factors, obtaining the following expressions:
Eyl = d y/ d l    = a2+ a12 k + a23 g + 2a22 l  
 ----------equation 3
Eyk= d y /d k   = a1+ a12 l + a13 g + 2a11  k 
  ----------equation 4
E yg =d y /d g  = a3+ a13 k + a23 l + 2a33  g  
 ---------- equation 5
Where the small caps letters indicates that the variables are in log terms and Eyl ,Eyk and Eyg are the output elasticities with respect to labour, private and public capital respectively.
Extension of the translog framework: Disaggregating transport capital from public capital. 

To analyse the importance of transport capital we further decouple the public capital into transport and non-transport capital and specify the following extended translog model
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----------equation 6
where y is output of the country, 
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 is the constant,  k is private capital, trans is transport capital, nontran is nontransport capital and l is the employment level. Δ denotes that the variables are in first difference and small letters the variables are in natural logarithm.
The respective output elasticities are given by the following equations
Eyl          = d y/d l                = a2+ a12k + a23 trans + a24 nontrans + 2a22 l     --- equation 7
Eyk               = d y/d k               =  a1+ a12l + a13 trans + a14 nontrans + 2a11k     --- equation 8
E ytrans     =d y/d trans          = a3+ a13k + a23l + a34 nontrans + 2a33 trans      --- equation 9
E ynontrans =d y/d nontrans    = a4+ a14k + a24 l + a34  trans + 2a44 nontran    ---- equation 10
Where Eyl ,Eyk, Eytrans and Eynontran  are the output elasticities with respect to labour, private and public capital

Data construction and sources
Since the disaggregated capital stock figures for the country were unavailable, they had to be constructed using the Perpetual Inventory Method (PIM) as recommended by OECD 
(2001) and the US Bureau of Economic Analysis (1999). This approach has been widely used in the literature
. The construction of these capital stocks required disaggregated investment data series to feed the above methodology. The Penn-World table (6.1) only provided total investment figures since the 1950. In an attempt to separate the total investment into the various components we gathered data on total government capital investment and also on transport capital investment over the whole period under study (1950-2005). These were available from the various individual Accountant General Annual Reports of the country and also from the Financial Accounts of the Colony for period before independence (pre-1968). 

To measure labour we used employment level figures and these were available from the Central Statistical Office (CSO) and the Bi-annual Digest of Statistics (various issues). The dependent variable output was proxied by the real Gross Domestic Product at constant price and was generated from the Penn World Table (6.1)
EMPIRICS
Before the annual data over the period 1950-2000 are applied to equation 2 and subsequently to equation 6, it is important to investigate the univariate properties of the all data series and to determine the degree to which they are integrated. We employ both the augmented Dickey-Fuller(ADF) (1979) and Phillips-Perron(PP)(1988) unit-roots tests for that purpose and the results are summarised in table 1 and below.
Insert tables 1 and 2 here
From the above tables, all of our variables are observed to be non-stationary but integrated of order one. We thus estimate a first difference specification to control for that fact. First differencing typically renders I(1) variables stationary and removes the problem of justifying or explaining the existence of trends. Note that by first differencing the variables, the long run parameters are unaffected (see Tatom (1991), Stephane(2002))

The Public capital-growth hypothesis
The analysis provides both the direct and the indirect effect of the private and public inputs. 

We run the following translog function
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----------equation 2
where the small cap letters denotes variables in logarithmic terms and 
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 denotes that variables are in first difference

Direct effects
The estimates of the translog model as specified in equation 2 is shown below and these figures are subsequently used to generate the direct effects from the expressions derived above (that is equation 3,4 and 5) 

It should be noted that the model was estimated originally without any dummy (for both specifications). However the residuals were showed not to be random and depicted a marked drop in the year 1960. Upon investigation we realised that this was due to cyclone Carol, the most devastating cyclone of all time. Thus a dummy variable was included to take this into account
.  
Insert table 3 here
The respective elaticities are then computed to be Eyl= 0.349, Eyk= 0.71 and Eyg = 0.25.                             

The results are clear and conclusive. The output elasticity of public capital reveals that the latter has a positive effect on the country’s output and further indicates that a 10% increase in public capital increases output by about 3.5%. As expected private capital’s contribution to overall output is highest and labour is also reported to positively affect output. 
Indirect effects

When coming to the analysis of the marginal productivities of inputs, the single cross terms with labour and public capital appears not to be significant. Therefore since this estimate is rather imprecise, it is not possible to conclude whether or not public capital creates an ‘atmosphere’ and thereby enhances productivity of labour. 

On the other hand the cross term involving private and public capital is positive and significant and appear thus to be complementary. However it should be mentioned that the results of the translog production function should be interpreted with caution due to the high correlation of the single with the quadratic and cross terms. 
Transport capital-growth hypothesis
Direct effects

Regressing equation 6 using our data set yields the following estimates

  Insert table 4 here
The output elasticity with respect of the inputs are estimated to be Eytran= 0.115, Eynontrans= 0.273, Eyk = 0.561 and Eyl =0.36 respectively.
The above results indicate that transport capital has been positively affecting the level of economic growth of the country and that a 10% increase in transport capital will generate around 1% increase in the country’s output. The other variables have the expected signs as well. It should be noted though that non-transport capital are reported to be more productive with an elasticity of 0.27 and private capital has the highest level of productivity (0.55).
Indirect effects

Marginal productivities of inputs analysis reveal that transport capital and private capital seems to be complementary (a positive and significant coefficient was reported) and so is non transport and private capital. Any other cross term was reported to be insignificant and we could not thus confirm the complementarity or substitutability relationship between these respective pairs of terms.

SUMMARY OF RESULTS
This paper used a flexible functional form of a production function, namely a transcendental logarithmic function (translog), to analyse the effects of public capital and in the subsequently transport capital on economic growth. Results from the analysis tend to confirm a positive contribution of both types of capital. In fact a 10% increase in public capital and transport capital is estimated to bring a 3.5% increase in the country’ output.  Marginal productivities of inputs analysis tend to suggest that there exist complementarity between public and private capital and also between transport capital and private capital. This might thus suggest that public and transport capital impacts on aggregate output indirectly as well.
The domestic policy implications are obvious. Adhoc government spending cuts and neglecting infrastructure needs
 might have a deliterious effect on private sector investment and economic growth. It is a fact that, especially in developing and newly industrialised country cases, including Mauritius, public finance is particularly limited and sustainable transport improvement usually comes at the expense of other investment projects which could be forgone as for instance, education or defence or social projects among others. Officials and planners have often been unable to make decisions regarding the use of limited public funds in transport and public infrastructure investment in the absence on solid empirical grounds. This is particularly true as in times of budget crises where it has often observed that government adjust very often by cutting expenditures particularly on transportation capital.
In fact, the Government of Mauritius has been trying its best to develop the transport system to meet the country’s present and future requirements. These can be witnessed by the fact that in most of the national plans, policies address many of the inadequacy of transport capital. However during implantation it has often been observed that these plans were not adhered to. As a result transport development in Mauritius has been driven mostly by ad hoc considerations having no explicit focus on long term requirements. This can explain the high volatility and the erratic pattern of investment expenditures in these types of investment along years. One can deduce that this unguided nature of present development efforts is rooted in the absence of a vision for future plan.

The results from the study might thus guide in better and more efficient government budget allocation instead of ad-hoc spending in transport capital. It is recommended above all that government refrains itself in undergoing drastic cuts in public capital expenditure, even in difficult times. This is even more important in the case of transport capital projects. It is believed that the government would be better off in taking advantage of World Bank’s and other international institutions infrastructural and developmental loans instead of capital expenditure cuts from the budget. 
It is believed that government needs to take immediate action to formulate and adopt a long term vision and spell out integrated transport policies involving all stake holders. Broad participation of different interest groups and consumers is essential for the effectiveness of such planning. The long term plan should also incorporate the development of a land management regime to avoid misuse of land. This will regulate the physical framework in which transport infrastructure, particularly future road development and improvement. 

Given government’s budget constraint and in the light of our empirical analysis, the case of private financing and joint public/private financing arrangements should be less ambiguous so long there is addition to the country’s stock of transport capital, no matter who is financing it. Government should ensure that the private sector have sufficient incentive to invest in transport capital and in its services as well. To this end, the government needs to develop a efficient institutional framework and further improvements are also required in a number of areas to create a conductive environment: These include improving the legislative and regulatory environment, including the formulation of a BOT law, removing unnecessary bureaucratic procedures and practices, marketing the potential of Mauritius to the international investor community. 

As an ending note, the support of the political leadership for the implementation of the recommendations is judged to be crucial.
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APPENDIX
Model Derivation: The Translog model
We use the approximation proposed by Kmenta (1967) to derive the Translog function. The derivation is adapted from Delgado and Alvarez (2000) and is based on writing initially a CES function as

Q = a [b K-c + (1-b) L-c]-d/c --------equation A.1
Log Q = log a – d/c f(c) --------equation A.2
Where f(c) = [b K-c + (1-b) L-c]

Taking a Taylor series expansion of f(c) around the value c=0 (which correspond to the value elasticity =1), the general expansion is 

f( c) – f(0) = c  f '(0) + ½ c2 f ' '(0)

and the first and second derivatives evaluated at c= 0 are:

f ' (0)  = - [ b log K + (1-b) log L)  --------equation A.3
f ''(0) = b(1-b)[log K –log L]2           ---------equation A.4
so the general expansion can be written as follows :

f(c) – f(0) = -c [ b log K + (1-b)log L] + ½ c2{b(1-b)(log K-log L)2
                 = -c b log K -c (1-b) log L + ½ c2 {b(1-b)(log K-log L)2            --------equation A.5
Then we have the approximation:

log Q = log a- d/c f(c)
          = log a – d/c[-c b log K – c (1-b) log L + ½ c2{b(1-b)(log K-log L)2}]--equation A.6
log Q = log a + d b log K + d(1-b)log L – ½ c d{b(1-b)(log (K/L)2         --------equation A.7  

Hence the estimates of a, b, c and d can be obtained directly by regressing log Q on log K, log L and log (K/L)2.

The Translog function: Variable Elasticity of Substitution(VES)
However it would be more interesting to analyse the contribution of public capital and subsequently transport infrastructure in a Variable Elasticity of Substitution (VES) production function framework. In fact there are very valuable reasons as to why the elasticity of substitution (σ) should vary. For example, σ might be expected to vary with the capital/labour ratio K/L. The greater the capital intensity of production, the harder it is likely to be to substitute further capital for labour and the lower σ is likely to be. Alternatively, even with constant K/L ratio, the elasticity of substitution may simply change over time if technical progress affects the ease with which factors may be substituted for each other.

Revankar(1971) developed a model in which σ was a linear function of the capital/labour ratio and Sato and Hoffman(1968) presented a series of forms – one similar to Revankar’s and another in which σ varied over time. However a general form for the VES functions was finally presented by Christensen, Jorgenson and Lau(1973). The problem had always been one of finding a functional form that at the same time allowed for a VES and also easily estimable. 

We continue on our theoretical derivation and attempt to come with a functional form similar as proposed by Christensen et al (1973). So we continue on the above analysis and refer again to equation below

logQ = log a + dblog K + d(1-b)log L – ½ cd{b(1-b)(log (K/L)2 -------------equation A.7  
The last term of the equation is added to the Cobb-Douglas log-linear regression and indicates the departure from a unitary elasticity of substitution. Expanding the squared term yields the following 

logQ = log a + dblog K + d(1-b)log L – ½ cd{b(1-b)( log K-logL)2} --------equation A.8  
logQ = a0+ a1logK + a2logL +a11(log K)2 + a12(logK)(logL) + a22(log L)2----equation A.9 
where a0 = log a , a1 = db , a2  = d(1-b), a11 = -1/2cd(b-b2) ;a12= -cd(b-b2); a22= -1/2cd(b-b2)
Equation A.9 is the translog production function and is used for our estimations
TABLES:
Table 1: Summary results of Unit Root Tests in level form: D-F and P/P                                                                                                
	Variables

(in log)
	Lag selection
	Aug. Dickey Fuller
	Phillips Perron
	Critical Value
	Variable Type
	Aug Dickey Fuller

(time      trend (t)
	Critical Value
	Variable Type
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	1
	+1.43
	+2.55
	-2.924
	I(1)
	-2.22
	-3.51
	I(1)
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	1
	+1.16
	-2.283
	-2.924
	I(1)
	-1.37
	-3.51
	I(1)
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	1
	-0.08
	+0.22
	-2.924
	I(1)
	-1.44
	-3.51
	I(1)
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	1
	-1.10
	-0.87
	-2.924
	I(1)
	-2.12
	-3.51
	I(1)
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	1
	+0.94
	+2.93
	-2.924
	I(1)
	-1.17
	-3.51
	I(1)
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	1
	-1.28
	-0.57
	-2.924
	I(1)
	-0.72
	-3.51
	I(1)


Table 2: Summary results of Unit Root Tests in first difference : D/F and Phillips/Perron Test

	Variables

(in log)
	Lag selection
	Aug. Dickey Fuller
	Phillips Perron
	Critical Value
	Variable Type
	Aug Dickey Fuller(with time trend(t)
	Critical Value
	Variable Type
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D


	0
	-8.53
	-8.76
	-2.936
	I(0)
	-8.92
	-3.508
	I(0)
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	0
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Table 3: OLS Estimates of the Translog function with public infrastructure capital

	Regressor
	Coefficient 
	T-ratio

	Constant
	60.12
	0.96

	Δk
	-28.61
	-1.23

	Δl
	3.14**
	2.07

	Δg
	-17.81
	-2.42


	ΔkΔl
	-0.126
	-0.137

	ΔkΔg
	0.47**
	2.11

	ΔlΔg
	-1.52
	-1.18

	Δk2
	0.421*
	1.86

	Δl2
	0.27*
	1.68

	Δg2
	0.663*
	1.83

	Dum
	-0.301***
	-6.78


*significant at 10%, ** significant at 5%, ***significant at 1%
Table 4: Estimates of the Trans-log function with transport infrastructure capital
	Regressor
	Coefficient 
	t-ratio

	Constant
	-13.5
	-0.03

	Δk
	-23.23
	-0.75

	Δl
	9.76**
	2.22

	Δtrans
	22.12**
	2.351

	Δnontran
	-0.935
	-0.0025

	ΔkΔl
	-0.365
	-0.216

	ΔkΔtrans
	1.68**
	2.557

	ΔkΔnontrans
	0.059*
	1.88

	ΔlΔtrans
	-0.61
	-0.209

	ΔlΔnontran
	-0.9
	-0.3650

	ΔtranΔnontran
	0.062
	0.024

	Δk2
	-0.083
	-0.813

	Δl2
	1.19*
	1.86

	Δtrans2
	-1.34
	-0.472

	Δnontran2
	0.234**
	2.246

	Dum
	-0.31***
	-6.36






































� In this case he made a parallel with the way technical progress entering a production function


�It should be noted that this indirect effect of a rise in infrastructure capital on output, however, is not necessarily positive. In fact the effect can be negative if infrastructure and private capital are substitutes. On balance thus there exists a final effect.


� see appendix for a derivation of the simple two variable case with overall capital and labour.


� The computed value (5.34) turned out to me more than the critical and we thus reject the null hypothesis of a Cobb-Douglas model in favour of the Translog model. Same is also observed with the specification including transport capital.    


� This methodology has also been widely used in both classical and recent literature for instance by, Munnell(1990), Sturm and de Haan(1995). More recently Jacob et al(1997), Barbara Fraumeni(1999), Lighhart(2000), Canning and Bennathan(2000),  Delgado and Alvarez (2000), and  Kamps(2003) among others  


� Moreover the regression was also run including a time trend, dummy for other major cyclones and with a post independent dummy (independently and together). However their respective coefficients proved to be statistically insignificant and were judged not appropriate in our analysis. In any case the results obtained were not too different from the actual ones


� Empirical Studies( Aschauer(1989) and Munnell(1991)) have tended to prove that it is precisely the reduction in infrastructure investment that could explain the drop in productivity and growth of many countries over in the 1970’s and early 1980’s.
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