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Abstract 

This article proposes a comprehensive theoretical framework to bridge the gap 
between the theoretical and empirical literatures regarding the criteria followed by 
a policymaker to distribute public investment across jurisdictions. A social welfare 
function that considers, not only output per capita, but also output density, is 
proposed. We derive the optimal levels of public investment as a share of the total 
public capital stock, which turns out to be a function of the main criteria suggested 
by the previous empirical literature. A tractable equation for empirical and policy 
implementation is obtained. Furthermore, the model allows us to cast theoretical 
predictions to be tested empirically. For this purpose, we use data on the Spanish 
regions (autonomous communities) over the 1986-2010 period. Our findings show 
that most of the coefficients of the conventional criteria are significant and with the 
expected signs. In addition, the results provide the weights of the output measures 
in the social welfare function, and strongly suggest that output density should not 
be neglected, as has been often done in the previous literature. The results are quite 
robust across estimation methods, different alternate dependent variables and the 
inclusion of control variables. 
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1. Introduction  

The seminal work by Aschauer (1989) triggered a very active research on the relation between 

public capital stock and economic growth. Despite the absence of full consensus on the existence 

of an unambiguous relationship between public capital and economic growth, a fair assessment is 

that most of the empirical literature supports the presence of a positive relationship. Public 

investment provides the twofold “return” of increasing aggregate demand in the short run and 

increasing aggregate supply in the long run. In this regard, the stock of public capital becomes a 

crucial input for competitive and productivity gains, economic growth and general welfare, 

regionally and nationally. 

Two of the most important issues regarding the stock of public capital are, first, reaching an 

adequate/optimal level, and second, achieving its right/fair geographical distribution. Regarding 

the first issue, most developed countries have been experiencing stagnation in the stock of public 

capital per capita,1,2 while most developing countries continue to struggle to reach adequate levels. 

In relation to the geographical distribution issue, the general principle in practice in developed 

countries has been to allocate public investment across jurisdiction (states, regions, municipalities, 

etc.) in order to reduce geographical income disparities and aiming at social cohesion, without 

neglecting national economic growth.3 

This paper focuses on the second issue, and specifically, on the criteria that should be followed 

by policymakers to distribute public investments across country’s jurisdictions. Contributions to 

the literature on this topic are still limited. On the one hand, the relevant theoretical contributions 

have narrowly focused on the efficiency-equity trade-off neglecting other potential important 

criteria, like those accounting for spatial considerations. In fact, this literature has traditionally 

used an objective function exclusively based on total output or output per capita. On the other 

hand, although there have been numerous contributions to the empirical literature often proposing 

reasonable additional criteria for the allocation of public investment across jurisdictions, such 

contributions have been generally based on ad hoc equations which are not backed by any 

 
1 There has been awareness of this situation among many governments. Witness for example president Biden’s 
Bipartisan Infrastructure Law, the UK government’s infrastructure spending plan for the period 2020-2025, 
Germany’s 2030 FTIP (Federal Transport Infrastructure Plan), or France’s Relance recovery plan. 
2 OECD (2019, 2022). 
3 A clear example of this is the European Regional Policy. For more information on it go to 
https://ec.europa.eu/regional_policy/home_en. 
 

https://ec.europa.eu/regional_policy/home_en
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established theoretical economic model. In summary, neither the theoretical literature has provided 

a conceptually comprehensive framework, nor the empirical literature has offered operational rules 

derived from such a framework. 

The main aim of this paper is to provide a framework that bridges the existing gap between the 

theoretical and the empirical literatures on the criteria for distribution of public investments across 

jurisdictions. This framework will be useful in addressing several interesting and unresolved 

research questions, including: How to possibly go beyond the traditional equity-efficiency trade 

off proposed by the existing theoretical literature. Where might the criteria used in the empirical 

literature come from? What should be the dependent variable used in empirical implementations? 

What are the expected signs of the coefficients for the criteria proposed in the empirical literature? 

The primary contribution of the article is, therefore, to develop a quantitative general 

comprehensive theoretical framework that incorporates the economic and spatial dimension and 

can be applied to empirically evaluate the geographical distribution of public investments across 

jurisdictions. 

Inspired by the new economic geography (NEG) literature and the literature on economic 

growth that considers the spatial dimension, we propose a theoretical framework in which the 

policymaker chooses the distribution of public investment across jurisdictions to maximize a social 

welfare function that considers not only output per capita, as done by previously theoretical 

literature, but also, output density. The maximization problem is subject to the jurisdictions’ 

production functions and the laws of motion of public capital stock. CES functions for both social 

welfare and output are assumed. In addition, the law of motion of public capital stock accounts for 

diminishing marginal returns of the public investment instead of the traditional lineal form that 

assumes constant marginal returns. From the solution of the theoretical model, we can obtain a 

tractable equation for empirical implementation in which the public investment made by the central 

government, as a share of the total public capital stock, is a function of the main economic criteria 

proposed by the empirical literature. Hypotheses on the values and signs of the coefficients can be 

derived from the model. In addition, our model goes further by proposing two additional new 

criteria related to convergence in output per capita and regional economic size. 

We then turn to the empirical implementation in order to shed light on the optimal allocation of 

public investment across jurisdiction and the criteria followed to such an end. Data of the Spanish 

regions (autonomous communities) over the 1986-2010 period are used. We carry out diagnostic 
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panel data tests and finally estimate with fixed effects accounting for heteroscedasticity, serial 

correlation and cross-sectional correlation. 

The empirical results shows that most of the criteria are significant and with the expected signs. 

Furthermore, the goodness fit of the model is very large and results are quite robust across several 

estimation methods, alternate dependent variables, and the inclusion of control variables. 

The rest of the paper is organized as follows. Section 2 reviews the literature. Section 3 

describes the main variables that have been proposed in the previous empirical literature as guiding 

criteria for the allocation of public investment across jurisdictions. Section 4 develops the full 

theoretical framework. Section 5 lays out the empirical strategy. Section 6 discusses the estimation 

issues and presents the empirical results. Section 7 provides robustness checks, and section 8 

concludes. 

2. Review of the Literature  

Academic interest in the distribution criteria for public investment dates to the 1950s, just after 

the Second World War. The reconstruction plan for Europe at the time entailed huge amounts of 

funds, and governments needed guidelines to allocate those resources. Considering this need, 

several scholars suggested criteria to optimize reconstruction and development. The works by 

Kahn (1951) and Chenery (1953) introduced the criterion of efficiency as a starting point for the 

allocation of resources. 4  In this regard, Kahn (1951, page 38) warned of the "harmful 

consequences of elevating practical rules to the rank of absolute principles" and proposed the social 

marginal productivity, defined as the total net national contribution of a unit of capital to the 

national product, to capture the efficiency criterion. From that perspective, the objective function 

to be maximized was the national output. However, Galenson and Leibenstein (1955) questioned 

the appropriateness of maximizing the national product level, and instead proposed per capita 

output (income) as the objective function. 

Interestingly, all those early works adopted a national or whole country perspective. To our 

knowledge, the first article to study the allocation of public funds across the states/regions of a 

country was Stewart (1967) who emphasized the marginal return of public investment as the 

 
4 A slightly posterior related literature on the criteria for public investment allocation, including studies by Marglin 
(1963), Davisson (1964) and Mishan (1967A, 1967B), based the analysis on the projects' present discounted values 
of net benefits and the rate of returns to rank them. This is a very valid microeconomic approach to the problem, but 
in this paper, we are interested in the further development of the macroeconomic approach that started earlier. 
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criterion for the regional allocation of federal funds, and thus public investment should be 

concentrated in areas with the most significant growth potential, aiming to increase overall per 

capita income. Mera (1967; 1973) pointing out that policies aiming to improve interregional equity 

could conflict with the maximization of national output, which he called the goal of efficiency, 

and suggesting instead that regional policies should be formulated considering the balance between 

equity and efficiency, which has become the cornerstone of the theoretical literature. 

One of the main criticisms addressed to those early contributions is that the objective functions, 

focused on maximizing the national GDP or per capita income, neglected social welfare. Although 

income per capita and social welfare are expected to be highly correlated, a model that considers 

social welfare as the objective function is more compelling, not only from the point of view of 

formal economic theory, but also for its socio-economic implications. Eckstein (1957; 1961) 

advanced models with social welfare functions that depended on per capita consumption and 

income. In the same vein, Freeman (1967) proposed a social welfare function model focused on 

income distribution as the target for the allocation of public investment. However, the Eckstein 

and Freeman's models also took a national perspective and did not consider the distribution of 

federal funds among jurisdictions (states/regions). 

In an approach closer to the one developed in this paper, Behrman and Craig (1987) proposed 

a theoretical model with a social welfare function to allocate public funds for safety services across 

neighborhoods. Two other related papers by Caminal (2004) and De la Fuente (2004) proposed 

theoretical models in which the policymaker distributes funds for public infrastructure investment 

across regions in order to maximize a social welfare function. These studies were fundamentally 

theoretical contributions, including in some cases, some simple empirical applications. Perhaps an 

exception is Behrman and Craig (1987). However, their empirical analysis of the traditional 

efficiency-equity trade-off is reduced to the estimation of the inequality aversion parameter of the 

social welfare function. 

On the side of the empirical literature, although most contributions have been based on ad hoc 

equations, overall, this literature has contributed some potential additional criteria for the 

allocation of public investment. A number of papers, including De la Fuente and Vives (1995), 

Yamano and Ohkawara (2000), Rodríguez-Oreggia and Rodríguez-Pose (2004), Kemmerling and 

Stephan (2010), Monastiriotis and Psycharis (2014), Aray (2019) and Fageda and Olivieri (2019) 

suggested the gross value added (GVA) per unit of public capital stock of the jurisdiction as the 
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efficiency criterion,5 and per capita GVA as the equity/redistribution criterion. The efficiency 

(equity/redistribution) indicator is expected to be positively (negatively) correlated with the public 

investment allocated to the jurisdiction.  

Further potential refinements were introduced by Kemmerling and Stephan (2010) and 

Monastiriotis and Psycharis (2014), who argued that in the second criterion, it is necessary to 

differentiate between redistribution and equity. They proposed the per capita GVA for measuring 

redistribution and the ratio between the public capital stock of the jurisdiction and its geographical 

size (density of public capital stock) for measuring equity. Thus, the spatial dimension is captured 

by the evenness in the distribution of public capital stock across jurisdictions. The estimated 

coefficient for this variable is expected to be negative if equity is a goal for the allocation of public 

investment across jurisdictions. De la Fuente and Vives (1995) further contributed to the spatial 

dimension focus by proposing the feature of neutrality, which is calculated as the geometric mean 

between public capital stock per capita and the density of public capital stock. Notice that in this 

way, the equity criterion is nested into the neutrality criterion, meaning that differences in public 

capital stocks should not give any jurisdiction an unfair advantage or disadvantage. Along a similar 

line of thought, population density has been proposed to capture the criterion of special 

infrastructure needs. On the one hand, Rodríguez-Oreggia and Rodríguez-Pose (2004) and 

Lambrinidis, Psycharis and Rovolis (2005) argued that population density allows to account for 

the effects of agglomeration and congestion, and therefore, a positive correlation should be 

expected between public investment and population density. On the other hand, Mizutani and 

Tanaka (2010) and Rodríguez-Pose, Psycharis and Tselios (2016) posited that a negative 

correlation should be expected between public investment and population density provided the 

higher cost of delivering public goods in remote and low-density jurisdictions. 

None of the aforementioned empirical articles has considered simultaneously the five criteria, 

perhaps, because of the high multicollinearity among them. All the criteria just discussed above 

can be grouped under the heading of “economic criteria,” on which, this paper will focus. There 

are other non-economic criteria, such as political factors, which are presumed to play also a role 

in explaining the actual distribution of public funds across jurisdictions (Cadot, Röller and 

 
5 Because of the unavailability of data on public capital stock, the empirical implementations for some countries 
have been based on the ratio GVA to public investment as a proxy for the efficiency criterion. 
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Stephan, 2006; Castells and Solé-Ollé, 2005). Although, the solution of our theoretical model does 

not provide for an explicit role of the political criteria, the model is flexible to account for them. 

3. Relevant economic criteria for the allocation of public investment across regions 

For further use in our theoretical framework, in this section we restate the formal expressions 

for the allocation criteria that have been proposed by empirical literature reviewed in the previous 

section. 

• Efficiency 

The theoretical literature suggests that if the policymaker is only concerned about efficiency, 

then public investment among jurisdiction gets distributed so to maximize the total aggregate 

output of the economy. In this regard, the empirical literature reviewed above proposes an indicator 

based on the marginal productivity of the public capital stock to capture the efficiency criterion. 

More specifically, let us assume a production function for the jurisdiction j in time t as follows 

𝑌!" = 𝐹$𝐾!" , 𝐿!" , 𝐺!")	 

Where 𝑌!"  is output, 𝐾!"  is the non-residential productive capital stock, 𝐿!"  is the number of 

workers (human capital) and 𝐺!" is the stock of public capital. 

The marginal productivity of the public capital stock is given by 

𝜕𝑌!"
𝜕𝐺!"

= 𝐹#!" 

Which is often proxied in empirical applications by the average productivity 

𝑌!"
𝐺!"

 

• Redistribution 

The traditional measure to capture redistribution is the per capita (or per worker) output: 

𝑦!" =
$!"
%!"

 or 𝒚!" =
$!"
&!"

 

Where and 𝑁!" is the total population of jurisdiction j. 

• Equity 
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The idea behind this criterion is that jurisdictions converge to an equal ratio: 

𝐺!"
𝑆!

 

Where 𝑆! are the units of surface. 

• Neutrality 

This is expressed as: 

0
𝐺!"
𝑁!"
1
'()

0
𝐺!"
𝑆!
1
)

 

With 0 ≤ 𝛾 ≤ 1. Therefore, it is the geometric mean between the public capital stock per capita 

and the public capital stock per unit of surface. The objective is to equalize effective infrastructure 

endowments across regions. Notice that if 𝛾 = 1, then the neutrality criterion becomes the equity 

criterion. 

• Special infrastructure needs 

Population density is proposed to capture agglomeration and congestion: 

𝑁!"
𝑆!

 

4. Theoretical model 

The whole economy is composed by J jurisdictions. Let us consider that the representative 

jurisdiction's economy j produces in time t according to a CES production function as follows: 

 𝑌!" = 6𝛼!*𝐾!"
+!+𝛼!&𝐿!"

+! + 𝛼!#𝐺!"
+!9

'
+! (1) 

Where 𝜔! < 1 is the substitution parameter and, 𝛼!*, 𝛼!& and 𝛼!#  are the share parameters. 

In the spirit of Lucas and Prescott (1971), let us assume that public investment and the stock of 

public capital stock are non-linearly related. And, following Hercowitz and Sampson (1991), 

Kocherlakota and Yi (1997) and Cassou and Lansing (1998), let 𝐺!" accumulate according to the 

following law: 
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 𝐺!" = 𝐵!"𝐺!"('
'(,-!./!0𝐶!"

-!𝑅!"
/! 	, 0 < 𝜎! , 𝜐! < 1; 			0 < 𝜎! + 𝜐! < 1 (2) 

We consider that there are two agents providing public investment: the central government and 

the rest of the agents that includes regional and municipal governments, autonomous public 

entities, and private investors. Thus, 𝐶!" is the public investments in jurisdiction j in period t made 

by the central government and 𝑅!" is the public investment made by the rest of the agents. 

As pointed out by Hercowitz and Sampson (1991), 1 − $𝜎! + 𝜐!)	can be interpreted as the 

quality of old capital relative to the new investments. Moreover, as assumed by Hercowitz and 

Sampson (1991), capital accumulation is also generally subject to an exogenous shock, 𝐵!" > 0. 

Note that 𝐵!" , 𝜎!  and 𝜐!  govern the relationship between new investment and the public capital 

stock in the next period. Thus, whenever 𝐵!" = 1 and 𝜎! + 𝜐! = 1, the stock of public capital 

depreciates fully after one period, while it is longer lasting if 0 < 𝜎! + 𝜐! < 1. 

Cassou and Lansing (1998) also highlighted the advantage of the specification in equation (2) 

with respect to the standard linear equation at exhibiting decreasing returns of the investment, 

which can be interpreted as reflecting adjustment costs in increasing the volume of public capital 

stock or diminishing returns of the public investment. In addition, Cassou and Lansing (1998) also 

pointed out that equation (2) might also be viewed as capturing the behaviour of an aggregate stock 

that is measured by adding up different types of capital, which individually display different 

depreciation characteristics. This is an entirely appropriate assumption for the present paper 

because the public capital stock is composed of several types of infrastructures, including hard 

infrastructure stock (e.g., highways, roads, ports, airports, etc.) and soft infrastructure stock (e.g., 

schools, universities, hospitals, etc.). 

Regarding the social welfare function, we note first that, as Freeman (1967) had already pointed 

out, the choice of the form is a value of judgement. Following Behrman and Craig (1987), in this 

paper, we adopt the CES specification, denoted by 𝑊"
12 , allowing for varying degrees of relative 

jurisdictions' inequality aversion and the unequal treatment of jurisdictions with the same output 

levels: 

 𝑊"
12 = EFV!"𝑁!" 0

𝑌!"
𝑁!"
1
34

!5'

H

'
3

 (3) 
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Where 𝜌 ∈ (−∞, 1]  is the parameter that quantifies the aversion to inequality in output 

(income) per capita among jurisdictions. As 𝜌  becomes more negative, inequality aversion 

increases. When 𝜌 → −∞ , the planner only concerns itself with equity in output per capita. 

Conversely, if 𝜌 = 1, the planner only concerns itself with the total output as a whole. Whenever 

𝜌 < 1, the planner is averse to inequality in output per capita. 

In equation (3), V!"  addresses the equal versus unequal concerns across regions. If V!" = V" 

means equal concern across jurisdictions but varying over time. V!"  can be also interpreted as 

weights. In this regard, Eckstein (1961) had pointed out that policymakers can attach any weights 

they wish to the national and regional groupings of income. 6 

The NEG, inspired by Krugman (1991), emphasizes the advantages of the spatial agglomeration 

of inputs for generating increasing returns and positive spillovers across firms. Furthermore, 

Hidalgo et al., (2007) claim that output density plays a key role in determining the added value of 

products and pointed out that more-sophisticated products are located in densely connected areas 

whereas less-sophisticated products are produced in the less-connected peripheral areas. 

From a regional perspective, the NEG literature shows that decreasing inter-regional transport 

costs, largely due to public infrastructure investment, would prompt firms and workers to 

agglomerate into the core regions. This results into increased spatial differences in production 

between the core and peripheral regions. This conclusion had been already reached in the early 

work by Hirschman (1958), who warned that investment in transport infrastructures at the national 

level could bring gains but also losses to regional economies, what he called the “leaking by 

linking” phenomenon.7 This is also interesting because many countries are struggling to avoid the 

depopulation of some regions, and often times, by building more transportation infrastructure.  

From an economic growth viewpoint, Ciccone and Hall (1996) suggested that the spatial density 

of economic activity is a source of aggregate increasing returns, which could play a crucial role 

for explaining the large differences in average labor productivity and in long-term economic 

growth. They provided empirical evidence showing that the density of economic activity is 

positively related to labour productivity and total factor productivity and concluded that increasing 

 
6 Behrman and Craig (1987) and Castells and Solé-Ollé (2005) collected in V#$ jurisdictions' specific characteristics. 
7Puga (2002) also warned on the increased inequalities between regions within each EU Member State in spite of the 
large budget of the EU regional policy. 
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returns to density play a crucial role for explaining the large differences in average labour 

productivity across U.S. states. Thus, spatial externalities are driven by the density of production 

in a country/region (Ciccone, 2002). In addition, Davis, Fisher and Whited (2014), building on the 

work of Ciccone and Hall (1996), showed that output density is positively related to per capita 

consumption, i.e., to welfare.  

Incorporating the insights from the NEG literature and the literature on economic growth that 

accounts for the spatial density of economic activity, we expand (3) to the fuller social welfare 

function: 

 𝑊" = EFV!"𝑁!"
'(6𝑆!

6 O0
𝑌!"
𝑁!"
1
'(6

0
𝑌!"
𝑆!
1
6

P
34

!5'

H

'
3

 (4) 

Where 𝜂 ∈ [0,1] . The expanded function in equation (4) is a social welfare function that 

considers as the main arguments output per capita and output per unit of surface (output density), 

instead of just output per capita. Note that if 𝜂 = 0, then equation (4) is the Behrman and Craig's 

social welfare function in equation (3). If 𝜂 = 1, the policymaker only cares about output density 

in the spirit of Ciccone and Hall (1996). 

Last, let us rewrite equation (4) for the case in which 𝑉!" =
%!"
%"

, where 𝑁" is the total population 

of the whole economy, and thus, we obtain:  

 𝑊" = EFT
𝑁!"
𝑁"
U𝑁!"

'(6𝑆!
6 O

𝑌!"
𝑁!"
'(6𝑆!

6P
34

!5'

H

'
3

 (5) 

Notice that in the specification of the law of motion of capital, equation (2), we are considering 

two kinds of investors. Let us concentrate on the central government. Thus, the central 

government’s objective is to allocate the public investment level in each jurisdiction (𝐶!") that 

maximizes equation (5) subject to equations (1) and (2) and the resource constraint, 

F𝐶!"

4

!5'

≤ 𝐼"2  

where 𝐼"2  is assumed to be fixed for the sake of simplicity and in line with Behrman and Craig 

(1987). 
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This is a one-period model that allows us to benchmark empirical approaches studying the 

distribution of public investment funds across jurisdictions. 

The solution of the model provides the optimal level of public investment as a share of the 

public capital stock8,9 

 𝐶!"
𝐺!"

=
𝐴𝜎!𝛼!#
𝜆"

0
𝑌!"
𝐺!"
1
(+!

𝑦!"
3 O0

𝐺!"
𝑁!"
1
'(6

0
𝐺!"
𝑆!
1
6

P
('

0
𝑁!"
𝑆!
1
63

T
𝑦!"
𝑦"
U
(' 𝑌!"
𝑌"

 
(6) 

 

Equation (6) becomes our benchmark equation. To note, all the economic criteria for public 

investment allocation among jurisdictions (described in the previous section) are collected in 

equation (6). Thus, $!"
#!"

 captures the efficiency criterion, which is positively (negatively) related to 

2!"
#!"

 whenever 𝜔! < 0  ( 0 < 𝜔! < 1 ); meaning that inputs must be more biased to being 

complementary (substitutes) than substitutes (complementary). 

The redistribution criterion is captured by 𝑦!" if the central planner is output inequality averse, 

𝜌 < 1, which could become negative the higher the concern about income redistribution across 

jurisdictions. 

Regarding space considerations, as suggested by De la Fuente and Vives (1995), the neutrality 

criterion, T#!"
%!"
U
'(6

T#!"
7!
U
6
, is negatively related to the share 2!"

#!"
. Notice that it becomes the equity 

criterion T#!"
7!
U  if 𝜂 = 1 . The special infrastructure needs criterion, %!"

7!
, would be positively 

(negatively) related to 2!"
#!"

 whenever the policymaker is (very) concerned about income 

redistribution, 0 < 𝜌 < 1 (𝜌 < 0), and 0 < 𝜂 ≤ 1. 

Last, notice that two new criteria are obtained from our model. First, 8!"
8"

, that we call 

convergence criterion, which is inversely related to 2!"
#!"

. The idea behind this criterion is to foster 

the catching up of lagged regions’ GVA per capita to the national GVA per capita. Last, $!"
$"

, the 

 
8 The Appendix shows the details of the solution. 
9 
%!"
&!"

 can be considered a measure of investment effort. 
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share of the GVA of jurisdiction j on the whole economy’s GVA, which we call the economic size 

criterion and is positively related to 2!"
#!"

. 

5. Empirical strategy 

The model developed above is instrumental for bridging the existing gap between the 

theoretical and empirical literatures on the criteria to distribute public investment across 

jurisdictions. Thus, equation (6) can be used as a benchmark to perform empirical evaluations of 

the actual distributions of public investment across jurisdiction and the criteria considered for that. 

Furthermore, the model is general enough to explore the allocation of any publicly provided input, 

good and service by any government layer. 

To be able to use equation (6) empirically, we need to make several further assumptions. First, 

randomness must be included. Second, as suggested by Castells and Solé-Ollé (2005), the best 

most recent information that the policymaker might have available to plan the allocation of public 

infrastructure is that from the previous period. Therefore, all the variables in the right-hand side in 

equation (6) are expressed in one lag.10 Thus, equation (6) is rewritten as follows 

𝐶#$
𝐺#$

=
𝐴𝜎#𝛼#&
𝜆$
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𝐺#$'(
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')!

𝑦#$'(
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𝑁#$'(

+
('+
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𝐺#$'(
𝑆#

+
+

0
'(

)
𝑁#$'(
𝑆#

+
+*

1
𝑦#$'(
𝑦$'(

2
'( 𝑌#$'(
𝑌$'(

𝑒,!" (7) 

where 𝜀!" is the random disturbance and 𝑒 is the exponential operator.  

Third, the estimation of equation (7) in logs (𝐿𝑛) could run into perfect multicollinearity 

between several variables. To avoid that, we could remove some variables, for example, the 

variables	𝐿𝑛 T#!"-.
%!"-.

U and 𝐿𝑛 T#!"-.
7!
U. That has been probably the approach implicitly followed in 

some of the previous empirical literature. However, the drawback of removing variables from the 

equation to be estimated is that it might lead to misleading interpretations of some parameter 

estimates by assuming they remain the same after dropping variables. Instead of dropping variables 

𝐿𝑛 T#!"-.
%!"-.

U and 𝐿𝑛 T#!"-.
7!
U, we rewrite equation (7) as shown below, 

𝐶!"
𝐺!"

=
𝐴𝜎!𝛼!#
𝜆"

0
𝑌!"('
𝐺!"('

1
'(+!

𝑦!"('
3(' 0

𝑁!"('
𝑆!

1
6(3(')

0
𝑦𝑗𝑡−1
𝑦𝑡−1

1
−1 𝑌!"('
𝑌"('

𝑒;!"  (8) 

 
10Incidentally, this assumption also helps to avoid endogeneity issues. 
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It can be noticed in equation (8) that the parameters of $!"-.
#!"-.

, 𝑦"(' and 
%!"-.
7!

 have changed. 

Taking logs in equation (8), we get 

 
𝐿𝑛 0

𝐶!"
𝐺!"
1 = 𝛿! + 𝜏" + 𝛽'
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𝑦!"('
𝑦"('

U + 𝛽?𝐿𝑛 T
𝑌!"('
𝑌"('

U + 𝜀!" 
(9) 

Where 𝛽'
! = 1 − 𝜔! , 𝛽< = 𝜌 − 1, 𝛽= = 𝜂(𝜌 − 1), 	𝛽> = −1, 𝛽? = 1, 𝛿! = 𝐿𝑛$𝐴𝜎!𝛼!#), 𝜏" =

−𝐿𝑛(𝜆"). 

In line with the theoretical model, notice that according to equation (9), it is expected that 𝛽'
! >

0, provide 𝜔! < 1; 𝛽< < 0, whenever the policymaker is averse to output inequality (𝜌 < 1); 𝛽= <

0, provided that 0 < 𝜂 ≤ 1 and that the policymaker is averse to output inequality (𝜌 < 1); 𝛽> <

0 with the objective of fostering the catching up of lagged regions; last, 𝛽? > 0, meaning that 

economic size matters for being favored with more investment. 

Notice that the only criterion that is not explicitly collected in equation (9) is the neutrality 

criterion. However, we are able to get the implicit estimate and standard error of the parameter 𝜂 

from the estimation of equation (9) and show evidence on the neutrality criterion collected in 

equation (7). Finally, 𝛿! and 𝜏" account for the individual and time effects, respectively. 

6. Data and Estimation Results 

For the estimation, we use data for the seventeen Spanish autonomous communities (NUTS2) 

over the period 1986-2010.11 Data on public investment and public capital stock with base year 

2005 are from the BBVA Foundation and the Economic Research Institute of Valencia (Ivie). Hard 

infrastructure stock includes roads, hydraulic and water system infrastructures, railways, airports 

and ports, provided by all governments’ layers, public firms, autonomous entities and firms that 

privately provide public infrastructure. Any other urban infrastructures provided by local 

governments and the rest of the agents are also included. Soft infrastructure stock includes 

infrastructure in education and health and other kind of infrastructures. 12  Data on central 

 
11 The smaller “Autonomous cities” of Ceuta and Melilla are excluded. 
12 It includes infrastructure related to water supply and sanitation, housing and community services, environmental 
protection, recreational, cultural and religious activities, social protection and public order and defense. 
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government’s public investment in roads, hydraulic and water system and ports across autonomous 

communities are available. However, data on public investment in railways and airports are not 

explicitly disaggregated by government layers, but rather by public and private sectors. We can 

assume that the central government has made most of the public investment in railways and 

airports, because they are managed at the national level mainly through the public companies 

RENFE and AENA, respectively. Data on central government’s public investment on education 

and health are also available. 

Population data and surface are from the Spanish National Bureau of Statistics (INE), as well 

as the data used to construct constant GVA with base year 2005. 

Table 1 shows correlation across the variables of the model. Since some explanatory variables 

are fairly correlated, multicollinearity diagnostics are carried out, and which show that no serious 

multicollinearity problems are faced. 

Table 2 show the results obtained from estimating equation (9) assuming 𝛽'' = 𝛽'< = ⋯ =

𝛽''@ = 𝛽' (𝜔' = 𝜔< = ⋯ = 𝜔'@ = 𝜔). In addition, Table 2 also shows the tests results for the 

hypotheses of the main problems faced dealing with the data at hand (p-values in parentheses). 

The Hausman test (HFR) shows evidence in favor of fixed effects. The Green test (G test) rejected 

the null hypothesis of homoscedasticity, and the Wooldridge test (WSC) rejected the null hypothesis 

of no serial correlation. Moreover, the Breusch-Pagan LM test (BP test) of independence shows 

evidence on cross-sectional correlation. Therefore, our estimation approach is to use panel 

corrected standard errors (Prais-Winsten, PW) and feasible general least square (FGLS) 

accounting for fixed effects (time and individual), heteroscedasticity, correlation across panels and 

autocorrelation with both, common and panel-specific AR(1) autocorrelation structures.13 

It is striking in Table 2 the extraordinary explanatory capacity of the model, which is able to 

explain about 91 percent of the variability of the endogenous variable when a common 

autocorrelation structure (AR1) is considered. When a panel-specific autocorrelation structure 

(PSAR1) is accounted, the goodness-of-fit is better, since the model is able to explain about 93 

percent of the variability of the endogenous variable. It is interesting because we are able to get 

 
13 Beck and Katz (1995) provided evidence on the superiority of panel corrected standard errors (PW) estimate on 
FGLS. We provide both, anyway. 
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such an explanatory power using combinations of just four variables: GVA, population, public 

capital stock and surface.14 

Regarding the parameter estimates, results are very robust across estimation methods. As 

expected, the efficiency criterion shows a positive and significant coefficient, which is significant 

at the 5% level with PW and at 1% with FGLS. The redistribution criterion also shows the expected 

negative coefficient (𝛽< < 0) and it is significant at 1% in all cases, which also means that the 

hypothesis 𝜌 = 1 is rejected. Therefore, this result suggests that the central government is averse 

to output inequality (𝜌 < 1), in fact, the estimated value of 𝜌 is about 0.3-0.4.15 Therefore, the 

central government’s public investment as a share of the total public capital stock is negatively 

correlated with the output per capita.  

The spatial dimension also plays a role since the coefficient for population density shows a 

negative and significant coefficient at the 1% level in all cases. Notice that the estimated sign for 

population density is in line with the theoretical model prediction regarding the central 

government’s aversion to output inequality, as found from the estimation of 𝛽< < 0 (𝜌 < 1). 

Therefore, the results show that the central government’s public investment share is correlated 

negatively with population density. 

Table 2 also shows the implicit estimate of 𝜂 (𝛽=/𝛽<), which is positive and lower than one, as 

expected, and significant at 1% level in all cases. Therefore, it can be also checked in equation (7) 

that the neutrality criteria would have the expected sign in line with De La Fuente and Vives 

(1995). 

Remember that 𝜂 is also the parameter that weighs the two argument of the social welfare 

function in equation (4). The estimation results suggest that 𝜂 is between 0.7-0.8, meaning that 

output per capita has been weighted 20%-30% in the social welfare function, while output density 

accounted for 70%-80%, which suggests that the central government has distributed public 

investment taking into account mainly spatial considerations. We go further and test the hypothesis 

𝜂 = 1	(𝛽= = 𝛽<)	, which, considering 10% (5%) significance level, it is rejected in three (two) out 

of the four estimation methods. 

 
14 Castell and Sole-Olle (2005) with data for the Spanish autonomous communities for the 1987-1996 period, using 
a similar dependent variable and focusing mainly on the efficiency-equity trade-off (estimation 𝜌) and including 
additional explanatory variables of the transport sector, got at R2 close to 60 percent. 
15 Castell and Sole-Olle (2005) provided estimates for	𝜌 about 0.3 and Sole-Olle (2013), using also data for the 
Spanish autonomous communities for 1978–2004 period, estimated 𝜌 about 0.5. 
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Regarding the new criteria proposed by our theoretical model, we find that the convergence 

criterion exhibits the expected sign and is significant at 5% with PW(AR1) and at 10% with FGLS. 

Moreover, Table 2 also shows no rejection of the hypothesis 𝛽> = −1 , as predicted by the 

theoretical model, and suggests that the central government allocates public investment to foster 

the catching up by lagging regions. However, no evidence was found for the economic size criteria. 

As pointed out above, our model can be used either to distribute public investment or to assess 

the allocation of it. The empirical evidence for the Spanish central government allowed to test the 

theoretical predictions of the model, i.e., the expected signs were obtained and most of the 

coefficients of the criteria were significant. In addition, hypotheses testing on the value of the 

parameters provides further support to the theoretical model. The empirical results show that the 

Spanish central government has taken into account most of the criteria suggested by the empirical 

literature and formally derived from our theoretical model. Furthermore, it turns out the striking 

importance of the spatial considerations for the distribution of public investment among the 

Spanish regions, considering the fact that not only the criteria related to the space are highly 

significant, but also, because the high weight that output density seems to have had in the central 

government’s social welfare function. 

The empirical evidence is interesting because, the previous theoretical literature has 

traditionally considered social welfare functions exclusively based on the output per capita. 

Therefore, our approach, based on a more comprehensive theoretical framework, drives  attention 

to the output density as a very relevant variable to be considered in social welfare functions dealing 

with the distribution of public funds across jurisdictions. 

7. Robustness Checks 

7.1. Alternate endogenous variable  

Central government’s public investment per capita 

The previous empirical literature has also used public investment per capita as the dependent 

variable (Costa-Font, Rodriguez-Oreggia and Lunapla, 2003; Rodríguez-Oreggia and Rodríguez-

Pose, 2004; Albalate, Bel and Fageda, 2012; Monastiriotis and Psycharis, 2014; Rodríguez-Pose 

et al., 2016). We can rewrite our benchmark equation (6) so that we get, 
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Adding the error term, writing the right-hand side variables in one lag and taking logs, we 

finally get 
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Where 𝛽'
! = −𝜔! , 𝛽< = 𝜌 , 𝛽= = 𝜂(𝜌 − 1) , 	𝛽> = −1 , 𝛽? = 1 , 𝛿! = 𝐿𝑛$𝐴𝜎!𝛼!#) , 𝜏" =

−𝐿𝑛(𝜆"). 

Notice in equation (10) that the parameters 𝛽'
! and 𝛽< have now changed respect to those in 

equation (9). However, the former is still expected to be positive whenever inputs are more biased 

to be complementary than substitutes, while the latter could be positive, suggesting that public 

investment per capita might be positively correlated with income per capita, which, by no means 

implies that the central government is not averse to output inequality. Remember that whenever 

𝜌 < 1, the central government is output inequality averse. 

Table 3 show the results of the estimation of equation (10) assuming equal coefficients for the 

efficiency criterion across jurisdictions, which shows the expected sign. However, it is not 

significant across most of the estimation methods. Now we get a positive correlation between 

central government’s public investment per capita and income per capita, as expected. The 

coefficient is significant at 1% level in all cases. Notice, however that such a result is in line with 

that found in Table 2, since what is estimated is 𝛽< = 𝜌, the inequality-averse parameter, which is 

found positive but lower than one, and confirming the previous result that suggested that the central 

government is averse to output inequality. In fact, we find again that 𝜌 is about 0.3-0.4. 

The empirical studies listed above also found positive correlations between central 

government’s public investment per capita and income per capita, or indicators based on the 

income per capita, and they concluded that the central government did not follow a redistribution 

criterion. This empirical literature might have inadvertently estimated the inequality-averse 

parameter of a social welfare function. Therefore, our model warns of the possibility of drawing 

misleading conclusions in empirical implementations when using public investment per capita as 
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the dependent variable. Thus, a positive correlation between the central government’s public 

investment per capita and income per capita does not necessarily imply that the central government 

neglects the redistribution criterion.16 

Again, the spatial dimension plays a role since the coefficient for population density shows a 

negative and significant coefficient at the 1% level in all cases, and in line with the theoretical 

model predictions whenever the central government is averse to output inequality (𝛽< = 𝜌 < 1). 

In addition, the implicit estimations of 𝜂 are similar to those found in Table 2. The hypothesis 𝜂 =

1	(𝛽= = 𝛽< − 1)  is rejected in three (two) out of the four estimation methods at 10% (5%) 

significant level. 

Table 3 also shows that when the dependent variable is the log of the public investment per 

capita, stronger results for the convergence criterion are found, being significant across all the 

estimation methods (up to the 10% confidence level). Again, Table 3 shows no rejection of the 

hypothesis 𝛽> = −1, as predicted by the theoretical model, and no evidence was found for the 

economic size criteria. 

Central government’s public investment as a share of GVA 

Theoretical and empirical literatures, and especially, literature on economic growth,17 have 

used public investment as a share of GDP, or GVA, as the dependent variable. We can rewrite our 

benchmark equation (6) so that we get 
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Adding the error term, writing the right-hand side variables in one lag and taking logs, we 

finally get 
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16 In fact, Castell and Sole-Olle (2005) and Sole-Olle (2013) found positive correlations between GVA per capita 
and a dependent variable similar to ours in the benchmark model, precisely because they estimated the inequality 
averse parameter. However, they did not conclude that the policymaker neglected the redistribution criterion. 
17 Check for instance Barro (1990; 1991). 
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Where 𝛽'
! = −𝜔! , 𝛽< = 𝜌 − 1 , 𝛽= = 𝜂(𝜌 − 1) , 	𝛽> = −1 , 𝛽? = 1 , 𝛿! = 𝐿𝑛$𝐴𝜎!𝛼!#) , 𝜏" =

−𝐿𝑛(𝜆"). 

Again, 𝛽'
! is expected to be positive whenever inputs are more biased to complementary than 

substitutes, while 𝛽< is expected to be negative whenever 𝜌 < 1 as in equation (9). 

Table 4 show the results of estimating equation (11) assuming equal coefficients for the 

efficiency criterion across jurisdictions, which shows the expected sign, but it is not significant 

across most of the estimation methods. Again, we get a negative correlation between central 

government’s public investment as a share of GVA and income per capita. The coefficient is 

significant at 1% level in all cases and in line with the previous results since 𝜌 is about 0.3-0.4. 

Similar results to the previous main ones were also found for the criteria related to the spatial 

dimension. The coefficient for population density shows a negative and significant coefficient at 

the 1% level in all cases, and the implicit estimation of 𝜂 is positive and significant at 1% in all 

cases and with similar values to those found previously. The hypothesis 𝜂 = 1	(𝛽= = 𝛽<)	 is again 

rejected in three (two) out of the four estimation methods at 10% (5%) significant level. 

Weaker evidence is found for the convergence criterion, although the expected sign is obtained. 

Nevertheless, Table 4 also shows the no rejection of the hypothesis 𝛽> = −1 in most of the cases, 

as predicted by the theoretical model. 

Again, no evidence was found for the economic size criteria. 

Central government’s public investment per unit of surface (m2) 

Departing from our benchmark equation (6), rearranging terms, we get 

𝐶!"
𝑆!
=
𝐴𝜎!𝛼!#
𝜆"

0
𝑌!"
𝐺!"
1
(+!

𝑦!"
3 0
𝑁!"
𝑆!
1
'.6(3(')

T
𝑦!"
𝑦"
U
(' 𝑌!"
𝑌"

 

Adding the error term, writing the right-hand side variables in one lag and taking logs, we 

finally get 
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Where 𝛽'
! = −𝜔! , 𝛽< = 𝜌 , 𝛽= = 1 + 𝜂(𝜌 − 1) , 	𝛽> = −1 , 𝛽? = 1 , 𝛿! = 𝐿𝑛$𝐴𝜎!𝛼!#) , 𝜏" =

−𝐿𝑛(𝜆"). 

Again, 𝛽'
! is expected to be positive whenever inputs are more biased to complementary than 

substitutes, while 𝛽<  is expected to be lower than one and, therefore, it could be positive. 

Furthermore, notice that 𝛽= could also be positive. 

Table 5 shows the results of the estimation of equation (12) assuming equal coefficients for the 

efficiency criterion across jurisdictions, which again shows the expected sign. However, it is not 

significant across most of the estimation methods. As when we considered public investment per 

capita as dependent variable, we now get a positive correlation between central government’s 

public investment per capita and income per capita. The coefficient is significant at 1% level in all 

cases and again confirming the value of 𝜌 about 0.3-0.4. 

In line with the prediction of the theoretical model, the coefficient for population density shows 

a positive and significant coefficient at the 1% level in all cases, and thus population density is 

positively correlated with public investment density. Again, the implicit estimation of 𝜂 is positive 

and significant at 1% in all cases and with similar values to those found previously, while the 

hypothesis 𝜂 = 1	(𝛽= = 𝛽<)	 is rejected in three (two) out of the four estimation methods at 10% 

(5%) significant level. 

The coefficient of the convergence criterion shows again the expected sign and considering up 

to 10% significance level, it is significant in three out of the four estimation methods. Furthermore, 

Table 5 also shows the no rejection of the hypothesis 𝛽> = −1, as predicted by the theoretical 

model. 

Again, no evidence was found for the economic size criteria. 

7.2. Heterogeneous coefficients for the efficiency criteria 

As suggested by the theoretical model, in Table 6 we show the results of estimating equation 

(9) considering heterogeneous coefficients for the efficiency criterion. Although there are both 

positive and negative coefficients, most of the statistically significant ones are positive, as 

expected. Stronger results are found for Cantabria, Castile-La Mancha, Valencia, Madrid and 

Murcia whose coefficients are positive and significant in at least three out the four estimation 

methods. It also noticeable the strong results for Navarre, and to a lesser extend for the Basque 

Country, whose coefficients are negative. These two regions (autonomous communities) have 
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different special financing regimes to the rest of the regional governments, which have a common 

regime known as general regime autonomous communities. Therefore, Navarre and the Basque 

Country have more revenue and expenditure autonomy than the rest of autonomous communities, 

i.e., more autonomy in public investment.18 

Table 6 also shows tests of the hypotheses that all the coefficients are jointly to zero (𝛽'' =

𝛽'< = ⋯ = 𝛽''@ = 0) and equal coefficients across jurisdictions (𝛽'' = 𝛽'< = ⋯ = 𝛽''@ = 𝛽'), both 

of which are rejected in all cases. 

Regarding the coefficients of the rest of criteria, we find similar results to those in Table 2: 𝜌 is 

estimated about 0.3-0.5; 𝜂 is estimated between 0.6-0.8; and the hypothesis 𝜂 = 1	(𝛽= = 𝛽<)	 is 

rejected at the 5% significance level across all the estimation methods  The major difference with 

respect to Table 2 is that the coefficient for the convergence criterion is not significant in all cases. 

Nevertheless, the hypothesis 𝛽> = −1 is not rejected in some cases.19 

7.3. Introducing control variables 

Political variables 

Castells and Solé-Ollé (2005) included political variables in 𝑉!". Here we test this possibility by 

extending our initial 𝑉!"  including dummy variables to capture the impact of some political 

variables. Thus, we redefine 𝑉!" =
%!"
%"
𝑒A!"

3 B, where 𝑒 is the exponential operator, and 𝐷!" a vector 

of political variables including a dummy variable that takes on the value 1 whenever the same 

party is holding office simultaneously in the central and regional government, and zero otherwise,  

and a second dummy variable that takes on the value 1 in years in which the regional electoral 

processes are held, and zero otherwise; 𝜃 is a vector of parameters. We also include the first lag of 

these variables in the regression. 

Table 7 shows the results of estimating equation (9) including the political variables. As can be 

noticed, the results for the economic criteria are very similar to those shown in Table 2. Regarding 

the political variables, weak evidence is provided. FGLS estimations shows a positive correlation 

between public investment allocation in jurisdictions in which the same party is holding office 

 
18 For more details on the different financing system of the Spanish autonomous communities, see Aray (2018) and 
Lopez-Laborda, Martinez-Vazquez and Monasterio (2023). 
19 Similar results were found using the alternate dependent variables. Results are available upon request. 
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simultaneously in both central and regional governments. Much weaker evidence in found for the 

years in which regional elections take place. 20, 21 

Decentralization variables 

Spain is a highly decentralized country, with the regional governments holding high but also 

different levels of autonomy. To explore the role such heterogeneity may play, we may assume 

that the central government considers fiscal decentralization indicators to distribute public 

investment. In this case we have that 𝑉!" =
%!"
%"
𝐹𝐴!"

C.𝐼𝐴!"
C4 , where 𝐹𝐴!"  captures the level of 

financial autonomy, measured by the share of ceded taxes and other own taxes and fees on total 

revenues, excluding debt issuance in autonomous community j in time t. 𝐼𝐴!" captures the level of 

investment autonomy, measured by the share of investment in infrastructure of the subnational 

governments on total public investment in infrastructure in the autonomous community j in year 

t;22 and where 𝜙' and 𝜙< are the parameters. 

Table 8 shows the results of estimating equation (9) including the decentralization variables. 

The results for the economic criteria for distributing public investment remain very similar to the 

previous ones shown in Table 2, except for the negative and significant coefficients for the 

economic size criterion in three out of the four estimation methods. Regarding the decentralization 

variables, the results show that both, financial autonomy and investment autonomy are negatively 

related with public investment. The coefficients are statistically significant across all the estimation 

methods.23 

8. Conclusions 

This article proposes a general model for the distribution of public investment across 

jurisdictions. We develop a theoretical model building on the insights of the New Economic 

Geography literature and the literature on economic growth that account for the spatial dimension. 

In the model, the policymaker maximizes a CES social welfare function whose arguments are the 

 
20 Castells and Solé-Ollé (2005) tested other more elaborate political variables based upon absolute values and 
shares of representatives and votes, turnover, dummies for coalition or support in regional and central governments, 
etc. However, they also found that the inclusion of such political variables does not affect the statistical significance 
of the economic variables. 
21 Similar results were found using the alternate dependent variables. Results are available upon request. 
22 𝐹𝐴#$ and 𝐼𝐴#$ are constructed as Aray (2018). 
23 Similar results were found using the alternate dependent variables. Results are available upon request. 
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output per capita and the output density, subject to a CES production function, a nonlinear law of 

motion for the public capital stock, and an exogenous resource constraint. The model provides the 

ratio of the public investment to the total public capital stock as a function of the economic criteria 

that have been proposed in the past empirical literature on public investment distribution across 

jurisdictions. Thus, the paper bridges the theoretical and empirical literature on this topic. In 

addition, we propose two additional criteria related to convergence on output per capita and 

jurisdiction’s economy size.  

Our theoretical framework goes beyond the traditional equity-efficiency trade-off proposed in 

the past theoretical literature. In addition, the framework helps answer the questions, largely 

ignored by the past empirical literature, about where the criteria come from or how they could be 

justified, and what should be their parameters’ expected signs. Furthermore, the theoretical model 

is flexible enough to support empirical implementations with different dependent variables and to 

account for control variables.  

For the empirical implementation, we use data for the Spanish regional governments over the 

1986-2010. Overall, the empirical evidence shows the expected signs of the estimated coefficients 

for the different criteria, and with most of the estimated coefficients being statistically significant. 

Perhaps most notoriously we find that output density plays a very important role as an argument 

of the social welfare function. This is important because the past theoretical literature had narrowly 

focused on output per capita as the only relevant argument of the social welfare function. These 

general conclusions are shown to be robust across estimation methods, different alternate 

definitions of the dependent variables and the introduction of control variables. 

Future research could expand this work in several directions.  First, we have assumed that the 

public investment made by other agents, specifically by regional governments, is exogenous. A 

natural extension of this paper would be to consider the case in which the central and regional 

governments interact, which would require to solve the problem simultaneously. This would lead 

to an empirical implementation with two equations to be estimated and allowing them to cast 

hypotheses on the equality of the parameters of the model across government layers and on the 

complementarity/substitutability of the investment provided by them. Second, it would be an 

interesting extension to introduce dynamics in the theoretical model.  
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Appendix: Obtaining equation (6) 
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Table 1. Correlations and multicollinearity diagnostics 
Correlations 
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Multicollinearity diagnostics 
Condition number of the matrix (CNM): 12.5    

Varianza Inflation Factor (VIF)    
 VIF 1/VIF     
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CNM > 30 indicates high multicollinearity. 
VIF > 10 (1/VIF<0.1) indicates that the variables are a linear combination of other variables. 
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