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Abstract

We develop a theory and simulation analysis to calculate optimal transfers from the cen-
tral government to state governments in Mexico. Our results are: First, our models show
that the best predictor of intergovernmental transfers in Mexico is population density.
Second, we provide estimates of optimal intergovernmental transfers to states in Mexico.
Our analysis suggests using the inequality of income distribution in the social welfare
function as an instrument of public policy and our estimates help to understand the
advantages and disadvantages of the current transfer system. The main limitation of our
work is that it does not consider political factors in the calculation of transfers. Our
analysis is the first to develop estimates of intergovernmental transfers using Paretian
parametric functions of regional income distribution and interregional preferences for lo-
cal public spending. Our work proposes an alternative allocation of intergovernmental
transfers that could improve the welfare associated with local public spending in Mexico.
JEL Classification: H7, H77, 015, H21
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Resumen

Desarrollamos una teoria y un analisis de simulacion para calcular las transferencias
Optimas de recursos del gobierno central a los gobiernos estatales en México. Nuestros
resultados son: Primero, nuestros modelos muestran que el mejor predictor de las transfe-
rencias intergubernamentales en México es la densidad poblacional. Segundo, proporcio-
namos estimaciones sobre las transferencias intergubernamentales 6ptimas a los estados
en México. Nuestro analisis sugiere utilizar la inequidad de la distribucién del ingreso en
la funcién de bienestar social como instrumento de politica publica y nuestras estima-
ciones ayudan a entender las ventajas y desventajas del sistema actual de transferencias.
La principal limitacién de nuestro trabajo es que no considera factores politicos en el
célculo de las transferencias. Nuestro anélisis es el primero en desarrollar estimaciones de
las transferencias intergubernamentales al utilizar funciones paramétricas Paretianas de
la distribucion regional del ingreso y las preferencias inter-regionales por el gasto publico
local. Nuestro trabajo propone una asignaciéon alternativa de transferencias
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intergubernamentales que podria mejorar el bienestar asociado con el gasto publico local
en México.

JEL Classification: J01, J23, J24, M51, 031

Keywords: entrepreneurship; global innovation index; human talent; search and matching
with frictions

1. Introduction

Empirical evidence shows that the vast majority of central governments in modern econo-
mies use inter-governmental transfers (monetary transfers from the central government to
subnational governments) to finance goods and services provided by subnational govern-
ments. Intergovernmental transfers are used in modern economies for different reasons:
first, local public goods provided by subnational governments might show positive regio-
nal externalities. In the absence of intergovernmental transfers, local governments might
not recognize the external benefits of local public goods and the provision of local public
goods is not Pareto efficient. The central government can design a system of transfers to
create incentives for local governments to provide Pareto efficient levels of local public
goods (see Boadway 2007).

Second, intergovernmental transfers can be used to redistribute resources and reduce
the inequality in the distribution of access to critical government services for individuals
living in different regions of a country. Subnational governments might have different abi-
lities to provide goods and services to their residents. This might lead to a problem of
horizontal inequality in the access of residents of different localities to goods and servi-
ces provided by sub-national governments such as public education, public security and
health services (see Martinez and Sepulveda 2011). Therefore, a program of intergovern-
mental transfers can redistribute resources from high income to low income localities to
improve the quality and access of critical services from the government in all regions of
the country. Third, intergovernmental transfers can be explained as a mechanism to share
revenue across different subnational governments (see Rao 2007) and to reduce failures of
coordination that could lead to vertical and horizontal tax externalities (see Ponce and
Medina 2018).

In Mexico, the provision of goods and services of sub-national governments is highly
dependent of resources transferred by the central government to state governments. The
evidence shows that, in 2014, the proportion of intergovernmental transfers in relation of
total state public revenues is 84 % (similar estimates are found for other years). Accor-
ding to a report of World Bank (2019), the total amount of intergovernmental transfers
in Mexico is approximately 8.1 percent of GDP in 2017. In practice, Mexico uses intergo-
vernmental transfers for different purposes: for instance, the fund of “participaciones” is
a revenue sharing program financed by federal taxes aiming to reduce significant vertical
imbalances (see the report by World Bank 2019).? Intergovernmental transfers also inclu-
de conditional transfers (through the fund of aportaciones) that finance specific projects
in the areas of health, public security, etc., and discretionary transfers though specific
agreements or convenios to finance the perceived priorities of policy makers in the central
and state governments (see the report by World Bank 2019).

Given the importance of intergovernmental transfers in Mexico, it is relevant to ask:
what should be the optimal distribution of inter-governmental transfers to state govern-
ments in Mexico? The objective of this paper is to develop a theoretical model to answer

3A vertical fiscal imbalance corresponds to the difference between the own revenues of a particular
level of government and its expenditures.
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this question. We also develop a simulation analysis of the implied results of the theory
to compare with the observed allocation of intergovernmental transfers in Mexico. Our
analysis shows that the current system of allocation of intergovernmental transfers are
poorly related with the regional inequality in the distribution of income and the regio-
nal heterogeneity of preferences of individuals for local public spending. However, most
analysis on fiscal federalism, consider both, the regional distribution of income and the dis-
tribution of preferences, as important determinants of intergovernmental transfers. Hence,
our analysis provides insights about advantages and shortcomings of the way intergovern-
mental transfers are currently allocated in Mexico. To see this, note that the first insight
of our analysis shows that our model that considers a social welfare function in which all
individuals of all regions receive the same weight in the social welfare function, provides
a surprisingly good fit for the observed shares of transfers from the central government
to states with our simulated results having a correlation of 0.9 with the observed shares
of intergovernmental transfers received by states in Mexico.

Second, if the central government is concerned with the regional inequality of income
then the implied shares of transfers to state governments are significantly different to the
observed allocation of state transfers in Mexico. Altogether these findings suggest that
the observed shares of intergovernmental transfers in Mexico are not fully incorporating
the regional inequality of income. However, our estimates indeed consider the regional
inequality of income in Mexico, and therefore, our estimates provide a complete set of
estimates for transfers to states that could lead to a policy reform that improves the
regional equity of public spending of state governments.

Third, we provide estimates of shares of intergovernmental transfers to state govern-
ments for the case in which policy is concerned about matching the provision of local
public goods with the heterogeneity of preferences of individuals across regions in Mexi-
co. For this case, we also provide exact estimates of the shares of resources that each state
should receive and our analysis reveals opportunities for Pareto efficient improvements in
the allocation of intergovernmental transfers to state governments in Mexico. In summary,
our model identifies prescriptions of policy that could reform the way intergovernmental
transfers are allocated in Mexico. Our policy prescriptions could lead to improvements of
welfare in the Mexican economy related with a more effective subnational public spending.

The rest of the paper is structured as follows: section 2 provides a literature review.
Section 3 introduces our theoretical model. Section 4 considers that the design of intergo-
vernmental transfers seek to maximize a social welfare function that satisfies the proper-
ties of unanimity and symmetry in the allocation of social weights (all states receive the
same social weight in the social welfare function). Section 5 estimates intergovernmental
transfers for the case in which policymakers seek to reduce the regional inequality in the
distribution of income. Section 6 considers social weights associated with the intensity
of preferences for local public goods. Section 7 includes the description of the data and
the simulation analysis that provides estimates of optimal shares of intergovernmental
transfers to state governments. Section 8 presents the results of our simulations. Section
9 concludes.

2. Literature Review

The literature on public economics on intergovernmental transfers can be classified by
normative theories (that seek to study how policies should be designed and implemen-
ted) and positive theories (that study how polices are designed and implemented). One
influential contribution on public finance is the median voter theory which postulates
that government spending and taxation are determined by politicians that seek to win
elections see Meltzer and Richard (1981). In this case, a central and sub-national govern-
ments design the ideal policy of the median voter on government spending and taxation
because that is the policy that maximizes votes in the election. More recently, Hettich
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and Winer (2005) criticize the median voter model by pointing out that this model can
not explain the complexity of modern tax systems and the multi-dimensional aspects of
government spending. They propose a probabilistic voting model that predicts that policy
makers deign tax and spending policies to please different groups in the society. Hence,
governments select the ideal policy of the average voter or a weighted average voter in the
electorate. Some applications to the theory of fiscal federalism from models with electoral
concerns include the analysis of Besley and Coate (2003) who study the role of local and
national legislatures in determining taxing and spending decisions of central and subna-
tional governments and Lockwood (2008) who studies the role of lobbying in explaining
the structure of governments in a federalist economy (for a survey of the political economy
of fiscal federalism see Lockwood 2015). Recent empirical analysis, see Ponce, et al (2018)
and Hankla, Martinez-Vazquez and Ponce-Rodriguez (2019) show worldwide robust evi-
dence that elections and political institutions are important determinants of government
spending in federations.

On the normative theory of fiscal public finance, the landmark theories of optimal
taxation and optimal public spending consider that policy makers should design public
policies to maximize a social welfare function which represents the collective welfare of
society. While designing policy, policy makers, might assign weights to the welfare of indi-
viduals in the social welfare function. These social weights might represent well deserving
objectives that policy makers want to achieve such as an equitable allocation of resources
or concerns about the efficiency in the allocation of resources (see Atkinson and Stiglitz
1972, 1976 and more recently Saez and Stantcheva 2016). The normative analysis has
emphasized that intergovernmental transfers should also be used to redistribute resources
and reduce the inequality in the distribution of access to critical government services for
individuals living in different regions of a country (see Boadway 2007). Subnational go-
vernments might have different abilities to provide goods and services to their residents.
This might lead to a problem of horizontal inequality in the access of residents of diffe-
rent localities to goods and services provided by sub-national governments such as public
education, public security and health services (see Martinez and Sepulveda 2011). Others
have pointed out that intergovernmental transfers should be assigned to achieve an effi-
cient allocation of resources, see Boadway and Shah (2007). Intergovernmental transfers
can also be explained as a mechanism to share revenue across different subnational go-
vernments (see Rao 2007) and to reduce failures of coordination that could lead to vertical
and horizontal tax externalities (see Ponce-Rodriguez and Medina 2018).

Our analysis is a normative theory that allows to identify prescriptions of policy
design by identifying optimal allocations for intergovernmental transfers. Our paper is
different from the literature because we study the role of social weights in the social
welfare function as a determinant of spending and tax policy design. The determination
of weights takes into consideration the objectives of policy design of policy makers. Hence,
the inter-regional allocation of weights might reflect priorities related with anti-poverty
programs, concerns with the regional distribution of income and the efficiency in the
allocation of resources. Hence, our theory contributes to the literature by considering
specific Paretian regional distribution functions of social weights in the social welfare
function and characterizing the optimal amount of intergovernmental transfers to states
when policy makers are concerned about the regional inequality of income and the regional
distribution of heterogeneity of preferences of individuals for local public spending.*

In addition, in this paper we develop a simulation analysis of the implied results our
theory to compare with the observed allocation of intergovernmental transfers in Mexico.

4The regional heterogeneity of preferences of individuals for local public goods determine the regional
distribution of social marginal benefits from local public spending and social marginal costs from taxation
that finances government spending. Thus, in the context of a federation, a government that incorporates
the heterogeneity of preferences might lead to an efficient allocation of local public spending.
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This comparison provides insights about advantages and shortcomings of the way intergo-
vernmental transfers are currently allocated in Mexico. In particular, our analysis shows
that the current system of allocation of intergovernmental transfers are poorly related
with the regional inequality in the distribution of income and the regional heterogeneity
of preferences of individuals for local public spending. However, most analysis on fiscal
federalism, consider both, the regional distribution of income and the distribution of pre-
ferences, as important determinants of intergovernmental transfers. Hence, our analysis
provides insights about advantages and shortcomings of the way intergovernmental trans-
fers are currently allocated in Mexico.

3. The Model

The preferences and budget constraint of a resident living in locality ¢ = 1,2....I are
characterized by the utility function of a representative household living in the locality,
wi = x; + Biln(g;), where z; is a private good, g; is a public good provided in locality i
and (3; > 0 is a parameter measuring the intensity of preferences for the public good. The
budget constraint of the representative household in locality i is x; = e;(1 —7;) where ¢; is
an endowment and 7; is a proportional income tax. The indirect utility of this individual
is given by v;(e;, 74, ¢i) = e;(1—7;) + B:ln(g;). Population in each of the localities is given

We consider an economy fiscally centralized in which there is a central government
and I local governments. Spending and taxing decisions are determined by the central
government while local governments are simple administrators of the provision of the
public good on their localities. The central government collects tax revenue from all
regions of the country by imposing a uniform proportional income tax 7, = 7 Vi and
determines intergovernmental transfers to finance local public goods in all regions. Hence
T; = g; Vi where T; Vi is the intergovernmental transfer allocated from the central
government to the local government of region i.

The central government selects {Ti}f:l ,T Vi to maximize a nationwide social welfare
function ¥ = Zi[:l U,;, which is the sum of utilities of residents of each region and
U, = N; vi(e;, 73, T;) is the social welfare of region i. In designing policy, the central
government considers the nationwide distribution of social benefits of local public goods
and the nationwide social welfare costs associated with taxation. The government faces
the following trade-offs in the design of intergovernmental transfers: On the one hand,
a marginal increase in the income tax implemented by the central government reduces
private consumption of all residents in the economy. This constitutes a social marginal
cost.

On the other hand, the government collects tax revenue and redistributes resources
in the economy through intergovernmental transfers that finance local public goods in
the economy. This is the social marginal benefit. At equilibrium, the optimal level of
intergovernmental transfers in locality i is where the social marginal benefit of increasing
local public spending in locality i is equal to the social marginal costs of taxation. The
other trade-off for policy design is that the central government allocates resources through
intergovernmental transfers taking into account that 1$ allocated in locality i has an
opportunity cost equivalent to the marginal benefits of local public goods in neighbour
localities.

Hence the problem of tax and intergovernmental transfer policy design is given by:

I
Max gy . U= &0, (1)
=1

s.t: Z) \Ijz = N'L Ui(eiaTi, gl) (2)
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1 1
’LZ) Z Ti =T Z Niei (3)
i=1 i=1

i) Ti=g Vi (4)

Equation (1) is the nationwide social welfare which is the sum of the weighted social
welfare functions of each localities ¥; Vi. In equation (1), ®; > 0 is the social marginal
utility of the representative household living in locality i. This social weight shows the
importance of a household living in locality i with endowment e; in the society, and
therefore, it might reflect concerns (or tastes) of the policy maker over inter-regional
income inequality and the inter-regional heterogeneity of preference for local public goods.
Equation (3) is the budget constraint of the central government, the left hand side is the
total amount of intergovernmental transfers allocated to all subnational governments and
the right hand side are the public revenues of the central government. Equation (4) says
that the intergovernmental transfers of the central government finances local public goods
in all localities.

In what follows, we characterize the equilibrium level of inter-governmental transfers
of the central government to subnational governments ¢ = 1,2...1.

Proposition 1. The optimal allocation of inter-governmental transfers to sub-
national government in locality i is given by

I

1 Nie; .

7 = O:N:B; 721’=1 . Vi (5)
Zizlq)iNiei

Proof.
See appendix 1.

Proposition 1 says that the optimal allocation of inter-governmental transfers that
finances local public spending in locality i depends positively on the country’s aggregate
income, Zle N,e; , and the marginal social utility of local public spending on locality
i, ®;N;5;, and negatively on the country’s weighted aggregate income Zle D, N;e;. The
higher the country’s aggregate income the higher the tax revenue of the central govern-
ment and the higher the intergovernmental transfers that finance public spending in all
localities (including locality i). The higher the weighted aggregate income, Zle P, N;e;,
the higher the social marginal costs from income taxation and the lower is public spending
in the whole country (including locality i). The higher the social marginal utility of public
spending on locality i, ®; N;3;, the higher the social marginal benefits of spending in the
locality and the higher is 7;". Note, that increases in the social marginal utility of residents
of locality i in the social welfare of the central government, ®;, in the size of population of
the locality 4, N;, and the intensity of preferences for public goods, 3;, lead to increases in
the marginal social utility of public spending on locality i, and consequently, in increases
in intergovernmental transfers in the locality.

4. Social Weights and the Regional Allocation of Inter-Governmental
Transfers

In this section, we analyse how the allocation of social weights determine the regional
distribution of inter-governmental transfers and local public spending. The allocation of
social weights in the social welfare function might be explained by preferences (or con-
cerns) of policy makers over regional inequality, the distribution of regional preferences of
citizens over local public goods, the regional distribution of population, etc. Even other
incentives such as electoral concerns and political ideology might affect the allocation of
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social weights, the regional distribution of intergovernmental transfers and the regional
distribution of public spending.

In what follows, proposition 2 characterizes our benchmark outcome in which all hou-
seholds of all localities receive the same weight in the social welfare function of the central
government. That is, ®; = ®; = ® Vi # j. This case reflects a symmetry in the way hou-
seholds, living in different regions, are treated by the central government. In this case, the
social welfare function of the central government is considered to satisfy the unanimity
and symmety properties in which all households have the same marginal social utility.’

Proposition 2. If ®; = ®; = ® Vi # j then the optimal allocation of
inter-governmental transfers is given by

T; = N Vi (6)

Proof.
Result follows trivially from proposition 1.

Proposition 2 says that if the central government assigns the same weight to the wel-
fare of all individuals in the economy in the social welfare function from then the optimal
allocation of inter-governmental transfers that finances local public spending in all locali-
ties depend only on the regional distribution of social marginal benefits of local spending
in each locality, N;3;. That is to say, localities with higher than average marginal utility
of government spending should receive higher than average intergovernmental transfers.
In this economy, localities with higher than average population and higher than average
preferences for local public goods should receive higher than average transfers and the
size of local public spending should also be higher than the nationwide average.

5. Inter-Regional Income Inequality, Social Weights with Equity
Concerns and Government Spending

The policy maker might be concerned about the inter-regional inequality of income. This
might be an issue of main concern for policy design because different regions might have
different incomes and therefore different capacities to provide local public goods such as
public infrastructure, education, health services and other important tasks in which the
government is involved. Hence, wealthy regions might be able to afford essential public
spending that affects positively the welfare of their residents while poor regions would be
constrained to have access to local resources to finance public spending. This, in turn, will
lead to an unequal distribution of local public spending and welfare of residents in the
economy. For this reason, a policy maker might assign priorities on the regional allocation
of inter-governmental transfers to design an equalization transfer policy in which wealthy
regions redistribute income to poor regions.

More relevant for our analysis, is that the policy maker in the central government could
have a taste for the regional inequality of income. This “taste” corresponds to the personal
view of the policy maker of the central government over the issue of the regional inequality
of income in the economy. For instance, the policy maker in the central government might
believe that one of the objectives of designing intergovernmental transfers is to maximize
the redistribution of welfare of individuals living in different regions. Such a personal view
of the policy maker in the central government would imply a very particular set of social
weights in the social welfare function in which localities with low income receive a high
social weight in the social welfare function. In this case, the regional equitable distribution
of income would be a clear objective in the allocation of intergovernmental transfers.

5This social welfare function is said to be symmetric because all households have the same marginal
social utility in the social welfare function.
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One way to do so, is to assign specific weights to the regional distribution of marginal
benefits of public spending. To do so, a policy maker could assign weights according to
a Paretian distribution of income in which localities with low income might be assigned
a high social weight in the social welfare function (see figure 1). In particular, the policy
maker might assign weights that are inversely related to income in the locality. To charac-
terize such possibility, we define €;,,,;, = Min{e1,ea...... er} therefore e;,,;, represents
the lowest income in the economy. The allocation of social weights in the social welfare
function of the government motivated by inter-regional equity concerns is given as follows
(see figure 1):

Eie%in Vei Z Cimin
Q; = (7)
0 Ve < €imin

Figure 1. Paretian Distribution of Income

In condition (7), the policy maker assigns weights that are inversely related to income
in the locality. Those localities with lower than average income have a social marginal
utility (a social weight ®;) higher than the average nationwide social marginal utility in the
welfare function of the central government. Proposition 3 characterizes the distribution
of intergovernmental transfers for the case policy design seeks to reduce the regional
inequality of income.

Proposition 3. If the allocation of social weights is determined by equity
concerns about the inter-regional distribution of income such that
Shmin Ve > €imin
D, =
0 Ve < Cimin

Then the optimal allocation of inter-governmental transfers is denoted by T
such that 5
€ .
= g {2 0
€;
Where Ey (e;) = Zle fiei is a weighted average of per capita income in
locality i, and f; is the density of population in locality i over the nationwide
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population such that

N;
€0, 1 fi=——— A 5:1'_1 )

Proof.
See the appendix.

If the policy maker is concerned with the interregional inequality of income then the
allocation of transfers for locality i depend on the aggregate intensity of preferences in
locality 7, N;B;, which in turn depends positively on the population of the locality, N;
and the intensity of preferences of locality i over local public goods ;. The transfer in
each locality also depends positively on the relative measure of weighted income in the
country and the income of locality i, %, the higher the income in the locality i, in
relation of the weighted nationwide averaée income, the lower the transfer in the locality.

Proposition 4 makes a comparative analysis of the distribution of transfers to locality
i for the case in which the social weights reflect that the policy maker assigns the same
social weight to all households, that is T}, and for the case in which the policy maker has

concerns about an equitable inter-regional allocation of resources in the country, T7%.

Proposition 4. If the allocation of social weights is determined by an Inter-
Regional Paretian distribution of income given by

Shoin Vei > €imin
o, =
0 YV e; < €imin
And if a locality i satisfies
e; < FEjf(e;)  then s > T (10)

Proof.
This outcome follows trivially from propositions one and three.

Proposition 4 shows that if the allocation of social weights in policy design is not
trivial. In particular, proposition 4 shows that if the policy maker is concerned about
the inter-regional inequality of welfare of citizens then those localities with incomes that
are lower to the socially weighted income E (e;) will receive higher transfers relative the
situation in which all households have the same inter-regional social weight in the social
welfare function, that is to say, if e; < Ej(e;) then T} > T

6. Social Weights According to the Inter-Regional Distribution of
Preferences and Intergovernmental Transfers

Policy makers might have preferences (or might be concerned) about the inter-regional
heterogeneity of preferences. This might be an issue of main concern for policy makers
because different regions might have different intensities of preferences for local public
goods. Optimal inter-governmental transfers are required to recognize the regional inten-
sity of preferences for local public spending. To see this, note that localities with residents
with higher than average marginal utilities from public spending (in our model, localities
with higher than average values of $3;) will also have higher than average social margi-
nal benefits from public spending. An optimal allocation of intergovernmental transfers
requires that the higher is the marginal utility of public spending in the locality the
higher should be the transfer to that locality, otherwise, local public spending would be
sub-optimal.
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As we mentioned before, also relevant for our analysis is that the policy maker in the
central government could have a taste for the heterogeneity of preferences of individuals
for subnational spending. This “taste” corresponds to the personal view of the policy
maker of the central government over the issue of the heterogeneity of preferences for
subnational public spending in the economy. For instance, the policy maker in the central
government might believe that the provision of public goods should be uniform across
localities. Such a personal view of the policy maker in the central government would
imply a very particular set of social weights in the social welfare function, however, such
prescription of policy might not be socially optimal for the general case of the problem
of the allocation of intergovernmental transfers.

Another possibility is that the policy maker wants to make the most efficient decisions
in designing policy in the central government. Therefore, localities with high social mar-
ginal benefits from public spending could receive a high social weigh in the social welfare
function. In this case, maximizing the regional net fiscal incidence of public goods (the
net gains from government intervention) would be a clear objective in the allocation of
intergovernmental transfers. The net fiscal incidence reflects the society’s surplus from
government intervention and recognizes the next economic tradeoff: on the one hand, a
marginal increase in the income tax implemented by the central government reduces pri-
vate consumption of all residents in the economy. This constitutes a social marginal cost.
On the other hand, the government collects tax revenue and redistributes resources in
the economy through intergovernmental transfers that finances local public goods in the
economy. This is the social marginal benefit.

Hence, the net fiscal incidence is the net benefit-cost analysis from government in-
tervention and represents the society’s economic surplus (the sum of the consumer’s and
producer’s surplus). By assigning social weights to the social welfare function, the policy
maker is assigning weights to the net fiscal incidence of localities. Therefore, different
weights to the net fiscal incidence of government intervention in each locality will lead
to different levels of nationwide social welfare. For instance, if the policy maker assigns a
high weight to localities with high net fiscal incidence then the nationwide welfare would
be higher relative the alternative in which the policy maker assigns a high weight to
localities with low net fiscal incidence.

Taking into account the regional distribution of net fiscal incidence of government in-
tervention, policy makers can assign weights that are positively related with the intensity
of preferences in each locality, that is to say, localities with high net fiscal incidence from
local public goods should be assigned a high social weight in the social welfare function (see
equation 10). To characterize such possibility, we define the locality with the highest pa-

rameter of intensity of preferences for public spending by f;,,,,. = Max {$1,P2...... Br}.
In this case, the allocation of weights for each locality ®; satisfies the following:
ﬁl V ﬁz S Bimaw
@i _ max (11)
I

We also define, Ej, (8;) = Y_,;_; hifi, as the nationwide weighted average of the para-
meter of intensity of preferences 8; and h; (e;) as the share of income in locality i over
the nationwide income, satisfying:

Niei .
hi(e) € (0, 1] : by (ei):m A ;h (e;) =1 (12)

In what follows, proposition 5 characterizes the size of inter-governmental transfers
i3 for the case in which social weights are assigned to incorporate the heterogeneity of
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preferences over local public spending and proposition 6 compares T7; with the case in
which the policy maker assigns the same social weight to all households, that is, T;*.

Proposition 5. If the allocation of social weights is determined by an inter-
regional Paretian distribution of preferences given by

7= V Bi < Bimaz
P, =
0 V Bi > Bimaw
Then the optimal allocation of inter-governmental transfers is denoted by T7y
such that 3
* — N5 : Vi 13
= o {5y ) "

Where Ep, (8;) = ZLI h;B;, is the nationwide weighted average of the para-
meter of intensity of preferences for localities and

Niei -
hi(e;) € (0, 1]: hy (ei):m A ;h (e;) =1 (14)

Proof.
See the appendix.

Proposition 5, says that for the case in which the inter-regional heterogeneity of prefe-
rences for local public goods determines the allocation of social weights ®,, the distribution
of inter-governmental transfers T7; depends positively on the aggregate intensity of pre-
ferences in locality i, N;3;, and on the ratio of the parameter of intensity of preferences
of locality i in relation to the nationwide average intensity of preferences in the economy
given by %

Proposition 6 compares T75 with the case in which the policy maker assigns the same
social weight to all households, that is, T7*.

Proposition 6. If the allocation of social weights is determined by an Inter-
regional Paretian distribution of preferences given by

# v ﬁ’b < ﬂimaw
@Z — max
0 v Bl > Bimaw
And if a locality 1 satisfies

Proof.
This outcome follows by comparing 77 from proposition 5 and 77" from pro-
position 2.

Proposition 6 shows that if the policy maker is concerned about the inter-regional
heterogeneity of preferences for local public spending then those localities with values of
B; that are higher to the weighted value of the intensity of preferences for local public
spending Fj, (8;) = Zle h;B3; will receive higher transfers relative the situation in which
all households have the same inter-regional social weight in the social welfare function,

that is to say, if 8; > Ej (8;) then R
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7. Simulations and Estimates of Optimal Shares of Inter-Governmental
Transfers

Our theory makes predictions over the size and regional distribution of intergovernmental
transfers. In particular, table 1 shows predictions of our theory for the optimal allocation
of inter-governmental transfers (see column B of table 1) and its implied shares of intergo-
vernmental transfers in relation to the total amount of resources devoted from the central
government to state governments (see column C of table 1). The shares of intergovern-
mental transfers are defined as follows, consider T} as the amount of inter-governmental
transfers allocated by the central government to the government of state i. The share of

inter-governmental transfers in the state is given by s} = EITiT* where Zi[:l T is the
i=1 "1

total amount of resources devoted from the central government to state governments.%

Based on our theoretical model, we provide estimates for the size and regional distri-
bution of shares of intergovernmental transfers to state governments for the cases in which
the central government is concerned about the regional inequality in the distribution of
income and the regional heterogeneity of preferences for local public goods. We also pro-
vide estimates for the case in which the social welfare function satisfies the properties of
unanimity and symmetry (all social weights are the same).

For the analysis of simulation, we use data for intergovernmental transfers, T}, as
the sum of “participaciones” and “aportaciones” from the central government to state
governments for year 2014, the state population in locality i for year 2014 (which is N;),
the real state gross domestic product of locality i for year 2014 (which in our model is ¢;),
and for the parameter of intensity of preferences we use the proportion of women with
superior education for year 2014 (women with a college degree). Empirical evidence shows
that the characteristics of population in the locality matter to determine the demand of
local public spending. In particular, the larger the proportion of women and the larger
the education of residents the higher is the demand for public spending, see Ferris (1983),
Bergstrom, Rubinfeld and Perry Shapiro (1982), Holsey and Borcherding (1997), among
many others. Hence we use the proportion of women with a college degree in state i as
a proxi of taste for goods and services provided by the state government. The higher
the proportion of women with college degree the higher the intensity of preferences for
goods and services from the government and the higher the demand for subnational
public spending. The source of our data is Instituto Nacional de Estadistica, Geografia e
Informatica (INEGI).

6Tt is worth mentioning that there is not a single formula for the allocation of the total amount of
intergovernmental transfers due to the design of the fund of “participaciones” is different from the program
of “aportaciones. In practice, intergovernmental transfers are used in Mexico for different purposes: for
instance, the fund of “participaciones” is a revenue sharing program financed by federal taxes. According to
a report from the Centro de Estudios de las Finanzas Publicas (2017), the general fund of “participaciones”
uses a linear weighted formula to distribute resources to states that takes into consideration the growth
of the general fund of “participaciones”, the evolution of gross domestic product of each locality over
time, and the evolution of tax revenue collection over time in each locality. It is important to recall that
Intergovernmental transfers can also be discretionary transfers though specific agreements or convenios
to finance the perceived priorities of policy makers in the central and state governments and therefore
these funds are allocated in a discretionary form.
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Table 1. Optimal Inter-Governmental Transfers and Optimal Shares of

Inter-Governmental Tran

sfers.

Optimal Transfers

Shares of Inter-

0 v Bi > /Bimaa:

el e " Governmental
N q . ocial Weights an overnmen Thegnalans
Principles of Policy Design (A) Spending, T7 o - ’
B S’L - 1{:1 Ti*
Unanimity and
Symmetry Bi=B; =D Vi#£j Ty = Nii 7= =l
(equal weights) o
Regional Chmin Ve; 2 €imin NiB;
Inequality of D, = Tip = %f(e’) Sip = = wE
Income 0 V€ < Cimin =1
Regional 2 v B8; < Bi
Heter%) eneit; O, = Pimas ' e v NuB)? S§iy = B
Crogenelty i= 8= En(B) BT S NG(B)?
of Preferences

In what follows, figure two shows the distributional allocation of state gross domestic
product for Mexico for year 2014, figure three the state distributions of regional hetero-
geneity of preferences for year 2014, and figure four the state population for year 2014.
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8. Results

In this section, we present the results of our estimations based on our theoretical model.
In the appendix we show a summary of all of our simulations (see table 5). Figure 5 and
6 show the observed share of inter-governmental transfers and the estimated shares of
intergovernmental transfers for the case in which policy makers use social weights given
by ®; = ®; = ® Vi # j. In this case, the social welfare function of the central government
is considered to satisfy the unanimity and symmetric properties in which all households
have the same marginal social utility. Our estimates of the shares of inter-governmental
transfers are given by s} = ,Nifvﬁ (see table 1). As figure 6 shows, the estimates from
the theoretical model are surf)}lisingly close to the observed intergovernmental transfers
received by states in 2014. The correlation between the real shares and our estimates
assuming weights of the social welfare reflecting the principles of unanimity and symmetry
is 0.9. However, we estimate the shares of intergovernmental transfers using only the
regional density of population and assuming that all individuals in all regions have the
same preferences for public spending. These estimates have a correlation with the observed
data of 0.98. This means that the best fit of our model to observed data suggests that the
best predictor of the share of intergovernmental transfers to states is the regional density
of population in Mexico.

m Read Share of Imtegovernmental Transders Ulnamimity and Symetry

I 1
| 1 | 1
) J
S | | i |
S m A |/ J % [ # \ \
= AR I R 1
.-. = f : - .. : e :_' '_ i - _ ¢ ? _ I _. 3 u _- - o :

Figure 5. Real and Estimated Shares of Inter-Governmental Transfers by State When
Social Weights Reflect Principles of Unanimity and Symmetry

Table 2 shows the main winners and losers from a change in the allocation of intergo-
vernmental transfers from the current system towards using social weights in the social
welfare function satisfying the unanimity and symmetry properties in which all households
have the same marginal social utility are Ciudad de Mexico, Estado de Mexico, Jalisco,
and Nuevo Leon with gains in percentage points of 5.87 1.63, 1.20, and 1.11 of the total
amount of resources devoted to intergovernmental transfers (see table 2).” Clearly, the
gains would be concentrated in Ciudad de Mexico and these gains would come to the ex-
pense of several states that would receive less intergovernmental transfers. In particular,

"That is to say, the observed share of intergovernmental transfers received by Ciudad de Mexico in
2014 were 6.74 % while the corresponding share of intergovernmental transfers received by Ciudad de
Mexico if social weights satisfy the properties of unanimity and symmetry is 12.61 %. this represents a
gain of 5.87 in percentage points of the total amount of resources devoted to intergovernmental transfers.
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the states that would lose intergovernmental transfers would be Chiapas (with a loss of
2.45 percentage points), Oaxaca (with a loss of 1.98 percentage points), Guerrero (with
a loss of 1.58 percentage points) and Michoacan (with a loss of 0.99 percentage points),
Guanajuanto (with a loss of 0.92 percentage points) and Tabasco (with a loss of 0.78
percentage points).

Table 2. Winners and Loser from the Current System Towards a Change of Social
Weights Satisfying Unanimity and Symmetry Treatment from the Central Government

Social Weights | Real Share Social Weights | Real Share
State with Unanimity | of Intergov Gain State with Unanimity | of Intergov | Loss

and Symmetry Transfers and Symmetry Transfers
Ciudad de México 12.61 6.74 5.87 Chiapas 2.60 5.05 -2.45
Estado de México 13.41 11.73 1.68 Oaxaca 2.07 3.98 -1.91
Jalisco 6.65 5.45 1.20 Guerrero 2.13 3.70 -1.58
Nuevo Leén 5.31 4.21 1.11 Michoacéan 2.78 3.77 -0.99
Baja California 3.08 2.29 0.79 | Guanajuato 3.43 4.35 -0.92
Coahuila 2.82 2.34 0.48 Tabasco 1.97 2.74 -0.78

Figure 7 shows the observed shares of inter-governmental transfers and the estimated
shares of intergovernmental transfers for the case in which policy makers are concerned
with the regional inequality in the distribution of state income. In this case, our estimates

NiBs

of the shares of inter-governmental transfers are given by s/, = =iz~ (see table

i=1 e

1). Figure 7 shows several aspects that are relevant to point out: first, the estimates
from the theoretical model are undoubtedly different to the observed intergovernmental
transfers received by states in 2014. The average estimated share of intergovernmental
transfers to be received by state governments for the case social weights reflect concerns
over inequality of income is 3.30 and the variance of the distribution is 0.83. In contrast,
the observed share of transfers received by state governments is 3.32 and the variance of
the distribution is 5.01.

The difference in the variance between the observed and estimated shares means that a
change towards using social weights determined according to a concern of policy makers
with the regional inequality of income leads to a more equitable allocation of intergo-
vernmental transfers across regions. Second, the correlation between the real shares and
the estimates assuming weights of the social welfare reflect concerns about the regional
inequality in the distribution of income is 0.24.

What this means, is that policy makers in Mexico does not seem to incorporate (in a
significant way) the regional inequality in the distribution of state income in the allocation
of inter-governmental transfers to state governments. If policy makers were to consider
the regional inequality of income the observed transfers would have less variability over
localities.
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Figure 6. Real and Estimated Shares of Inter-Governmental Transfers by State When
Social Weights Reflect Concerns About the Regional Inequality of Income

Table 3 shows the main winners and losers from a change in the allocation of intergo-
vernmental transfers from the current system towards using social weights in the social
welfare function according to a concern of policy makers with the regional inequality of
income. The states with the gains in the allocation of intergovernmental transfers are
Tlaxcala, Nayarit, Colima, Morelos, Baja California Sur and Yucatan with gains in per-
centage points, respectively, of 3.72, 3.28, 2.70, 2.39, 2.09 and 1.63 of the total amount of
resources for intergovernmental transfers.

Table 3. Winners and Losers from a Change from the Current System Towards Social
Weights Considering the Regional Inequality of Income

Social Weights Real Share Social Weights Real Share
State Based on Inequality | of Intergov | Gain State Based on Inequality | of Intergov | Loss
of Income Transfers of Income Transfers
Tlaxcala 487 115 grg | Dstadode 431 11.73 742
Meéxico
Nayarit 450 1.22 39y | Cludadde 2.09 6.74 -4.65
Meéxico
Colima 3.52 0.83 2.70 Veracruz 3.27 6.19 -2.92
Morelos 3.93 1.54 2.39 Jalisco 2.83 5.45 -2.62
Baja (Sjil;fom‘a 2.89 0.80 2.09 | Nuevo Leén 2.07 421 2.14
Yucatan 3.43 1.80 1.63 | Guanajuato 2.50 4.35 -1.85

The states that would lose from a change towards using social weights in a social
welfare function according to a concern of policy makers with the regional inequality of
income are Estado de Mexico (with a loss of 7.42 percentage points), Ciudad de Mexico
(with a loss of 4.65 percentage points), Veracruz (with a loss of 3.27 percentage points),
Jalisco (with a loss of 2.67 percentage points), Nuevo Ledn (with a loss of 2.14 percentage
points), and Guanajuato (with a loss of 1.85 percentage points).

Figure 8 shows the observed shares of inter-governmental transfers and the estimated
shares of intergovernmental transfers for the case in which policy makers are concerned
with the regional heterogeneity of preferences. That is to say, policy makers could assign
weights that are positively related to localities with high marginal social benefits from
local public goods and low marginal social costs from taxation.
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Figure 7. Real and Estimated Shares of Inter-Governmental Transfers by State When
Social Weights Reflect Concerns About the Regional Heterogeneity of Preferences

In this case, our estimates of the shares of inter-governmental transfers are given by
S;ﬁ ;Yil(Nii)(ﬂi)Z
mental transfers leads to more variance in the regional distribution of intergovernmental
transfers and concentrates the gains in Ciudad de Mexico. The average share of transfers
received by state governments is 2.85 and the variance of the distribution is 14.77 and the
observed share of transfers received by state governments is 3.32 and the variance of the
distribution is 5.01. Furthermore, the correlation between the real shares and the estima-
tes (assuming weights of the social welfare reflect concerns about the regional inequality
in the distribution of income) is 0.72.

(see table 1). Figure 8 also shows that the distribution of intergovern-

Table 4. Winners and Loser from the Current System Towards a Change of Social
Weights Considering Regional Heterogeneity
Shares of Shares of
Inter-Gov Real Share of Inter-Gov Real Share of
State Transfers Under | Intergovernmental | Gain State Transfers Under | Intergovernmental | Loss
Heterogeneity of Transfers Heterogeneity of Transfers
Preferences Preferences
Ciudad de 20.12 6.74 13.38 | Chiapas 1.46 5.05 -3.59
Meéxico
Nuevo Leon 6.30 4.21 2.10 Oaxaca 1.21 3.98 -2.78
Sinaloa 3.82 2.78 1.04 Guerrero 1.43 3.70 -2.28
Jalisco 6.32 5.45 0.87 | Guanajuato 2.29 4.35 -2.06
Baja California 3.08 2.29 0.79 Michoacan 1.90 3.77 -1.87
Coahuila 3.05 2.34 0.71 Veracruz 4.59 6.19 -1.60

Baja California Sur
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9. Conclusion

Modern economies use intergovernmental transfers to help finance important goods and
services provided by subnational governments such as education, health services, infras-
tructure and anti-poverty programs. The normative literature of public economics has
emphasized that intergovernmental transfers should be designed to alleviate problems
of regional inequality and inefficiency in the allocation of resources. The literature on
optimal taxation and spending has also pointed out that resources should be allocated
to the highest economic returns and therefore the regional heterogeneity of preferences
of individuals for local public spending should also be a principle of policy design in
intergovernmental transfers.

In this paper we develop an optimal theory of intergovernmental transfers which pro-
vides specific rules for shares of resources of intergovernmental transfers to be assigned
to state governments in Mexico. Based on this theory, we develop a simulation analysis
that provides estimates about the optimal shares of resources to be allocated to state
governments assuming that policy makers might have objectives such as minimizing the
regional inequality of income and maximizing social welfare by matching local public
spending with the heterogeneous regional preferences of individuals.

Our analysis provides interesting insights about the regional distribution of intergo-
vernmental transfers in Mexico: the best fit of our model to observed data suggests that
policy makers could use a social welfare function that satisfies the properties of anonymity
and symmetry (all states receive the same social weight in the social welfare function).
Our estimates also suggest that the best predictor of the share of intergovernmental trans-
fers is the density of population in Mexico. This has the important implication that policy
makers in Mexico do not fully incorporate the heterogeneity of preferences for goods and
services provided by subnational governments and the regional inequality of income in
the design of intergovernmental transfers.

However, our model suggests that incorporating these objectives of policy would lead
to a different allocation of intergovernmental transfers that would represent a Pareto im-
provement in the allocation of public resources in the Mexican economy. In this paper, we
provide estimates of optimal shares of intergovernmental transfers for state governments
that take into account the heterogeneity of preferences for goods and services and the
regional inequality of income in the design of intergovernmental transfers.

Our analysis also represents a proposal for policy reform in the allocation of intergo-
vernmental transfers. In this paper we have assumed that policy makers want to maximize
a social welfare function and therefore this paper contributes in pointing out feasible po-
licy reforms that could lead to Pareto improvements. However, politicians and bureaucrats
(who are in charge of the design and implementation of policy) might not seek to design
policy to maximize the society’s welfare but to benefit groups of interest or to maximize
votes in elections. In that sense, the policy prescriptions described in this paper might
not be aligned with political realities and electoral incentives. An interesting avenue for
future research is to extend this analysis considering a modern political economy view
that could also point out towards political feasibility in policy design.
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Appendix.

Proposition 1. The optimal allocation of inter-governmental transfers to subnational
government in locality i is given by

* (7 Niei .
T‘i = (szlﬁl {%} Vi (Al)

Proof.
The problem of policy design can be stated as follows:

6= Y1 @Nifei(l— 1)+ Bin(T)} +A{r ©L, Ne, - X1, T} (A2)
Where ) is a Lagrange multiplier. The first order conditions are:

k) D;N;Bi * _ *

o= B - =00 VI >0 (A.3)

9 — S BN, + XY Nieg =0 Y1 >0 (A.4)

B =S Neg =i Tp=0 YA >0 (A.5)
Re-arrange the first order conditions to show that

* (7 N;e; .
CZ—; = @ZN’LﬁZ {%} VZ (AG)

Proposition 3. If the allocation of social weights is determined by equity concerns about
the inter-regional distribution of income such that

P, = (A7)

0 V e; < €imin
Then the optimal allocation of inter-governmental transfers is denoted by T}p such that
ip= Nifi {Lfe(fi)} Vi (A.8)

And Ef (e;) = Zi[:l fiei is a weighted average of per capita income in locality i, and f;
1s the density of population in locality i over the nationwide population such that

. T
fi € (07 1] : fi = Z,I]:VI N, A Zi:l fi =1 (Ag)
Proof.
From proposition 1, the optimal level of inter-governmental transfers is given by:
H i€i .
T = ®;N;B; {72"’:1@]\‘{}\;7@} Vi (A.10)

If priorities on policy are determined social weights that reflect a concern over the inter-
regional inequality of income such that

Eizzm ve’i > Cimin
o, = (A.11)
0 A €; < Cimin
Then use ®; = ee% Vi to show T} is given by:
_ imin Z{: Niei ;
CZ—;*P — ETNzﬁl {W} Vl (A12)
* NiBi iy Nies i
= Tip= & (T — }oovi (A.13)

We define f; as the density of population in locality i over the nationwide population such
that

Fre01): fi=wy A Y fi=1 (A.14)
And define the weighted average of per capita income in locality i, by Ey (e;), where
I
Ey(e;) =3 i1 fiei (A.15)

Then express T;p as follows:
p= N {E2) v (A.16)

e
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Proposition 5. If the allocation of social weights is determined by an Inter-Regional
Paretian distribution of preferences given by

Bliﬁ Vﬁz S 5imaw

P, =
O v BZ > /Bimax

Then the optimal allocation of inter-governmental transfers is denoted by T} such that

Ty = Nib; {%} Vi (A.17)

Where Ey, (8;) = Ele h;Bi, is the nationwide weighted average of the parameter of in-
tensity of preferences ; and

b (p) — Nie;
hi(e;) € (0, 1]: h;(e;) = ST e (A.18)
Proof.
From proposition 1, the optimal level of inter-governmental transfers is given by:
I
Tr= Tr= ®,Nf; {%} Vi (A.19)
i=1 PilVi€4

If priorities on policy are determined social weights that reflect a concern over the inter-
regional distribution of preferences for local public spending such that

,Blfﬁ v Bz S Bimax
D, = (A.20)
Then use ®; = #;(ﬁz) Vi to show T7j is given by:
I
T = -2 NB; 2= Nies } Vi A.21
B Bimaz ﬁ { f=1 {Bi:w }Nie,- ( )

Equivalent to
* {, Ne; .
T3 = BiN;Bi {2231:75;6} Vi (A.22)
Note that we can define h; (e;) as the share of income in locality i over the nationwide
income, in the following way:

hi(en) € (0, 1 ¢ hi(en) = s A Xisyhile) =1 (A.23)

And define Ej, (f;) as the nationwide weighted average of the parameter of intensity of
preferences (; s%ch that.

En (Bi) = 2521 hibs (A.24)
Use the former condition in T}stoshow :

Ty = Nib; {%} Vi (A.25)
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Table 5. Shares of Intergovernmental Transfers, Estimates of Simulation Analysis

Real (Observed)

Social Weights

Social Weights

Social Weights

Entidad Share of Considering Considering Considering
Intergovernmental Unanimity Inequality Heterogeneity
Transfers and Symmetry of Income of Preferences

Aguascalientes 1,19 1,18 2,80 1,24
Baja California 2,29 3,08 2,93 3,08
Baja California Sur 0,80 0,74 2,89 0,81
Campeche 1,16 0,80 0,52 0,79
Coahuila 2,34 2,82 2,26 3,05
Colima 0,83 0,73 3,52 0,84
Chiapas 5,05 2,60 3,98 1,46
Chihuahua 3,10 3,15 2,92 3,03
Ciudad de México 6,74 12,61 2,09 20,12
Durango 1,80 1,33 3,11 1,14
Guanajuato 4,35 3,43 2,50 2,29
Guerrero 3,70 2,13 4,19 1,43
Hidalgo 2,49 1,97 3,71 1,53
Jalisco 5,45 6,65 2,83 6,32
Edo. de México 11,73 13,41 4,31 12,10
Michoacan 3,77 2,78 3,28 1,90
Morelos 1,54 1,60 3,93 1,51
Nayarit 1,22 1,09 4,50 1,10
Nuevo Leon 4,21 5,31 2,07 6,30
Oaxaca 3,98 2,07 3,74 1,21
Puebla 5,11 4,60 3,96 3,86
Querétaro 1,63 1,87 2,44 1,98
Quintana Roo 1,43 1,32 2,56 1,28
San Luis Potosi 2,25 2,11 3,02 1,83
Sinaloa 2,78 3,17 4,20 3,82
Sonora 2,62 2,90 2,53 3,26
Tabasco 2,74 1,97 1,58 1,84
Tamaulipas 2,80 3,09 2,91 3,05
Tlaxcala 1,15 0,98 4,87 0,85
Veracruz 6,19 5,72 3,27 4,59
Yucatan 1,80 1,70 3,43 1,54
Zacatecas 1,78 1,09 3,14 0,85
Average 3,33 3,14 3,31 2,85
Variance 5,02 8,84 0,83 14,78




