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Abstract: We develop a model with optimal shares of intergovernmental transfers, and we apply
a simulation analysis of our model for the case of Mexico. The main outcomes of this paper are as
follows: First, we provide optimal shares of intergovernmental funds to be allocated in each state
considering the regional distribution of the benefits of local public spending in Mexico. Second, our
analysis shows that the regional heterogeneity of preferences across regions should be an important
determinant of federal funds allocated to state governments. Third, the current system of finance
relies on a tax revenue sharing accord that emphasizes nationwide tax collection issues as the main
determinants of intergovernmental transfers and local spending. Our analysis provides a contrast
between how fiscal policy is conducted, and feasible choices of policy reform. Fourth, our analysis
of simulation identifies winners and losers from policy reform, and so our analysis contributes to a
better understanding of the advantages and shortcomings of the current policy of intergovernmental
transfers, providing feasible ways to improve the outcomes of subnational government spending.

Keywords: intergovernmental transfers; fiscal federalism; income distribution; efficiency; hetero-
geneity of preferences

JEL Classification: H7; H77; O15; H21

1. Introduction

State governments in Mexico depend in a significant way on the intergovernmental
transfers from the central government, since these transfers represent, approximately, 84%
of the total public revenue of state governments. Some intergovernmental transfers in
Mexico, called “participaciones”, are assigned to states using a linear formula that takes into
account the growth of the general fund of resources collected by different taxes in Mexico,
the evolution over time of gross domestic product in each locality, and the evolution over
time of tax revenue collection in each locality. Intergovernmental transfers can also be
discretionary through specific agreements or “convenios”, and therefore intergovernmental
transfers are likely to be motivated by the electoral and political concerns of policy makers.

This suggests that the intergovernmental transfers that finance the vast majority of
local public spending in Mexico are not necessarily determined by the regional distribution
of social benefits associated with local public spending in Mexico. However, most theoreti-
cal normative models suggest that Pareto efficient allocations should be correlated with
the regional distribution of the social marginal benefits of local public spending. Since the
finance of important goods and services provided by state governments, such as education,
health services, local infrastructure, and anti-poverty programs, is highly dependent on
intergovernmental transfers in Mexico, it is relevant to ask: what should be the optimal
way to allocate intergovernmental transfers to state governments?

The normative theory of public spending and taxation is the relevant framework
to answer this important question of policy design. This theory assumes that policy is
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designed to maximize a social welfare function that incorporates, in a coherent way, the
preferences of the society in terms of local public spending (see Atkinson and Stiglitz 1972,

1976, and more recently Saez and Stantcheva 2016). In addition, the literature on fiscal
federalism (see Oates 1972; Boex and Martinez-Vazquez 2007; Boadway 2007; Boadway
and Shah 2007, among many others) has emphasized that, in economies with central,
state, and local governments, the design of fiscal policy should recognize the regional
heterogeneity of preferences for public goods. In other words, there are localities in which
individuals prefer high or low public spending, and therefore, the resources allocated for
public spending should correspond with the preferences of residents in each locality.

International empirical evidence also suggests that the regional heterogeneity of
preferences is an important determinant of subnational public spending (see Hankla
et al. 2019). In empirical studies, the heterogeneity of preferences is approximated by the
sociodemographic characteristics of residents in each region. In particular, the evidence
suggests that localities with a higher proportion of women, elder people, educated residents,
or minorities are correlated with localities with high subnational public spending (see for
example Holsey and Borcherding (1997); Ferris (1983); Bergstrom et al. (1982), among many
others).

As such, theory and international empirical evidence suggest that the heterogeneity
of preferences is an important determinant of intergovernmental transfers. To further
explore this idea, we develop a theoretical model in which we characterize explicit rules
for the optimal allocation of federal funds to state governments. Our theoretical analysis
contributes to the literature by focusing on the regional distribution of social weights
of households in the social welfare function as a relevant determinant of policy design.
These social weights represent the principles of policy design of the policy maker, or
might also represent the priorities (or objectives) of the policy maker while designing
policy. In particular, we develop a full characterization of the regional distribution of social
weights by using a function in which these weights are associated with the heterogeneity
of preferences of individuals for local public spending.

In addition, we develop a simulation analysis to test the goodness of fit of our theory
to the observed proportion of intergovernmental transfers allocated to each state in Mexico.
As such, this paper contributes to the literature by providing several interesting insights
for the analysis of policy design of intergovernmental transfers in Mexico. First, and as we
mentioned before, we provide theoretically calculated shares of intergovernmental funds
to be allocated in each state in Mexico, which take into account sociodemographic charac-
teristics, such as the median age, the proportion of women to men, an index of dependency
that shows the proportion of dependent or vulnerable individuals in a household, and the
per capita income in each state in Mexico.

Second, some of our predicted shares of intergovernmental transfers from our sim-
ulation analysis show a surprisingly high correlation with the observed allocation of
intergovernmental transfers to state governments in Mexico. Therefore, we conclude that
the regional heterogeneity of preferences across regions seem to be an important determi-
nant of federal funds allocated to state governments in Mexico. Third, our results from the
simulation analysis might provide a contrast between how fiscal policy is conducted and
how fiscal policy could be conducted if intergovernmental transfers match the regional
heterogeneity of preferences for public goods. Fourth, our simulation analysis identifies
winners and losers from policy reform, contributing to a better understanding of the ad-
vantages and shortcomings of the current policy of intergovernmental transfers and the
feasible ways to improve the outcomes of subnational government spending.

Our paper is structured as follows: Section 2 provides a literature review. Section 3
develops our theoretical analysis to incorporate how the regional distribution of het-
erogeneity determines the social weights of households in the social welfare function, and
the effects of this on the allocation of intergovernmental transfers to state governments.
Section 3 also discusses the data used for the simulation analysis. Section 4 in-cludes the
results of our simulation analysis. Section 5 concludes.
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2. Literature Review

As mentioned before, the financing of important local goods and services, such
as education, health services, local infrastructure, and anti-poverty programs, is highly
dependent on intergovernmental transfers in Mexico. As such, our interest is to ask: what
should be the optimal way to allocate intergovernmental transfers to state governments in
Mexico? There is a large amount of literature on the role of intergovernmental transfers
in economies with multiple levels of government. A starting point is the analysis of
Oates (1972, 1995), who considers benevolent policy makers and emphasizes the tradeoff
between the heterogeneity of preferences for local public goods and the efficiency in the
provision of these goods. (There is also a large quantity of literature on the political
economy of intergovernmental transfers. However, political economy models are out
of the scope of this paper, but the interested reader might consult Khemani (2007) and
Borck and Owings (2003)). More recent literature on fiscal federalism has also emphasized
that the design of fiscal policy should recognize that the resources allocated for public
spending should correspond with the preferences of residents in each locality (see Boex
and Martinez-Vazquez (2007); Boadway (2007) and Hankla et al. (2019)).

Another line of research suggests that there could be localities with high tax revenue,
and others with scarce access to fiscal resources, implying an unequal ability of local gov-
ernments to supply local goods and services. In this context, a rationale for the central
government is to implement intergovernmental transfers to achieve a more equitable alloca-
tion of resources (see Ladd and Doolittle 1982; Boadway and Flatters 1982; Boadway 2006;
and Bernd-Spahn 2007, among many others). Feldstein and Wrobel (1998) contend that lo-
cal governments might fail in redistributing income because households with high income
might migrate to localities with low taxes, while low-income households will migrate to
those localities with high pro-poor transfers. These types of incentives would make the
anti-poverty programs implemented by state and local governments inefficient. As such,
intergovernmental transfers could be central for the federal government in implementing a
common tax structure and a spending program to fight poverty and reduce the inequality
in the distribution of income, while eliminating the incentives of regional migration caused
by differentiated local taxes and spending.

Many others have emphasized that an important rationale for intergovernmental
transfers is to achieve a more efficient allocation of resources by avoiding excessive tax and
the spending competition of subnational governments, and by incorporating the spillover
effects of local spending. For instance, Boadway and Flatters (1982); Smart (1998) and
Bucovetsky and Smart (2006) argue that taxes and spending under fiscal decentralization
lead to excessive deadweight costs from tax competition among local governments. Instead,
tax and spending policies formed by the central government could reduce the coordination
failures associated with decentralized tax and spending policies, and provide a more
efficient tax and spending system that avoids wasteful tax and spending competition.

In addition, the decentralized provision of local public goods with interregional
spillovers will produce suboptimal local public goods, because state and local governments
have no incentives to incorporate the interregional spillovers from local public spending
(for arguments in favor of subnational governments providing local public goods, see
Hankla et al. 2019). In this case, the central government should design a system of Piguvian
taxes and transfers to achieve a Pareto efficient allocation of resources.

The analysis of this paper is more closely concerned with the issues of efficiency
studied in the literature of fiscal federalism. To the best of our knowledge, the paper that is
the closest to our analysis is the one conducted by Rodriguez and Rodriguez (2019). They
study the role of intergovernmental transfers in Mexico, but their focus is primarily on
equity in the allocation of resources, while in this paper we focus on efficiency, since we
incorporate the role of the heterogeneity of preferences for local public goods as the main
determinant of intergovernmental transfers and the size of local public spending. Our
analysis contributes to the literature by offering a theoretical model that seeks to explain
the optimal allocation of intergovernmental transfers.
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The most important distinction of our analysis from the existing theory is that, while
the literature focuses on the role of the preferences and constraints of households as the
main determinants of intergovernmental transfer (as we also do in this paper), at the center
of our analysis is the role of the regional distribution of social weights of households in
the social welfare function of policy makers. (To the best of our knowledge, Atkinson and
Stiglitz (1972) offered the first analysis of the role of the distribution of social weights in
the social welfare function. However, they applied this analysis to the study of optimal
taxation, while we focus our analysis on intergovernmental transfers and the size of local
public spending. In addition, our simulation is applied for economies such as the Mexican
one, where there is a great deal of fiscal centralization.) These social weights represent the
relative importance of the wellbeing of families in policy design. To see this, note that the
wellbeing of a household in some locality might have a higher weight in the social welfare
function than the wellbeing of another household in another locality, because these weights
might represent some principles of policy design (such as equity and efficiency). Since the
distribution of social weights of households in the social welfare function might represent
one of the interests of policy makers, these weights could be consequential in the design
and reform of policy.

In addition, we calibrate our theoretical model with real data from the Mexican
economy, and this exercise yields interesting insights for the analysis of policy reform
of intergovernmental transfers in Mexico. First, by using real data from the Mexican
economy we can calculate the optimal shares of intergovernmental transfers for several
cases of interest. Our results show a surprisingly high correlation of our predicted shares
of intergovernmental transfers with the real allocation of intergovernmental transfers to
state governments in Mexico. These findings suggests that the regional heterogeneity
of preferences across regions seems to be an important determinant of the federal funds
allocated to state governments in Mexico.

Moreover, the predicted shares of transfers from our model provide a contrast between
how fiscal policy is conducted and how fiscal policy could be reformed if intergovernmental
transfers reflect more closely the regional heterogeneity of preferences for public goods
in Mexico. Finally, our predicted shares give us an idea of who would benefit from
and who would lose out as a result of feasible policy reforms. This could contribute
to a better understanding of the advantages and shortcomings of the current policy of
intergovernmental transfers, and provides feasible ways to improve the outcomes of
subnational government spending.

3. Methodology
3.1. The Model

The preferences and budget constraints of an individual living in locality i = 1,2....]
are characterized by the utility function of a representative household living in the locality.
The preferences are characterized by u; = x; + B;ln(g;), where x; is a private good, g; is a
public good provided in locality 7, and B; > 0 is a parameter measuring the intensity of
preferences for the public good (the higher the value of B;, the higher the marginal utility
of local public spending for the representative household living in locality i). The budget
constraint of the representative household in locality i is x; = ¢;(1 — 7;), where ¢; is an
endowment and T; is proportional income tax. The indirect utility of this individual is
given by v;(e;, 7;, gi) = e;(1 — 7;) + Biln(g;). The population size in each of the localities is
given by N; Vi.

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 in 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, denoted by T;, to finance local public goods in all regions. As
such, T; = g; Vi.
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The central government selects the regional distribution of intergovernmental transfers
{Ty, Ty, .....Tt} and the proportional income tax T to maximize a nationwide social welfare
function ¥ = 21-121 ®;¥;, which is a weighted sum of the welfare of residents of each
locality, indexed by i = 1,2....I, and ¥; = N; v;(e;, 7;, T;) is the social welfare of locality i.
In the nationwide social welfare function ¥, the parameter ®; > 0 is the social marginal
utility of the representative household living in locality i. This social weight shows the
importance, for the policy maker, of a household living in locality i with endowment
e; in the society, and therefore, it might reflect the priorities (or objectives) of the policy
maker in the distribution of net benefits from goods and services provided by subnational
governments.

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 the 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. In the
optimal level of intergovernmental transfers in locality i, there is equilibrium, whereby
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 USD 1 allocated in locality i has an opportunity cost equivalent to the marginal benefits
of local public goods in neighbor localities.

Following our previous description of the welfare calculus of policy design, Figure 1
shows the social marginal cost of federal taxes and the social marginal benefit of intergov-
ernmental transfers allocated in locality i. (In the Appendix A, Proposition Al shows that,
in our model, the social marginal costs are constant (see condition (A4) in Proposition Al
of the Appendix A) and the social marginal benefits are decreasing (see condition (A3) in
Proposition A1l of the Appendix A).) Figure 1 also shows that the net fiscal incidence (a
measure of the benefit—cost analysis of local public spending) is positive, that is, the net
surplus from allocating intergovernmental transfers is the area of consumer surplus above
the social costs of T;" (which is the squared area that is obtained by multiplying the social
marginal costs by T;").

As such, the problem of tax and intergovernmental transfer policy design is given by:

I
Max{Tl,Tz,.....T]},T \Ij = lel (Dllljl (1)
st i) ¥ = Nivi(ei, T, &i) )
I I
Zl) 2 Ti =T 2 N,-el- (3)
i=1 i=1

iv) T =g Vi 4)

Equation (1) is the nationwide social welfare, Equation (2) shows the aggregate welfare
of residents of locality i, 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 is the revenue of the central government derived
from income taxation. Equation (4) says that the intergovernmental transfers of the central
government finance local public spending in all localities.
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Mg. Social Benefits A

Mg. Social Costs

Net Surplus
Mg. Social Costs
Mg. Social Benefits
>
T *
i Intergovermental Transfers

Figure 1. The welfare calculus of intergovernmental transfers.

In what follows, we characterize the equilibrium in the intergovernmental transfers of
the central government to subnational governmentsi = 1,2...1.

Proposition 1. The optimal level of inter-governmental transfer to a state government in locality i
is given by

I

1 Nje; .

T/ = ®;N;B; 211—17161 Vi=1,...1 5)
Y1 PiNie;

Proof. See the Appendix A. [

Proposition 1 says that the optimal allocation of inter-governmental transfers that
finance local public spending in locality i depends positively on the country’s aggregate
income, YI_; Nje; , and the marginal social utility of local public spending in locality i,
®;N;B;, and depends negatively on the country’s weighted aggregate income Y., ®; Nje;.
The higher the country’s aggregate income, the higher the tax revenue of the central
government and the higher the intergovernmental transfers that finance public spending in
all localities (including locality 7). The higher the weighted aggregate income, Y-I_; ®;Nje;,
the higher the social marginal costs from income taxation, and the lower the public spending
in the whole country (including locality 7). The higher the social marginal utility of public
spending in locality i, ®;N;pB;, the higher the social marginal benefits of spending in the
locality, and the higher the T;. Note that increases in the social marginal utility of the
residents of locality 7 in the social welfare of the central government, that is, increases in ®;,
in the size of population of the locality i (N;), and the intensity of preferences for public
goods, B;, lead to increases in the social marginal utility of public spending in locality i,
and consequently, increases in intergovernmental transfers to the locality T;".

3.2. Symmetric Social Weights and the Regional Allocation of Intergovernmental Transfers

In this section, we analyze how the allocation of social weights determines the regional
distribution of intergovernmental transfers. The allocation of social weights in the social
welfare function might be explained by the preferences (or priorities) of policy makers in
terms of the distribution of the regional preferences of citizens for local public goods, the
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regional distribution of the population, etc. For our analysis, it is useful to characterize a
benchmark outcome in which all households of all localities receive the same weight in
the social welfare function of the central government. That is, ®; = ®; = ® Vi # . This
case reflects a symmetry in the way households, 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 symmetry properties, by which all households
have the same marginal social utility. (This social welfare function is said to be symmetric
because all households have the same marginal social utility in the social welfare function.)

In addition, we will consider another special case in which all households across
localities have homogeneous preferences, that is to say, B; = B; = B Vi # j. Although the
assumption of the homogeneity of preferences might seem unrealistic, it is relevant because
this benchmark equilibrium could be used for comparative purposes for the case of interest
in which there is heterogeneity in the preferences for subnational public spending.

Proposition 2. If ®; = ®; = & Vi # j then the optimal allocation of intergovernmental transfers
is given by
Ti = Nip; Vi (6)

Proof. Result follows trivially from Proposition 1. [

Proposition 2 shows that in the case in which there is heterogeneity in the preferences
of individuals for local public spending across localities, then the optimal allocation of
intergovernmental transfers that finances local public spending in all localities depends
only on the regional distribution of social marginal benefits of local spending in each locality,
N;B;. That is to say, localities with higher than average population and higher than average
preferences for local public goods, B;, should receive higher than average transfers, and the
size of local public spending should also be higher than the nationwide average.

A special case in Proposition 2 is the case in which there is homogeneity in the
preferences of individuals living in different localities. In this case, the optimal allocation
of intergovernmental transfers depends only on the regional distribution of social marginal
benefits of local spending in each locality, which is given by N;B. 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 intensity of 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.

3.3. The Regional Distribution of Preferences, Household’s Weights in the Social Welfare Function
and Intergovernmental Transfers

The literature on public economics suggests that the heterogeneity of preferences
for subnational spending is an important determinant of the demand of individuals for
government spending (see Oates 1972). The basic idea is that different regions might have
different intensities of preferences for local public goods. Localities with residents with
higher than average marginal utilities from public spending (in our model, localities with
higher than average values of ;) will also derive higher than average social marginal
benefits from public spending. An optimal allocation of intergovernmental transfers
requires that the higher the marginal utility of public spending is in a locality, the higher
the transfer should be to that locality, otherwise local public spending would be sub-
optimal.

Taking into account the regional distribution of the net fiscal incidence of government
intervention, 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 derived
from local public goods should be assigned a high social weight in the social welfare
function (see Figure 2 and Equation (7)).
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‘ >
B imax IB i
Figure 2. Weights assigned to households” wellbeing in the social welfare function.

To characterize such a possibility, we define the locality with the highest parameter of
intensity of preferences for public spending by Bjmax = Max{B1,B2...... B1}. In this case,
the allocation of weights for each locality ®; satisfies the following (see Figure 2):

(Di: {‘Bz V,Bl S,Bimax

‘Bimax

0 N ﬁi > ,Bimax (7)

We also define E;,(B;) = YL 1;B; as the nationwide weighted average of the parame-
ter of intensity of preferences B; and h;(e;), which is the share of income in locality i over
the nationwide income, satisfying:

Nie;
I Ne;
Y.i—1 Nie;
*

In what follows, Proposition 3 characterizes the size of intergovernmental transfers T; B
for a case in which the social weights assigned to the welfare of households are assigned
to incorporate the heterogeneity of preferences for local public spending (or equivalently,
policy makers assign a high social weight to households from those localities with high net
surplus from local public spending), and Proposition 4 compares Ti} with a case in which
the policy maker assigns the same social weight to all households, that is, T;".

hiler) € (0,1]: hiler) = and Y-, hi(e;) = 1 ®)

Proposition 3. If the allocation of social weights is determined by a regional distribution of
preferences given by

Bimax

0 ,Bi > ,Bz‘max

then the optimal allocation of intergovernmental transfers is denoted byTi’;s, such that

4’1‘: {ﬁi V.Bi S,Bimax

e



Economies 2021, 9, 33

9of21

where Ey(B;) = Y.I_, hiB; is the nationwide weighted average of the parameter of intensity of
preferences for localities and

e € O] hle) = S and YL i (10

Proof. See the Appendix A. 0

Proposition 3 says that for a case in which the interregional heterogeneity of prefer-
ences for local public goods determines the allocation of social weights ®;, the distribution
of intergovernmental transfers Ti’;} depends positively on the aggregate intensity of pref-
erences in locality i, N;B;, and on the ratio of the parameter of intensity of preferences of

£y
The higher this ratio in locality i is, the higher the intergovernmental transfers should be to

that locality.
Proposition 4 compares T;% with a case in which the policy maker assigns the same
social weight to the welfare of all households, that is, T;".

locality 7 to the nationwide average intensity of preferences in the economy, given by (

Proposition 4. If the allocation of social weights in the social welfare function is determined by a
regional distribution of preferences determined by

qu:{ .'Bi V,BiS,Bimax

.Bzmax

0 V.Bi > ,Bimax

and if a locality i satisfies
Bi > En(B;i) then 173 > T* (11)

Proof. This outcome is derived by comparing T from Proposition 3 and T;" from Proposi-
tion2. O

Proposition 4 shows that if policy makers are concerned about the interregional
heterogeneity of preferences for local public spending, then those localities with values of
Bi higher than E;,(B;) = Z{Zl h;B; (that is, the nationwide weighted value of the intensity of
preferences for local public spending) will receive higher transfers relative to the situation
in which all households have the same interregional social weight in the social welfare
function, that is to say, if B; > Ej;(B;) then T = T7.

3.4. Simulations of Optimal Shares of Intergovernmental Transfers Predicted by Our Theory

In this section, we use our theory to predict the values of shares (proportions) of
intergovernmental transfers for each state government in México. Our analysis can be
used to identify the advantages and disadvantages of the current system of allocating
local public finance in Mexico. In particular, Table 1 shows the different assumptions
of how the principles of policy design translate into social weights (see column A), the
predictions of our theory for the optimal allocation of intergovernmental transfers (see
column B of Table 1), and the implied proportions of intergovernmental 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 (or proportions) of intergovernmental transfers are
defined as follows: consider T} as the amount of intergovernmental transfers allocated
by the central government to the government of state i. The share of intergovernmental
transfers in the state is the proportion of the transfer in the locality T} over the total amount

*

of resources for intergovernmental transfers. As such, the share is given by s =5
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where /| T is the total amount of resources devoted from the central government to
state governments.

Table 1. Social weights and optimal shares of intergovernmental transfers.

Principles of Policy Design

M1. Unanimity and symmetry

(equal weights) but there is
heterogeneity of preferences
M2. Weights based on
preferences and regional
heterogeneity of preferences
M3. Weights based on income
and regional heterogeneity of
preferences

Shares of Intergovernmental

Social Weights Optimal Transfers T;* Transf%r s
* i
(A) (B) T ELT
©
=D = Vi#] . Nif
. 7 T — N . * = L
Bi# By Vi#] o T
b vp <Bi Ni(pi)? Ni(p)”
(I)l. = ﬂimax ﬁl - ,Bzmax Tli}f\ = E],((%i) S;kﬁ - ):ﬂ(+w)2
0 Vﬁ,‘ > ,Bimax o
@ — e’:fax Ve; < ejmax T+ — ,BNE M st = M
E 0 Ve > eimax CE i Ni("i)z “ Lis Pibie

We develop a simulation analysis of our theoretical model, and for that purpose we
use real data from the Mexican economy to calculate the size and regional distribution
of shares of intergovernmental transfers to state governments for the cases in which the
central government is concerned about the regional distribution of preferences for local
public goods. We also develop a simulation analysis of our theory for a case in which the
social welfare function satisfies the properties of unanimity and symmetry (that is to say, all
social weights of households are the same, ®; = ®; = ® Vi # j) but there is heterogeneity
of preferences (the values of B; change according to the sociodemographic characteristics
of residents of each locality); see model 1, denoted as M1.

Model 2 (denoted as M2, see the second row of in Table 1) assumes that policy makers
allocate social weights in the social welfare function according to the intensity of preferences
of individuals across localities. A policy maker concerned with maximizing the nationwide
welfare will assign a weight that is higher than average to those localities with higher than
average net surplus from subnational government spending. In other words, policy makers
take into account the intensity of preferences of localities while designing policy. Model
2 uses the sociodemographic characteristics of residents, such as age, gender, proportion
of individuals considered vulnerable, etc., to allocate those weights. Model 3 (denoted as
M3, see third row in Table 1) also takes into account the heterogeneity of the preferences
of residents across localities, but uses the per capita income of residents to approximate
the preferences of residents for subnational government spending. As such, the difference
between models 2 and 3 is that model 2 uses the sociodemographic characteristics and
model 3 uses the per capita income of residents.

For the simulation analysis, we use real data from the Mexican economy, and substitute
the relevant parameters on population, the socio-demographic variables that are the proxies
for the parameter related to the intensity of preferences for public spending and per-capita
income, into the equilibrium conditions shown in Table 1 (see columns B and C). The
source of all of our data for the simulation analysis is Instituto Nacional de Estadistica,
Geografia e Informatica (INEGI), which is the government’s official source of data for
economic and sociodemographic information in Mexico. In particular, for our analysis
of simulation, we use data on state population for the year 2015 (recall that in our theory
state population is given by the parameter Nj;), and for the parameter of the intensity
of preferences (which is the parameter B; in our theory), we use real data of the social
characteristics of the residents in each state, such as age, gender, education, and the real
state per capita gross domestic product for the year 2015 (which in our model is represented
by parameter ¢;). The basic assumption is that higher preferences for goods and services
from the government in a locality should lead to more government spending in the locality.
As we mentioned before, international evidence suggests that localities with a higher



Economies 2021, 9, 33

11 of 21

proportion of women, elderly people, educated residents, and minorities are correlated
with localities with higher subnational public spending (see Ferris (1983), Bergstrom et al.
(1982), Holsey and Borcherding (1997), among many others). Many studies find that
subnational government spending is a normal good, that is, the higher the state income,
the higher the demand for government spending (for a survey analysis on this issue see

Holsey and Borcherding 1997).

Table 2 shows the sociodemographic characteristics for the year 2015, which are to
be used as proxies for localities with a high demand for local public spending, such as the
median age of residents in each state, the index of dependency (which is the number of
individuals 60 years old or more and between 0 and 14 years old for each 100 persons),
the proportion of women to men, and the per capita state income. Table 2 also shows
the state population and its regional distribution (that is, the share of population in the
states) and the regional distribution of intergovernmental transfers (that is, the share of
intergovernmental transfers allocated to states in Mexico), which is the sum of federal
participations and contributions. Table 2 also shows that there is significant variance in the
regional distribution of intergovernmental transfers in Mexico, with the state of Mexico
receiving 11.3% of federal funds while Baja California Sur receives only 0.86%. The average
share of intergovernmental transfers in 2015 was 3.13%.

Table 2. Summary statistics of sociodemographic characteristics of states in Mexico.

Share of . Proportion . Share of Inter-
State Po Sttl?;(:ion Population MZdlan D Indeg of of Women to Sfaetle; ?zf;:;e governmental
P in States 8¢ ependency Men Transfers
Average 3,748,077 3.13% 26 53.52 1.05 151,389 3.1%
Standard o o

Deviation 3,153,752 3% 2 5 0.03 116,427 2.2%
Max. 16,225,409 13.53% 33 63.80 1.11 707,942 11.3%
Min. 715,095 0.60% 23 42.30 0.98 55,552 0.86%

In what follows, Figures 3-5 illustrate the significant regional heterogeneity of sociode-
mographic characteristics in Mexico. For instance, Figure 3 shows the regional distribution
of population in Mexico in 2015, Figure 4 shows the index of dependency, and Figure 5 the
annual per capita state income in 2015.
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8.000.000
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Queretar
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Figure 3. State population 2015 (persons). Source: Instituto Nacional de Estadistica, Geografia e
Informatica (INEGI).
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Figure 5. Per capita annual state income, 2015 (pesos). Source: INEGL

4. Results

In this section we present our results from the simulation analysis of our theoretical
models in Table 1 using data on state population Nj, state per capita income e;, and
sociodemographic characteristics, to represent the parameters of the intensity of preferences
Bi and the determination of social weights ®;. Our simulation analysis provides several
interesting insights regarding the optimal allocation of intergovernmental transfers from the
central government to state governments in Mexico. First, our M2 model (see second row of
Table 1) that considers that social weights can be assigned according to the heterogeneous
preferences of individuals over public spending provides shares of intergovernmental
transfers that are surprisingly close to the observed data (Figure 6 shows how well our
predicted shares of intergovernmental transfers fit the observed data), and suggests that
the heterogeneity of preferences across states in Mexico is an important determinant of
intergovernmental transfers.



Economies 2021, 9, 33

13 of 21

One possible explanation of this high correlation is that the tax structure determining
tax revenue, which finances intergovernmental transfers in Mexico, captures the hetero-
geneity of preferences not through the regional distribution of social benefits from local
public spending, but through the linear formula that takes into account the growth of the
general fund of resources collected by different taxes in Mexico, the evolution over time
of gross domestic product in each locality, and the evolution over time of tax revenue
collection in each locality. In addition, intergovernmental transfers that are discretionary,
through different specific agreements or “convenios”, are likely to be motivated by the
electoral and political concerns of policy makers. As such, the political process can be a
collective choice mechanism that captures the heterogeneity of the preferences of voters
through different state elections in Mexico, and allocates more resources to those states
with a high density of population, which is correlated with the proportion of votes that
parties might obtain in a nationwide election.

14%

—Share of Intergovernmental Transfers
12%

—Model. Social Weights with Heterogenity of
10% - . - . g N
Preferences given by ration of Women to

Men.

6%

4%

0%

a
)
0
)
Cro
)
0
)
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Morelos
Nayarit
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<

E
G
o

Michoac

Chihuahu

guascalientes
Nuevo Leon

San Luis Potosi

A

Figure 6. Observed shares of intergovernmental transfers and estimated shares determined by a
model with social weights allocated according to the ratio of women to men.

Table 3 (see below) displays the different correlations of our predicted shares with
the observed shares of intergovernmental transfers, and shows that the model with the
highest correlation with the observed shares of intergovernmental transfers allocated to
state governments, equal to 0.99, is the model in which policy makers assign social weights
according to the heterogeneity of preferences of residents of each state (see Figure 6 and the
fourth column of Table 3), and we use the ratio of women to men as a way to incorporate the
heterogeneity of preferences across states. That is, social weights are given by ®; = ﬁiﬁﬁ’
where B; is the ratio of women to men in state i and B4y is the state with the highest value
of the ratio of women to men in the sample (see column 4 of Table 3).

Table 3 also shows that the model in which social weights are the same across localities
but in which there is heterogeneity of preferences of individuals for local public spending
(that is, the model M1 in Table 3, where social weights are constant for all localities ®; =
but the parameter of intensity of preferences for local public spending across regions
is different, that is, B; # B; Vi # j) also has a correlation with the observed shares of
intergovernmental transfers equivalent to 0.99 (see column i of Table 3). In particular,
for this outcome, we simulate the value of B; in locality i by considering the index of
dependency in each state.
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The predicted shares of the model that incorporates the index of dependency to allocate
social weights in the social welfare function (see column 2 in Table 3) has a correlation with
the observed data of 0.96. This model assumes that policy makers allocate social weights

across localities according to ®; = /Sf: fﬂx , Where B; is the index of dependency of state i
and Bjmax is the state with the highest value of index of dependency in the sample. The
model that uses the median age of the state to allocate social weights shows a correlation
of 0.95 (see column 3 in Table 3). This last model assumes that policy makers allocate social
weights of individuals across regions according to ®; = % , where f; is the median age

of residents of state i and By is the state with the highest median age in the sample.

Table 3. Correlations of the simulation analysis.

Model M1.
Same Social
Weights and

Heterogeneity
of Preferences.
Heterogeneity
Based on
Dependency
Index
(6]
0.99

Model M2. Model M2. Model M2. Model M3. Model M3 Model M3.
Weights Weights Weights Social Weights Social Wei l{ts Social Weights
According to According to According to Allocated by & Allocated by Per
. . . . Allocated by .
Heterogeneity = Heterogeneity = Heterogeneity Per Capita . Capita Income
Per Capita
of Preferences. of Preferences. of Preferences. Income and Income and and
Heterogeneity Heterogeneity Heterogeneity Heterogeneity . Heterogeneity
k g Heterogeneity g
Based on Based on Based on Ratio According to Accordine to According to
Dependency Median Age of of Women to Dependency Medi i Ratio of Women
Index Residents Men Index € 1(21)1 8¢ Over Men
) 3) 4) (5) (7)
0.96 0.95 0.99 0.73 0.65 0.71

In summary, our models that consider that social weights can be assigned according
to the heterogeneous preferences of individuals over public spending provide shares of
intergovernmental transfers with a surprisingly high fit to the observed data, and suggest
that the heterogeneity of preferences across states in Mexico is an important determinant
of the intergovernmental transfers.

Second, models that incorporate per capita income as a way to allocate social weights
in the social welfare function (see model M3 in Table 2 and see columns 5, 6 and 7 in
Table 3) show lower levels of correlation with the observed allocation of intergovernmental
transfers. That is, models in columns 5, 6 and 7 of Table 3 assume that policy makers
allocate social weights of individuals across regions according to ®; = g;ﬁ , where ¢; is
the per capita income of state i and e;,,x is the state with the highest pelr capita income
in the sample. In addition, models in columns 5, 6 and 7 of Table 3 use the dependency
index (see column 5), the median age of residents in each state (see column 6), and the ratio
of women to men (see column 7) as a way to estimate the heterogeneity of preferences
through parameters of sociodemographic characteristics of residents.

The correlations of predicted shares of models 5, 6 and 7 with observed data on state
shares of intergovernmental transfers are, respectively, 0.73, 0.65 and 0.71 (see Table 3).
This particular finding suggests that policy makers in the central government might not
effectively use the regional inequality in the distribution of income to allocate intergovern-
mental transfers in Mexico. An important implication of this finding is that our simulation
analysis might provide useful predicted shares concerning how optimal intergovernmental
transfers should be allocated in Mexico if the relative importance of each state in the social
welfare function is associated with per capita income in each state.



Economies 2021, 9, 33

15 of 21

Third, our simulation identifies winners and losers from policy reform in which policy
makers in the central government incorporate some form of heterogeneity of preferences
in the determination of social weights in the social welfare function. To calculate winners
and losers from policy reform, we estimate the difference between the implied optimal
shares of intergovernmental transfers from our models and the observed shares of inter-
governmental transfers in Mexico in 2015. If the central government changes the allocation
of intergovernmental transfers from the current allocation system towards assigning the
priorities in policy making shown in models 2, 3 and 4 (see Table 3), then the states that
would benefit from this change would be states with higher intensities of preferences for
local public spending, that is, states with higher than average dependency index, higher
than average median age, and higher than average ratios of women to men, because those
states are estimated to have higher than average demand for local public spending.

Thus, the states that would receive a higher proportion of intergovernmental transfers
would be the state of Mexico, Colima, Jalisco Guanajuato and Veracruz, with an average
gain for each state of this group of 1.09 percentage points of the total amount of intergov-
ernmental transfers (see Figures 7-9 and Tables 4 and 5). (Although the states of Mexico
and Colima lose under the implied allocations in model M2, where weights are allocated
according to the heterogeneity of preferences based on dependency index (see model 2 in
Table 4), these states have net gains under the implied shares of model M2 with weights
assigned according to median age of residents (see model 3) and gender (see model 4).)
States that would lose resources are Ciudad de Mexico, Tabasco, Campeche, Durango, and
Coahuila, with an average loss for each state of this group of —0.56 percentage points of the
total amount of intergovernmental transfers. These outcomes are explained by the regional
distribution of sociodemographic characteristics of residents in each locality. States with
higher than average values of the sociodemographic characteristics (such as higher than
average values of the dependency index, the median age of residents in each state, and the
ratio of women to men) would obtain higher shares of intergovernmental transfers.

Winners and Losers From Current Allocation of Transfers Relative Model 2.
Weights According to Heterogeneity of Preferences. Heterogeneity Based on
Dependency Index

0.7%

0.2%

México
Veracruz
Tabasco
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Yucatdn
Durango
Morelos

Nayarit
Tlaxcala
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Ciudad de México

Michoacan
Chihuahua
Tamaulipas
Zacatecas
Querétaro
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Nuevo Ledn
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San Luis Potogs
Quintana Roo
Aguascalientes
Baja California Sur

Coahuila de Zar

(0.8%)

(1.3%)

Figure 7. Winners and losers from policy reform using the heterogeneity of preferences in the
determination of social weights in the social welfare function.
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Winners and Losers From Current Allocation of Transfers Relative Model 2. With
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Figure 8. Winners and losers from policy reform using the heterogeneity of preferences in the
determination of social weights in the social welfare function.

Winners and Losers From Current Allocation of Transfers Relative Model
2. Weights According to Heterogeneity of Preferences. Heterogeneity
based on Gender
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Figure 9. Winners and losers from policy reform using the heterogeneity of preferences in the
determination of social weights in the social welfare function.
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Table 4. Main winners of a change from the current system of intergovernmental transfers towards assigning households
weights based on heterogeneity of preferences.

Model M2. Weights Model M2. Weights Model M2. Weights
According to According to According to
. Heterogeneity of Heterogeneity of Heterogeneity of Average Gains
tate Preferences. Preferences. Preferences. Models (2), 3), @)
Heterogeneity Based on Heterogeneity Based on Heterogeneity Based on T
Dependency Index Median Age of Residents Gender
() 3) (4)

Meéxico —0.1% 2.3% 2.4% 1.5%
Colima —1.8% 4.7% 1.7% 1.6%
Jalisco 1.1% 0.6% 0.8% 0.8%
Guanajuato 1.1% 0.0% 0.8% 0.6%
Veracruz 0.7% 1.2% 0.8% 0.9%
Puebla 1.2% —0.4% 0.7% 0.5%

Table 5. Main losers of a change from the current system of intergovernmental transfers towards assigning Households
weights based on heterogeneity of preferences.

Model. Weights Model. Weights Model. Weights
According to According to According to
Heterogeneity of Heterogeneity of Heterogeneity of Average Loss
State Preferences. Preferences. Preferences. Models (2), (3), @)
Heterogeneity Based on Heterogeneity Based on Heterogeneity Based on T
Dependency Index Median Age of Residents Gender
2 (3) @
Zacatecas —0.04% —0.49% —0.43% —0.32%
Coahuila —0.30% —0.25% —0.43% —0.33%
Durango —0.20% —0.65% —0.50% —0.45%
Campeche —0.62% —0.55% —0.59% —0.59%
Tabasco —0.79% —0.89% —0.80% —0.83%
Ciudad de 1.03% ~2.03% ~0.87% ~0.62%
Meéxico

Fourth, if the central government changes the allocation of intergovernmental transfers
according to the priorities of policy design displayed by models 5, 6 and 7 (see Table 3),
that is, policy makers use per capita state income in the determination of social weights in
the social welfare function, then the states that would benefit from this change would be
those states with higher than average per capita income, along with higher than average
dependency index, higher than average median age, and higher than average ratios of
women to men, because those states are estimated to have higher than average demand
for local public spending. As such, the states that would receive a higher proportion of
intergovernmental transfers are Colima, Nuevo Leon, Campeche, Chiapas and Jalisco, with
an average gain for each state in this group of 3.72 percentage points of the total amount of
intergovernmental transfers (see Figure 10). The states that would lose resources would be
Ciudad de Mexico, State of Mexico, Oaxaca, Guerrero, and Puebla, with an average loss for
each state in this group of —2.4 percentage points of the total amount of intergovernmental
transfers.
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Figure 10. Winners and losers from policy reform towards using the per capita state income in the determination of social

weights in the social welfare function.

Finally, it is worth noting that our analysis considers mainly the fiscal structure of
the Mexican economy, and it does not incorporate many political institutions and fiscal
structures used globally. For this reason, the model presented here should be expanded by
taking into account specific political and fiscal institutions considered in other countries
if we are interested in applying this model for other economies. However, it is also
noteworthy that our model could be applied for those economies with a significant degree
of fiscal centralization.

5. Conclusions

In this paper, we develop a theory of the optimal allocation of intergovernmental
transfers and a simulation analysis that provide shares of intergovernmental transfers to
be allocated to state governments in Mexico. The optimal allocation of intergovernmental
transfers is a particularly important piece of fiscal policy in Mexico, due to the fact that
there is high fiscal centralization in Mexico’s economy, and important goods and services
provided by all levels of government in localities are financed through intergovernmental
transfers. This paper contributes to the theoretical literature on the optimal design of inter-
governmental transfers by developing a theory that incorporates a regional distribution of
social weights in the social welfare function of policy makers. The determination of social
weights might show principles of equity and efficiency in policy design or the priorities of
policy makers while designing intergovernmental transfers. In this paper we focus only on
issues of efficiency.

These principles or priorities of policy makers might be reflected in the formula for
the allocation of intergovernmental transfers, and in the discretionary allocation of federal
funds to different localities. Here, our analysis contributes to the literature by providing
exact optimal rules to determine federal funds assigned to state governments in Mexico. In
particular, we argue that social weights in the social welfare function might be associated
with the regional distribution of preferences for local public spending, which, in our model,
are determined by the sociodemographic characteristics of residents of states, such as age,
gender, the proportion of dependents in a household (proportion of individuals with ages
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less than 14 years old and older than 65 years old), and per capita income of residents in
each state.

In this paper we also develop a simulation analysis that contributes to the literature
in several ways. First, our calculations based on our simulation model suggest that the
regional heterogeneity of preferences across regions seem to be an important determinant
of federal funds allocated to state governments in Mexico. Second, we provide a contrast
between how fiscal policy is conducted and how fiscal policy might be conducted, to
recognize the regional distribution of benefits and costs from local public spending in
order to maximize the nationwide welfare in Mexico. Third, our simulation provides
a set of winners and losers from a policy reform in which policy makers in the central
government incorporate some form of heterogeneity of preferences in the determination of
social weights in the social welfare function. As such, our analysis contributes to a better
understanding of the advantages and shortcomings of the current policy of intergovern-
mental transfers, and feasible ways to improve the outcomes of subnational government
spending.
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Appendix A

Proposition A1. The optimal allocation of intergovernmental transfers to the subnational govern-
ment in locality i is given by

I

' Ne;

TF = ®;N;B; 721121 Y vi (A1)
Yi—1 PiNie;

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

0= 25:1 @;Ni{ei(1— 1)+ Biln(T;) } + )\{T i Nie; — i Ti} (A2)
i=1 i=1

where A is a Lagrange multiplier. The first order conditions are:

90 DiNipi
T, ~ T

—A*=0 VT >0 (A3)

00

I
5= = — Zilzl ®;Nje; + A* Z Nie;=0 V1*>0 (A4)
ii

=1

3T ;Niei—X%Ti =0 VA >0 (A5)
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Rearrange the first order conditions to show that

I

I  Ne:

Ty = oiNgpyd =N Ly (A6)
Yi—1 PiNie;

O

Proposition A2. If the allocation of social weights is determined by a regional distribution of
preferences given by

Bi . .
CI)i —_ ) Bimax ,31 < ,Bzmax (A7)
0 N ﬁi > ,Bimax
then the optimal allocation of intergovernmental transfers is denoted by Ti’:g such that
5 = Nipi b Vi (A8)
T LE(B)

whereEy, (B;) = 23:1 hiB; is the nationwide weighted average of the parameter of intensity of
preferences 3; and

hi(ei) S (0, 1] : hi(ei) (A9)

T YL N Nez

Proof. From Proposition A1, the optimal level of intergovernmental transfers is given by:

I

' Ne;

ﬁ:qMﬁgéﬂJi—W (A10)
Yi—1 PiNie;

If priorities in policy are determined by social weights that reflect a concern over the
interregional distribution of preferences for local public spending, such that

Cbi = Bimax ‘BI = IBITHIZX (All)
0 :Bi > ﬁimux

then use ®; = Emﬁ ) Vi to show that Tj; is given by:
4 I 0
Z'TB = lBl Ni,Bi Zl—l Nel VZ (A12)
:Bimux 21[ { ﬁfmx }N e;
equivalent to
N I Nie .
ip = BiNipi {Zf_lll Vi (A13)
Yi-1PiNie;

Note that we can define #;(e;) as the share of income in locality i from the nationwide
income, in the following way:

Ne, [
hi(e;) € (0,1] : hi(e;) = ST Ne, A Y hi(e (A14)
i=1 1 i=1

and define E;(B;) as the nationwide weighted average of the parameter of intensity of
preferences ; such that

I
i)=Y hipi (A15)
i=1
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Use the former condition in Tl"l-’/‘S to show

— Nipy {Eh‘fﬁ)} vi (Al6)
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