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Abstract: The matching grant (the Pigovian tax) program from a central government to the jurisdictional governments is a 

strong instrument to solve the problem of an insufficiently provision of local public goods. The under-provision (over-provision) 

of public goods arises from different kinds of externalities, such as the benefit spillovers and the tax-exporting effect. This study 

introduces the spillover effect of public goods and the heterogeneity of jurisdictions to the capital tax competition literature using 

a two-period economy. It is assumed that the central government and the jurisdictional governments play a Stackelberg game 

with centralised leadership and that there is a unique Stackelberg equilibrium in each period. Meanwhile, the central government 

and the jurisdictional governments are assumed to be hyperopic and benevolent. A clear result is that the revision of a corrective 

device used by the central government in the first period to ensure an optimal level of a local public good which is provided by a 

hyperopic jurisdictional government, significantly depends on the relative size of the income and spill-in effects in the second 

period. When the income effect is larger than the spill-in effect in the second period, the optimal matching grant rate (the 

Pigovian tax rate) in the first period from the central government to a more hyperopic jurisdictional government should be 

increased (decreased). Conversely, when the spill-in effect is larger than the income effect in the second period, the optimal 

matching grant rate (the Pigovian tax rate) in the first period from the central government to a more hyperopic jurisdictional 

government should be decreased (increased). This result is quite different from the literature. 
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1. Introduction 

This study reconsiders the provision of a local public good 

by a jurisdictional government in a two-period economy with 

spillover effects when the jurisdictional government is 

assumed to be hyperopic or farsighted. The corrective device 

used by the central government to ensure the optimal level of 

the local public good is provided by the jurisdictional 

government should be adjusted accordingly. 

The literature analysing capital tax competition is relevant 

to this study (see, for example, [9] and [24]). The basic idea of 

[24] is that perfect mobility of private capital among small 

homogeneous jurisdictions results in under-provision of a 

local public good, which is financed by a distortionary 

property tax because a lump-sum tax is unavailable. However, 

[9] demonstrate that the pecuniary externality among large 

heterogeneous jurisdictions derived from a change in the 

capital price, which is affected by distortionary capital taxes, 

should be moderately internalised by a corrective device. 

There are large-jurisdiction models in the literature, including 

[10, 13] and many others.  

The costs of moving faced by private capital, which are also 

referred to as transaction costs (see, for example, [16]), should 

not be ignored in a tax competition model. There are several 

relevant studies that consider such issues. For example, [16] 

considers the imperfect mobility of private capital arising 

from transaction costs in a two-period tax competition model. 

Furthermore, by introducing a head tax into the model, [18] 

confirms that the jurisdictional government may subsidise 

private capital in the first period to increase capital stock in the 

second period when a lump-sum tax is available to a hyperopic 

jurisdictional government. This result is compatible with that 

of the repeated game explained by [8]. There are also some 

two-period-model constructions that are relevant to our study 

(for example, [15]).  

The problem of capital tax competition may be solved by 
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making a transfer from one jurisdiction to another jurisdiction 

when a lump-sum tax is not available in a capital tax 

competition model with imperfect population mobility among 

large heterogeneous jurisdictions (see [7]). [7] find that the 

pecuniary externality and the fiscal externality, which work in 

opposite directions, can be cancelled out if the capital importer 

subsidises capital, while the capital exporter taxes capital. 

Conversely, [9] confirm that the capital importer taxes capital 

while the capital exporter provides a subsidy on capital if a 

lump-sum tax is available for the jurisdictions. In this study, 

we follow [9] because the strategy of manipulating the terms 

of trade is incentive compatible for the jurisdictions.  

In the discussion on the spillover effects of local public 

goods among different jurisdictions, the prevailing view is that 

such spillover effects will aggravate the under-provision of 

local public goods (see, for example, [5]). In a repeated-game 

model with large homogeneous jurisdictions, [14] find that the 

jurisdictional governments are more inclined to provide an 

efficient level of local public goods when the degree of the 

spillover effects is sufficient. Furthermore, [20] confirms that, 

in a tax competition model with large heterogeneous 

jurisdictions, the jurisdiction with less efficient production 

technology is likely to increase its capital tax rate to drive out 

private capital and obtain substantial spill-in effects from the 

other jurisdiction with more efficient production technology.  

This study is closely related to the literature on fiscal 

federalism. It has been considered that the voluntary provision 

of public goods and the provision of local public goods with 

spillovers are insufficient even when using the ‘Lindhal 

mechanism’ because of the existence of free-riders and, 

therefore, that a matching grant from a central government to 

persons or to local governments for (local) public goods is 

required to solve the problem. Matching grants are a very 

particular policy device and this is relevant in the context of 

the vast literature. The seminal article by [5] shows the 

relationship between the efficient provision of public goods 

and an optimal matching grant rate. [21] uses the same model 

and analyses issues including the efficiency of subsidies. [1] 

replace individuals with local governments and examine the 

welfare effects of the central government’s subsidies for local 

public goods in a Nash equilibrium model with two types of 

public goods, local and central. Furthermore, [19] argues that 

the matching grant rate may decrease with spillover effects if 

the elasticity of capital with respect to the capital tax rate is 

significant in a tax competition model. Additionally, the role 

of matching grants as a commitment device has been 

considered in recent research (see [2]). Most of the key 

assumptions of this study correspond with the conventional 

wisdom presented in the studies above. Finally, we note that 

matching grants are especially empirically relevant for China 

and Japan. 

The remainder of the paper is organised as follows. The 

basic model is set out in section 2, in which we introduce the 

spillover effects of public goods and the heterogeneity of 

jurisdictions into a two-period economy. In section 3, we show 

the Stackelberg equilibria by employing backward induction 

to obtain the optimal corrective device to be employed by the 

central government in the two periods. In section 4, we discuss 

our findings based on the derived optimal corrective device. 

Section 5 draws conclusions. 

2. The Model 

The model that we use is similar to that used in [18]. There 
are two heterogeneous jurisdictions in a two-period game and, 
in each jurisdiction i (i=1, 2), the immobile resident is 
normalised to unity, with preferences defined by a strictly 
quasi-concave utility function ��� (��� ,��� ), where ���  is the 
consumption of a private numeraire good in period p(p=1,2) 
and ���  is the consumption of a local public good in period p. 
The local public good ���  is defined by: 

���=��� +������ ,                     (1) 

where ���  is the provision of the local public good by 

jurisdictional government i and ���（0≦ ��� ≦1）is a parameter 

indicating the degree of spillover benefits from jurisdiction j 

to jurisdiction i. 

We assume that the well-behaved aggregate production 

function in jurisdiction i 
�	� ( ��� ), and that 
���(��� )����  and 

����(��� )
����� ��  can be rewritten as 	��� ���� �  and ���� ���� � , 

respectively, where ���  is the private capital employed by 

jurisdiction 
 in period p.  

The total supply of private capital in the country is fixed at �� such that: 

�� = k�� + k�� .                    (2) 

In equilibrium, therefore, the after-tax return to capital in 

the first period is equalised across jurisdictions as follows: 

��� （k�� ) －���＝���  (k��) －���= r, (� ≠ 
)      (3) 

where ���  is the tax rate per unit of capital employed by 

jurisdiction i and " is the after-tax return to private capital in 

the country in the first period. Based on the established 

conventions, for example, see [6] and [20], we obtain the 

effect of changes in the first-period tax rate on the after-tax 

return to private capital and the location of private capital by 

taking total derivatives of (2) and (3), as follows: 

#�$�#%$� = �
�&&$� '�&&$( < 0                     (4) 

#�$(#%$� = − �
�&&$� '�&&$( > 0                   (5) 

#-
#%$� = − �&&$(�&&$� '�&&$( < 0                  (6) 

The budget constraint of the resident in the first period 

requires that: 

���= �(��� )-��� (��� ) k�� +r��.���－ℎ�� ,            (7) 

where ��.���  is the initial endowment of private capital in 
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jurisdiction 
 with ��.���=0��� and ℎ��  is the uniform lump-sum 

tax that the central government has imposed. Following [18], 

we postulate that 0� is a fraction of the capital stock owned 

by the resident in jurisdiction i and that it does not change with 

time, where 0� + 0�=1.  

Substituting (3) into (7), (7) can be rewritten as: 

	���=�(��� )-���k��＋"���.��� 	− ����-ℎ�� .          (8) 

Therefore, the budget constraint of the resident in the 

second period requires that: 

�2�= �(�2� ) － �2� (�2� ) k2�  

+0�34�2� ��2� � − �2� 5�2� + 4�2� ��2�� − �2�5�2�6 − ℎ2� .  (9) 

The jurisdictional government budget constraint is given 

by: 

��� = ��� ��� + ��� .               (10) 

The central government establishes a corrective device to 

encourage the jurisdictional government 
  to provide the 

local public good. Hence, the following condition holds: 

��� = 7�� ��� ,                    (11) 

where ���  is the matching grant received by the jurisdictional 

government i from the central government in period p and 7��  

is the rate of the matching grant received by the jurisdictional 

government i from the central government in period p. 

The lump-sum tax (subsidy) imposed (offered) by the 

central government ℎ��  will be chosen to satisfy the following 

budget constraint of that central government: 

��� + ��� = ℎ�� + ℎ�� = 7�� ��� +7����� .         (12) 

Modelling intergovernmental transfer/taxes in such a way is 

well-established in the literature (see, for example, [19] and 

[5]). 

3. The Stackelberg Equilibria 

We assume that the central government and the 

jurisdictional governments play a Stackelberg game with 

centralised leadership and that there is a unique Stackelberg 

equilibrium in each period. As this two-period game is a 

subgame perfect equilibrium, we employ backward induction 

to solve the problem for each jurisdictional government. 

3.1. The Second Period 

In the second period, there are two stages: 

In stage 1, the central government chooses the national 

lump-sum tax (subsidy) ℎ2�  and the matching grant rate (the 

Pigovian tax rate) 72�  as a Stackelberg leader. 

In stage 2, the jurisdictional government i chooses the 

capital tax rate �2� , and the local public good �2�  as a 

Stackelberg follower, taking ℎ2� 	and	72�  as given. 

In the second period, the jurisdictional government i 

maximises the utility of the residents by choosing �2�  and �2� , 
given �2� and �2� . Following [18], the optimisation problem 

for jurisdictional government i can be written as: 

	����2� , �2��%�� ,<��
=>?  

s.t. �2� = ���2� � − �2� ��2� ��2� + 0�34�2� ��2� � − �2� 5�2� + 4�2� ��2�� − �2�5�2�6 − ℎ2�  

�2� = �2� + ����2� 
�2� = �2��2� + �2�  
�2� = 72� �2�  

The first-order condition for jurisdictional government i is 

given by: 

#@��#%�� = �A2� B ����C=�� D + �?2� �−0��2� � = 0,       (13) 

where the jurisdictional government i takes �2�  as ���  in the 

first period. It can be derived that the second-order condition 

is satisfied under some realistic functional assumptions and 

the properties of the equilibria are fully determined (see [20]). 

Rearranging (13), we have: 

EF��EG�� = 0��1 − 72� �.               (14) 

The optimal corrective device that the central government 

should choose is given by: 

72� = 1 − �
I�
EF��EG�� .                   (15) 

The Pareto-optimal condition is derived by: 

�2���2� , �2�� + �2�?�� ,<��
=>? ��2� , �2�� 

s.t. �2� + �2� + �2� + �2�=���2� � + ���2��. 
The Lagrange function is given by: 

L(�2� , �2� )=	�2� + �2�+λ[�2� + �2� + �2� + �2� − ���2� � − ���2��]． 

Differentiating L(�2� , �2� ) with respect to	�2� , �2� ,	and λ, yields: 

#J
#<��=�A2� + ����A2� +λ=0, 

#J
#?��=�?2� + λ=0, 

#J
#L=�2� + �2� + �2� + �2� − ���2� � − ���2��=0, 

which can be rewritten as: 

�A2� + ����A2� =�?2� .                   (16) 
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A comparison of (15) and (16) shows that the optimal 

matching grant rate (the Pigovian tax rate) that the central 

government should choose is given by: 

72� = 1 − �
I� (1 − ��� EF�

(
EG�� ).               (17) 

This finding corresponds with the conclusions from the 

existing literature (for example, see [4]).  

Proposition 1: If the spillover effect is larger than the 

tax-exporting effect in the second period, the central 

government should choose the matching grant as a corrective 

device. In this sense, the local public good is under-provided. 

On the contrary, if the spillover effect is smaller than the 

tax-exporting effect in the second period, the central 

government should choose the Pigovian tax as a corrective 

device. In this case, the local public good is over-provided. 

3.2. The First Period 

In the first period, there are two stages: 

In stage 1, the central government chooses the national 

lump-sum tax (subsidy) ℎ��  and the matching grant rate (the 

Pigovian tax rate) 7��  as a Stackelberg leader. 

In stage 2, the jurisdictional government i chooses the 

capital tax rate ���  and the local public good ���  as a 

Stackelberg follower, taking ℎ�� , ℎ2� , 7��  and 72�  as given. 

The jurisdictional government chooses ���  to maximise the 

discounted sum of the utilities in the two periods, given the 

variables for jurisdictional government j. If the jurisdictional 

government is hyperopic, the maximisation problem for 

jurisdictional government i in the first period can be written 

as: 

	M�� = ������ , ����%$� ,<$�
=>? + N�����2� , �2�� 

s.t. ��� = ����� � − ��� �������� + "���.��� − ℎ�� �2� = ���2� � − �2� ��2� ��2� + 0�34�2� ��2� � − �2� 5�2� + 4�2� ��2�� − �2�5�2�6 − ℎ2�  
��� = ��� + ������ 
�2� = �2� + ����2� 
��� = ������ + ���  
�2� = �2��2� + �2�  
��� = 7�����  
�2� = 72� �2�  

��� = �2�  
�2� = O(���) 

by assuming that the discount factor for the jurisdictional 

government is N� ≥ 0. To derive the first-order condition, we 

use the substitution method and differentiate M��  with respect 

to	��� . Substituting (1), (3), (7), (9), (10) and (11) into the 

objective function, we obtain: 

QM��Q��� = �A�� R
1

1 − 7�� S��� + ���
Q���Q��� T +

1
1 −7�� �����

� Q���Q��� U + �?�� R���.��� − ����
Q"�Q��� − ��� U 

+N��?2� V40���2� − �2�� − (1 − 0�)�2���2� 5 #���#%$� − 0��2� #%�
�

#%$�W + N��A2� B �
�C=�� X��� #��

�
#%$� + �2� #%�

�
#%$�Y + �

�C=�( ����2�
#��(#%$� D.     (18) 

Substituting (14) into (18), (18) can be rewritten as: 

QM��Q��� = �A�� R
1

1 − 7�� S��� + ���
Q���Q��� T +

1
1 − 7�� S�����

� Q���Q��� TU + �?�� R���.��� − ����
Q"�Q��� − ��� U 

+N��A2� V �
�C=�� Z��2� − �2�� − �CI�

I� �2���2� [ #���#%$� − �
�C=�� �2� #%�

�
#%$�W + N��A2� B �

�C=�� X��� #��
�

#%$� + �2� #%�
�

#%$�Y + �
�C=�( ����2�

#��(#%$� D.     (19) 

Rearranging (19) with cancellation, we have: 

QM��Q��� = �A�� R
1

1 − 7�� S��� + ���
Q���Q��� T +

1
1 − 7�� S�����

� Q���Q��� TU + �?�� R���.��� − ����
Q"�Q��� − ��� U 

+N��A2� B �
�C=�� \�2� − �CI�

I� �2���2� ] #���#%$� +	 �
�C=�( ����2�

#��(#%$� D.                      (20)

Using (2) and the assumption that ��� = �2� , the first-order condition can be written as: 

QM��Q��� = �A�� R
1

1 −7�� S��� + ���
Q���Q��� T −

1
1 − 7�� S�����

� Q���Q��� TU + �?�� R���.��� − ����
Q"�Q��� − ��� U 
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+N��A2� V �
�C=�� Z�2� − �CI�

I� �2���2� [ − �
�C=�( ����2�W #�$

�
#%$� = 0.                      (21) 

It can be derived that the second-order condition is satisfied under some realistic functional assumptions and the properties of 

the equilibria are fully determined (see [20]). 

The optimal corrective device that the central government should choose is given by: 

7�� = 1 − EF$� S�$�'%$� ^&$�^_$� T
EG$� R�$�C��$̀����C�$� �^a$^_$� U'EF$

� b $
$cd$(

e(�%$(^&$�^_$� fCg�EF�
� h $

$cd�� X�&�
� C$ci�i� ����&&�� YC $

$cd�(
e(�%�(j^&$�^_$�

.              (22) 

The Pareto-optimal condition is derived by: 

������� , ���� + ���?$� ,<$�
=>? ���� , ���� + k4�2���2� , �2�� + �2���2� , �2��5 

s.t. ��� + ��� + ��� + ���=������ + ������ 
�2� + �2� + �2� + �2�=���2� � + ���2��, 

where we assume that the discount factor for the central government is k ≥ 0. The Lagrange function is given by: 

l���� , ��� , �2�, �2�� = ��� + ��� + φ��2� + �2�� + π4��� + ��� + ��� + ��� − ����� � − ������5 
+ωφ4�2� + �2� + �2� + �2� − ���2� � − ���2��5. 

Differentiating l���� , ��� , �2� , �2�� with respect to	��� , ��� , �2� , �2� , π and ω gives us: 

#J
#<$� = �A�� + ����A�� + π = 0, 

#J
#?$� = �?�� + π = 0, 

#J
#<��=φ��A2� + ����A2� + p�=0, 

#J
#?��=φ��?2� + ω� =0, 

#J
#q = ��� + ��� + ��� + ��� − ����� � − ������ = 0, 

#J
#r = φ4�2� + �2� + �2� + �2� − ���2� � − ���2��5 = 0, 

which can be rewritten as: 

�A�� + ����A�� = �?�� ,                                                               
(23) 

�A2� + ����A2� = �?2� .                                                               
(24) 

A comparison of (22), (23) and (24) shows that the optimal matching grant rate (the Pigovian tax rate) that the central 

government should choose is given by: 

7�� = 1 − EF$� S�$�'%$� ^&$�^_$� T
\EF$� 'e�(EF$( ]R�$�C��$̀����C�$� �^a$^_$� U'EF$

� b $
$cd$(

e(�%$(^&$�^_$� fCg�EF�
� h $

$cd�� X�&�
� C$ci�i� ����&&�� YC $

$cd�(
e(�%�(j^&$�^_$�

.             (25) 

4. Discussion 

To sign 
#=$�#g� , we differentiate the optimal corrective device with N�, yielding: 
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#=$�#g� = −
EF$� EF�� S�$�'%$� ^&$�^_$� Th

$
$cd�� S�&�

� C$ci�i� ����&&�� TC $
$cd�(

e(�%�(j^&$�^_$�

s\EF$� 'e�(EF$( ]R�$�C��$̀����C�$� �^a$^_$� U'EF$� b $
$cd$(

e(�%$(^&$�^_$� fCg�EF�� h $
$cd�� X�&�� C

$ci�i� ����&&�� YC $
$cd�(

e(�%�(j^&$�^_$� t
�.            (26) 

We assume that we are on the left-hand side of a Laffer 

curve, ��� + ��� #�$�#%$� > 0. As 
#�$�#%$� < 0, the sign of 

#=$�#g�  depends 

only on the bracketed term in the numerator. The relationship 

between the corrective device in the first period and the degree 

of hyperopia of the jurisdictional government significantly 

depends on the relative size of the two effects that are working 

in the opposite direction in the second period, as stated 

succinctly in the following proposition. 

Proposition 2: When the income effect is larger than the 

spill-in effect in the second period, the optimal matching grant 

rate (the Pigovian tax rate) in the first period from the central 

government to a more hyperopic jurisdictional government 

should be increased (decreased). Conversely, when the spill-in 

effect is larger than the income effect in the second period, the 

optimal matching grant rate (the Pigovian tax rate) in the first 

period from the central government to a more hyperopic 

jurisdictional government should be decreased (increased). 

To see the properties of the capital allocation among the two 

jurisdictions in such an equilibrium, differentiation of the 

optimal corrective device with respect to ��.��� − ���  shows that: 

uv$wu��$̀����C�$� � = − EF$� \EF$� 'e�(EF$( ]S�$�'%$� ^&$�^_$� T
^a$^_$�

s\EF$� 'e�(EF$( ]Rx$w C�x$y����Cx$w �z{$z|$w U'}~$w b $
$c�$�

��w�$� z�$wz|$w fC�w}~�w h $
$c��w X���w C$c�w�w x�w ����w YC $

$c���
��w��� jz�$wz|$w t

� > 0.       (27) 

This equation corresponds with that of [6] and [16]. It is 

obvious that the equilibrium is a symmetric equilibrium when ��.��� − ��� = 0, which means the capital does not move at all. 

The jurisdiction is a capital exporter if ��.��� − ��� > 0, and it is a 

capital importer if ��.��� − ��� < 0. As 
uv$wu��$̀����C�$� � > 0, we have the 

following relationships for jurisdiction 
: 
if ��.��� − ��� > 0 then m�� > m�� ∗, 
if ��.��� − ��� = 0 then m�� = m�� ∗, 
if ��.��� − ��� < 0 then m�� < m�� ∗, 

where m�� ∗ is the optimal matching grant rate from the central 

government in a symmetric equilibrium. This conclusion is a 

generalisation of that derived by [18] in a strategic tax 

competition model. We obtain the third result as follows. 

Proposition 3: In the first period, the optimal matching grant 

rate (the Pigovian tax rate) from the central government to a 

capital-exporting jurisdictional government is larger (smaller) 

than that in the symmetric equilibrium. However, the optimal 

matching grant rate (the Pigovian tax rate) from the central 

government to a capital-importing jurisdictional government 

is smaller (larger) than that in the symmetric equilibrium. 

The intuition behind this result is interpreted as follows. 

The capital exporter desires a high after-tax return to private 

capital to increase the capital income arising from exporting 

capital. Thus, in the first period, the capital exporter would 

choose a lower tax rate and a lower level of local public goods 

than in the symmetric equilibrium to manipulate the terms of 

trade
1

. For that reason, in the first period, the optimal 

matching grant rate (the Pigovian tax rate) from the central 

government to a capital-exporting jurisdictional government 

is larger (smaller) than that in the symmetric equilibrium. 

Conversely, the capital importer desires a low after-tax return 

                                                   
1
 See [20] and [7]. 

to private capital to reduce the capital costs arising from 

importing capital. Thus, in the first period, it would choose a 

higher tax rate and a higher level of local public goods than in 

the symmetric equilibrium to manipulate the terms of trade. 

Accordingly, in the first period, the optimal matching grant 

rate (the Pigovian tax rate) from the central government to a 

capital-importing jurisdictional government is smaller (larger) 

than that in the symmetric equilibrium. 

5. Conclusions 

This paper has focused on the effect that the degree of 

hyperopia of jurisdictional government has on the optimal 

corrective device in a two-period model in which spillover 

effects are considered. We have obtained the following 

results. 

(1) If the spillover effect is larger than the tax-exporting 

effect in the second period, the central government 

should choose a matching grant as a corrective device. 

Conversely, if the spillover effect is smaller than the 

tax-exporting effect in the second period, the central 

government should choose a Pigovian tax as a corrective 

device. 

(2) When the income effect is larger than the spill-in effect 

in the second period, for example, if the production 

technology in the jurisdiction is significantly higher 

than in other jurisdictions and the spillover benefits 

received by the jurisdiction are not very large, the 

optimal matching grant rate (the Pigovian tax rate) in the 

first period, which is set by the central government and 

directed to the more hyperopic jurisdictional 

government, should be increased (decreased). 

Conversely, when the spill-in effect is larger than the 

income effect in the second period, for example, the 

production technology in the jurisdiction is significantly 

lower than in other jurisdictions and the spillover 

benefits received by the jurisdiction are relatively large, 
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the corresponding optimal matching grant rate (the 

Pigovian tax rate) in the first period should be decreased 

(increased). 

(3) In the first period, the optimal matching grant rate (the 

Pigovian tax rate) from the central government to a 

capital-exporting jurisdictional government is larger 

(smaller) than that in the symmetric equilibrium. However, 

the optimal matching grant rate (the Pigovian tax rate) set by 

the central government in relation to a capital-importing 

jurisdictional government is smaller (larger) than that in the 

symmetric equilibrium. 
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