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Abstra
t

This dissertation is 
omprised of two essays in politi
al e
onomy and one in mi
ro-

e
onometri
s. Ea
h of them proposes an alternative methodology to improve on the

estimation of a spe
i�
 e
onomi
 phenomenon.

The �rst essay studies the politi
al allo
ation of US federal resour
es to lo
alities tak-

ing into 
onsideration that the states are also a
tively involved in allo
ating resour
es

to lo
alities. I found that federal funds are biased towards lo
alities within states

that are not represented by the same party as the one that represents the federal

government. This �nding implies that a strategi
 federal government takes into a
-


ount that non-aligned states have di�erent spending priorities. These results suggest

that past resear
h on the allo
ation of federal resour
es to lo
alities has shown biased

estimates when the politi
al allo
ation of resour
es is not studied in the 
ontext of a

multi-layered government environment.

The se
ond essay exploits the existen
e of extended interlude periods (i.e., time be-

tween ele
tions and government 
hange date) from Latin Ameri
an 
ountries to iden-

tify a 
ausal e�e
t of a 
hange in the probability of ele
toral defeat on a 
hange

in the budget de�
it. Theoreti
al studies on the strategi
 use of debt argue that

governments issue more debt when fa
ing a higher probability of ele
toral defeat.

Testing this hypothesis has proven 
hallenging sin
e measures of that probability are

potentially endogenous. Sin
e my identi�
ation strategy is fo
used on identifying the

e�e
ts of ele
toral surprises, I provide a plausible sour
e of exogenous variation. I

�nd that the higher the in
rease in the probability of ele
toral defeat (vi
tory), the

larger the in
rease (de
rease) in the de�
it.

The third essay studies the properties of a maximum likelihood estimator (MLE) of

dynami
 panel data models with �xed e�e
t when di�eren
e GMM methods su�er

from weak identi�
ation. While previous studies propose moments to solve the weak
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identi�
ation under di�eren
e GMM for stationary pro
esses only, this study shows

that MLE solves the weak identi�
ation issue not only when the pro
ess is stationary,

but also when it is not.
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Chapter 1

Strategi
 Spending in Federal Government: Theory

and Eviden
e from the US



1.1 Introdu
tion

In
umbent politi
ians may have several reasons to sway the distribution of resour
es

away from pure welfare maximization. Ele
toral 
ompetition may indu
e in
umbents

to allo
ate more resour
es to lo
alities with a high proportion of swing voters - voters

who are not spe
i�
ally atta
hed to any of the parties.

1

By 
ontrast, if politi
ians

are risk averse, they might see a safer investment in targeting partisan lo
alities -

lo
alities with many voters loyal to the in
umbent's party.

2

Apart from their own

poli
y obje
tives, in
umbents may also want to help other politi
ians from their party:

for example, in�uen
ing the 
omposition of Congress 
an help to ena
t a greater

portion of the exe
utive's legislative agenda when a large number of 
o-partisans

reside within Congress.

3

Studies on the politi
al allo
ation of resour
es tend to treat demo
ra
ies as if

they were unitary systems with only one level of government a
tively involved in

the distribution of resour
es. In reality, however, multiple levels of government ea
h

pursue their own politi
al goals. For example, apart from the US federal government,

states also allo
ate resour
es to lo
alities.

4

In su
h a system, governments will have

an in
entive to a
t strategi
ally. For example, the 
entral government should 
onsider

whether to allo
ate resour
es to state governments or to lo
alities taking into a

ount

1

Lindbe
k and Weibull (1987, 1993), Case (2001), Strömberg (2008), Arulampalam et al. (2009).

2

Cox and M
Cubbins (1986), Ansolabehere and Snyder (2006), Lar
inese et al. (2006).

3

Colleman (1999), Howell et al. (2000).

4

Studies on the politi
al determinants of state-
ounty transfers in
lude Frederi
kson and Cho

(1974), Ansolabehere et al. (2002), and Ansolabehere and Snyder (2006).

2



that state governments will also target spe
i�
 lo
alities. In this paper, I model this

type of strategi
 intera
tion between di�erent levels of government, and test the model

using data on the distribution of federal transfers between states and lo
alities in the

US.

Government preferen
es regarding resour
e allo
ation are determined to a large

extent by party politi
s. State and federal governments may be aligned (when they

are 
ontrolled by politi
ians from the same party) or non-aligned (when they are


ontrolled by di�erent parties). Be
ause aligned governments have similar preferen
es

regarding resour
e allo
ation, they are likely to want to target spending towards the

same lo
alities. Non-aligned governments, by 
ontrast, are likely to have di�erent

spending priorities. A strategi
 federal government should take this into a

ount.

It should spend more on its preferred lo
alities in non-aligned states, where these

lo
alities are likely to be at a disadvantage, than in aligned states, where the same

lo
alities are likely to re
eive state funds as well. Considering federal-to-state rather

than federal-to-lo
al transfers, federal transfers to aligned states should be greater

than to non-aligned states, sin
e the former would behave as a politi
al partner and

the latter as a politi
al 
ompetitor of the federal government.

I formalize this idea by setting up a sequential move game with perfe
t information

in whi
h the federal government is the leader and the states are the followers. States


an be aligned or non-aligned with the federal government, and ea
h player 
hooses

the intergovernmental transfers made to lower level governments (federal-to-state,

federal-to-lo
al, state-to-lo
al). I show that, in equilibrium, the federal government

will not transfer funds to lo
alities that are also the target of state spending. Doing so

would simply 
rowd out similar spending by the state. In aligned states, the optimal

federal strategy is to target spending towards the state government. By 
ontrast,

the federal government does transfer dire
tly to lo
alities in non-aligned states, sin
e

these state governments have di�erent spending priorities. The predi
tion therefore is

3



that we should observe more federal transfer to politi
ally preferred lo
alities within

non-aligned states than within aligned ones.

I estimate the predi
tions of the model using data on the allo
ation of US federal

government transfers between states and 
ounties. I follow a di�eren
e-in-di�eren
e

strategy to test whether the federal government transfers more resour
es to politi-


ally aligned 
ounties within non-aligned states than within aligned ones.

5

Consistent

with the model, I �nd that the federal government in
reases transfers to politi
ally

aligned 
ounties by around 6 per
entage points, or roughly $11.50 per 
apita when

the state government 
hanges from being aligned with the federal government to be-

ing non-aligned. There is no eviden
e for su
h an in
rease for non-aligned 
ounties.

This demonstrates the importan
e of 
ontrolling for the three-way politi
al alignment

between lo
al, state, and federal government when studying the determinants of in-

tergovernmental spending. The �nding that these intera
tion terms matter survives

a long list of robustness 
he
ks - among others, 
ontrolling for unobserved hetero-

geneity at the state-year level, alternative de�nitions of politi
al alignment, and an

IV estimation to 
ontrol for state transfers to lo
alities.

My study has three broad impli
ations. First, my results suggest that previous

�ndings on the politi
al determinants of federal transfers to lo
alities may 
ontain

biased estimates. For example, some previous studies estimate the e�e
t of lo
al-

federal politi
al alignment on the allo
ation of federal transfers without 
ontrolling

for state-federal alignment (Levitt and Snyder, 1995, 1997; Berry et al., 2010). If

lo
al-federal and state-federal alignment are positively 
orrelated, my �ndings imply

that the e�e
t of lo
al-federal alignment will be underestimated sin
e it represents a

weighted average of non-aligned states, where I �nd strong e�e
ts, and aligned states,

5

Se
tion 3 
ontains a detailed dis
ussion on the 
onstru
tion of these measures of politi
al

alignment.

4



where I �nd none.

Se
ond, I show that - on
e the strategi
 intera
tion between governments is taken

into a

ount - the data shows eviden
e of politi
al opportunism in the allo
ation of

US federal transfers. The federal government appears to take advantage of the multi-

layered system of government in bringing federal dollars to its 
onstituen
ies. While

some previous studies highlight the politi
al in
entives present in a federal system

(Dixit and Londregan, 1998; Volden, 2005), to my knowledge this is the �rst paper

to test this empiri
ally.

Third, my results have general impli
ations for normative studies of de
entraliza-

tion. Other s
holars have studied the e�
ien
y gains from de
entralization, either in

the sense of aggregate surplus or in the Pareto sense (Oates, 1972; Lo
kwood, 2002;

Besley and Coate, 2003). However, these studies 
ompare publi
 good provision in

a pure 
entral system to pure regional or lo
al provision. My results suggest that a

federal system with both 
entral and multiple lower governments behaves di�erently

from these extremes. In this type of de
entralized system, the federal government

might engage in a sort of 
ompetition with non-aligned states for mobilizing voters,

while 
ooperating with states that are politi
ally aligned with it.

The rest of the paper is organized as follows. The next se
tion pla
es this paper in

the related literature. In se
tion 3, I explain in detail how I de�ne politi
al alignment

based on previous studies. In se
tion 4, I present the model. In se
tion 5, I present the

data and e
onometri
 spe
i�
ation used to test the theoreti
al predi
tions. Se
tion

6 
ontains the main empiri
al results, and se
tion 7 the robustness 
he
ks. Finally,

se
tion 8 
on
ludes.
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1.2 Related literature

There are three types of studies in the literature on the politi
al allo
ation of govern-

mental resour
es: some study the allo
ation of federal resour
es to state governments,

others the allo
ation of state resour
es to lo
alities, and still others the distribution

of federal resour
es to lo
alities. None of the studies in the third group 
ontrol for

the intera
tion between federal and state governments. In this sense, my study brings

together these previous papers by in
luding all three e�e
ts.

In the �rst group of papers, on federal transfers to state governments, Grossman

(1994) estimates that federal grants in
rease when the number of publi
 employees

and union membership per 
apita in
rease. He also �nds that federal grants to states

in
rease when the per
entage of seats held by Demo
rats in the House of Representa-

tives in
reases. Lar
inese et al. (2006) show that federal outlays to states are a�e
ted

mainly by the President. Contrary to the 
ommon belief, the Senate and the House

of Representatives have mu
h smaller impa
t on federal outlays. In parti
ular, the

authors �nd that federal transfers are a�e
ted mainly by the alignment between the

President and the state governor and by the alignment between the former and the

majority of the state delegates in the House. By 
ontrast, the governor's alignment

with either the House or the Senate has no e�e
t.

In the se
ond group of papers studying the relationship between states and lo
al-

ities, Ansolabehere and Snyder (2006) examine the e�e
t of party 
ontrol of the state

on the allo
ation of the state budget. They �nd that the party that 
ontrols the state

(whi
h is not ne
essarily the party of the Governor) skews the distribution of funds

towards partisan lo
alities. By 
ontrast, they �nd weak eviden
e that swing voters

are being targeted.

In the third group of papers, on the allo
ation of the federal budget to lo
ali-

ties, Levitt and Snyder (1995) estimate that, over a period of Demo
rati
 
ontrol of

6



Congress, federal programs with higher variability a
ross distri
ts were biased towards

distri
ts with more Demo
rats.

6

Berry et al. (2010) follow Lar
inese et al. (2006) but

use federal outlays to lo
alities instead of states. They also �nd that the president

has ample opportunities to in�uen
e the allo
ation of high variability funds to lo
al-

ities, both before and after 
ongressional approval of the budget. Spe
i�
ally, federal

spending to 
ounties in
reases if the 
ounty's House Representative is aligned with

the President. In 
ontrast, they do not �nd eviden
e that 
ongressional 
ommittee

assignments in�uen
e federal spending.

Bringing these results together, if the federal government transfers more funds to

aligned states, and states allo
ate more resour
es to aligned lo
alities, then some of

the federal-to-state transfers might re�e
t the ultimate obje
tive of targeting lo
alities

aligned with the federal government. At the same time, this also implies that the

federal government will have more in
entive to dire
tly transfer funds to aligned

lo
alities within non-aligned states. This is the starting point of my analysis below.

My �ndings will imply that studies su
h as Levitt and Snyder (1995) and Berry et al.

(2010), whi
h do not 
ontrol for federal-state alignment, are likely to underestimate

the e�e
t of politi
al alignment on federal-to-lo
al transfers.

I know of only two (theoreti
al) studies that 
onsider strategi
 intera
tion between

di�erent levels of government. Dixit and Londregan (1998) study a model of politi
al

platform 
ompetition and 
ompare a 
entralized government with two levels of politi-


al 
ompetition, 
entral and state. They predi
t that the 
entral poli
y implemented

is going to be a fun
tion of the poli
y implemented at the state level, sin
e state

politi
ians 
ompete during the se
ond stage of the game. In Volden's (2005) model,

state and federal governments may 
ompete in the provision of publi
 goods, leading

6

High variability programs are assumed to be more dis
retionary, and hen
e more likely to re�e
t

politi
al motivations. See more on this in Appendix B.
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to over-taxation and over-provision be
ause both seek 
redit via publi
 spending and

they do not want to be blamed for taxing. My 
ontribution relative to these stud-

ies is to fo
us on the role of politi
al alignment in the strategi
 intera
tion between

governments, and to provide empiri
al eviden
e 
onsistent with my model.

1.3 Ba
kground: Who 
ontrols the budget?

This se
tion dis
usses the 
on
ept of politi
al alignment between governments based

on whi
h a
tor is most likely to have 
ontrol over the allo
ation of the budget.

At the federal level, both in the 
onstru
tion of budgets and in their implemen-

tation, the President has ample opportunities to a�e
t the geographi
 distribution

of federal outlays sin
e the Budget and A

ounting A
t of 1921. The President has

been responsible for 
omposing a 
omplete budget, whi
h is submitted to Congress

in February of ea
h year, and whi
h initiates the a
tual authorization and appropri-

ations pro
esses. Substantial e�orts are made to ensure that the president's budget

re�e
ts his or her poli
y priorities (Berry et al., 2010). The O�
e of Management

and Budget (OMB) is an important vehi
le of presidential 
ontrol. Rather than sub-

mitting requests dire
tly to Congress, agen
ies seeking federal funding must submit

detailed reports to the OMB. The OMB 
lears ea
h of these reports to ensure that it

re�e
ts the 
hief's exe
utive's poli
y priorities. The end produ
t is a proposed budget

that 
losely adheres to the President's poli
y agenda. This ability of the President

to target funds towards desired areas does not imply that the members of Congress


annot make amendments. However, the threat of a presidential veto gives mem-

bers of Congress an in
entive to keep the budget proposal 
lose to the initial form

proposed by the President (M
Carty, 2000).

7

The President also has substantial in-

7

This threat does not apply when a supermajority in Congress would be likely to overturn

8



�uen
e over the allo
ation of federal funds on
e the budget has been approved. For

instan
e, administrative agen
ies 
an be 
reated through exe
utive a
tion; in su
h a


ase, they are signi�
antly less isolated from presidential 
ontrol than are agen
ies


reated through legislation (Howell and Lewis, 2002). In addition, the President 
an

reprogram funds within 
ertain budgetary a

ounts; and with Congress's approval,

he 
an transfer funds between a

ounts (Berry et al., 2010). In light of these fa
ts,

the President's party will be taken in this paper as the party that 
ontrols the Federal

budget. As dis
ussed in se
tion 2, this is 
onsistent with the empiri
al �ndings of

Lar
inese et al. (2006) and Berry et al. (2010), among others.

Regarding state governments, there are a variety of ways to de�ne party 
ontrol of

the state. One option is to use the governor's party, analogously to the federal level.

However, it is important to note that, in 
ontrast with Congress, during my period

of study (from 1982 to 2002) there were several instan
es of a party having a super-

majority in both 
hambers of the state legislature without holding the Governor's

seat. In su
h 
ases overturning a Governor's veto would have been likely, and this has

to be taken a

ount in order to de�ne the state 
ontrol of the budget a

urately. In

the main analysis, I will use the measure used by Ansolabehere and Snyder (2006),

whi
h a

ounts for this type of divided government.

8

Based on this measure, the state

is under, say, Demo
rati
 
ontrol if (i) Demo
rats have a majority in both legislative


hambers and the Governor is a Demo
rat, or (ii) Demo
rats hold at least two thirds

of the seats in both legislative 
hambers. Republi
an 
ontrol is de�ned analogously.

a presidential veto. In su
h a 
ase, we might expe
t the budget to be less representative of the

President's priorities. During my period of analysis (1982-2002), there was never a super-majority

against the President's party, therefore overturning his veto would have been highly unlikely.

8

I dis
uss the robustness of my �ndings using alternative measures in se
tion 7.

9



Ansolabehere and Snyder show that, under this de�nition of party 
ontrol of the state,

state funds are targeted towards lo
alities where the fra
tion of politi
al supporters

is the highest.

1.4 Theoreti
al framework

I model the politi
al allo
ation of government expenditures by two levels of govern-

ment: federal and state. Both governments 
an spend dire
tly at the lo
al level (by

spending funds in spe
i�
 distri
ts or 
ounties). In addition, the federal government


an make intergovernmental transfers to states, giving them dis
retion in how these

funds are ultimately spent.

Consider two states, i = 1, 2, with the same number of 
ounties and assume that

the party that 
ontrols State 1 is aligned with the President and the party that


ontrols State 2 is not.

9

Counties in both states 
an be politi
ally preferred by the

President (represented by the set Fi) and / or politi
ally preferred by the State i

(represented by the set Si). Following the literature dis
ussed in se
tions 1 and 2

above, a 
ounty may be �politi
ally preferred� be
ause it has many loyal voters, or

be
ause it is a swing 
ounty. The sour
e of politi
al preferen
e will not matter for

the theory, but I will 
onsider ea
h of these possibilities separately in the empiri
al

analysis below. Assume that, in state i, mi 
ounties are politi
ally preferred by both

the President and the party in 
ontrol of the state (|Fi ∩ Si| = mi), ni 
ounties are

politi
ally preferred by the President only (|Fi\(Fi ∩ Si)| = ni), and ri 
ounties are

politi
ally preferred by the party in 
ontrol of the state only (|Si\(Fi∩Si)| = ri). This

9

As in se
tion 3, a state is aligned if the party that 
ontrols the state budget is the same as the

President's party.

10



is illustrated in Figure 1. As the �gure makes 
lear, it is not unrealisti
 to assume

that the number of 
ounties that are preferred by both the President and the state

government is higher in State 1 than in State 2 (m1 > m2) sin
e the former is aligned

with the President. Similarly, the number of 
ounties that are preferred by one level

of government only is higher for State 2 (n1 < n2 and r1 < r2).
10

Ea
h 
ounty is represented by an ele
ted 
ongressman who may or may not be

from the President's party. Let the sets fi ⊂{Fi\(Fi ∩ Si)} and fsi⊂(Fi ∩ Si) denote

the 
ounties whose House Representative is aligned with the President, and {(Fi\(Fi∩

Si))\fi} and {(Fi ∩ Si)\fsi} the sets of 
ounties whose House Representative is non-

aligned. I assume that

|f1|
|F1\(F1∩S1)|

= |f2|
|F2\(F2∩S2)|

= |fs1|
|F1∩S1|

= |fs2|
|F2∩S2|

= α, i.e., there is

a 
onstant share of 
ounties aligned with the President within ea
h group for ea
h

state.

11

The President de
ides in the �rst stage of the game how mu
h to transfer to ea
h

state (T S
1 and T S

2 ) and how mu
h to transfer dire
tly to ea
h 
ounty j within ea
h

state (TC
j1 and TC

j2). In the se
ond stage of the game, both state 1 and 2 de
ide how

mu
h to transfer to ea
h 
ounty (tC1j and tC2j respe
tively). I will assume that the

government's budget is exogenous in order to avoid dealing with another sour
e of

politi
al opportunism, that is raising or lowering taxes. The federal government's

budget is B̃F
and states' budgets are B̃1

and B̃2
respe
tively.

Assuming that all individuals have the same utility fun
tion and the same personal

in
ome, the representative individual's utility fun
tion of lo
ality j in State i∈ (1, 2)

10

Intuitively, aligned states have more things in 
ommon with the President, hen
e the preferen
es

over the politi
al allo
ation of resour
es are more similar than in the non-aligned state.

11

One 
ould instead assume that the proportion of aligned lo
alities is higher within the aligned

state. The assumption of 
onstant proportion within ea
h state simpli�es the algebra without

a�e
ting the main result of the model.

11



is U ij = H (xij), where H (0) = 0, H ′ (x) > 0, H ′′(x) < 0, and xij
is the total publi


spending in the 
ounty. Publi
 spending 
ould be �nan
ed by either the State i only,

State i and the President, or by the President only. Following Oates (1999), I assume

that higher level governments are less e�
ient at spending at the lo
al level than

lower level governments that are �
loser� to the target of spending.

12

Spe
i�
ally, I

let total publi
 spending be xij = θTC
ij + tCij, where θ ∈ (0, 1) represents the relative

ine�
ien
y or leakage of President provision 
ompared with the state provision.

The President's payo� is

2∑

i=1

(
∑

j∈fsi

γH
(
θTC

ij + tCij
)
+
∑

j∈f i

γH
(
θTC

ij

)
+

∑

j∈((Fi∩Si)\fsi)

H(θTC
ij + tCij)

+
∑

j∈((Fi\(Fi∩Si))\fi)

H
(
θTC

ij

)
),

where γ > 1 represents a relative preferen
e towards spending in lo
alities that have

an aligned House Representative.

13

The President fa
es the following budget 
on-

straint:

B̃F =
2∑

i=1

(
∑

j∈Fi

TC
ij + T S

i ).

12

Oates (1999) argued that lower level governments should be more e�
ient in providing lo
al

publi
 goods be
ause they are �
loser to the people,� possessing knowledge of both lo
al preferen
es

and 
ost 
onditions that a 
entral agen
y is unlikely to have. Su
h lo
al knowledge 
ould also make

the politi
al allo
ation of resour
es more e�e
tive when lower levels of government take the lead.

13

Presidents may have various reasons to help members of their own party. For example, based

on the dis
ussion in Se
tions 2 and 3, a president 
an avoid the potential overturn of a future veto,

and thereby keep 
ontrol of the budget, by ensuring that a 
ertain number of 
o-partisans are ele
ted

into o�
e.

12



State i's payo� is

∑

j∈(Fi∩Si)

H
(
θTC

ij + tCij
)
+

∑

j∈(Si\(Fi∩Si))

H
(
tCij
)
,

and it fa
es the budget 
onstraint

B̃i + T S
i =

∑

j∈Si

tCij .

Note that, be
ause ea
h government only 
ares about 
ounties that are preferred by

it, tCij = 0 for j ∈ (Fi\(Fi ∩ Si)) and TC
ij = 0 for j ∈ (Si\(Fi ∩ Si)).

14

Solving the model using Ba
kward Indu
tion yields the following:

Proposition 1 . In a Subgame Perfe
t Nash Equilibrium, (i) federal transfers to


ounties that are politi
ally preferred by the President only will be larger when the

House Representative is from the President's party (TC
ij ≡ TC

a > TC
il ≡ TC

∼a for

i = 1, 2, j ∈ fi, l ∈ ((Fi\(Fi ∩ Si))\fi)); (ii) federal transfers to 
ounties that are

preferred by both the President and the state will be equal to zero regardless of the

House representative's party (TC
ij = TC

il = 0 for i = 1, 2, j ∈ fsi, l ∈ (FSi\fsi)).

Proof. See appendix A. �

Part (i) of Proposition 1 follows simply from the fa
t that the President puts

higher weight on 
ounties with an aligned representative. Part (ii) is more surprising:

it says that the President will not transfer funds to 
ounties that are also politi
ally

preferred by the state. To interpret this result, 
onsider the states' rea
tion fun
tion

14

Similarly to the President, I assume that States only 
are about their preferred 
ounties. This

means that a State's payo� is not a�e
ted by federal transfers to its non-preferred 
ounties. This

assumption 
ould easily be relaxed: as long as the State atta
hes a higher weight to preferred


ounties, allowing non-preferred 
ounties to also have a positive weight would not a�e
t the main

impli
ations of the model.

13



from solving their maximization problem in the se
ond stage of the game:

tC
∗

ij =
1

mi + ri


B̃i + T S

i + θ
∑

l∈(Fi∩Si)

TC
il


− θTC

ij , for i = 1, 2 and j ∈ (Fi ∩ Si)(1)

tC
∗

ij =
1

mi + ri


B̃i + T S

i + θ
∑

l∈(Fi∩Si)

TC
il


 , for i = 1, 2 and j ∈ Si\(Fi ∩ Si) (2)

Consider the President's 
hoi
e between transferring an extra dollar to 
ounty j ∈

(Fi∩Si) or to State i. In the �rst 
ase, 
ounty j would re
eive a fra
tion θ < 1 of that

dollar. Moreover, given (1), State i would de
rease the transfer to that 
ounty j by

the amount △tC
∗

ij = ( 1
mi+ri

− 1)θ and given (2), it would in
rease the transfers to all

the other 
ounties in the group Si − {j ∈ (Fi ∩ Si)} by the amount △tC
∗

ij = ( 1
mi+ri

)θ

to keep the total publi
 spending in ea
h 
ounty that belongs to the state i's preferred

group Si equal. Instead, if the President gave the 1 dollar to State i, then the State

would in
rease the transfers to ea
h 
ounty in the group Si by the same amount

△tC
∗

ij = 1
mi+ri

. Comparing the two strategies, the president 
an target �indire
tly�

ea
h of his preferred 
ounties in the group Fi∩Si with an extra amount of ( 1
mi+ri

)(1−θ)

dollars if he transfers one extra dollar to states and not dire
tly to the 
ounties in that

group. Then, transferring to his preferred 
ounties in the group Fi ∩ Si is dominated

by transferring to the state. This property of the equilibrium 
omes from the fa
t that

the President is 
omparatively ine�
ient at allo
ating politi
al resour
es, 
ombined

with the fa
t that he knows that ea
h State i 
an undo anything he does in the �rst

stage, to meet State i's goals in terms of politi
al allo
ation.

By 
ontrast, the President does transfer to 
ounties that only he prefers (j ∈

Fi\(Fi ∩ Si)), be
ause State i is not allo
ating any funds to them. Hen
e, in equilib-

rium, the President will allo
ate resour
es to his own preferred 
ounties only.

Sin
e the number of 
ounties within ea
h of the three groups (Fi∩Si, Fi\(Fi∩Si)

and Si\(Fi ∩ Si)) di�ers between State 1 and 2, we observe, on average, di�erent

14



federal transfers to the President's preferred 
ounties within the non-aligned state 2

and within the aligned state 1. Formally stated, we have:

Corollary 1. Average federal transfers to the President's preferred 
ounties are

greater in the non-aligned State 2 than in the aligned State 1. The di�eren
e between

the states is greater in the 
ase of 
ounties that have a House Representative aligned

with the President. Formally, ( n2

(n2+m2)
− n1

(n1+m1)
)TC

a > ( n2

(n2+m2)
− n1

(n1+m1)
)TC

∼a > 0.

Corollary 1 is the main result of the theoreti
al model. On average, we observe

greater federal transfers to preferred 
ounties within non-aligned states be
ause (1)

there are more 
ounties preferred by the President only, and (2) as stated in Proposi-

tion 1, those 
ounties are the ones that the President targets. The di�eren
e between

states is greater when the 
ounty is represented by an aligned House Representative,

be
ause these 
ounties have a higher weight in the President's obje
tive fun
tion.

The model also has impli
ations regarding federal-to-state transfers. As stated in

Proposition 1, transferring federal funds to the President's preferred 
ounties in the

group Fi ∩ Si is dominated by the strategy of transferring to the State i. Sin
e the

number of 
ounties preferred by both the President and the State is greater for the

aligned State 1, that state will re
eive more federal transfers than the non-aligned

State 2. Essentially, the President is more willing to delegate the allo
ation of funds

to State 1 with whom he has more in 
ommon.

15

This is formalized in the following


orollary:

Corollary 2. Federal transfers to State 1 are greater than to State 2 (T S
1 > T S

2 )

if the endowments of both states are equal ( B̃1 = B̃2
).

Proof. See appendix A. �

15

This result is 
onsistent with the �ndings of Lar
inese et al. (2006) in whi
h federal government

transfers more funds to aligned states.

15



1.5 Data and e
onometri
 spe
i�
ation

1.5.1 Data

The Census of Governments provides reliable and 
omparable data on the distribution

of Federal expenditures. It 
olle
ts data on Government spending at �ve year intervals

throughout the U.S. I use the years 1982, 1987, 1992, 1997 and 2002, providing 
ounty

level data for around 3100 
ounties. The dependent variable for my analysis is the

sum of federal transfers to all lo
al governments inside the 
ounty, as a per
entage

of 
ounty personal in
ome (from the Census Bureau). Importantly, the data allows

me to identify whether federal funds go dire
tly to any lo
al governments inside the


ounty (federal to 
ounty transfers), or indire
tly through the state (federal to state

transfers).

16

To what extent are federal to 
ounty transfers dis
retionary, as opposed to stri
tly

formula based? In Appendix B, I study this question in detail, using te
hniques from

the literature to measure the extent of dis
retion. In parti
ular, Levitt and Snyder

(1995, 1997) and Berry et al. (2010) argue that variability in spending provides

eviden
e of dis
retion, and I show that the variable I use displays more varian
e than

even the highly dis
retionary programs from CFFR. In the Appendix, I also propose

an alternative, more stringent test for measuring the variability of federal programs

16

Some previous studies have used data from the Consolidated Federal Fund Report (CFFR

hereafter). This data details federal transfers by programs and re
ipients every year, but one 
annot

identify whether those funds go dire
tly to a lo
ality through federal agen
ies, or indire
tly through

state agen
ies. This distin
tion is 
ru
ial for my study. Another advantage of using data aggregated

a
ross programs is that federal programs from an integrated and 
omplex federal budget are often

linked, so using aggregate data 
ontrols for this 
orrelation, avoiding the simultaneous equation bias

that might arise if spe
i�
 programs were studied instead.

16



and show that the variable I use appears highly dis
retionary based on this test as

well.

Other data used here in
lude 
ontrols that are standard in the publi
 �nan
e

literature (see Appendix C for detailed sour
es). I use 
ounty level in
ome per 
apita,

bla
k population, population under 18, population over 65, total population, and

presidential ele
tions statisti
s, all from the Census Bureau. The information about

Congressional distri
ts was 
olle
ted from the Atlas of Congressional Distri
ts, taking

into a

ount the 
hanging distri
t boundaries. I also use voting data about Governors,

state legislatures, and US House Representatives from multiple sour
es des
ribed in

Appendix C.

1.5.2 E
onometri
 spe
i�
ations

Based on Corollary 1, I estimate the di�eren
e in federal transfers to 
ounties in

aligned vs. non-aligned states depending on whether the 
ounty is represented by

a House Representative from the President's party (�aligned 
ounties�). I present

two e
onometri
 models. In the �rst one, I do not try to identify whi
h 
ounties are

�preferred� by the President, i.e., these 
ould be either partisan or swing 
ounties. In

the se
ond one, I expli
itly study whi
h of these two groups drives the results.

The �rst e
onometri
 spe
i�
ation is as follows:

TC
jit = α+βFSFSit+βFCFCjit+βFS×FCFSit×FCjit+X

′

jitb+βposposjit+βcloseclosejit

+Dt + uj+ejit (3)

Here, TC
jit is federal transfer to 
ounty j in State i during year t, X

′

jit are various time

varying 
ontrols (natural log of real in
ome per 
apita, per
entage of bla
ks, per
ent-

age of people under 18, per
entage of people over 65 and natural log of population)

17



and FC and FS are politi
al alignment dummy variables. Namely, FS is an indi
ator

that represents federal-state politi
al alignment for the 
urrent and the previous two

years.

17

Based on the dis
ussion in Se
tion 3, this variable takes a value of 1 if the

party that 
ontrols the state budget is the same as the President's party. Similarly,

FC is an indi
ator that represents federal-
ounty alignment for the 
urrent and the

previous two years. It takes a value of 1 if the 
ongressional distri
t in whi
h 
ounty

j lies has a US House Representative from the same party as the President.

18

The

variables pos and close are indi
ators of the last presidential ele
tion vote margin.

The former takes a value of 1 if the vote margin was higher than 0.10, and the latter

takes a value of 1 if the margin was between -0.10 and 0.10.

19

These variables are

in
luded be
ause of the potential 
orrelation between alignment 
ategories and pre-

vious ele
toral vote margins, in whi
h 
ase ex
luding them 
ould lead to an omitted

variable bias. The spe
i�
ation also in
ludes �xed e�e
ts: time �xed e�e
ts (Dt)

are used to 
ontrol for 
ountry-wide e�e
ts, su
h as the politi
al and e
onomi
 envi-

ronment at the federal level, and 
ounty �xed e�e
ts (uj) 
ontrol for time-invariant

unobserved heterogeneity at the 
ounty level, su
h as the number of lo
al government

17

My results below are virtually un
hanged if I use the previous two years (ignoring the 
urrent

year).

18

If the 
ounty is divided into many 
ongressional distri
ts, as it happens with highly populated


ounties, I 
ategorize the 
ounty as being aligned with the President if at least 70% of its House

Representatives are from the President's party. In se
tion 7, I show that the results are robust if I

ex
lude these 
ases from the analysis.

19

Margin is a 
ontinuous variable taking values between [-1,1℄. For example, if the president is a

Demo
rat and 55% of the ele
torate in 
ounty j voted for Demo
rats and 45% for Republi
ans, the

margin will be 0.10. However, if the President were Republi
an, the margin would have been -0.10.

18



units within ea
h 
ounty, or urban vs. rural areas where the President might have

di�erent politi
al in
entives.

Based on the predi
tion of the model in Se
tion 4, we expe
t the di�eren
e-in-

di�eren
e estimator βFS×FC in (3) to be negative. As stated in Corollary 1, βFS×FC =

( n2

(n2+m2)
− n1

(n1+m1)
)(TC

∼a − TC
a ) < 0. This means that the 
hange in federal transfers

when the State be
omes non-aligned with the President (
hanging the party that


ontrols the state budget) has to be greater, on average, for aligned 
ounties than for

non-aligned ones.

By not 
onditioning the di�eren
e-in-di�eren
e estimate βFS×FC on �preferred�


ounties, equation (3) is likely to provide an underestimate of the true e�e
t. This

is the average e�e
t between the President's preferred and non-preferred 
ounties.

Based on the theory, the e�e
t should only be present among the preferred 
ounties.

In the se
ond e
onometri
 model, I investigate whi
h 
ounties, partisan or swing,

are more likely to be preferred. For example, if preferred 
ounties are the partisan


ounties, we expe
t the di�eren
e-in-di�eren
e to be stronger for this group. I in
or-

porate in equation (3) the e�e
t of partisanship on the 
hange of federal to 
ounty

transfers due to 
hanges in alignments by fully intera
ting the alignment variables

with the presidential vote margin 
ategories: negative partisan (margin below -10%),

swing (margin between -10% and 10%) and positive partisan (margin above 10%). I

run the following regression:

TC
jit = α + βFSFSit + βFCFCjit + βFS×FCFSit × FCjit + βposposjit + βcloseclosejit

+βFS×posFSit × posjit + βFS×closeFSit × closejit + βFC×posFCjit × posjit

+βFC×closeFCjit × closejit + βFS×FC×posFSit × FCjit × posjit

+βFS×FC×closeFSit × FCjit × closejit +X
′

jitb+Dt + uj+ejit,

(4)

where posjit stands for positive partisan, closejit for swing, and the ex
luded
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ategory is negative partisan 
ounties.

1.6 Main results

In this se
tion I present the main empiri
al �ndings of the paper. In Table 1, I

regress federal to 
ounty transfers on federal-state and federal-
ounty alignment, and

the time varying 
ovariates listed under Equation (3). In Column (1) and (2), we

see that federal transfers to 
ounties are not signi�
antly a�e
ted by the alignment

between the President and the party that 
ontrols the state (FS) or by the alignment

between the President and the House Representative of a 
ounty (FC). However,

the 
oe�
ients in both regressions have the 
orre
t sign. Namely, in Column (1)

federal transfers to 
ounties are 2.5 per
entage points smaller inside aligned states,

suggesting that the President has more interests in targeting 
ounties within non-

aligned states 
ompared with aligned ones. Transfers are 1 per
entage point greater

when the 
ounty is aligned with the President, as seen in Column (2). The latter result

is in line with the �ndings in Berry et al. (2010), where an aligned Representative

with the President re
eives more federal funds for his distri
t.

The estimation of equation (3), presented in Column (3), 
ontrols for the di�er-

ential e�e
t between aligned and non-aligned states on federal transfers to aligned

and non-aligned 
ounties. Consistent with the model, I �nd that the President tar-

gets spending towards 
ounties represented by an aligned Representative more within

non-aligned states. The 
oe�
ient estimate β̂FS is almost zero, whi
h means that

the transfer to a non-aligned 
ounty does not 
hange if the State 
hanges from non-

aligned to aligned with the President. Instead, when this di�eren
e is 
onditional

on aligned 
ounties, the transfer de
reases by 5.6 per
entage points as shown by the

linear 
ombination β̂FS + β̂FS×FC in panel B. This �nding is explained by Proposi-

20



tion 1: There is no in
entive to spend in aligned 
ounties within aligned states, sin
e

that would simply 
rowd out similar spending by the State. There is, however, an

in
entive to spend in aligned 
ounties within non-aligned states.

Based on Corollary 1, the pre
ision of the estimation 
an be in
reased by 
ondi-

tioning on 
ounties preferred by the President. For that purpose, Table 2 presents

the results from estimating equation (4). The table shows the estimators 
onditional

on positive partisan (in panel A: margin > 0.10), swing (in panel B: margin≤ |0.10|)

and negative partisan 
ounties (in panel C: margin < -0.10). For ea
h 
ase, I report

the estimates for the 
hange in federal transfers to an aligned 
ounty when the state


hanges from non-aligned to aligned with the President (�rst row in all panels of Ta-

ble 2), the 
hange in federal transfers to a non-aligned 
ounty when the state 
hanges

from non-aligned to aligned (se
ond row in all panels of Table 2), and the di�eren
e

between these two 
hanges (reported in the third row in all panels of Table 2).

In the �rst row of Panel A, federal transfers to an aligned partisan 
ounty are

5.9 per
entage points smaller when the state 
hanges from non-aligned to aligned

with the President. The se
ond row of the same panel shows the same di�eren
e

when the 
ounty is not aligned with the President. This estimate is 
lose to zero and

insigni�
ant, indi
ating that the President does not 
hange the allo
ation of resour
es

to non-aligned 
ounties when the state's politi
al alignment 
hanges. As the third

row of the panel shows, the two estimates are signi�
antly di�erent from ea
h other,

indi
ating that there is a di�eren
e in the President's behavior regarding aligned and

non-aligned partisan 
ounties.

As panel B shows, I do not �nd similar di�eren
es for swing 
ounties (although

the 
oe�
ients have the expe
ted sign). This suggests that, in this 
ontext, the

President has a preferen
e towards targeting aligned partisan 
ounties rather than

swing 
ounties.

In Panel C, the estimate β̂FS indi
ates a signi�
ant e�e
t for aligned negative

21



partisan 
ounties. However, as the last row shows, there is no eviden
e of a di�eren
e

between aligned and non-aligned 
ounties in this 
ase. Given the small number of

aligned negative partisan 
ounties, results for this 
ategory should be interpreted with


are.

20

The results in this se
tion are in line with the theoreti
al model. The President

has an in
entive to allo
ate funds strategi
ally to aligned 
ounties only within non-

aligned states. This e�e
t appears to be stronger within partisan 
ounties, suggesting

that these might be the 
ounties viewed as politi
ally valuable by the President in

this setting.

1.7 Robustness 
he
ks

In this se
tion, I explore the robustness of the above results by estimating spe
i-

�
ations (3) and (4) on di�erent sub samples, by 
hanging how the dependent or

independent variables are measured, and by 
ontrolling for various sour
es of unob-

served heterogeneity.

20

For aligned states (i.e., FS = 1), we have 190 negative partisan 
ounties, 
ompared with 360

swing and 990 positive partisan 
ounties. For aligned 
ounties (i.e., FC = 1), we have 250 negative

partisan 
ounties, 
ompared with 760 swing and 2400 positive partisan 
ounties. For aligned 
ounties

inside aligned states (i.e., FS ×FC = 1) we have 31 negative partisan 
ounties, 
ompared with 100

swing and 570 positive partisan 
ounties.
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1.7.1 Rede�ning the dependent variable: Federal transfers in

per 
apita terms

The dependent variable throughout this study is federal-
ounty transfers as a per
ent-

age of 
ounty personal in
ome. If in
ome 
an also �u
tuate due to politi
al 
y
les, the

dependent variable might have an un
lear interpretation be
ause every time the fed-

eral government 
hanges transfers due to politi
al alignment, both the numerator and

the denominator will be moving in the same dire
tion. As a robustness 
he
k, I use

real federal transfers (pri
es of 2000) in per 
apita terms as the dependent variable.

21

The results 
an be seen in Column (2) of Tables 3 and 4. In Column (2) of Table

3, we see that the main results do not 
hange, although the di�eren
e in di�eren
e be-


ame non-signi�
ant.

22

Column (2) of Table 4 separates partisan and swing 
ounties,

and shows that the results are qualitatively the same as above. I �nd a signi�
ant

and negative di�eren
e-in-di�eren
e for partisan 
ounties but not for swing 
ounties.

1.7.2 Alternative party 
ontrol of the state de�nition

The party in 
ontrol of the state 
an be de�ned in alternative ways (see Se
tion 3).

Above, I have used the measure proposed by Ansolabehere and Snyder (2006). In

this se
tion, I 
hange that de�nition slightly to show that the main results are not

sensitive to 
hanges in the way of de�ning party 
ontrol of the state.

21

The drawba
k of this variable 
ompared to in
ome is that people 
an move due to publi
 good

provision as in the Tiebout sorting model.

22

This 
ould be explained by Tiebout sorting. It 
ould also be due to an attenuation bias be
ause

a linear extrapolation was used to get population at 5 year intervals from the de
ennial 
ensus.

23



A governor's veto power is an important element of 
ontrol over the state budget.

However, a veto 
an in some 
ases be overturned by two thirds of the legislators. The

greater the share of 
o-partisan legislators, the smaller the probability of overturning

a Governor's veto, and the more likely that the governor's preferen
es will determine

the budget. To 
apture this, I use the following de�nition of party 
ontrol: if the

Governor's party has a simple majority in one of the legislative 
hambers and holds

at least one third of the seats in the other 
hamber, then the state is 
ontrolled by

the Governor's party. Intuitively, a veto overturn is unlikely in this 
ase sin
e the

legislature needs more than two thirds in both 
hambers for overturning a Governor's

veto. I use this new de�nition to 
onstru
t the federal-state alignment variable, and

re-estimate equations (3) and (4).

The results 
an be seen in Column (3) of Table 3 and 4. As we 
an see in Table

3, the results 
hange little, with the di�eren
e in di�eren
e in
reasing somewhat in

absolute value for this new de�nition of party 
ontrol of the state. Column (3) of Table

4 shows a similar pattern: the �nding of a di�erential e�e
t for partisan 
ounties is

reinfor
ed 
ompared to the measure used earlier.

1.7.3 Addressing unobserved heterogeneity at state level

The results 
ould be subje
t to an omitted variable bias if federal transfers to 
ounties

were 
orrelated with unobserved state-time varying 
ovariates. One example of this

is federal to state transfers. Sin
e these are potentially endogenous, 
ontrolling for

them would not be appropriate. Using state-time �xed e�e
ts will address this and

other potential state-time level heterogeneity.

In Column (4) of Table 3 and 4, we 
an see the estimation of equations (3) and

(4), respe
tively, on
e these �xed e�e
ts are in
luded. In Column (4) of Table 3,

as before, aligned 
ounties re
eive signi�
antly higher transfers only in non-aligned
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states. In aligned states, the e�e
t of federal-
ounty alignment is negative and not

statisti
ally signi�
ant.

23

In Column (4) of Table 4, the estimates 
hange little, and

the di�eren
e in di�eren
e for partisan 
ounties is still signi�
ant. Note that there is

a 
onsiderable loss in degrees of freedom in these regressions due to the in
lusion of

around 250 new �xed e�e
ts. Based on these results, state level heterogeneity does

not appear to a�e
t the main �ndings of the paper.

1.7.4 Ele
ted 
oun
il-exe
utive 
ounties

There are three basi
 forms of 
ounty government: Commission, Administrator and

Coun
il-Exe
utive. The last one di�ers from the others in that the exe
utive is

independently ele
ted by 
ounty voters instead of being appointed by a 
oun
il or


ommission board. The 
ounty board remains the legislative body, but in this 
ase

the exe
utive 
an veto ordinan
es ena
ted by the 
ommission. The 
ounty exe
utive

has as mu
h power as a mayor-
oun
il in a strong muni
ipality or 
ity. For 
ounties

with su
h a strong exe
utives the President might 
are about the party of the exe
utive

more than about the party of the House Representative.

I am not aware of any dataset that would 
ontain the party a�liation of the


ounty exe
utives or the date this form of governments was �rst introdu
ed in ea
h


ounty. However, the National Asso
iation of Counties (NACO) identi�es whi
h


ounties 
urrently have this form of government. In Column (5) of Table 3, I drop

these 400 
ounties and re-estimate the model. The estimator β̂FS×FC is still negative

but not signi�
ant. Nevertheless, the linear 
ombination β̂FS + β̂FS×FC is signi�
ant

and negative, and β̂FS is 
lose to zero, just like in Column (1). When we 
ontrol for

23

Although not signi�
ant, the sign of β̂FS×FC remains un
hanged.
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partisan and swing 
ounties as shown in Column (5) of Table 4, the results are very

similar to the ones shown in Column (1). These results reinfor
e the main �ndings of

the paper. They also suggest that either the organizational form of the 
ounties and

the party a�liation of their exe
utives are not 
orrelated with the party a�liation

of the House Representative, or that, even 
oun
il-exe
utive 
ounties, the President


ares more about the party of the House Representative.

1.7.5 States with only one 
ongressional distri
t

If a state has only one 
ongressional distri
t, this in
reases the 
orrelation between the

federal-state and the federal-
ounty alignment measures. If we assume the extreme


ase in whi
h all the states have only one 
ongressional distri
t as large as them-

selves, then neither the model of equation (3) nor equation (4) would be identi�ed.

Even though the situation is away from this extreme 
ase, there are states with one


ongressional distri
t that in
reases the 
orrelation between those two measures of

alignment. This 
ould redu
e the signi�
an
e of the individual parameter estimates,

while still resulting in signi�
ant linear 
ombinations like in panel B of Table 1 and

Table 2. In order to see whether the results are a�e
ted by the 
orrelation between

FS and FC, I drop from the sample the states with only one 
ongressional distri
t

(Alaska, Delaware, North Dakota, Vermont, Wyoming and South Dakota). These

results are in Column (6) of Table 3 and 4, and the estimates are very similar to the

ones obtained earlier. Hen
e, we 
an 
on
lude that states with only one 
ongressional

distri
t are not driving the results found above.
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1.7.6 Multi 
ongressional distri
ts 
ounties

The most populous 
ounties are divided into many 
ongressional distri
ts. Sin
e

the unit of observation is the 
ounty, federal-
ounty alignment 
ould be measured

in di�erent ways in these 
ases. For the estimates above, I de�ned a multi-distri
t


ounty as being aligned if at least 70% of the House Representatives were aligned

with the President. To 
he
k whether these 
ounties are biasing the results I drop

them from the sample. The result of re-estimating the spe
i�
ations in this manner

are in Column (7) of Tables 3 and 4. In Table 3, the di�eren
e-in-di�eren
e estimate

is signi�
ant at 10% as in the main estimation of Column (1) with an in
rease in

absolute value. In Table 4, the results 
hange very little 
ompared with estimation in

Column (1) of the same table. The de�nition of alignment for 
ounties with multiple


ongressional distri
ts does not drive the �ndings above.

1.7.7 Controlling for state transfers to lo
alities

Sin
e state-
ounty transfers are endogenous based on the model, an instrument is

required in order to in
lude them in the regression. Here I instrument state transfers

to 
ounty j with the average transfer inside the 
ongressional distri
t where 
ounty j

lies, but without 
ounty j. Formally, for a 
ongressional distri
t l, I estimate

tCjlit = a + φ



 1

Rl − 1

Rl∑

k 6=j

tCklit



+W
′

jlitc+Dt + uj + εjlit (5)

TC
jlit = α + ηtCjlit +W

′

jlitd+Dt + uj + ejlit (6)

where Wjlit = (FSit, FClit, FSit × FClit,Xjlit, posjlit, closejlit)
′
, d = (βFS, βFC ,

βFS×FC,b, βpos, βclose)
′
, and tCjlit represents the state transfer to 
ounty j, whi
h lies

within 
ongressional distri
t l, inside state i, during year t. Equation (5) represents
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the �rst stage of a just identi�ed system of equations 
omposed by (5) and (6), where

the ex
luded instrument for state to 
ounty j transfers is

(
1

Rl−1

∑Rl

k 6=j t
C
klit

)
be
ause

it is less likely that ejlit is 
orrelated with

(
1

Rl−1

∑Rl

k 6=j t
C
klit

)
than with tCjlit. Equation

(4) 
an be instrumented in a similar manner.

The results are in Column (8) of Table 3 and 4. Sin
e the instrument 
annot be


onstru
ted if the 
ounty is divided in multiple 
ongressional distri
ts, I ex
lude these


ounties from the regression.

24

As we 
an see, the instrument is fairly strong. In the

bottom panel of Table 3 and Table 4, the F-statisti
 of the �rst stage is higher than

55 in both 
ases, the adjusted R2
of the �rst stage regression is around 0.36, and the


oe�
ient of the instrument is signi�
ant at 1%.

The estimated 
oe�
ient on state-
ounty transfers is 
lose to zero, while 
ompar-

ing Column (7) and (8) in both tables shows little 
hange in the 
oe�
ient estimates

β̂FS, β̂FC and β̂FS×FC. This reinfor
es the validity of the OLS estimates presented

above.

1.8 Con
lusion

To this point, s
holars have been studying the politi
al allo
ation of federal resour
es

without 
onsidering the involvement of state governments. Be
ause state govern-

ments allo
ate resour
es based on some of the same 
onsiderations, a strategi
 federal

government should take this into a

ount. Controlling for this fa
t using party align-

ment between these two layers of governments, I have found that the President skews

the distribution of funds towards 
ounties whose House Representatives are from the

24

The IV estimates from Column (8) 
an be 
ompared with the OLS estimates of Column (7)

be
ause the sub-samples are the same.
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President's party, but only within non-aligned states. Spe
i�
ally, federal transfers to

su
h 
ounties de
rease by around 6 per
entage points when the party that 
ontrols the

state be
omes aligned with the President. Consistent with my model, no e�e
t has

been found for 
ounties whose House Representatives are not from the President's

party. This demonstrates the importan
e of 
ontrolling for the three-way politi
al

alignment between 
ounty, state, and federal government when studying the determi-

nants of intergovernmental spending. The �nding that these intera
tion terms matter

survives a long list of robustness 
he
ks, as shown in Se
tion 7 above.

This paper has important impli
ations for normative studies of de
entralization.

My results suggest that in a highly de
entralized federal system su
h as the US, the

federal government might engage in a sort of 
ompetition with non-aligned states for

mobilizing voters, while 
ooperating with states that are politi
ally aligned with it.

Understanding the welfare impa
t of the strategi
 intera
tion between di�erent layers

of governments is outside the s
ope of this paper, but my �ndings do imply that

taking this intera
tion into a

ount is important for welfare analysis.

The standard view of de
entralization is that it removes politi
al power from

the 
enter. The �ndings in this paper indi
ate the presen
e of an o�setting e�e
t.

After de
entralization, a strategi
 
entral government may be able to rely on some

lo
al governments to further his politi
al goals, and 
ould 
on
entrate more dire
t

spending on those areas where his power has de
lined. The ultimate impa
t on the


entral government's de fa
to power may be ambiguous.
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Appendix A. Proof of propositions of se
tion 4

I solve the model using Ba
kward Indu
tion. In the se
ond stage, ea
h State i = 1, 2

maximizes the following Lagrangian:

Li =
∑

j∈(Fi∩Si)

H
(
θTC

ij + tCij
)
+

∑
j∈(Si\(Fi∩Si))

H
(
tCij
)
+µi(B̃

i+T S
i −

∑
j∈Si

tCij), for i = 1, 2

The �rst order 
onditions are:

H ′(θTC
ij + tCij) = µi, for all j ∈ (Fi ∩ Si) (1)

H ′(tCij) = µi, for all j ∈ (Si\(Fi ∩ Si)) (2)

B̃i + T S
i =

∑
j∈Si

tCij (3)

working with (1), (2) and (3) yields state i's rea
tion fun
tions:

tC
∗

ij = 1
mi+ri

[
B̃i + T S

i + θ
∑

l∈(Fi∩Si)

TC
il

]
− θTC

ij , for all i = 1, 2 and j ∈ (Fi ∩ Si) (4)

tC
∗

ij = 1
mi+ri

[
B̃i + T S

i + θ
∑

l∈(Fi∩Si)

TC
il

]
, for all i = 1, 2 and j ∈ Si\(Fi ∩ Si) (5)

Given this, the Lagrangian for the President's maximization problem in the �rst

stage is given by

LP =
∑2

i=1

(
∑

j∈fsi

γH
(
θTC

ij + tC
∗

ij

)
+
∑
j∈f i

γH
(
θTC

ij

)
+

∑
j∈((Fi∩Si)\fsi)

H
(
θTC

ij + tC
∗

ij

)
+

∑
j∈{((Fi\(Fi∩Si))\fi}

H
(
θTC

ij

)
)

+
∑2

i=1

(
∑
j∈Fi

vijT
C
ij + viT

S
i

)
+

λ

(
B̃F −

∑2
i=1(

∑
j∈Fi

TC
ij + T S

i )

)
,

The �rst order 
onditions for maximization are,

LP
TC
ij

= 0 : H ′(θTC
ij + tC

∗

ij )
(

θ
mi+ri

− θ
)
+

∑
l∈((Fi∩Si)\fsi), l 6=j

H ′(θTC
il + tC

∗

il ) θ
mi+ri

+

∑
l∈fsi

H ′(θTC
il + tC

∗

il ) γθ

mi+ri
− λ+ vij = 0, for all i = 1, 2 and j ∈ ((Fi ∩ Si)\fsi) (6)

LP
TC
ij
= 0 : H ′(θTC

ij + tC
∗

ij )
(

γθ

mi+ri
− γθ

)
+

∑
l∈fsi, l 6=j

H ′(θTC
il + tC

∗

il ) γθ

mi+ri
+

∑
l∈((Fi∩Si)\fsi)

H ′(θTC
il + tC

∗

il ) θ
mi+ri

− λ+ vij = 0, for all i = 1, 2 and j ∈ fsi (7)
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LP
TC
ij
= 0 : θH ′(θTC

ij )− λ+ vij = 0, for all i = 1, 2 and j ∈ ((Fi\(Fi ∩ Si))\fi (8)

LP
TC
ij
= 0 : θγH ′(θTC

ij )− λ+ vij = 0, for all i = 1, 2 and j ∈ fi (9)

LP
T s
i
= 0 :

∑
l∈((Fi∩Si)\fsi)

H ′(θTC
il +tC

∗

il ) 1
mi+ri

+
∑
l∈fsi

γH ′(θTC
il +tC

∗

il ) 1
mi+ri

−λ+vi = 0,

for i = 1, 2 (10)

LP
λ = 0 : B̃F −

∑2
i=1(

∑
j∈Fi

TC
ij + T S

i ) = 0, for i = 1, 2 (11)

Lemma 1: TC
ij = 0 for all j ∈ (Fi ∩Si), T

C
ij > 0 for all j ∈ (Fi\(Fi ∩Si)), T

S
i > 0

for all i = 1, 2 is an equilibrium.

Rewriting 
onditions (4) to (11) by imposing the restri
tions in Lemma 1 shows

that the �rst order 
onditions hold, we therefore have an equilibrium.

Using Lemma 1 to rearrange 
onditions (8) and (9) yields the following,

TC
ij ≡ TC

∼a for all i = 1, 2 and j ∈ ((Fi\(Fi ∩ Si))\fi; T
C
ij ≡ TC

a for all i = 1, 2 and

j ∈ fi; and TC
a > TC

∼a (12)

Lemma 1 
ombined with 
ondition (12) veri�es Proposition 1 and Corollary 1.

Lemma 2: TC
il > 0 for any l ∈ (Fi ∩ Si), or TC

il = 0 for any l ∈ Fi\(Fi ∩ Si)


annot be an equilibrium.

One 
an easily verify that rewriting 
onditions (4) to (11) based on the restri
-

tions imposed in Lemma 2 will lead to a 
ontradi
tion. Thus, Lemma 2 shows the

uniqueness of the equilibrium stated in Proposition 1.

Rewrite (8), (9) and (10) based on Lemma 1 and 
ondition (12) to get

m2+r2
m1+r1

(B̃1 + T S
1 )

H′−1(
(1−α)m1
m1+r1

+γ
αm1

m1+r1
)

H′−1(
(1−α)m2
m2+r2

+γ
αm2

m2+r2
)
− B̃2 = T S

2 .

It is easy to see that T S
1 >T S

2 for B̃1 = B̃2
, sin
e m1 > m2 and r1 < r2. This

proves Corollary 2.
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Appendix B. The dis
retionary nature of federal trans-

fers to 
ounties

Berry et al. (2010), among others, used data from CFFR. To separate broad-based

entitlement programs from federal programs that represent dis
retionary spending,

Levitt and Snyder (1995, 1997) and Berry et al. (2010) 
al
ulate 
oe�
ients of

variation for ea
h program and they separate them into two 
ategories: low and high

variability programs (using as threshold a 
oe�
ient of variation of 3/4), be
ause

they assume that high variability represents dis
retionary spending. Unfortunately, I


annot follow the same methodology sin
e the data from the Census does not allow

me to identify ea
h sour
e of spending individually. However, I 
an 
ompare the data

from Census of Governments with high-variability programs from CFFR to show that

the former is highly dis
retionary as well.

In Table B1 
olumn (4) we 
an see that the 
oe�
ient of variation asso
iated with

Federal to 
ounty transfers is 1.45, by far higher than the threshold 3/4 proposed by

Levitt and Snyder (1995). The 
omposition of federal to 
ounty transfers is detailed

in Column (1).

25

There, we 
an see that almost half of it, on average, is 
omposed by

Housing and 
ommunity development, a highly dis
retionary set of programs based

on the 
oe�
ient of variation.

26

Edu
ation is the se
ond highest 
omponent of federal

25

The data I am using from the Census of Government does not allow me to identify ea
h sour
e

of spending individually at 
ounty level. However, ea
h sour
e 
an be observed aggregated at state

level. That is to say the sum of all the federal to 
ounty transfers inside the state divided by program,

whi
h is what I am using to 
al
ulate the shares in 
olumn 1.

26

The magnitudes of federal to 
ounty transfers 
annot be 
ompared with federal funds from

CFFR be
ause the former only a

ounts for dire
t transfers to lo
alities, while the se
ond one


ontains both dire
t and indire
t transfers.
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transfers to 
ounties at 19%, also fairly dis
retionary. Health and Highways are the

third and fourth, with 4% and 3% respe
tively, and these are unlikely to exert mu
h

in�uen
e overall.

A high 
oe�
ient of variation may not be due to dis
retion, but instead to large

demographi
 or e
onomi
 
hanges in a 
ounty during a period of time. If this were the


ase, the 
oe�
ient of variation would mistakenly indi
ate that the program is highly

dis
retionary when it is not. In order to address this potential issue, I will 
ompare

the varian
e of the residual that 
omes from a regression of ea
h program against

all the observable demographi
 and e
onomi
 
hara
teristi
s with the varian
e of the

program itself. To 
ompute the former, I estimate

yjit = α+X
′

jitβ +D
′

iDt + uj + ejit, (B1)

where yjit is a given federal outlay in 
ounty j within State i in year t as a per
entage

of personal in
ome; X
′

jit is a matrix of demographi
 and e
onomi
 
ounty level-time

varying 
ontrols (natural log of real in
ome per 
apita, % of bla
ks, % under 18 years

old, % over 65 years old and natural log of population); D
′

iDt 
aptures state by state

level heterogeneity per year and uj is a 
ounty �xed e�e
t that 
aptures unobserved

�xed heterogeneity; and ejit is the residual.

If the ratio ˆvar(êjit)/ ˆvar(yjit) is 
lose to one, it means that the model did not ab-

sorb mu
h variation of yjit, in whi
h 
ase demographi
 and e
onomi
 
hanges did not

explain the variability, hen
e the program 
ould be 
onsidered as highly dis
retionary.

The opposite is 
on
luded if that ratio is 
lose to zero.

The results 
an be seen in Column (6) of Table B1, federal to 
ounty transfers are

not less dis
retionary than the variables used in previous studies, detailed in Column

(8). Even more, it is at least as dis
retionary as all of them ex
ept for highway

programs.
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Appendix C. Data sour
es

All the data 
omes from the Census Bureau - USA Counties, unless indi
ated.

http://www.
ensus.gov/support/USACdataDownloads.html#INC

Intergovernmental transfers from Federal government to Counties. U.S. Census

Bureau - USA Counties, Census of Governments (1982, 1987, 1992, 1997, 2002).

Intergovernmental transfers from State government to Counties. U.S. Census

Bureau - USA Counties, Census of Governments (1982, 1987, 1992, 1997, 2002).

Regional Consumer Pri
e Index (CPI) for all urban 
onsumers, not seasonally

adjusted. Yearly value obtained by averaging a
ross months. U.S Department of

Labor: Bureau of Labor Statisti
s.

Personal In
ome. Bureau of E
onomi
 Analysis - USA Counties.

Per
entage of Bla
ks. Ra
e Data, U.S. Census Bureau - USA Counties.

Per
entage of People Under 18. Age, U.S. Census Bureau - USA Counties.

Per
entage of People Over 65. Age, U.S. Census Bureau - USA Counties.

Population. U.S. Census Bureau - USA Counties.

Presidential ele
tion Out
omes, Demo
rat and Republi
an vote share. CQ Press

- USA Counties.

Mat
hed Counties with Congressional distri
t and Redistri
ting. Congressional

Distri
t Atlas: 95th to 109th Congress.

President, Governors, and United States House Representatives' Parties. Library

of Congress Web Ar
hive; OurCampaigns.
om.

State legislative seats held by ea
h party. Burnham, W Dean, �Partisan Division

of Ameri
an State Governments, 1834-1985�. ICPSR Study No. 00013; Coun
il of

State Governments, Book of the States.
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Ele
ted 
oun
il-exe
utive 
ounties. National Asso
iation of Counties (NACO).
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Table 1: Federal-County transfers 
onditional on State and County alignment. Estimation of equation (3)

Panel A: Estimation Results (1) (2) (3)

Estimators

β̂FS -0.025 -0.007

[0.017℄ [0.015℄

β̂FC 0.010 0.021**

[0.011℄ [0.009℄

β̂FS×FC -0.049*

[0.029℄

Observations 15,067 15,054 15,054

R2 within 0.180 0.179 0.181

Number of 
ounties 3,071 3,071 3,071

Panel B: Linear 
ombination of estimators

(1) β̂FS + β̂FS×FC -0.056**

[0.027℄

(2) β̂FC + β̂FS×FC -0.027

[0.029℄

Notes: This table shows how federal to 
ounty transfers in
rease within non-aligned states 
ompared to aligned ones. In panel A 
olumn 1 and 2

I estimate the e�e
t of state and 
ounty alignment on federal to 
ounty transfers. Panel A 
olumn 3 shows the result of estimating equation (3). In

Panel B 
olumn 3, row (1) shows the di�eren
e in Federal transfers to an aligned 
ounty between aligned and non-aligned states. The row (2) shows

the di�eren
e within an aligned state between an aligned and a non-aligned 
ounty. All regressions in
lude 
ounty and year �xed e�e
ts, as well as

the natural log of in
ome per 
apita, natural log of population, % of bla
ks, % of inhabitants younger than 19 and % of inhabitants older than 65.

The highest 2% values of the dependent variable were 
onsidered outliers and dropped from the sample. Robust standard errors 
lustered at the state

level are reported in parenthesis. *, ** and *** denote 10, 5 and 1% level of signi�
an
e, respe
tively.
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Table 2: Federal-County transfers 
onditional on State and County alignment as well as partisan or swing 
ounties. Linear


ombination of estimators from the estimation of equation (4)

(1) (2)

Panel A: Positive partisan (margin > 0.1)

(1) β̂FS + β̂FS×FC + β̂FS×pos + β̂FS×FC×pos -0.059*

[0.032℄

(2) β̂FS + β̂FS×pos 0.018

[0.018℄

(3) β̂FS×FC + β̂FS×FC×pos -0.077**

[0.037℄

Panel B: Swing (margin ≤ |0.1|)

(1) β̂FS + β̂FS×FC + β̂FS×close + β̂FS×FC×close -0.044

[0.035℄

(2) β̂FS + β̂FS×close -0.021

[0.023℄

(3) β̂FS×FC + β̂FS×FC×close -0.024

[0.044℄

Panel C: [Omitted 
ategory℄ Negative partisan (margin < -0.1)

(1) β̂FS + β̂FS×FC -0.016

[0.076℄

(2) β̂FS -0.046**

[0.02℄

(3) β̂FS×FC 0.031

[0.082℄

Notes: This table shows how federal to 
ounty transfers in
rease within non aligned states, 
ompared to aligned ones, for three di�erent 
ategories

of the last presidential ele
toral vote share. Ea
h 
ell represents a linear 
ombination of estimators obtained from estimating equation (3). The number

of observations is 15,054, the number of 
ounties is 3,071. R2=0.179. The highest 2% values of the dependent variable were 
onsidered outliers and

dropped from the sample. Robust standard errors for the linear 
ombinations 
lustered at the state level are reported in parenthesis. *, ** and ***

denote 10, 5 and 1% level of signi�
an
e, respe
tively.
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Table 3: Robustness 
he
ks. Di�erent subsamples and spe
i�
ations. Estimation of equation (3)

(1) (2) (3) (4) (5) (6) (7) (8)

Method: OLS IV

estimators

η̂ 0.011

[0.008℄

β̂FS -0.007 -1.715 0.008 - -0.013 -0.020 -0.000 -0.000

[0.015℄ [3.316℄ [0.011℄ - [0.017℄ [0.015℄ [0.016℄ [0.012℄

β̂FC 0.021** 3.471** 0.020** 0.013* 0.018* 0.023*** 0.020** 0.014*

[0.009℄ [1.654℄ [0.009℄ [0.007℄ [0.009℄ [0.009℄ [0.009℄ [0.007℄

β̂FS×FC -0.049* -9.659 -0.054* -0.034 -0.046 -0.036 -0.059* -0.055***

[0.029℄ [6.003℄ [0.028℄ [0.024℄ [0.031℄ [0.029℄ [0.030℄ [0.017℄

Observations 15,054 15,066 15,054 15,054 13,218 14,260 13,292 13,133

R-squared 0.181 0.110 0.180 0.217 0.167 0.181 0.173 0.167

Number of Counties 3,071 3,077 3,071 3,071 2,699 2,976 2,927 2,892

β̂FS + β̂FS×FC -0.056** -11.37** -0.046 - -0.059** -0.056* -0.059** -0.056***

[0.027℄ [5.668℄ [0.028℄ - [0.028℄ [0.029℄ [0.027℄ [0.013℄

β̂FC + β̂FS×FC -0.027 -6.188 -0.034 -0.022 -0.028 -0.014 -0.039 -0.04

[0.028℄ [6.017℄ [0.027℄ [0.023℄ [0.032℄ [0.029℄ [0.029℄ [0.016℄

First Stage R2 0.360

First Stage F test 70.12

First Stage ex
luded instrument 
oe�
ient 0.520***

Standard error [0.015℄

Note: This table shows the same result as in Table 2 in Column 1. In Column 2, I use federal transfers in per 
apita terms as the dependent

variable. In Column 3 I use an alternative measure of party 
ontrol of the State. In Column 4 I 
ontrol for State level Heterogeneity by using

State*year dummy variables. In Column 5 I eliminate from the sample those 
ounties in whi
h voters in a 
ounty ele
t a 
oun
il-exe
utive. In

Column 6 I eliminate states with one 
ongressional distri
t. In Column 7 I eliminate 
ounties divided in many 
ongressional distri
ts. In Column 8 I

perform an IV estimation where State-County transfers are instrumented with the average of State-County transfers inside the distri
t but outside the


ountry. All regressions in
lude 
ounty and year �xed e�e
ts, as well as the natural log of in
ome per 
apita, natural log of population, % of bla
ks,

% of inhabitants younger than 19 and % of inhabitants older than 65. The highest 2% values of the dependent variable were 
onsidered outliers and

dropped from the sample. Robust standard errors 
lustered at the state level are reported in parenthesis. *, ** and *** denote 10, 5 and 1% level of

signi�
an
e, respe
tively.
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Table 4: Robustness 
he
ks. Di�erent subsamples and spe
i�
ations. Estimation of equation (4)

(1) (2) (3) (4) (5) (6) (7) (8)

Method: OLS IV

η̂ -0.0006

[0.006℄

β̂FS×FC + β̂FS×FC×pos -0.078** -14.438* -0.091** -0.053* -0.074* -0.065* -0.091** -0.085***

[0.037℄ [7.708℄ [0.038℄ [0.031℄ [0.041℄ [0.038℄ [0.038℄ [0.023℄

β̂FS×FC + β̂FS×FC×close -0.024 -6.723 -0.031 -0.021 -0.016 -0.017 -0.032 -0.029

[0.044℄ [7.474℄ [0.043℄ [0.040℄ [0.056℄ [0.044℄ [0.046℄ [0.034℄

β̂FS×FC 0.031 3.29 -0.027 0.043 0.006 0.034 0.039 0.042

[0.082℄ [13.852℄ [0.030℄ [0.081℄ [0.086℄ [0.083℄ [0.089℄ [0.062℄

Observations 15,054 15,066 15,054 15,054 13,218 14,260 13,292 13,133

R-squared 0.179 0.109 0.179 0.216 0.165 0.181 0.172 0.169

Number of Counties 3,071 3,077 3,071 3,071 2,699 2,976 2,927 2,892

First Stage R2 0.36

First Stage F test 56.05

First Stage ex
luded instrument 
oe�
ient 0.572***

Standard error [0.021℄

Note: This table shows the same result as in Table 3 in Column 1, but only for the linear 
ombinations. In Column 2, I use federal transfers in

per 
apita terms as the dependent variable. In Column 3 I use an alternative measure of party 
ontrol of the State. In Column 4 I 
ontrol for State

level Heterogeneity by using State*year dummy variables. In Column 5 I eliminate from the sample those 
ounties in whi
h voters in a 
ounty ele
t

a 
oun
il-exe
utive. In Column 6 I eliminate states with one 
ongressional distri
t. In Column 7 I eliminate 
ounties divided in many 
ongressional

distri
ts. In Column 8 I perform an IV estimation where State-County transfers are instrumented with the average of State-County transfers inside

the distri
t but outside the 
ountry. All regressions in
lude 
ounty and year �xed e�e
ts, as well as the natural log of in
ome per 
apita, natural log

of population, % of bla
ks, % of inhabitants younger than 19 and % of inhabitants older than 65. The highest 2% values of the dependent variable

were 
onsidered outliers and dropped from the sample. Robust standard errors 
lustered at the state level are reported in parenthesis. *, ** and ***

denote 10, 5 and 1% level of signi�
an
e, respe
tively.
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Table B1. The dis
retionary nature of federal transfers to 
ounties. Comparison with other transfers and programs

(1) (2) (3) (4) (5) (6) (7) (8)

variable yjit mean(yjit) ˆvar(yjit) CV ˆvar(ejit)
ˆvar(ejit)
ˆvar(yjit)

Sour
e Used in previous studies by:

Federal-County transfers as % PI 0.50 0.52 1.45 0.24 0.46

Census of

-

Governments

State-County transfers as % PI 4.53 5.71 0.53 0.73 0.13

Frederi
kson and Cho (1974)

Census of Ansolabehere et al. (2002)

Governments Ansolabehere and Snyder

(2006)

Federal-State transfers as % PI 3.33 1.43 0.36 0.13 0.09

Census of Grossman (1994)

Governments Ujhelyi (2013)

Federal funds on Health as % PI 4% 5.61 38.64 1.11 5.56 0.14 CFFR

Federal funds on Edu
ation as % PI 19% 0.43 0.40 1.47 0.15 0.38 CFFR

Federal funds on Highway as % PI

3% 0.52 1.24 2.13 1.01 0.82 CFFR

Albouy (2013)

(Dept. of transportation) Berry et al. (2010)

Federal funds on Housing and

49% 0.83 1.09 1.26 0.52 0.47 CFFR

Community development as % PI

Note: Column 1 shows the 
omposition of federal-
ounty transfers as % of personal in
ome (PI) by program. Column 2, 3 and 4 show simple

means, varian
es and 
oe�
ient of variation, respe
tively. Column 5 presents the estimated varian
e of the residual that 
omes from regressing

equation B1 using 
lustered errors at State level (for Federal-State transfer as % GSP robust standard errors were used, instead). Column 6 shows

the ratio between ˆvar(ejit) and ˆvar(yjit) as a measure of variability of the federal program (
lose to 1 is high variability, 
lose to 0 is 
onsidered low

variability). Column 7 shows the sour
es where the federal funds 
ome from. And Column 8 presents authors who used the mentioned variables in

previous studies. For 
al
ulating 
olumns 2, 3,4, 5 and 6 the highest 2% values of the dependent variable were dropped from the sample be
ause of

being 
onsidered outliers.
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Figure 1: Graphic representation of counties preferred by the President and states. 

 

 

 

  

 

 

 

 

 

 

   

   

State 2 is not aligned with the President 

  : set of counties preferred by the President. 

  : set of counties preferred by the State i. 

       : set of counties preferred by both the President and State i. 

  : set of counties preferred only by the President, with an aligned Representative. 

   : set of counties preferred by both the President and State i, with an aligned Representative. 
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Chapter 2

Horizon E�e
t in Government De�
it: Eviden
e

from Presidential Interludes in Latin Ameri
a



2.1 Introdu
tion

Positive studies on budget de�
its and debt a

umulation have argued that a govern-

ment anti
ipating a possible defeat in the next ele
tion 
an use debt strategi
ally in

order to in�uen
e the poli
y of its su

essor. Su
h opportunisti
 behavior leads to an

over-issuan
e of government debt relative to what is optimal (Persson and Svensson,

1989; Alesina and Tabellini, 1990; Tabellini and Alesina, 1990). In parti
ular, Alesina

and Tabellini (1990) predi
t that governments, regardless of their party ideology, will

issue more debt when fa
ing a higher probability of ele
toral defeat.

Estimating the predi
tions of strategi
 debt models has proven 
hallenging. Sin
e

in
umbents may use the budget to help their reele
tion prospe
ts (Rogo� and Sibert

1988; Rogo�, 1990; Shi and Svensson, 2006), proxies of the probability of reele
tion

may be a�e
ted by de�
its, leading to a reverse 
ausality problem.

This paper exploits the existen
e of extended interlude periods (i.e., time between

ele
tion and government 
hange date) from Latin Ameri
an presidential demo
ra
ies

to identify a 
ausal e�e
t of a 
hange in the probability of ele
toral defeat on a 
hange

in the budget de�
it. Namely, sin
e un
ertainty about the in
umbent's su

essor

is revealed during the interludes, by de�nition, the probability of ele
toral defeat

be
omes, respe
tively, one or zero if the in
umbent was voted out or reele
ted during

the ele
tions. Then, using ex-post ele
toral out
omes as a proxy of the probability of

ele
toral defeat during the pre-ele
toral period allows me to 
onstru
t an exogenous


hange in that probability between the pre-ele
toral and the interlude periods to

estimate its impa
t on the 
hange in debt a

umulation.

This identi�
ation strategy has an added bene�t. Estimating the e�e
t of 
hanges

in the probability of being defeated between pre-ele
toral and interlude periods allows

me to 
ontrol for unobserved in
umbent 
hara
teristi
s, su
h as the ability or desire to

use the government budget for politi
al gain. This is possible be
ause the in
umbent
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remains in o�
e until government 
hange date, so I observe the same in
umbent


hoosing monthly spending before and after ele
tions even in the 
ase of an ele
toral

defeat. Previous studies have tested the same hypothesis using data in levels instead

of testing it by using 
hanges (Pettersson-Lidbom, 2001; Lambertini, 2003), in whi
h


ase su
h unobserved in
umbent 
hara
teristi
 may be an additional 
on
ern.

I �rst formalize the e�e
t of a 
hange in the probability of being defeated on debt

a

umulation by extending Alesina and Tabellini's (1990) model to in
lude interlude

periods. Like in their model, I assume that the individuals are identi
al ex
ept for

the preferen
es over the 
omposition of publi
 expenditure using a separable utility

framework. And unlike them, I assume that the in
umbents use lump sum taxes

�xed to unity. In equilibrium, I �nd that the higher the in
rease (de
rease) in the

probability of being defeated, the higher the in
rease (de
rease) in the de�
it between

interlude and pre-ele
toral periods.

Se
ond, I test the theoreti
al predi
tion of the model using panel data on fed-

eral government de�
it from presidential Latin Ameri
an demo
ra
ies reported by

International Finan
ial Statisti
s (IFS). I regress monthly de�
its on indi
ators for

pre-ele
toral period intera
ted with the probability of being voted out, interlude, and

interlude if the in
umbent and his su

essor are not from the same party.

1

Consis-

tently with the model, the estimation results show that the de�
it in
reases 
onsid-

erably when the in
umbent's party is voted out and this was per
eived as unlikely

before the ele
tions. By 
ontrast, the de�
it de
reases 
onsiderably when the in
um-

bent's party is re-ele
ted and this was per
eived as unlikely before the ele
tions. For

example, the budget de�
it as a per
entage of GDP �in absolute value� 
hanges by

around 2 per
entage points (the mean is 1.6) when the magnitude of the ele
toral

1

I 
onsider partisanship as a proxy of similarity in poli
y 
hoi
es.
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surprise is 0.35 (mean).

2

The de�
it does not 
hange signi�
antly when the ele
toral

out
ome 
onforms to expe
tations. This shows that only large 
hanges in the prob-

ability of being defeated generate large 
hanges in the budget de�
it; i.e., when a

vi
tory or a defeat is per
eived as a surprise.

My paper improves on the identi�
ation strategy of earlier studies of strategi


debt. Pettersson-Lidbom (2001) uses ex post vote shares from Swiss muni
ipalities in

order to 
onstru
t the probability of ele
toral defeat. To address the reverse 
ausal-

ity problem arising if politi
ians use government budgets to enhan
e their reele
tion

prospe
ts, he uses muni
ipality �xed e�e
t as instruments be
ause muni
ipality dum-

mies appear to be valid instruments. The unequal dispersion of government 
hange

a
ross Swiss muni
ipalities suggests that muni
ipality �xed e�e
ts 
an be used as

predi
tors of the probability of defeat. Thus the �xed e�e
ts measure the average

frequen
y of party 
hange and 
an be interpreted as 
apturing the latent instabil-

ity of voters' preferen
es in a parti
ular muni
ipality. Under this empiri
al strategy,

however, it is not possible to 
ontrol for �xed unobserved heterogeneity at the mu-

ni
ipality level in the se
ond stage estimation, whi
h may lead to biased estimates.

Lambertini (2003) uses ex-ante opinion polls (i.e., the fra
tion of interviewed individ-

uals that would vote in favor of the in
umbent if ele
tions were held at the time the

poll is taken) as a proxy of the probability of ele
toral defeat for the United States

and OECD 
ountries. Sin
e opinion polls are usually 
ondu
ted one or two months

before ele
tions take pla
e, they may su�er from the same endogeneity problem as the

ex post vote shares. Indeed, the literature suggests that in
umbents start to enhan
e

2

The magnitude of an ele
toral surprise is 
al
ulated as follows: when the in
umbent per
eives

an ele
toral defeat with probability 0.65 and he indeed lost ele
tions (probability of ele
toral defeat

goes to 1). Or when the in
umbent per
eives an ele
toral defeat with probability 0.35 and he �nally

wins (probability of ele
toral defeat goes to 0).
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their reele
tion 
han
es up to one year before ele
tions (Brender and Drazen, 2005;

Shi and Svensson, 2006; Streb et.al, 2012). In 
ontrast to these papers, my identi�
a-

tion strategy is fo
used on identifying the e�e
ts of ele
toral surprises, whi
h provides

a plausible sour
e of exogenous variation.

Substantively, my results suggest that the existen
e of interludes may generate sig-

ni�
ant welfare losses. I �nd signi�
ant 
hanges in �s
al de�
it �and 
onsequently in

publi
 expenditure� due to the ele
toral surprises. Under this fa
t, 
itizens su�er from

a de
rease in the inter-temporal utility levels be
ause the �prin
iple of 
onsumption

smoothing� is violated by the in
umbents.

The rest of the paper is organized as follows. In the next se
tion I present the

model. In se
tion 3 I des
ribe the data and the e
onometri
 spe
i�
ation. In se
tion

4 I present the empiri
al results, and se
tion 5 the robustness 
he
ks. Finally, se
tion

6 
on
ludes.

2.2 Theoreti
al framework

I 
onsider a simpli�ed version of Alesina and Tabellini's (1990) model. In this e
on-

omy only lump sum taxes are available (assumed �xed to unity) and 
itizens have

separable utility fun
tions. The 
urrent in
umbent 
an 
arry de�
it from one period

to the next and all the 
umulative debt has to be 
an
elled in full at the end of the

game. I 
onsider three periods in this game: in the �rst period, the in
umbent fa
es

un
ertainty about who will be his su

essor sin
e ele
tions take pla
e at the beginning

of the next period. In period two, the in
umbent learns who will be his su

essor but

he remains in o�
e until the beginning of period three (this represents the interlude).

And in the third period the su

essor takes o�
e.

Citizen i's utility fun
tion in ea
h period is as follows (the in
umbent is one of
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the 
itizens):

vi(ct, lt, g
A
t , g

B
t ) = h(ct) + v(lt) + αiu(gAt ) + (1− αi)u(gBt )

where ct and lt are private 
onsumption and leisure respe
tively, and h
′

(x) > 0,

h
′′

(x) < 0, v
′

(x) > 0, v
′′

(x) < 0. Also u
′

(x) > 0, u
′′

(x) < 0, u
′

(1) = 1 and gA and gB

represents spending on publi
 goods A and B respe
tively. αi ∈ (0, 1) represents the

relative importan
e 
onsumer i atta
hes to publi
 good A.

Sin
e the in
umbent 
harges 
itizens a �xed amount of lump sum taxes equal to

one ea
h period, the per-period budget 
onstraint is

Total timet = ct + lt + 1.

Under this s
enario, 
onsumption and leisure per period will be the same for all


itizens, thus we 
an fo
us on publi
 
onsumption only.

In this e
onomy there are only two parties, D and R. Without loss of generality,

assume that αD = 1 and αR = 0, and that party D is the in
umbent in period 1.

Under this setting, the inter-temporal utility fun
tion of party D is

V (gA1 , g
A
2 , g

A
3 , δ) = u(gA1 ) + δE1[u(g

A
2 )] + δ2E1[u(g

A
3 )].

The expe
tation re�e
ts the un
ertainty during period 1 about who will be ele
ted

at the beginning of period 2 for taking o�
e at the beginning of period 3. The

probability of being reele
ted is assumed to be exogenous and equal to (1 − pR).

Under these assumptions, the in
umbent's optimization problem is the following:

max
{gA

1
, gA

2
, g̃A

2
, gA

3
, g̃A

3
}
V (gA1 , g

A
2 , g̃

A
2 , g

A
3 , g̃

A
3 , p

R, δ)
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st : gA1 = 1 + d1; g
A
2 = 1 + d2; g̃

A
2 = 1 + d̃2; g

A
3 = 1− d1

q2
− d2

q
; g̃A3 = 1− d1

q2
− d̃2

q
;

−1 ≤ d1 ≤ q + q2;−1 ≤ d2 ≤ q − d1
q
; −1 ≤ d̃2 ≤ q − d1

q
.

Where d1 is the de�
it generated during period 1 
arried forward to period 3,

and d2 (d̃2) is the de�
it generated during period 2 after the in
umbent learns that

his party was re-ele
ted (not re-ele
ted), also 
arried forward to period 3. δ is the

dis
ount fa
tor and q = 1

1+r
the inverse of the gross interest rate. Note that the de�
it

during period 1 
annot be greater than the present value of all the future government

revenues (i.e., d1 ≤ q + q2), and surplus during period 1 
annot be greater than the


urrent in
ome during period 1 (i.e., d1 ≥ −1). The 
onstraints on d2 and d̃2 are

derived similarly, taking into 
onsideration the de�
it or surplus during period 1.

Solving the problem above yields

Proposition 1 . The �s
al de�
it in period 2 is larger if the in
umbent's party is

not reele
ted (d̃∗2 > d∗2).

Proof. The model is solved using ba
kward indu
tion. When the information

about who the su

essor will be arises, the 
urrent in
umbent updates during period

2 his inter-temporal 
onsumption path. In parti
ular, if the in
umbent's party is not

reele
ted the problem be
omes

max
d̃2

u
(
1 + d̃2

)
st : −1 ≤ d̃2 ≤ q −

d1

q
.

This yields the upper 
orner solution,

d̃∗2 = q −
d1

q
. (2.1)

Instead, if the in
umbent's party is reele
ted, the 
onsumption plan is updated

following the optimization:
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max
d2

u (1 + d2) + δu

(
1−

d2

q
−

d1

q2

)
st : −1 ≤ d2 ≤ q −

d1

q
,

whi
h yields the following interior solution,

d∗2 =

(
1−

d1

q2
−

[
u

′−1(
δ

q
)

]−1
)([

u
′−1(

δ

q
)

]−1

+
1

q

)−1

. (2.2)

Sin
e the boundaries are the same for both problems, and the solution is interior

when the in
umbent's party is re-appointed, but it is the upper bound when he is

not, then it follows that d̃∗2 > d∗2. �

If the in
umbent learns during period 2 that his su

essor will have di�erent

preferen
es over poli
y 
hoi
es, he knows that in period 3 any remaining resour
es will

be used to �nan
e the provision of publi
 goods that he does not favor (represented by

publi
 good B). Given this, as an optimal strategy, the in
umbent over spends during

period 2, providing the publi
 goods he 
onsiders important and leaving no resour
es

to the su

essor. Instead, if he or his party is reele
ted, he knows the su

essor will

implement the poli
ies he favors. Then, he will want to smooth publi
 
onsumption

by moderating publi
 good provision during period 2, and leave resour
es for the last

period.

In addition, when the information about the su

essor's identity arrives after

the ele
tion, motivates in
umbents to 
hange suddenly the budget de�
it before the

government 
hange date. Under this fa
t, we expe
t the following:

Proposition 2 . If the in
umbent dis
ounts the future at the same rate as the

market does (i.e., δ = q), then in equilibrium (i) the de�
it generated during period 1

is at least as large as the de�
it generated during period 2 if the in
umbent's party is

reappointed; but (ii) the de�
it of period 1 is at most as large as the de�
it generated

during period 2 if the in
umbent's party is not reappointed (d∗2 ≤ d∗1 ≤ d̃∗2). In addition,

(iii) d∗1 approa
hes d∗2 [d̃∗2℄ as the magnitude of a surprise win [defeat℄ de
reases.
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Proof. If δ = q, then d∗2 showed in equation (2.2) be
omes,

d∗2 = −
d1

q (q + 1)
. (2.3)

The optimization problem during the �rst period is

max
d1

u (1 + d1)+

δ

[(
1− pR

)
u (1 + d∗2) +

(
pR
)
u
(
1 + d̃∗2

)
+ δ2

(
1− pR

)
u

(
1−

d∗2
q

−
d1

q2

)]

st : −1 ≤ d1 ≤ q2 + q.

The �rst order 
ondition for an interior solution is

u
′

(1 + d1) + δ


(1− pR

)
u

′

(1 + d∗2)
d (d∗2)

d (d1)
+
(
pR
)
u

′

(
1 + d̃∗2

) d
(
d̃∗2

)

d (d1)


+

δ2
(
1− pR

)
u

′

(
1−

d∗2
q

−
d1

q2

)(
−

1

q2
−

1

q

d (d∗2)

d (d1)

)
= 0,

and after some algebra we get

u
′

(1 + d1) =
(
1− pR

)
u

′

(1 + d∗2) +
(
pR
)
u

′

(
1 + d̃∗2

)
(2.4)

from whi
h dire
tly follows that d∗2 ≤ d1 ≤ d̃∗2. �

Parts (i) and (ii) of proposition 2 
an be interpreted in the following way: sin
e

the in
umbent does not know whether his party will be re-appointed, he in
reases

the de�
it moderately. Instead, when he fully learns in period 2 who will 
ome next,

he updates the publi
 
onsumption plan either by in
reasing the de�
it even more
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(if a politi
ian with di�erent poli
y preferen
es was ele
ted), or by de
reasing it (if a

politi
ian with similar poli
y preferen
es was ele
ted).

Understanding part (iii) of proposition 2 requires the inspe
tion of fun
tion (2.4)


ombined with (2.3) and (2.1) for all pR ∈ [0, 1]. First, for the extreme values pR = 0

and pR = 1 we know that d∗1 = d∗2 = 0 and d∗1 = d̃∗2 = q2(1 + q), respe
tively. In both

extreme s
enarios, the 
hange in the de�
it is zero indi
ating that knowing exa
tly

what will happen during ele
tions (i.e., ele
toral vi
tories or defeats are not per
eived

as surprises) does not alter the publi
 
onsumption plan, neither the de�
it plan.

Instead, this plan 
hanges when the result of the up
oming ele
tions is unknown (i.e.,

the in
umbent does not know whether he will lose or not). I show how the 
hange in

pR a�e
ts the 
hange in the de�
it using two plots: in the �rst one, I 
onstru
t the


hange in the de�
it when the probability of being defeated de
reases from pR ∈ (0, 1)

to 0 during the interlude (i.e., the in
umbent was then re-ele
ted), shown in panel

A of Figure 2; in the se
ond one, I 
onstru
t the 
hange in the de�
it when that

probability in
reases from pR ∈ (0, 1) to 1 (i.e., the in
umbent was voted out), shown

in panel B of Figure 2.

As this �gure makes 
lear, 
hanges in the de�
it o

ur as a result of �surprises�

in the ele
toral out
ome, and the higher the magnitude of the ele
toral surprise the

higher the 
hange in the de�
it. For example, panel A shows that when the in
um-

bent's party is re-ele
ted but this was per
eived as unlikely before the ele
tions, the

de�
it de
reases 
onsiderably. Instead, the de�
it does not de
rease when the in
um-

bent's party is re-ele
ted and this was per
eived as the likely out
ome. The 
ase when

the in
umbent's party is voted-out, shown in panel B, 
an be interpreted similarly.

Note that, in the 
ontext of this model, 
hanges in the de�
it due to ele
toral

surprises generate signi�
ant welfare loses sin
e the prin
iple of publi
 
onsumption

smoothing is violated. Extended interlude periods result in large �u
tuations in publi


spending, espe
ially when the ele
toral results are unexpe
ted.
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Below, I estimate the e�e
t of the magnitude of the ele
toral surprise on the


hange in the budget de�
it. I expe
t to �nd that the higher the magnitude of

the ele
toral surprise the higher the 
hange in the de�
it, as stated in proposition

2. Spe
i�
ally, when the magnitude represents a surprise win (i.e., the in
umbent's

party unexpe
tedly won reele
tion) I expe
t the de�
it to de
rease. Instead, when

the magnitude represents a surprise defeat (i.e., the in
umbent's party unexpe
tedly

lost the ele
tion) I expe
t the de�
it to in
rease.

2.3 Data and Empiri
al strategy

2.3.1 Data and variable de�nitions

To test for horizon e�e
ts, I use monthly data on Presidential demo
ra
ies from

Latin Ameri
a during the periods 1980:1-2005:12. The 
ountries in the sample are

Argentina, Brazil, Colombia, Costa Ri
a, Domini
an Republi
, E
uador, Honduras,

Mexi
o, Ni
aragua, Panama, Peru, Uruguay and Venezuela. I only 
onsider demo-


rati
 periods based on Polity IV Proje
t. To de�ne the relevant ele
tion date, I use

presidential ele
tions following the 
lassi�
ation in the Database of Politi
al Institu-

tions (DPI). The ele
toral 
alendar and the vote share out
ome per party were taken

from the Center on Demo
rati
 Performan
e at Binghamton University, SUNY.

3

Pres-

idential ele
tions take pla
e every 4 to 6 years. All these 
ountries have at least one

3

The probability of being defeated was 
onstru
ted taking into 
onsideration the vote share of the

two parties that got the highest share (it usually represents more than 70% of the total ele
torate).

For example, if the in
umbent's party gets the highest vote share, say 40%, and the se
ond party

gets 35%, the in
umbents vote share is 
al
ulated as 0.40/(0.40 + 0.35). Instead, if the in
umbent

got the third pla
e or below, the 
orresponding probability is 
onsidered as zero.
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month of interlude per ele
tion, whi
h is ne
essary in order to have enough within

group variation.

4

Table 1 shows the summary statisti
s of monthly �s
al de�
it as

a per
entage of GDP from the 
entral government and other variables used in the

analysis, available at International Monetary Fund's International Finan
ial Statis-

ti
s. To 
onstru
t monthly GDP �gures in nominal terms, I follow Fernandez (1981)

distribution pro
edure, available in MATLAB, using monthly import series. This al-

lows me to 
ompute the ratio of the budget de�
it to GDP on monthly basis. I follow

a similar pro
edure to distribute real GDP.

2.3.2 Methods and e
onometri
 spe
i�
ation

Based on Propositions 1 and 2, I estimate the e�e
t of the 
hange in the probability of

being defeated between the pre-ele
toral period and the interlude on the 
hange in the

budget de�
it between these two periods using the following e
onometri
 spe
i�
ation:

dit =
12∑

n=1

βndi,t−n + ξ△real gdpit + βE×PEit × Pit + βE×P 2Eit × P 2

it+

βIIit + βI×P̃ Iit × P̃it + βGGit + eit (3.1)

4

If there is a se
ond round ele
tion and the in
umbent's party runs during that round, the

interlude is 
onstru
ted taking into 
onsideration only the months that lies between the se
ond

round and the government 
hange date. Instead, if the in
umbent's party does not run during

the se
ond round, the interlude is de�ned as the months that lie between the �rst round and the

government 
hange month. Sin
e the vote share does not 
han
e 
onsiderably between the �rst and

se
ond round when the in
umbent's party runs both, I only 
onsider the �rst round vote share for

the 
onstru
tion of the probability of ele
toral defeat.
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Here dit is �s
al de�
it as per
entage of GDP for 
ountry i during month t. The

�rst terms on the right hand side are twelve distributed lags.

5

Monthly real GDP

growth rate is used as a 
ontrol. Eit is a dummy that takes value 1 for the last nine

months before an ele
tion at month t takes pla
e. 1−Pit is the ex-post ele
toral vote

share of the in
umbent's party, Pit squared is also in
luded to 
apture the fa
t that

politi
ians may be risk averse, as assumed in the model of se
tion II. Iit takes value

one if the month t lies within an interlude period. P̃it is a dummy variable that takes

value 0 when the in
umbent learns that his party was re-appointed, 1 if he learns that

his party was voted out. Git is a dummy that takes value 1 for the nine months after


onstitutional government 
hange in order to test whether the politi
al budget 
y
le

is reversed. Year-
ountry and monthly-year �xed e�e
ts are used to 
apture annual


ountry trend and 
ountry seasonal e�e
t, respe
tively.

Sin
e GDP was disaggregated based on Fernández's (1981) method using monthly

imports in USD as an indi
ator, the disaggregation of GDP 
an potentially attenuate

the estimates sin
e the lagged dependent variables used as regressors in
lude an error

term from the disaggregation method itself. I address this using an instrumental

variable strategy des
ribed in Appendix A.

As stated in the introdu
tion, even though Pit is potentially endogenous, the


hange in that probability from the pre-ele
toral to interlude periods is given (i.e.,

P̃it − Pit) allowing me to determine a 
ausal e�e
t on the 
hange of �s
al de�
it

as a per
entage of GDP. Following equation (3.1), the e�e
t of the 
hange in the

probability of being voted out on the 
hange in the �s
al de�
it is as follows,

△d = βI×P̃ P̃ + βI − (βE×PP + βE×P 2P 2). (3.2)

Based on proposition 1, we expe
t βI×P̃ > 0, i.e., the �s
al de�
it during interludes

is larger if the in
umbent's party is not reele
ted. Similarly, based on proposition 2

5

The sele
tion of the amount of distributed lags is explained in Appendix B.
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we expe
t:

1.

(
β̂I×P̃ + β̂I

)
−

(
β̂E×PP1 + β̂E×P 2P 2

1

)
>
(
β̂I×P̃ + β̂I

)
−

(
β̂E×PP0 + β̂E×P 2P 2

0

)
>

0, for P0 > P1 > 0, i.e., the higher the magnitude of the surprise defeat, the

higher the in
rease in the de�
it; and

2.

(
β̂
I×P̃

+ β̂I

)
−

(
β̂E×PP0 + β̂E×P 2P 2

0

)
≈ 0, for P0

∼= 1, i.e., that no surprises in

the ele
toral defeat does not generate 
hanges in the de�
it. Similarly,

3. 0 >
(
β̂I

)
−

(
β̂E×PP1 + β̂E×P 2P 2

1

)
>
(
β̂I

)
−

(
β̂E×PP0 + β̂E×P 2P 2

0

)
, for P0 >

P1 > 0,

4.

(
β̂I

)
−

(
β̂E×PP1 + β̂E×P 2P 2

1

)
≈ 0, for P1

∼= 0, whi
h 
an be interpreted similarly

to (i) and (ii) for a surprise win.

2.4 Estimation results

2.4.1 Basi
 model

In this se
tion I show the main empiri
al �nding of the paper. In Column 1 and 2 from

Table 2 I regress, as shown in Equation (3.1), �s
al de�
it as a per
entage of GDP on

a dummy for the last nine months before ele
tions intera
ted with the probability of

being defeated (E×P ), its squared (E×P 2
), a dummy for interludes (I), a dummy for

interludes intera
ted with a dummy that takes value 1 if the in
umbent's party was

not appointed for next term (I × P̃ ), a dummy for the nine months after government


hange date (G), and the time varying 
ovariates listed in Equation (3.1) not reported

on Table 2. Column 2 di�ers from Column 1 by the fa
t that the IV method 
orre
ts

for the attenuation bias generated by the potential measurement error of the lagged

dependent variables, as explained in appendix A.
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The results in Table 2 support Proposition 1 (i.e., β̂I×P̃ is positive and signi�
ant).

Namely, during the interludes the de�
it in
reases by 4.3-4.9 per
entage points when

in
umbents learn that their su

essor will be from the opposite party.

To test Proposition 2, I 
al
ulate the linear 
ombinations stated in previous se
tion

using the estimators of Table 2-Column 2. The �rst linear 
ombination tests the

hypothesis that the larger the magnitude of a surprise ele
toral win, the larger the

de
rease in the de�
it; while the se
ond one test the hypothesis that the larger the

magnitude of a surprise ele
toral defeat, the larger the in
rease in the de�
it.

The results are shown in Panels A and B of Figure 3. These 
orrespond to the

theoreti
al predi
tions in Figure 2. In panel A, when the magnitude of a surprise

ele
toral win is small (represented with a small P), the de
rease in the de�
it is small

and non-signi�
ant, as shown by the 95% 
on�den
e interval (dotted lines). But

when the magnitude of a surprise ele
toral win is large (above 0.5), the de
rease in

the de�
it is large and signi�
ant. The intuition behind these results follows from

Proposition 2 part (iii). If the in
umbent believes that his party's 
han
es of getting

reele
ted are high, it would not be a surprise if he learned during the interlude that his

party was indeed re-appointed. As a 
onsequen
e, the de�
it before ele
tions is almost

as low as the de�
it during interludes ensuring that his su

essor from the same party

has su�
ient resour
es to implement his favored poli
ies. Instead, if the in
umbent

believes that there is a low 
han
e of being re-ele
ted he in
reases the budget de�
it

before ele
tions. Then, learning during the interlude that his party was re-ele
ted is

unexpe
ted. As a result, the de�
it has to de
rease during the interlude in order to

leave resour
es to the su

essor.

The intuition for a surprise defeat is similar. If the in
umbent believes that his

party's 
han
es of getting reele
ted are low, and he is indeed voted out, then the de�
it

before ele
tions is almost as large as the de�
it during interludes. This re�e
ts the

in
umbent's in
entive to strategi
ally restri
t the su

essor's poli
y 
hoi
es. Instead,

56



if the in
umbent believes that there is a high probability of reele
tion, learning during

the interlude that his party was voted out is per
eived as a surprise. Then, in order

to restri
t the poli
y 
hoi
es of his su

essor, the in
umbent has to 
reate a large

in
rease in the de�
it during the interlude 
ompared to the pre-ele
toral period.

The results of Table 2 also show an interesting �nding in the 
ontext of the lit-

erature of politi
al budget 
y
les (PBCs). Empiri
al tests of PBCs usually �nd that

�s
al de�
it in
reases before ele
tions and de
reases afterwards, o�setting the e�e
t

of the initial �s
al expansion (Akhmedov and Zhuravskaya, 2004; Streb et al., 2009;

Streb et al., 2012).

6

However, I �nd in this paper that the �s
al 
ontra
tion after

interlude periods does not fully o�set the de�
it generated before (the estimator β̂G is

small and non-signi�
ant). Then, after every ele
tion we observe a permanent impa
t

on publi
 debt.

2.4.2 Reele
ted in
umbent vs. su

essor from the same party

In this se
tion I extend the analysis to study the behavior of reele
ted in
umbents vs.


o-partisans during the interlude period. In the model, I assumed that preferen
es of

de
ision makers from the same party were perfe
tly aligned. In reality, an in
umbent

who knows that a 
o-partisan will repla
e him next period may exert less e�ort to


ontrol the de�
it than if he is reele
ted himself. In order to test this hypothesis I

6

Te
hni
ally, the permanent impa
t on publi
 debts spe
ially o

urs when the proba-

bility of being defeated is high before ele
tions. I 
ondu
t the linear 
ombination 9β̂G −
(
β̂
I×P̃

+ β̂I + 9

(
β̂E×P 2P 2 + β̂E×PP

))
and I �nd a strong negative 
oe�
ient for P = 0.5. This

implies that the de�
it generated during the 9 months before an ele
tion takes pla
e plus the de�
it

generated during the interlude (for the 
ase of one month of interlude) is not o�set during the nine

months after government 
hange date.
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add in Equation (3.1) a dummy for interlude periods when the president is reele
ted

himself (I × reelected). As shown in Table 3, the estimator β̂I×reelected is small and

non-signi�
ant indi
ating that there is no di�eren
e in the behavior 
ompared with

the 
ase when a 
o-partisan takes o�
e. In this 
ase, the assumption made in the

theoreti
al se
tion II that in
umbents 
are about parties as mu
h as they 
are about

themselves is upheld in the data.

7

2.5 Robustness 
he
ks

In this se
tion, I explore the robustness of the above results by estimating spe
i�
ation

(3.1) on di�erent subsamples, and by 
hanging the length of the ele
toral dummies.

2.5.1 The timing of the pre-ele
toral �s
al manipulation

In the results above, I use a dummy that takes value 1 for the last nine months

before an ele
tion takes pla
e intera
ted with the probability of being defeated at the

ele
tion date. Sin
e the in
umbent's expe
tation of that probability may be updated

as the ele
tion gets 
loser, the �s
al de�
it 
an 
hange ea
h month before ele
tions

due to 
hanges in that probability, as argued in the strategi
 use of debt literature.

In that 
ase, I would have biased estimates when using a 9 months dummy variable

7

These results have to be interpreted with 
are be
ause the amount of episodes of reele
ted

governments is nine, as shown in Table 1. This happens be
ause only 6 out of the 13 
ountries

used in this study allow one immediate reele
tion. Those 
ountries are Argentina, Brazil, Colombia,

Domini
an Republi
, Peru and Venezuela. In appendix D I show the dates those 
ountries 
hanged

the Constitution in order to either allow or forbid an immediate reele
tion.
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to 
ontrol for pre-ele
toral periods. To address this potential issue, I use a dummy

variable for the last two months before ele
tions take pla
e, sin
e in
umbents would

have during those months an a

urate idea of the right probability of being defeated

at the ele
toral date, and 
onsequently, would generate a 
onstant de�
it. Choosing

two months was not an arbitrary de
ision. I �rst regress �s
al de�
it as per
entage

of GDP on monthly dummies before ele
tions and 
ovariates,

dit =
12∑

n=1

βndi,t−n + ξ△real gdpit + βE9
Ei9 + ...+ βE1

Ei1 + βE0
Ei0 + eit. (5.1)

Where Eik is a dummy variable that takes value one if the month is k months away

from the ele
toral month. Se
ond, I perform F-tests for the equality of those dummies'

estimators starting from the �rst two 
losest ele
toral month (i.e., β̂i0 = β̂i1). Then, if

that F-test is not reje
ted, I test β̂i0 = β̂i1 = β̂i2 and 
ontinue this pro
edure as long

as the F-tests are not reje
ted. I found that the F-test β̂i0 = β̂i1 is not reje
ted at 95%


on�den
e interval. However, the test β̂i0 = β̂i1 = β̂i2 is reje
ted. This may imply

that the de�
it asso
iated with the probability of being defeated may be similar only

the �rst two months before ele
tions. Given this, I 
on
lude that in
umbents may

have an a

urate idea of the ele
toral out
ome two months before an ele
tion takes

pla
e, but perhaps not before. For this reason, I 
onstru
t the linear 
ombinations

as it was done in Figure 2 using the regression results from equation (3.1) but with

a dummy of pre-ele
toral period for the �rst two months before ele
tions, instead of

for the �rst nine. These results, shown in Figure 3, 
hange little 
ompared with the

ones in Figure 2.
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2.5.2 Interludes' length

Publi
 expenses might not always be reported in the month they were generated. For

instan
e, some federal expenses may be reported, say, in June while they were gener-

ated in April. Given this, the budget de�
it during interludes 
an be 
ontaminated

with expenses before ele
tions, and expenses during interludes may be leaked out to

the post interlude period. Under this s
enario, my results above may 
ontain biased

estimates. I keep from the sample only those 
ountries with interludes no shorter than

two months in order to minimize this potential measurement error. Those 
ountries

are Brazil, Costa Ri
a, Domini
an Republi
, Mexi
o, Panama, Peru and Uruguay.

I regress Equation (3.1) using this subsample and report in Figure 4 the linear


ombinations as they were done in Figure 2. As it is shown, results in Figure 4 are

not signi�
antly di�erent than results in Figure 2.

2.6 Con
lusion

Theoreti
al studies on the strategi
 use of debt argue that governments issue more

debt when fa
ing a higher probability of ele
toral defeat (Alessina and Tabellini,

1990). Sin
e in
umbents may use the budget to help their reele
tion prospe
ts (Rogo�

and Sibert 1988; Rogo�, 1990; Shi and Svensson, 2006), proxies of the probability of

reele
tion may be a�e
ted by de�
its, leading to a reverse 
ausality problem when

trying to test the hypothesis of that theoreti
al predi
tion.

This paper improved on the identi�
ation strategy of earlier studies of strategi


debt. I exploited the existen
e of extended interlude periods (i.e., time between

ele
tion and government 
hange date) from Latin Ameri
an presidential demo
ra
ies

to identify a 
ausal e�e
t of a 
hange in the probability of ele
toral defeat on a 
hange
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in the budget de�
it. I found that the higher the in
rease (de
rease) in the probability

of being defeated, the higher the in
rease (de
rease) in the de�
it between interlude

and pre-ele
toral periods (e.g., the budget de�
it as a per
entage of GDP 
hanges by

around 2 per
entage points when the probability of ele
toral defeat 
hanges by 0.35

points �average 
hange in the probability).

Studying the interlude periods is interesting in itself. In pra
ti
e, di�erent ele
toral

systems work with widely di�erent interlude periods. For example, Mexi
o has around

four months, while Peru has only one. In the former 
ountry, there is an ongoing

debate about whether shortening interludes is bene�
ial. It is argued in Mexi
o that

extended interlude periods are harmful be
ause the outgoing in
umbent's poli
ies do

not 
urrently mat
h 
itizens' preferen
es. Also, disagreement between the outgoing

and the in
oming in
umbents 
onstitute risks that have to be redu
ed.

8

In 
ontributing to this debate, my �nding suggests that the existen
e of interludes

may generate signi�
ant welfare losses. I �nd signi�
ant 
hanges in �s
al de�
it,

and 
onsequently in publi
 expenditure, due to ele
toral surprises. This implies that


itizens may su�er a de
rease in inter-temporal utility levels be
ause the prin
iple of


onsumption smoothing is violated by in
umbent politi
ians. The impli
ation is that

an ele
toral system whi
h in
ludes extended interlude periods is so
ially 
ostly.

8

�A
ortarán periodo de transi
ión presiden
ial.� El E
onomista, O
tober 2nd 2012 � 13:08.
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Appendix A. Validity of the instrument

I test and show in this appendix the validity of the instruments used in the regres-

sions shown in Column 2 of Tables 2 and 3 sin
e the lagged dependent variables are

measured with error. The model to be estimated is

y = Y−1β1 +Xβ2 + u, (A1)

where Y−1 is a matrix with dimension T (amount of observations) by K (amount

of distributed lags). X is a matrix with dimension T by J (amount of exogenous

variables). y and Y−1 are not observable sin
e the dependent variable is measured

with error, but we observe y∗ = y + e and Y ∗
−1 = Y−1 + e−1.

Using a partitioned regression approa
h we end up with the following 2Ö2 system

of equations if we attempt to estimate the model (1) using the variables measured

with error:

β̂2 =
(
X

′

X
)−1

X
′

y∗ −
(
X

′

X
)−1

X
′

Y ∗
−1β̂1

β̂1 =
(
Y ∗′

−1Y
∗
−1

)−1
Y ∗′

−1y
∗ −

(
Y ∗′

−1Y
∗
−1

)−1
Y ∗′

−1Xβ̂2

. (A2)

Solving this system for β̂2 �assuming that the measurement errors e is not auto-


orrelated� give us the following,

β̂2

p
→

(
X

′

MY ∗

−1
X

N

)−1(
X

′

MY ∗

−1
Y−1

N

)
β1 + β2, (A3)

where MY ∗

−1
=
[
I − Y ∗

−1(Y
∗′

−1Y
∗
−1)

−1Y ∗′

−1

]
is the residual maker matrix. The measure-

ment error in the lagged dependent variable yields to in
onsistent estimates of β2

sin
e the �rst terms of equation (A3) does not 
onverge in probability to zero.

I used one instrument for ea
h lagged dependent variable (twelve in total) to

solve the in
onsisten
y generated by the measurement error; in whi
h 
ase the sys-
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tem be
omes just identi�ed. Z is the matrix of instruments with dimension TÖK,


orresponding to a just identi�ed system. Rewriting Equation (A1) taking into 
on-

sideration that the variables used to estimate it are measured with error gives us,

y∗ = Y ∗
−1β1 +Xβ2 + (u− e−1β1 + e). (A4)

Using the matrix of instruments Z de�ned above yields the following,

Lemma 1. Under the assumptions (i)

Z
′

tet
T

p
→ E

(
Z

′

tet
)
= 0; (ii)

Z
′

t−iet−j

T

p
→

E
(
Z

′

t−iet−j

)
= 0 for all i < j ∈ R

+
; (iii)

Z
′

t−iet−j

T

p
→ E

(
Z

′

t−iet−j

)
= 0 for all

i > j ∈ R
+
; and (iv)

X
′

t−iet−j

T

p
→ E

(
X

′

t−iet−j

)
= 0 for all i, j ∈ R

+
; the instrumental

variable estimation of Equation (5) will yield to 
onsistent estimates of β2.

The proof for Lemma 1 dire
tly follows estimating Equation (A4) using the matrix

of instruments Z under assumptions (i)-(iv).

Even though assumptions (i) to (iv) 
annot be tested sin
e et is not observable

at monthly series, et 
an be estimated with quarterly data sin
e quarterly GDP is

reported by IFS for many 
ountries. I estimate the quarterly measurement error

by 
onstru
ting quarterly de�
it as a per
entage of disaggregated quarterly GDP

following also Fernandez's (1981) method, and resting quarterly de�
it as a per
entage

of the �true� GDP. Then, I estimate the 
orrelations to test assumptions (i) to (iii) for

quarterly data (sin
e our exogenous variables are ele
tions, by de�nition they won't

be 
orrelated with the error term, then assumption (iv) does not need to be tested).

This will give us the answer if the instrument (de�
it as % of Resour
es) is 
orrelated

with the error term or not under quarterly data. Results are exposed in Table A1.

As shown, all the se
ond sample moments assumed equal to zero in Lemma 1, are

indeed very 
lose to zero. The additional assumption to be made is that quarterly

data behaves pretty similar to monthly data, whi
h is at least more a

urate than

dire
tly assuming that assumptions (i)-(iii) are true without any empiri
al test.
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It has to be known that for monthly series, I use twelve distributed lags that


orrespond to four quarters. For that reason I test assumptions (i) to (iii) only for

four lags.

Appendix B. Determination of the number of lags for

de�
it as a per
entage of GDP

In this appendix I show how I sele
ted the amount of lags of the dependent variable

to be in
luded as 
ontrols in the regression of Equation (3.1). This is a relevant

question be
ause omitting any of those lags 
ould potentially generate an omitted

variable bias be
ause de�
it 
ould in
rease during pre-ele
toral periods and de
rease

afterwards. In su
h a 
ase, the dummies that 
ontrols for the post-ele
toral periods

will be systemati
ally positively 
orrelated with the past de�
its sin
e those were

higher due to ele
tions, leading to an omitted variable bias. I used the adjusted R2

and the Akaike information 
riterion to 
hoose the optimal amount of distributed

lags. Table B1 shows that the adjusted R2 in
reases until the 12th lag. However the

Akaike information 
riterion keeps on de
reasing even after 12th lags (not reported)

but at a very small rate. Under this fa
ts, I 
onsidered 
hoosing 12 lags the optimal


hoi
e.

Appendix C. Studying the behavior of the time series

In all the study I used 12 lags as the adjusted R2 
riterion suggested, shown in

Appendix B. In order to examine if this approa
h misses any salient features of the

data, this appendix presents the results of an expli
it dynami
 regression pretty 
losed
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to the one used during all the study:

yit =

12∑

n=1

βnyi,t−n+
∑

i

2005∑

t=1980

year
′

t×countryi+
∑

i

Dec∑

t=Jan

month
′

t×countryi+eit, (C1)

in whi
h I 
ontrol for all possible annual trend and seasonal e�e
t by 
ountry. I use

this regression to as
ertain that the results during the study are not driven by the way

I use the data. After estimating Equation (C1), let's assume that there is a positive

sho
k equal to one at month 0. In Figure (C1) we 
an observe the behavior of the

�s
al de�
it throughout the time after the initial sho
k.

This �gure indi
ates that the pro
ess is stable be
ause after 12 months the sho
k

is totally reversed.
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Table 1: De�nition of variables and des
riptive statisti
s

(1) (2) (3) (4) (5) (6) (7)

variable Des
ription Mean Standard error Min Max Frequen
y Sour
e

d Fis
al de�
it as per
entage of GDP. 1.6 5.0 -21.4 51.9 IFS

△real gdp Real GDP growth rate. 0.3 2.8 -16.6 17.4 IFS

E

Dummy that takes value 1 for the

0.2 0.4 0.0 1.0 550

SUNY

last nine months before an ele
tion &

takes pla
e. Others

E × P

Sum of ex-post ele
toral vote

0.3 0.2 0.0 0.65

SUNY

share ex
luding president's party &

vote share as a proxy of Others

probability of being defeated.

I

Dummy that takes value 1 if the

0.0 0.2 0.0 1.0 110month/s lie between ele
tion and

government 
hange date.

I × P̃

Dummy that takes value 1 if the

0.0 0.1 0.0 1.0 73 DPI

month lies within the inerlude and the

su

essor is NOT from the

in
umbent's party.

I × reelection

Dummy that takes value 1 if the

0.0 0.1 0.0 1.0 9

SUNY

month lies within the interlude and &

in
ubent was reele
ted. Others

G

Dummy that takes value 1 for the

0.2 0.4 0.0 1.0 567

SUNY

nine months after 
onstitutional &

government 
hange. Others

Notes: Note: IFS refers to IMF International Finan
ial Statisti
s; DPI to Database of Politi
al Institutions; and SUNY to the Center on Demo
rati


Performan
e, Binghamton University, SUNY. For 
al
ulating all the des
riptive statisti
s non-demo
rati
 periods were ex
luded based on Polity IV

proje
t.
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Table 2: Partisanship e�e
t on �s
al de�
it around interludes

(1) (2)

Estimators\Method OLS IV

β̂E×P 0.677 1.091

[1.660℄ [1.650℄

β̂E×P 2

1.736 1.439

[2.367℄ [2.294℄

β̂I -1.024 -1.547

[1.142℄ [1.172℄

β̂
I×P̃

4.340*** 4.899***

[1.297℄ [1.294℄

β̂G -0.254 -0.275

[0.343℄ [0.357℄

Observations 2,926 2,771

R2 within 0.553

Number of Countries 13 13

Notes: This table shows that during interludes de�
it in
reases when the in
umbent's party is not re-ele
ted. Results 
ome from regressing

Equation (3.1). Depened variable is monthly de�
it as a % of GDP. Regressions in
lude year-
ountry and month-
ountry �xed e�e
t. Countries

used in the regressions are: Argentina, Brazil, Colombia, Costa Ri
a, Domini
an Republi
, E
uador, Honduras, Mexi
o, Ni
aragua, Panama, Peru,

Uruguay and Venezuela. Non-demo
rati
 episodes were ex
luded from the sample based on Polity IV proje
t. Robust standard errors are reported in

bra
kets. *, **, *** indi
ates signi�
an
e at 10, 5 and 1% respe
tively.
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Table 3: Partisanship vs. reele
tion e�e
t on �s
al de�
it around interludes

(1) (2)

Estimators\Method OLS IV

β̂E×P 0.678 1.092

[1.661℄ [1.651℄

β̂E×P 2

1.736 1.438

[2.368℄ [2.295℄

β̂I -1.077 -1.775

[1.450℄ [1.538℄

β̂
I×P̃

4.393*** 5.128***

[1.579℄ [1.634℄

β̂I×reelected 0.208 0.801

[1.781℄ [1.793℄

β̂G -0.254 -0.274

[0.343℄ [0.357℄

Observations 2,926 2,771

R2 within 0.553

Number of Countries 13 13

Notes: This table shows the di�erential e�e
t during the interludes between a reeleted in
umbent and a reele
ted party. Results 
ome from

regressing Equation (3.1). Depened variable is monthly de�
it as a % of GDP. Regressions in
lude year-
ountry and month-
ountry �xed e�e
t.

Countries used in the regressions are: Argentina, Brazil, Colombia, Costa Ri
a, Domini
an Republi
, E
uador, Honduras, Mexi
o, Ni
aragua,

Panama, Peru, Uruguay and Venezuela. Non-demo
rati
 episodes were ex
luded from the sample based on Polity IV proje
t. Robust standard errors

are reported in bra
kets. *, **, *** indi
ates signi�
an
e at 10, 5 and 1% respe
tively.
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Table A1: Se
ond sample moements between de�
it as % of resour
es and the predi
ted error term

de�
it % resour
es (t) predi
ted error of de�
it

% GDP (t)

predi
ted error of de�
it

% GDP (t)

0.0000414 de�
it % resour
es (t) 0.0000414

predi
ted error of de�
it

% GDP (t-1)

0.0000058 de�
it % resour
es (t-1) 0.0000421

predi
ted error of de�
it

% GDP (t-2)

0.000054 de�
it % resour
es (t-2) 0.0000151

predi
ted error of de�
it

% GDP (t-3)

0.0000456 de�
it % resour
es (t-3) 0.0000142

predi
ted error of de�
it

% GDP (t-4)

0.0000423 de�
it % resour
es (t-4) 0.0000187

Notes: Correlations were 
ondu
ted as defned in Lemma 1.
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Table B1: Determining the optimal amount of lags for surplus/GDP

Number of lags adj R2 AIC

0 0.239 28146.07

1 0.262 27641.58

2 0.275 27187.669

3 0.274 26737.02

4 0.280 26324.53

5 0.294 25897.002

6 0.298 25528.084

7 0.307 25105.73

8 0.327 24638.031

9 0.343 24207.316

10 0.371 23672.709

11 0.419 22958.773

12 0.423 22347.842

13 0.423 22080.205

Note: Note: the 
orrespondent adj R2 and AIC 
omes from a regression of the type of Equation (3.1) but 
hanging the amount of distributed lags

as indi
ated in Column 1 of this table.
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Appendix D: Dates of 
hanges in term limit's rule

Table D1: Dates of 
hanges in term limit's rule

Country Immediate reele
tion

was prohibited

Immediate reele
tion

was allowed

Argentina - Nov-1993

Brazil - De
-1996

Colombia - May-2000

Dom. Rep. - May-2002

Peru - De
-1993

Peru Nov-2000

Venezuela - De
-1999
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Figure 1: Change in the budget deficit in response to electoral surprises 

  

 

Note: Functions from panel A [and B] were constructed using equations (2.1), (2.2') and (2.3) by calculating   
 ,  ̃ 

  and    for       and 

using          . The magnitude of a surprise win [defeat] is the probability of being defeated      [one minus the probability of being 

defeated     ].  
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Figure 2: Change in the budget deficit in response to electoral surprises: Empirical test 

  

Notes: the solid line represents the linear combination  ̂    ̂        ̂      in Panel A  [ ̂   ̃   ̂    ̂        ̂      in Panel B] of the 

coefficients reported in Column 2 from Table 2 for all                    . The dotted lines represent the 95% confidence interval. The x-axis 

indicates the decrease [increase] in the probability of being defeated between the interlude (by definition  ̃    [ ̃   ]) and the pre-electoral 

period (by definition    is between 0 and 1) for the graph of Panel A [Panel B]. The y-axis indicates the change in the deficit between the interlude 

and pre-electoral periods as a consequence of the decrease [increase] in the probability of being defeated. The vertical dashed gray line represents 

the upper bound of the magnitude of the electoral surprise that comes from the data.  
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Figure 3: Change in the budget deficit in response to electoral surprises: Robustness check 1  

 

Notes: The linear combinations were conducted based on the estimation of Equation (3.1) but using a pre-electoral dummy of two months instead 

of nine, as in the previous linear combinations. The solid line represents the linear combination  ̂    ̂        ̂      in Panel A  [ ̂   ̃  

 ̂    ̂        ̂      in Panel B] of the coefficients reported in Column 2 from Table 2 for all                    . The dotted lines 

represent the 95% confidence interval. The x-axis indicates the decrease [increase] in the probability of being defeated between the interlude (by 

definition  ̃    [ ̃   ]) and the pre-electoral period (by definition    is between 0 and 1) for the graph of Panel A [Panel B]. The y-axis 

indicates the change in the deficit between the interlude and pre-electoral periods as a consequence of the decrease [increase] in the probability of 

being defeated. The vertical dashed gray line represents the upper bound of the magnitude of the electoral surprise that comes from the data.  
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Figure 4: Change in the budget deficit in response to electoral surprises: Robustness check 2 

  

Notes: The linear combinations were conducted based on the estimation of Equation (3.1) using a subset of countries with the longest interludes. 

Those countries are Brazil, Costa Rica, Dominican Republic, Mexico, Panama, Peru and Uruguay. The solid line represents the linear combination 

 ̂    ̂        ̂      in Panel A  [ ̂   ̃   ̂    ̂        ̂      in Panel B] of the coefficients reported in Column 2 from Table 2 for all 

                   . The dotted lines represent the 95% confidence interval. The x-axis indicates the decrease [increase] in the probability of 

being defeated between the interlude (by definition  ̃    [ ̃   ]) and the pre-electoral period (by definition    is between 0 and 1) for the graph 

of Panel A [Panel B]. The y-axis indicates the change in the deficit between the interlude and pre-electoral periods as a consequence of the 

decrease [increase] in the probability of being defeated. The vertical dashed gray line represents the upper bound of the magnitude of the electoral 

surprise that comes from the data. 
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Figure C1: Dynamic behavior of deficit/GDP after initial shock. 

 

 

 

 

 

 

 

 

 

 

 

Notes: The solid line was constructed generating a shock equal to 1 in the dynamic Equation C1. 

Dependent variable is monthly deficit as a % of GDP. Regressions include year-country and 

month-country fixed effect. Countries used in the regressions are: Argentina, Brazil, Colombia, 

Costa Rica, Dominican Republic, Ecuador, Honduras, Mexico, Nicaragua, Panama, Peru, 

Uruguay and Venezuela. Non-democratic episodes were excluded from the sample based on 

Polity IV project. 
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Chapter 3

Weak Identi�
ation in Dynami
 Panel Data Models

under Non-stationary Pro
esses



3.1 Introdu
tion

Many e
onomi
 phenomena require the 
onsideration of both the dynami
 nature of

a problem and unobserved heterogeneity within groups. For example, 
onsider the

dynami
 model yit = αyi,t−1 + ηi + uit, i = 1, ..., N and t = 1, ..., T . Di�eren
e GMM

estimation methods have been used, almost ex
lusively, in the estimation of this type

of models be
ause of their advantage that the validity of the moments are independent

of the initial 
ondition of the series. Anderson and Hsiao (1981) propose to estimate

the model shown above by taking the �rst di�eren
e (△yit = α△yi,t−1 + △uit, i =

1, ..., N and t = 1, ..., T − 1) and using the dependent variable lagged for two periods

as instrument (yi,t−2). Moreover, the dependent variable lagged for more than two

periods 
an also be used as valid instruments generating a more e�
ient estimation,

as shown in Arellano and Bond (1991). Nevertheless, these methods 
an su�er from

weak identi�
ation when the time dimension is very short (T ).

Blundell and Bond (1998) propose to estimate the dynami
 model shown above using

instruments in �rst di�eren
es when di�eren
e GMM estimators su�er from weak

identi�
ation.

1

However, stationarity of the pro
ess is required in order to have valid

moments, whi
h may not hold in many mi
ro-e
onometri
 studies.

2

This paper suggests for both stationary and non-stationary pro
esses a likelihood-

based estimator (MLE hereafter) - following Hsiao et al. (2002) - that is 
onsistent

1

These moment 
onditions are also shown in Arellano and Bover (1995) and Ahn and S
himidt

(1995) but without making expli
itly the point of weak identi�
ation.

2

For example, the 
ase of studying the performan
e of a new drug in 
lini
al trials 
ould follow

a non-stationary pro
ess sin
e the pro
ess starts with the treatment in the very near past.
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and behaves mu
h better than any IV-based estimator, espe
ially when the latter

fails to identify the parameter of the model due to weak identi�
ation issues. This

MLE leads to a �rst di�eren
e OLS estimator with a bias 
orre
tor term that has the

desirable property for identi�
ation that OLS estimators possess: a quadrati
 form

in the denominator.

In the next se
tion, I set up the model with a large number of groups (N) and a

short time dimension (T), and analyze IV-based estimators (i.e., simple IV, di�eren
e

GMM and Limited information maximum likelihood estimator) that lead to 
onsistent

estimates under the assumptions of the model. In se
tion 3, I highlight expli
itly

the problem of weak identi�
ation under non-stationary pro
esses that 
omes from

using all those IV-based estimators. In se
tion 4, I propose the maximum likelihood

estimator based on Hsiao et al. (2002) and I show its properties for very short time

periods. In se
tion 5, I present the results of Monte Carlo experiments and in se
tion

6 I 
on
lude emphasizing strengths and weaknesses of the MLE estimator.

3.2 The model and some well known IV-based 
onsis-

tent estimators

I 
onsider the simple AR(1) model with unobserved individual-spe
i�
 �xed e�e
t

yit = αyi,t−1 + ηi + uit, (2.1)

where α ∈ (0, 1), i = 1, ..., N and t = 1, ..., T .
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Sin
e the data starts being observed in time period 1, we 
an express the initial

observation as a fun
tion of unobservables using re
ursive substitution:

yi1 = αmyi,1−m +
1− αm

1− α
ηi + Σm−1

l=0 αlui,1−l. (2.2)

In whi
h 
ase, is stationary for m −→ ∞.

Furthermore, I will state the following set of assumptions for the data generating

pro
ess:

ni ∼ N(0, σ2
n), uit ∼ N(0, σ2

u) for all i = 1, ..., N and t = 1, ..., T , (A.1)

E(niuit) = 0 for all i = 1, ..., N and t = 1, ..., T , (A.2)

E(yi1uit) = 0 for all i = 1, ..., N and t = 2, ..., T , (A.3)

E(uitui,t+s) = 0 for all i = 1, ..., N and t = 1, ..., T and s > 0. (A.4)

Based on these set of assumptions, the following IV-based estimators are 
onsistent:

3.2.1 The Instrumental Variable estimator (IV)

Using the �rst di�eren
e of equation (2.1) will eliminate the �xed e�e
t ηi,

△yit = α△yi,t−1 +△uit, (2.3)

Anderson and Hsiao (1981) point out the 
onsisten
y of the following IV estimator

that 
omes from estimating the model (2.3) based on assumptions (A.1)-(A.4), using

yi,t−2 as an instrument,
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α̂IV =

(
N∑

i=1

y′

i,−2 △ yi,−1

)−1 N∑

i=1

y′

i,−2 △ yi, (2.4)

where △yi = (△yi3, ..., △yiT )
′
, △yi,−1 = (△yi2, ..., △yi, T−1)

′
and yi,−2 = (yi1, ...,

yi, T−2)
′
are ve
tors of dimension (T −2)×1.3 Note that sin
e E(yi, t−2△uit) = 0, α̂IV

is 
onsistent and it does not depend on the initial 
ondition yi1 in order to be valid.

3.2.2 Di�eren
e GMM estimator (GMM)

This estimator is developed in Arellano and Bond (1991) and exploits all the available

lags as instruments, starting from the dependent variable lagged for two periods.

Under assumptions (A.1)-(A.4), the followingM = (T −1)×(T −2)/2 linear moment

restri
tions are satis�ed: E[(yi,t−j)△uit] = 0 for all t = 3, ..., T and j = 2, ..., t− 1.

These moment 
onditions 
an be written in ve
tor form as E[Z′

i
△ui ] = 0 with sample

moments N−1
∑N

i=1 Z
′

i
△ui

p
−→E[Z′

i
△ui ] = 0 yielding to the following GMM estima-

tor,

α̂GMM = argminα

{
N∑

i=1

△u′

iZiANZ
′

i△ui

}
,

where ∆ui is a ve
tor with dimension (T − 2) × 1 and Zi = diag(yi1, . . . , yis) for

s = (1, . . . ., T − 2), with dimension (T − 2)×M . α̂GMM 
an be re-expressed as,

3

Anderson and Hsiao (1981) also proposed to use △yi,−2 as instrument but for very short

panels, as I analyze here, the estimator (2.4) is more e�
ient. See also Arellano (1989) for further

dis
ussions.
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α̂GMM =

(
N∑

i=1

△y′

i,−1ZiANZ
′

i△yi,−1

)−1 N∑

i=1

△y′

i,−1ZiANZ
′

i△yi, (2.5)

AN 
an be either (N−1(
∑

i Z
′

iHZi)
−1

or (N−1(
∑

i Z
′

i△ûi△û′

iZi)
−1

generating the

�rst or se
ond step estimator, respe
tively. H is a (T −2)× (T −2) matrix with twos

in the diagonal element and minus ones in the lower and upper �rst sub diagonal, and

∆ûi 
omes from estimating the error term using the �rst step estimator. Note that

under the absent of heterok
edasti
ity and auto-
orrelation, based on assumptions

(A.1) and (A.4), both �rst and se
ond step estimators are asymptoti
ally equivalent

and there is no gains in e�
ien
y of running the se
ond step estimator.

4

3.2.3 Limited information maximum likelihood estimator (LIML)

Now 
onsider the LIML estimator used in Alonso-Borrego and Arellano (1999) and

in Alvarez and Arellano (2003),

4

An alternative to �rst di�eren
ing is the following forward orthogonal transformation,

also known as Helmert's transformation: u∗

i
= D∗ui , where ui = (ui2, ui3, ..., uiT )

′
, andD∗

is a matrix of dimension (T − 2) × (T − 1) of the form, D∗ = diag
[
T−1

T , ..., 1

2

]1/2
×



1 −(T − 2)−1 −(T − 2)−1 · · · −(T − 2)−1 −(T − 2)−1 −(T − 2)−1

0 1 −(T − 3)−1 · · · −(T − 3)−1 −(T − 3)−1 −(T − 3)−1

...
...

...
...

...
...

0 0 0 · · · 1 − 1

2
− 1

2

0 0 0 · · · 0 1 −1




. Under this

transformation, the weighing matrix under the �rst step estimator be
omes the identity matrix,

i.e., H = I. The GMM estimator is invariant to any orthogonal linear transformation to eliminate

the individual e�e
t if all the available moment 
onditions are exploited. See for further details

Arellano and Bover (1995), Alvarez and Arellano (2003) and Okui (2009) for further details.
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α̂LIML = argminα





N∑

i=1

△u′

iZi




(∑
N

i=1
Z′

i
Zi

)
−1

∑
N

i=1
(△u′

i△ui)


Z′

i△ui





,

α̂LIML 
an be rewritten as,

α̂LIML =




N∑

i


△y′

i,−1Zi

(
N∑

i=1

Z′

iZi

)−1

Z′

i△yi,−1 − l̂ (△y′

i,−1△yi,−1)






−1

×




N∑

i


△y′

i,−1Zi

(
N∑

i=1

Z′

iZi

)−1

Z′

i△yi − l̂ (△y′

i,−1△yi)




 , (2.6)

where

l̂ = minimun eigenvalue
∑N

i {(△yi , △y′

i,−1)
′Zi

(∑N

i=1 Z
′

iZi

)
−1

Z′

i(△yi , △y′

i,−1)×

(∑N

i (△yi , △y′

i,−1)(△yi , △y′

i,−1)
′

)
−1

}. lim
N−→∞

l̂ = 0 indi
ates the asymptoti
 equiv-

alen
e between LIML and IV, and also between LIML with GMM.

5

3.3 The problem of weak instruments

When the time horizon is very short, T = 3, the previous IV-based estimators fail

to identify the parameter α, when it has a spe
i�
 value between zero and one. As

5

Even though this estimator is still in spirit an IV-based estimator, it di�ers from IV and GMM

in the sense that its asymptoti
 bias is of order of 1/(2N−T ) when the pro
ess is stationary. Instead,

for the same pro
ess, simple IV and GMM estimators has asymptoti
 bias of order 1/N , as shown

by Alvarez and Arellano (2003).
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noted, when T = 3, all the estimators from se
tion 2 be
omes just identi�ed,

α̂IV ≡ α̂GMM ≡ α̂LIML =

∑N

i=1 yi1△yi3∑N

i=1 yi1△yi2

. (3.1)

The �rst stage or redu
ed form equation in this spe
ial 
ase 
an be de�ned as △yi2 =

yi1π+ ǫi for i = 1, ..., N , in whi
h 
ase a simple OLS will give a 
onsistent estimation

of π,

plim π̂ =

(
α2mσ2

y1−m

+

(
1− αm

1− α

)2

σ2
n +

(
1− α2m

1− α2

)
σ2
u

)
−1

×

(
α2m(α− 1)σ2

y1−m

+

(
1− αm

1− α

)
αmσ2

n + (α− 1)

(
1− α2m

1− α2

)
σ2
u

)
. (3.2)

Blundell and Bond (1998) demonstrated the weak identi�
ation issue when the pro
ess

is stationary. Namely, π̂ → 0 as α → 1, when m → ∞. They proposed moments in

levels with instruments in di�eren
e in order to estimate the model. However, when

the pro
ess is not stationary, the moments de�ned in Blundell and bond (1998) are

not longer valid, generating in
onsistent estimates. To explore the weakness of those

IV-based estimators under non-stationary pro
ess, assume m = 1,

yi1 = αyi0 + ηi + ui1 and yi0 ∼ N(0, σ2
y0
) for i = 1, ..., N . (A.5)

The estimator of π 
onverges in probability to,

plim π̂ =
(
α2σ2

y1−m

+ σ2
n + σ2

u

)
−1 (

α2(α− 1)σ2
y1−m

+ ασ2
n + (α− 1)σ2

u

)
, (3.3)
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the weak identi�
ation still shows up but this time when α is in the neighborhood of

0.57, if we have unitary varian
es.

6

The 
onventional wisdom is that the weak identi�
ation under GMM and IV o

urs

when α −→ 1. However, this is not independent of the initial 
ondition of the pro
ess,

as shown when the pro
ess is not stationary.

3.4 A transformed maximum likelihood-based estima-

tor

After �rst di�eren
ing equation (2.1) and following assumptions (A.1)-(A.5), we 
an


onstru
t a log likelihood fun
tion following Hsiao et al. (2002) that satis�es the

usual regularity 
onditions,

ln L = −
NT

2
ln(2π)−

N

2
ln|Ω| −

1

2

N∑

i=1

△u
′

iΩ
−1△ui, (4.1)

where △ui = (△yi2− b, △ui3, ..., △uiT )
′
, and E(△yi2) = b = 0 for i = 1, .., N due to

assumption (A.5). Also,

6

This issue of weak identi�
ation is deeply studied in Nelson and Startz (1990), and Staiger and

Sto
k (1997).

85



Ω = σ2
u




var(△y2)/σ
2
u −1 0 . . . 0

−1 2 −1 . .
. ...

0 −1 2 −1 0

... . .
.

−1 2 −1

0 · · · 0 −1 2




= σ2
uΩ

∗.

As being the pro
ess non-stationary, the matrix Ω does not depend on α, then the

prin
iple of the maximum likelihood be
omes easier to a
hieve. For example, if we

want to use Newton-Raphtom pro
edure.

Alternatively, a grid sear
h method 
an be used starting from small values of α

(e.g., α0 = 0.0001 and σ2
u0

= 1
2N(T−2)

∑N

i=1

∑T

t=3 (△yit − α0△yi,t−1)
2
) and stopping

when the log likelihood rea
hes its maximum value. This grid sear
h method is easy

to a
hieve due to the fa
t that var(△y2) and b do not depend expli
itly of α and

they 
an be estimated 
onsistently by averaging the initial di�eren
ed observations

within groups, namely,

1
N−1

∑N

i=1

(
△yi2 −

1
N

∑N

i=1△yi2

)2
≡ v̂ar(△y2)

p
−→var(△y2))

and

1
N

∑N

i=1△yi2 ≡ b̂
p

−→ b.

To study the behavior of this estimator when T = 3, as done for the IV-based estima-

tor, we 
an estimate α and σ2
u by maximizing the likelihood fun
tion (4.1), yielding

to the following system of two equations,

∂lnL

∂α
= 0, α =

∑N

i=1△yi2△yi3∑N

i=1△yi2△yi2

+
σ2
u

ˆvar(△y2)
−

b̂2σ2
u

ˆvar(△y2)
1
N

∑N

i=1△y
2
i2

, (4.2)
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∂lnL

∂σ2
u

= −
N

2

1

|Ω|

(
3
(
σ2
u

)2
(
1 + 3

(
ˆvar(△y2)

σ2
u

− 1

))
− 3

(
σ2
u

)3 ˆvar(△y2)

(σ2
u)

2

)
+

+
1

4 (σ2
u)

2

N∑

i=1

△u
′

iΩ
∗−1△ui = 0. (4.3)

The derivative of the log likelihood fun
tion (4.1) with respe
t to α 
an easily ex-

pressed as an expli
it fun
tion of the form α = ν (σ2
u), as shown in (4.2). Plugging

α = ν (σ2
u) into (4.3) give us a 
onsistent and e�
ient estimation of the varian
e of

the model (σ̂2
u).

7

Under this setting, the estimator of α be
omes

α̂MLE =

∑N

i=1△yi2△yi3∑N

i=1 (△yi2)
2

+
σ̂2
u

ˆvar(△y2)
−

b̂2σ̂2
u

ˆvar(△y2)
1
N

∑N

i=1 (△yi2)
2
. (4.4)

It is easy to see that this estimator does not su�er from weak identi�
ation. In-

tuitively, be
ause quadrati
 forms are in the denominator, obviously being always

positive.

8

As said in the introdu
tion, the �rst term of this estimator looks like a

simple OLS that 
omes from the estimation equation (2.3). The se
ond and third

term are the bias 
orre
tion.

7

Unfortunately, sin
e the pro
ess is not stationary, equation (4.3) does not look like a quasi-


on
ave or 
on
ave fun
tion in whi
h it would have been guaranteed the existen
e of a unique value

of σ2

u that satis�es the equality to zero. Under this problem, a numeri
al pro
edure should be used

and keep the value of σ̂2
u that makes the likelihood fun
tion the highest possible. Sin
e we have the

presumption that α ǫ (0, 1), it is not a huge 
ompli
ation.

8

See that N−1
∑N

i=1
(△yi2)

2 p
−→ (α− 1)

2
(
α2σ2

y0
+ σ2

n + σ2

u

)
+ (2α− 1)σ2

n + σ2

u, whi
h give us

enough variation to identify the parameter strongly, avoiding having weak or 
losed to zero denom-

inators like in the 
ase of IV-based estimators.
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3.5 Monte Carlo simulations

This se
tion presents the results of a series of the Monte Carlo experiments.

9

I observe

the �nite sample performan
e of the estimators presented in se
tions 2 and 4 following

assumptions (A.1)-(A.5). I 
onstru
t the average bias of the estimators, the standard

error and the root mean square error for 500 simulations.

In Table 1 
an be seen the results for a just identi�ed 
ase in whi
h all the IV-based

estimators presented in se
tion 2 are equivalent to the simple IV estimator showed in

se
tion 2.1. Column 1 reports the result of the transformed likelihood-based estimator

of se
tion 4, meanwhile Column 2 presents the result of the traditional IV estimator.

As seen from Table 1 Column 2, when α is 
losed to the singularity point (i.e., α

≈ 0.57) des
ribed in Nelson and Startz (1990), the IV behaves poorly. For example,

when α = 0.50, the bias in IV is -0.97, something 
lose to a bias of 194% in terms

of the real value of the parameter α. Instead, under MLE, the bias is 
omparatively

nil. Being away from the singularity point area, when α is equal to 0.1 or 0.9, both

estimators behaves well. However, the root mean squared error is mu
h smaller under

MLE.

In Table 2 
an be seen the results when the system is over identi�ed in the 
ase of

GMM and LIML (panel A for T = 4 and panel B for T = 5) are presented. It

is important to note that both GMM and LIML behaves poorly not only in a very


losed neighborhood of the singularity point, but even when α is ± 0.2 away from

it. Namely, when α is 0.4 in panel A, the bias as a per
entage of α is 3% for MLE,

12% for IV, and 17, 16 and 20% for GMM1, GMM2 and LIML respe
tively. RMSE

is pretty low in MLE, and 10 times greater for LIML and around 4.5 times for IV,

9

The simulations were 
ondu
ted on Gauss 6.0.
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GMM1 and GMM2. This tests the e�
ien
y and a

ura
y of the MLE against all

the other IV-based estimators. The di�eren
es between MLE and the other IV-based

estimators be
omes enormous around the singularity point for both, panels A and

B. Spe
i�
ally, when α is 0.6, the bias is not a mayor 
on
erned in IV, but it is

under GMM or LIML. Instead, the size of the RMSE is a enormous in all IV-based

estimators, 
ompared with the MLE, spe
ially in the 
ase of IV and LIML. In panel

B, when T = 5, things start to behave better in both GMM and LIML be
ause both

methods exploit all the available instruments (3). However, the bias and the RMSE

is still huge 
ompare with MLE. In part, be
ause further lags as instruments would

not be as informative as the �rst lag in the 
ase of informative �rst lag instruments.

For that reason, GMM and LIML still behaves pretty bad when T be
omes larger


ompared with MLE.

3.6 Con
lusion

This paper shows that IV-based estimators (i.e., di�eren
e GMM and LIML) may

estimate the parameters of dynami
 panel data model when the pro
ess is not sta-

tionary as weakly as when it is stationary. When the time horizon is the shortest

ne
essary for identi�
ation (i.e., T = 3), the IV-based estimators be
ome just iden-

ti�ed and equivalent. I show in this 
ase the singularity point de�ned by Nelson

and Startz (1990). A transformed MLE is proposed to solve the weak identi�
ation

problem generated under IV-based estimators. In the 
ase of over-identi�ed systems

with short time series (i.e., T = 4, T = 5), di�eren
e GMM and LIML still shows

problems identifying the parameter of the dynami
 panel data model. The intuition

is that further lags as instruments are not informative enough to o�set the weak
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identi�
ation problem generated by the �rst instrument. The likelihood method def-

initely solves the weak identi�
ation issue and the RMSE is smaller than the ones

under GMM and LIML, even when there is no weak identi�
ation under the latter

two. The drawba
k of the MLE is that it is sensitive to misspe
i�
ation of the initial


ondition for short time periods. For this reason, resear
hers should inspe
t 
arefully

the initial 
ondition.

Non-linear moment 
onditions for the GMM estimator might have solved the weak

identi�
ation problem as well. I did not expli
itly stated it in this paper be
ause

the non-linear moment 
onditions de�ned by Ahn and S
hmidt (1995) require the

time length to be no shorter than 4, for whi
h 
ase it would not have been feasible

to estimate the dynami
 model for T = 3. Also, when di�eren
e GMM and LIML

estimate the parameter without weak identi�
ation problems, if T = 4, the amount of

observations in the non-linear model 
ondition would have de
reased by N , generating

ine�
ient estimates.
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Table 1. Monte Carlo simulation. N = 100, T = 3.

MLE IV

α = 0.1
α̂− α 0.021 0.014

σ̂(α̂) [0.107℄ [0.270℄

RMSE (0.109) (0.270)

α = 0.4
α̂− α 0.013 -0.675

σ̂(α̂) [0.139℄ [16.787℄

RMSE (0.140) (16.801)

α = 0.5
α̂− α 0.012 -0.974

σ̂(α̂) [0.135℄ [15.575℄

RMSE (0.135) (15.606)

α = 0.6
α̂− α 0.011 0.093

σ̂(α̂) [0.133℄ [13.643℄

RMSE (0.133) (13.643)

α = 0.9
α̂− α 0.009 0.106

σ̂(α̂) [0.130℄ [0.466℄

RMSE (0.130) (0.478)

Notes: 500 simulations. m = 1, σ2

y1−m

= 1, σ2

n
= 1, σ2

u
= 1. Values for α are given in 
olumn 1.
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Table 2. Monte Carlo simulation. Over identi�ed models.

Panel A: N = 100, T = 4 Panel B: N = 100, T = 5

MLE IV GMM1 GMM2 LIML1 MLE IV GMM1 GMM2 LIML1

α = 0.1
α̂− α 0.006 0.021 0.001 -0.003 0.027 -0.004 0.001 -0.017 -0.017 0.001

σ̂(α̂) [0.079℄ [0.152℄ [0.148℄ [0.152℄ [0.166℄ [0.062℄ [0.109℄ [0.103℄ [0.109℄ [0.124℄

RMSE (0.079) (0.153) (0.148) (0.152) (0.168) (0.062) (0.109) (0.105) (0.110) (0.124)

α = 0.4
α̂− α -0.012 0.049 -0.068 -0.064 0.084 -0.012 0.020 -0.062 -0.059 0.024

σ̂(α̂) [0.088℄ [0.465℄ [0.339℄ [0.352℄ [0.845℄ [0.070℄ [0.231℄ [0.198℄ [0.214℄ [0.266℄

RMSE (0.089) (0.468) (0.345) (0.358) (0.849) (0.071) (0.232) (0.207) (0.222) (0.267)

α = 0.5
α̂− α -0.012 0.090 -0.270 -0.282 -0.589 -0.020 0.072 -0.173 -0.181 0.161

σ̂(α̂) [0.090℄ [4.035℄ [0.551℄ [0.587℄ [12.996℄ [0.071℄ [2.290℄ [0.290℄ [0.318℄ [3.984℄

RMSE (0.091) (4.036) (0.614) (0.651) (13.009) (0.074) (2.291) (0.337) (0.366) (3.987)

α = 0.6
α̂− α -0.019 0.076 -0.519 -0.526 -1.097 -0.018 -0.954 -0.412 -0.446 -0.487

σ̂(α̂) [0.082℄ [10.660℄ [0.901℄ [0.938℄ [12.228℄ [0.070℄ [21.316℄ [0.386℄ [0.420℄ [8.123℄

RMSE (0.084) (10.661) (1.040) (1.076) (12.278) (0.072) (21.337) (0.565) (0.613) (8.137)

α = 0.9
α̂− α -0.004 0.002 -0.024 -0.028 0.004 -0.003 0.007 -0.021 -0.022 0.004

σ̂(α̂) [0.071℄ [0.164℄ [0.153℄ [0.154℄ [0.180℄ [0.053℄ [0.118℄ [0.102℄ [0.106℄ [0.126℄

RMSE (0.071) (0.164) (0.154) (0.157) (0.180) (0.054) (0.118) (0.104) (0.108) (0.126)

Notes: 500 simulations. m = 1, σ2

y1−m

= 1, σ2

n
= 1, σ2

u
= 1. Values for α are given in 
olumn 1.
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