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Abstract

Small improvements in public goods and large increases in corruption are the commonly
found effects of government rents from natural resource extraction. These outcomes do not
prove the existence of a ‘resource curse,” particularly in the context of local governments in
the developing world, unless we can show that these effects are specific to natural resource
rents and not a reflection of more pervasive weaknesses in public administration. This paper
provides the necessary benchmark for such an assessment. I study the effects of shocks to
natural resource rents on public good provision by Colombian municipal governments in the
areas of education, health and water and compare them to the effects of shocks to local property
tax revenue. Despite natural resource royalties being earmarked for expenditure in these areas,
I fail to find a single outcome of public good provision on which royalties have a significantly
larger effect than property tax revenue. I do find various outcomes on which tax revenue has
a larger effect, such as educational enrolment. These findings are consistent with a model
of political agency in which increases to public revenue from sources that are not readily
observable to voters weaken accountability and aggravate moral hazard by public officials.
Evidence from disciplinary prosecutions, local protests and electoral outcomes lends support to
this interpretation. I find that shocks to resource rents lead to an increase in the misbehavior
of local politicians, but have no electoral consequences. Shocks to property tax revenue lead to
improvements in governance, which are subsequently rewarded at the polls.
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1. Introduction

For over two decades, academics and practitioners have worried about the negative con-
sequences for development of natural resource wealth.! By now, we have good reasons to
believe that politics lies at the heart of the ‘resource curse.” Several theoretical contribu-
tions have explored the harmful effects of resource rents on public policy, rent-seeking and
political violence (Torvik, 2002; Caselli, 2006; Robinson et al., 2006). Existing sub-national
studies have found that natural resource rents have mixed effects on public goods and li-
ving standards, but generally lead to an increase in corruption (Vicente, 2010; Caselli and
Michaels, 2013; Herrera, 2014; Olsson and Valsecchi, 2015; Ardanaz and Maldonado, 2016;
Asher and Novosad, 2016; Knutsen et al., 2016). Other studies have found similar results for
other types of unearned or ‘external’ revenue, such as intra-government transfers (Fisman
and Gatti, 2002; Reinikka and Svensson, 2004; Brollo et al., 2013; Litschig and Morrison,
2013).

However, the available evidence is insufficient to conclude that the source of revenue is to
blame for the low return on expenditure or the increased corruption. After all, governments
that benefit from natural resource rents may have very low technical capacity or may be
very prone to corruption in the face of increased revenue, no matter what the source is.
What we have interpreted as evidence for a resource curse could simply be a reflection of the
limitations of local governments, especially in developing countries (Bandiera et al., 2009;
Khwaja, 2009). To conclude that there is such a thing as a ‘political resource curse’ we must
establish that government rents from the extraction of natural resources have negative effects
that other sources of revenue lack.

In particular, we would like to know how resource rents compare to locally-raised tax
revenue. Various strands of literature in economics and political science have long argued for
the tight link between taxation, accountability and governance. If revenue is not coming out
of citizens’ pockets, the argument goes, they are less willing or able to hold the government
accountable for what happens to it (Paler, 2013). In turn, rulers have less incentives to
deliver improved public goods and services. Arguments of this nature can often be found
in discussions around the effectiveness of foreign aid (Bauer, 1972; Easterly, 2006; Collier,
2006; Besley and Persson, 2011; Deaton, 2013). They are also fundamental to the ‘second
generation” approach to fiscal federalism in public economics (Oates, 2005; Weingast, 2009;
Péschl and Weingast, 2015). However, the dearth of plausibly exogenous variation in tax
revenue has limited (with a few exceptions) our ability to conduct rigorous empirical tests of
the political merits of taxation (Ross, 2004; Herb, 2005; Timmons, 2005; Borge and Rattsg,

1See Van der Ploeg (2011); Frankel (2012); Ross (2015); Venables (2016) for surveys.



2008; Timmons, 2010; Eubank, 2012; Timmons and Garfias, 2015; Casaburi and Troiano,
2016).

This paper answers the question of whether shocks to natural resource rents and to tax
revenue have systematically different effects on governance and accountability. It compares
the economic and political effects of plausibly exogenous shocks to local tax revenue and to
natural resource royalties in a panel of Colombian municipalities between 2005 and 2011.
In doing so, this paper allows us to better understand the connections between taxation,
accountability and governance, as well as the extent to which these links are undermined by
natural resource rents.

Colombian municipalities in which resource extraction takes places are compensated th-
rough the payment of royalties. These royalties are formula-determined and amount to a
fixed share of the market value (at world prices) of the extracted resources. Oil is the most
important source of royalties in Colombia but the country is a small player in the world
market. I exploit fluctuations in the world price of oil between 2005 and 2011, together with
cross-sectional differences in oil abundance, as a source of plausibly exogenous variation in
natural resource rents.

Expenditure of natural resource royalties is heavily regulated in Colombia. Royalties must
be spent on public goods and services in the areas of education, health and water until targets
are met for a specific set of indicators, which are my main outcomes of interest. These are
the net enrolment rate in basic education, the infant mortality rate, the percentage of poor
population with subsidized health insurance and a water pollution index. Target achievement
is low among oil-royalty recipients at the start of the sample period, making these indicators
ideal candidates to look for evidence on the impact of natural resource rents. Some of these
outcomes may only be incidentally affected by policy, so I complement the analysis by also
studying intermediate outcomes, such as the number of schools and vaccination rates.

The property tax is the main source of local tax revenue in Colombia. The tax base is the
value of the properties in the municipality’s official property register or cadastre. Each year,
the national geography institute, an independent agency of the central government, chooses
some municipalities for reassessment and cadastral updating, which leads to a sharp increase
in property tax revenue. Thanks to renewed updating efforts from the central government,
roughly 60% of municipalities had a cadastral update between 2006 and 2010. I provide
evidence on the idiosyncratic timing of these updates (as well as on the absence of systematic
selection into updating), which I exploit as a source of plausibly exogenous variation in

property tax revenue.?

2S4nchez and Pachén (2013) show that cadastral updates are positively correlated with property tax
revenue, educational enrolment and water quality in Colombian municipalities. However, they do not provide



It is worth noting that regulation on the expenditure of local tax revenue is nowhere near
that of natural resource royalties. In consequence, a comparison of the effects of revenue from
the two sources on the outcomes for which natural resource royalties are earmarked is likely
to be biased in favor of this source. The comparison could also be affected by differences in
the propensity to spend, or in the type of expenditure, depending on the source of revenue.
However, I do not find any systematic difference across sources of revenue in the elasticities
of total expenditure or investment (total, by type, or by sector).

The main tool employed in the analysis is instrumental variables regression with muni-
cipality and department-year fixed effects. Despite the caveats above, I fail to find a single
outcome of public good provision on which natural resource royalties have a significantly
larger effect than property tax revenue. The one outcome on which I do find a larger effect
of resource rents is the probability of protests caused by dissatisfaction with local public
services. On the other hand, I find various indicators on which tax revenue has a larger
effect, such as educational enrolment. Furthermore, some of the effects of oil royalties are
driven by the worsening of the indicators after the plummet of the price of oil in 2009 and
the subsequent reduction in government rents. Royalties appear to provide some short-term
benefits but there is no evidence of a long term impact.

I argue that these results are consistent with a political agency model in which increases
to public revenue from sources that are not readily observable to voters weaken accountability
and aggravate moral hazard by public officials. To provide supporting evidence, I collect new
data on the disciplinary prosecution of local public officials in Colombia. Using this data, I
show that natural resource royalties lead to an increase in the probability that the municipal
mayor is prosecuted, while tax revenue has a negative effect. The difference between the
sources of revenue is statistically significant, particularly for violations related to the handling
and spending of public revenue.

As predicted by the model, T find that voters are more attentive to the incumbent’s
performance when public revenue is coming out of their pockets. This is reflected in higher
turnout for local elections and in higher vote shares for the incumbent party in return for
the good use of taxpayers’ money. It is also reflected in the lack of electoral punishment for
local governments that misuse natural resource rents.

This paper contributes to a nascent literature on the heterogeneous economic and poli-
tical effects of public revenue from different sources. Lab experiments by Paler (2013) and
Martin (2014), conducted in Indonesia and Uganda respectively, show that people are more

willing to incur in costly actions to punish government misbehavior when the source of re-

any evidence on the plausible exogeneity of the updates nor do they compare the effect of tax revenue to
that of natural resource royalties.



venue is taxation. Outside of the lab, the evidence is mixed. On the one hand, Borge et al.
(2015) argue that additional rents from hydro-power production do not reduce the efficiency
of public expenditure more than increases in revenue from other sources in Norwegian muni-
cipalities. They base their argument on an instrument for rents from electricity production
based on topographical variation and a Hausman test to assess revenue endogeneity. On the
other hand, Gadenne (2017) reports improvements in educational infrastructure for Brazilian
municipalities that voluntarily enroll in a tax modernization program, but finds no effect of
larger transfers from the central government that result from discontinuities in the allocation
rule.

The present paper pushes forward our understanding of the connection between taxation,
accountability and governance, and its implications for the resource curse, in several ways.
To the best of my knowledge, this is the first paper to simultaneously study the hetero-
geneous effects of revenue from different sources on the behavior of public officials (public
good provision and disciplinary misconduct) and the citizens to which they are accountable
(mobilizations and electoral outcomes). This paper is also the first to simultaneously provide
evidence on the heterogeneous effects of public revenue from different sources on both inputs
and outputs of the public good production function in the areas of education, health and
water. Finally, it is also the only paper to provide evidence on the differential effect of tax
revenue and natural resource rents on politicians’ misbehavior and the only one to study the
impact of the source of revenue on accountability outside of the lab.

More generally, the present speaks to the literature on the determinants of good governan-
ce in developing countries, particularly with regards to local governments. This knowledge
is valuable in its own right, given that inadequate provision of public goods is an obsta-
cle to development in most low-income countries (World Bank, 2004; Besley and Ghatak,
2006), and that many of them (Colombia included) have embraced decentralization as a way
to improve accountability and governance (World Bank, 2000; Bardhan, 2002; Mookherjee,
2015).

The rest of this paper is organized as follows. Section 2 presents the theoretical framework
the main hypotheses. Section 3 provides background information on sources of local revenue
and government responsibilities in Colombia. Section 4 presents the empirical strategy and

the data sources. Results are shown in section 5. Section 6 concludes.



2. Sources of Revenue and Government Performance:

Theory

This paper tests the hypothesis that taxation improves accountability and governance
in a way that unearned sources of revenue, such as natural resource rents, do not. This
hypothesis is not revolutionary. It can be traced back to discussions on the origin of modern
European states and to characterizations of the ‘rentier states’ of the middle east (Mahdavy,
1970; North and Weingast, 1989; Beblawi, 1990; Ross, 2001). It has also often been espoused
by critics of foreign aid (Bauer, 1972; Easterly, 2006; Deaton, 2013).

Hence, it might surprise the reader to discover that the predictions of a simple model of
political agency (e.g. Persson and Tabellini, 2000, section 4.5) are not fundamentally affected
by the introduction of a distinction between tax revenue and revenue from an unearned
source. In such a model, the voter wants the highest ability candidate to be in office and
will re-elect the incumbent if she finds him, based on first-period performance, to be higher
ability than the challenger (Ashworth, 2012). As it turns out, her incentives and her choices
are the same whether revenue is coming from her pockets or from some external source.
Money is fungible and revenue from all sources can equally affect the outcomes that the
voter cares about: a dollar of tax revenue buys as many schools as a dollar of oil royalties.
We require an enriched framework for the hypothesized heterogeneity to arise, at least in
theory.

One possibility is that voters are better informed about tax revenue than about revenue
from other sources. The logic is straightforward: if voters are unaware about additional public
funds, they have no reason to expect or demand an improvement in public services, which
allows the incumbent to dispose of the extra revenue in the way that suits him best. In the
online theoretical appendix I explore this possibility by studying a political agency model
in which the voter only gets a noisy signal on public revenue.® In such an environment,
improvements to the precision of the signal make the voter’s assessment of the incumbent’s
quality more sensitive to the first-period outcome, which alleviates the moral hazard problem
(more effort or less rents). Assuming that the precision of the revenue signal increases in the
tax share of public revenue, I show that an increase in tax revenue leads to more effort by
the incumbent and to an increase in public good provision. As the share of revenue from
natural resource rents increases, on the other hand, the voter becomes less well informed

about revenue, the incumbent’s effort decreases and public good provision does not rise as

3 Alesina and Tabellini (2007) and Matsen et al. (2016) develop similar extensions. Ferraz and Finan
(2008) and Guiteras and Mobarak (2014) provide evidence on citizens’ difficulties assessing government
performance.



much.

In order for this mechanism to operate, voters must be better informed about tax revenue
than about natural resource rents. This assumption seems plausible, as previous research
has found that people tend to be relatively uninformed about revenue from external sources
(Reinikka and Svensson, 2004, 2005; Ferraz and Monteiro, 2014). Two characteristics of the
empirical exercise to follow further add to the assumption’s plausibility. First, given that
the fixed effects regressions that I estimate exploit within-municipality variation in revenue
over time, what matters is whether people are more aware of changes to tax revenue than
of changes to natural resource rents. Hence, even though inhabitants of resource-rich areas
may be well aware that their local governments benefit from natural resource rents, they
must still pay close attention to fluctuations in prices, which is costly, to be well informed
about changes to these rents. Secondly, the tax that I study, the property tax, is generally
recognized as very salient (Cabral and Hoxby, 2015). In Colombia tax escrow is uncommon
and payment takes place in at most two installments. In consequence, the tax represents a
large once-a-year out-of-pocket expenditure on an illiquid asset and taxpayers are well aware
of it.

Another possibility is that voters particularly dislike taxation and are more willing to
spend costly effort monitoring the proper management of tax revenue (or punishing the
incumbent for mismanagement) than in the case of revenue from other sources. One psycho-
logical mechanism that could give rise to such heterogeneity is loss aversion: if the incumbent
steals a dollar of tax revenue, that constitutes a costly loss, while if the dollar comes from a
non-tax source, that constitutes a less costly foregone gain. Martin (2014) develops a model
along this line, in which loss-averse voters derive utility from punishing a corrupt government.

Voters could also respond differently to taxation because only this source of revenue af-
fects their disposable income. If the marginal utility of public goods is decreasing in private
consumption, higher taxation makes public goods more valuable and may induce taxpayers
to engage more with public affairs. This assumption on the marginal utility of public goods
also seems plausible, particularly in areas such as education and health: as disposable inco-
me decreases, people become more dependant on the public health and education systems
and, consequently, attach more importance to their proper functioning. In the theoretical
appendix (online) I present an alternative version of the political agency model in which
this assumption is satisfied and in which the voter can spend costly effort to improve the
precision of the revenue signal (which is no loner directly affected by the source of revenue).
Knowing that greater precision will allow her to better hold the government accountable and
that this will induce greater effort from the incumbent, the voter responds to increases in

taxation by exerting more effort on information acquisition. An increase in natural resource



rents does not affect disposable income and may actually lead to less information acquisition
in the presence of decreasing marginal utility of public goods.

Experimental evidence provides empirical support to these preference-based mechanisms.
Paler (2013) and Martin (2014) find that participants in lab experiments are more willing
to engage in costly punishment of a misbehaving government when the source of revenue is
taxation. These results are not driven by informational asymmetries, as participants have
the same information on all sources of revenue.

Yet another possibility is that social norms and voters’ expectations around revenue vary
depending on the source. For instance, the mismanagement of tax revenue may be interpreted
by taxpayers as a particularly severe violation of norms on fairness and reciprocity, which
could make them more willing to enforce costly punishments (Fehr and Géchter, 2000).

To summarize, shocks to tax revenue lead to larger improvements in public good provi-
sion than shocks to an unearned source insofar as they make voters more willing or more
able to hold the government accountable (Paler, 2013). This can happen if voters are not
perfectly informed about public revenue (or other metrics of incumbent performance) and
tax revenue is either directly informative or provides incentives for information acquisition.
Either way, the heterogeneous return to revenue is driven by the differential effect of revenue
from different sources on moral hazard (incumbent’s effort or rents).

In what follows, I present empirical evidence on the main prediction regarding hetero-
geneous effects of tax revenue and resource rents on public good provision. I then use data
on disciplinary prosecutions and electoral outcomes to argue that the underlying mechanism

relates to politicians’ misbehavior and the response of voters.

3. Local Public Finance and Public Service Provision

in Colombia

There are 1100 municipalities in Colombia, which are grouped into 32 departments. The
average municipality has 30,000 inhabitants (the median is 13,000), 60 % of which live in rural
areas.* The top municipal authority is the mayor, who is popularly elected and serves a four-
year term without the possibility of re-election. The municipal council, elected simultaneously
with the mayor, is the local legislative body and has a mostly supervisory role.

Following a decentralization reform in the early 1990s, municipalities and departments
became jointly responsible for the provision of basic public services in the areas of educa-

tion, health, drinking water and sanitation (Faguet and Sanchez, 2008). The main source of

4However, Colombia is a predominantly urban country. In 2005, 45 % of the country’s population lived
in the 20 largest cities.



funding for related expenditures is a system of transfers from the central government called
“Sistema General de Participaciones” (SGP).5 Municipal autonomy over the expenditure of
these transfers and over the administration of public services varies across municipalities and
across sectors, with the specific responsibilities of each level of government being somewhat
blurry (Alesina et al., 2005).6

Taxes are the second most important source of revenue and contribute on average with
44 % of current receipts and 13 % of total revenue. The main local taxes (and their average
shares of tax revenue) are the property tax (34 %), the business tax (17 %) and the gasoline
tax (22 %).” The property tax is the most important source of tax revenue for slightly more
than one half of municipalities, but its relative importance decreases with population size
(Nufiez, 2005).8 Aggregate property tax revenue has been relatively stable since 2000 at
around 0.5 % of GDP (Sénchez and Espana, 2013).

The property tax is levied on the cadastral value of all real estate in the municipality. The
cadastre or land register is the official record of the physical and economic characteristics
of all properties in a municipality. The cadastre of all municipalities in the country (except
for Bogotd, Medellin, Cali and the department of Antioquia) is managed by the national
geography institute, Instituto Geogrdfico Agustin Codazzi (IGAC), an agency belonging to
the central government. As part of its duties, IGAC periodically updates the cadastres under
its jurisdiction. Cadastral updates mainly involve reassessing existing properties but also, to
a much lesser extent, incorporating previously unregistered properties to the cadastre.”

The third most important source of local revenue is royalties from the extraction of
natural resources. The main source of royalties between 2005 and 2011 was the extraction of
oil (69% of the total), followed by coal (23 %).!° Royalties are paid by the extracting firms

5SGP transfers are formula-determined and, for the most part, earmarked for specific expnditures. On
average, they represent 63 % of municipal total revenue. SGP transfers must be kept in a separate account
from other sources of revenue.

6An additional reform from 2001 allowed municipalities “certified” by the Ministries of Education or
Health to have greater autonomy in these areas and to directly manage the corresponding SGP transfers.
Otherwise, transfers are managed by the departmental government. However, the provision of health services
is highly regulated, even for certified municipalities, and must take place through heavily regulated firms
called “Empresas Sociales del Estado” (ESE). In the case of water and sanitation, municipalities manage the
share of SGP transfers earmarked for this purpose unless they are “de-certified” by the Superintendent for
Public Services.

"Other sources of local tax revenue include car registration and the public display of billboards and
banners.

8Glaeser (2013) reports that local public finances in the US are not very different, with intra-government
transfers and property taxes being the most important sources of revenue for all but the largest cities.
Gadenne and Singhal (2014) show that dependence on external revenue is greater for local governments in
developing countries.

9See Iregui et al. (2003, 2004) and Sénchez and Espafia (2013) for further information on cadastral
updating and the property tax in Colombia.

10Royalties are also paid for the extraction of precious metals, gemstones, iron, copper, nickel and salt.



to the central government according to a set of fixed resource-specific formulae of the form
royalty = output x world price (USD) x exchange rate (COP/USD) x royalty rate

In the case of oil, between 60 % and 84 % of these royalty payments are transferred by the
central government to the municipalities and departments where oil is extracted, with the

marginal transfer rate decreasing in output.!!

The allocation rules are roughly similar for
other natural resources.

The natural resource royalties received by oil-producing municipalities (8 % of the sample)
between 2005 and 2011 totalled slightly more than 2 billion USD. On average, royalties
represent 23 % of total yearly revenue for these municipalities. A reform in 2012, after the
end of the sample period, reduced the share of royalties received by producing localities and
created various funds that provide financing to project proposals from any municipality.

By law, at least 75 % of royalties must be spent on education, health, drinking water and
sanitation until targets are met for a specific set of indicators: educational enrolment rate,
infant mortality rate, coverage of the poor with subsidized health insurance and percentage
of the population with access to clean drinking water and sanitation. The rules governing
the distribution and expenditure of royalties do not disincentivize target achievement, as
municipalities keep receiving royalties once targets are met and can then spend them on
priority projects from the mayor’s four-year plan of government.

In the area of education, royalties can be spent on infrastructure, school equipment or
transportation. However, they can only be used to directly finance the provision of educa-
tion if SGP transfers are shown to be insufficient and if the municipality can prove future
sustainability. Similarly, royalties can be used to provide subsidized health insurance to
the population classified as poor by SISBEN only as long as sustainability can be ensured.
Royalty recipients can reduce infant mortality through public health policies (information
campaigns, vaccinations) or by setting up emergency health posts for common infant di-
seases, particularly acute gastric and respiratory infections. Vaccines are provided free of
charge by the national government. Royalties can also be used for expenditures related to
the provision of clean water and sanitation. These expenses include the initial studies, de-
signs and construction of relevant infrastructure, environmental protection of water sources
and policies aimed at reducing non-revenue water.

Municipalities have greater discretion over the expenditure of property tax revenue, ex-

cept for a fixed share that they are required to transfer to the ‘local’ environmental agency.!?

1 Another 8 % of the total is distributed among the port municipalities from where oil is shipped and the
remaining share (between 8 % and 32 %) is allocated to investment projects in non-producing areas.

12There are 34 such agencies in the country. Some cover a handful of municipalities while others cover
multiple departments. The percentage transferred must be between 15 % and 25 % of property tax revenue.



Municipalities can use own revenues (including tax revenue) for the provision of education
and can also invest in educational infrastructure or school equipment. They can also provide
subsidized health insurance to the poor or implement public health initiatives. Regarding
water and sanitation, municipalities can invest their own resources in infrastructure or can
provide the services at subsidized rates to the poor.

Various central agencies supervise the performance of local public officials. In particular,
the National Prosecutor’s Office (PGN) oversees compliance with a disciplinary code for pu-
blic employees. Member of the local administration, including the mayor, as well as members
of the municipal council must adhere to this code. PGN may start an investigation based on
news reports, tip-offs, its own audits and reports from other government agencies such as the
fiscal watchdog, the Office of the Comptroller General (CGR). PGN can hand out sanctions
ranging from fines and short-term suspensions to removal from office and long-term bans
from public office. These latter sanctions are reserved for serious offences, including clear

instances of corruption and violations of procurement and contracting laws.

4. Empirical Strategy

I use panel data from 968 Colombian municipalities between 2005 and 2011 to test for
heterogeneous effects of shocks to tax revenue and natural resource rents on accountability
and governance. I exploit the timing of cadastral updates and the fluctuations in the world
price of oil as sources of plausibly exogenous variation in local property tax revenue and in
royalties from the extraction of oil, respectively. I compare the effect that revenue from these
two sources has on the local public goods for which royalties are earmarked and provide
additional evidence from mobilizations, disciplinary prosecutions and electoral outcomes. In
the following sub-sections I explain the details of this empirical exercise. First, I introduce
the data employed and its sources. Secondly, I discuss the indicators of local public good
provision that constitute the main outcomes of interest. Finally, I present the identification

strategy and provide supportive evidence.

4.1. Data

Data on municipal public finance comes from the yearly balance sheets reported by
each municipality to CGR for the purpose of fiscal control. These balance sheets are publicly
available in the website of the National Planning Department (DNP) and have disaggregated
information on all sources of revenue, including tax revenue (by type of tax), transfers from

other levels of government and natural resource royalties. Information on expenditure is
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also available in these balance sheets, disaggregated between current expenditure (operating
costs) and investment (fixed capital or other, sector). For all money variables, I study the
natural log of one plus the value in tens of thousands of 2004 Colombian Pesos (COP) per
capita. For this purpose, I use the Consumer Price Index and population estimates from the
National Statistical Agency (DANE).

The average levels of total revenue, property tax revenue and natural resource royalties
in the sample are 540,000, 21,000 and 55,000 COP per capita, respectively. On average,
municipalities experience fiscal deficits during the sample period, with total expenditure
at 580,000 COP per capita. Most expenditure (almost 500,000 COP per capita) goes to
investment.

Data on local public good provision is provided by official sources from the national
government. The net enrolment rate in basic education and the percentage of poor population
with access to subsidized health insurance are provided by the Ministries of Education and
Health, respectively, and are based on administrative data.!® The infant mortality rate is
calculated by DANE, while the water pollution index, Indice de Riesgo de la Calidad del Agua
(IRCA), is calculated by the National Health Institute, (INS). These indicators are available
at the municipality-year level for the period 2005-2011, except for the water pollution index,
which is only available since 2007. In the following section I explain the choice of these
indicators as the main outcomes of interest.

IGAC provides the years in which cadastral updates have come into effect, as well as
the yearly number of properties in each municipality and their total value. For tax purposes,
cadastral updates come into effect the first of January of the year following the reassessment.
A cadastral update can cover either the urban or rural area of a municipality (or both). For
the empirical exercise, I consider a municipality as ‘updated’ in all years following the first
instance of cadastral updating between 2006 and 2010. Not all municipalities in the country
are under IGAC’s jurisdiction. I drop from the sample those municipalities with their own
cadastral agencies (Bogota, Medellin, Cali and Antioquia department). I am left with 968
municipalities (86 % of the total).

Data on oil royalties for the period 2000-2003 comes from the state-owned Colombian
oil company, FEcopetrol, and from the National Hydrocarbons Agency (ANH) for the period
2004-2011. T use the average petroleum spot price from the IMF’s International Financial
Statistics (IFS).

13The net enrolment rate is calculated by dividing the number of children with ages 6 to 14 enrolled
in school years 1 to 9 by the number of children in this age group. Since data on enrolment and data on
population come from different sources, the resulting figure can actually exceed 100 %. Results are robust to
censoring of enrolment rates above 100 %. People in categories 1 and 2 of the Colombian proxy-means-testing
system, SISBEN, are classified as poor.
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To study the misbehavior of local politicians, I collected in 2015 a new dataset on dis-
ciplinary prosecutions from all the news bulletins available in the PGN website.'* For each
case concerning local public officials, I recorded the names of the accused, their roles in the
public administration, the nature of the charges, the timing of the events, the stage of the
process and the outcome. Based on these characteristics I was able to link multiple reports
related to the same case. I have data on 1381 cases taking place in 516 municipalities between
2001 and 2011.

To study local accountability, I use data on social mobilizations provided by think tank
CINEP. CINEP maintains a large dataset on social movements, protests and mobilizations,
that records the actors involved, the time of the events and its cause or motivation. Data on
electoral outcomes is provided by CEDE at Universidad de los Andes (Pachén and Sanchez,
2014).

4.2. Indicators of Local Public Good Provision

Colombian law stipulates that at least 75 % of natural resource royalties must be spent
on the improvement of basic public services until targets are met for a fixed set of indica-
tors. These indicators are listed in Panel A of Table 1. Panel B shows the corresponding
target achievement rates. These targets are universal enrolment in basic education, universal
coverage of the poor with subsidized health insurance, infant mortality rate below 16.5%,
and coverage of at least 91.5% of the population with access to clean drinking water and
of at least 85.5% with access to sewerage. Regarding drinking water, it is only considered
to be suitable for human consumption (i.e. clean) if it scores less than 5 in the IRCA water
pollution index, which ranges from 0 to 100.

As can be seen in panel A of Table 1, oil-royalty recipients are above the national average
(i.e. better) for all outcomes in 2005, with the exception of infant mortality. Since the royalty
allocation rules have been in place since 1994, these differences could reflect a long-run
impact of natural resource rents (Alexeev and Conrad, 2009). Column 10 provides p-values
for the more relevant comparison with the 573 municipalities that had a cadastral update
between 2006 and 2010. Cadastral updaters have significantly lower infant mortality, but
also significantly lower shares of poor population with subsidized health insurance and of
population with access to sewerage. Despite these differences, columns 4 and 7 of Panel B
show that target achievement among oil-royalty recipients and cadastral updaters was low for
all indicators at the start of the sample period. It is very telling that the highest achievement

rates were in water quality, where only one quarter of oil-royalty recipients and one fifth of

4News bulletins are publicly available at http://www.procuraduria.gov.co. The earliest bulletins date
from November 2004.
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municipalities with cadastral update met the target. Overall, the evidence indicates that
both sets of municipalities had room for improvement in public service provision in the areas
of education, health and water.

The low initial levels of compliance suggest that the targets were binding constraints
during the sample period. As a result, at least three quarters of natural resource royalties
should have been spent on meeting these targets, which makes the associated indicators
ideal for establishing the impact of royalties on local public goods. These indicators are the
main outcomes of interest for the empirical exercise. Even though the fungibility of money
could make the earmarking meaningless, but I do not think that this is a major concern in
the present setting because royalties constitute a disproportionate share of revenue, relative
to own revenues, for oil-royalty recipients. Focusing on tax revenue, over which we know
municipalities have significant discretion, I find that the average oil-royalty recipient receives
2.59 pesos per capita worth of royalties for each peso of tax revenue they generate. Thus, a
large share of royalties must be allocated to the earmarked sectors, even if at the margin it
might always be possible to shift own resources away from them.

Yearly data at the municipality level is available for all indicators, with the exception of
the percentages of population with access to drinking water and sewerage, which I exclude
from the analysis. Therefore, the four main outcomes of interest are the net basic education
enrolment rate, the infant mortality rate, the percentage of poor population with subsidized
health insurance and the IRCA water pollution index. As unfortunate as it is that I am unable
to study all the indicators the could be affected by natural resource royalties, it is likely that
large improvements in the omitted indicators are reflected by some of the indicators that I do
study, such as the infant mortality rate or the water pollution index. In fact, a cross-sectional
regression of either of the omitted indicators (using values from the 2005 population census
and including province fixed effects) on the infant mortality rate from the same year and the
water pollution index from 2007 reveals strong negative correlations with both.!®

The indicators of local public good provision that I focus on lead to a particularly strin-
gent test of the hypothesis that tax revenue has a higher return than natural resource rents,
since municipal governments could be spending local tax revenue on other outcomes not
being considered. This is not an unlikely possibility, as property owners might prefer to see
their tax money spent on things that increase the value of their property, such as improved
roads, policing and public services such as electricity. However, recent research has found

that wealthier voters in Latin America actually have stronger preferences for public servi-

15Provinces are a somewhat informal division in between municipalities and departments. Sdnchez and
Vega (2014) also find a strong negative correlation between access to drinking water and infant mortality in
a panel of Colombian departments.
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ces targeted towards the poor, such as public education (Bursztyn, 2016). Furthermore, the
results on sectoral investment that I present in the next section indicate that the elasticity
of investment in education, health and water is not systematically different between the two
sources of revenue under study, which suggests that the bias might not be too large.

The four chosen indicators of local public good provision are a valuable source of informa-
tion on local living conditions. The specified targets were closely related to the attainment of
some of the United Nations’ Millenium Development Goals (MDG), such as achieving uni-
versal primary education, reducing under-five mortality by two thirds and halving the share
of people without access to clean water and sanitation. Data from the World Development
Indicators for 2004 reveals that Colombia was tied in last place among South American na-
tions in terms of net enrolment in primary education (92 %, same as Bolivia and Venezuela).
The infant mortality rate was the fifth lowest in the region (out of ten nations), at 19%.
These values provide further evidence of the country’s potential for improvement in these

areas during the sample period.

4.3. Identification Strategy

The main tool employed in the analysis is instrumental variables regression with munici-
pality and department-year fixed effects. This specification allows me to control for persistent
heterogeneity across municipalities as well as for common shocks affecting all municipalities
in the same department.

Still, OLS estimates of the parameters of interest could be affected by reverse causality
or omitted variable bias. For example, an increase in the demand for social services within a
municipality over time may induce the local government to raise more taxes in order to be
able to finance them. Similarly, variation in oil royalties may reflect changes in other factors
that can potentially affect the outcomes of interest, such as the discovery of new oil deposits
or an improvement in security conditions. To address these concerns, I leverage plausibly
exogenous variation in property tax revenue and natural resource royalties from the timing
of cadastral updates and the fluctuations in the world price of oil, respectively. I exploit this
variation to obtain instrumental variable estimates (IV) of the parameters of interest.

The following two sub-sections discuss, in turn, the choice of instrumental variable for
each source of revenue. The third sub-section presents the regression specifications (reduced

form and IV).
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4.3.1. Cadastral Updates and Property Tax Revenue

In this section, I argue that the timing of cadastral updates in Colombian municipalities
is highly idiosyncratic and provides plausibly exogenous variation in property tax revenue.
To support my argument, I show that there is no systematic evidence of changes to a large
number of municipal characteristics, which could potentially confound the estimates, around
the time of an update. This also suggests that municipalities are not systematically de-
manding cadastral updates in response to changes in other variables (e.g. other sources of
revenue). I further show that the timing of updates does not seem to depend on fluctuations
in property values or in potential tax collection. I also show that selection by IGAC (which
I argue is orthogonal to local policies and outcomes) is an important determinant of the
timing of updates and that there was a positive shock to the ‘supply’ of updates by this
agency during the sample period. Finally, I document no response of statutory tax rates
to cadastral updates and I use quantile fixed-effects regression to provide evidence on the
almost universally positive impact of cadastral updates on tax revenue.

By law, municipal cadastres should be updated every five years, but this condition is
rarely satisfied. During the sample period, only 6 % of five year-old cadastres are updated
and the average update takes place 12 years after the previous one. Panel (a) in Figure 1
shows results from a regression of an update dummy on a full set of indicators for the number
of years since the previous update, leaving the fifth year after an update as the omitted
category. The results from this regression (which includes municipality and department-year
fixed effects) indicate that municipalities are equally likely to have a cadastral update in any
of the first five years after the previous one. However, the odds of an update jump by around
30 percentage points between the fifth and seventh year and keep rising steadily from the
eight year onwards.

This variation in the probability of updating could be reflecting the endogenous choice
of municipalities over the timing of a cadastral update. One potential driver is growth in
property values. If local governments are optimizing the timing of the update, we expect
municipalities with low growth in the value of real estate to postpone updating until it
becomes profitable enough. Thus, municipalities with larger lags in between updates should
have lower yearly growth rates in property values. I test for this possibility by comparing
the implied yearly growth rates of property values of updates with different lags.'® Using the
sample of municipality-years with cadastral updates, I regress the growth rate on the full

set of dummies for the different number of years since the previous update, leaving again

16T use the total property values revealed by each cadastral update and its predecessor to construct the
implied yearly growth rate in property values for each municipality. When I do not observe at least two
updates after 2000 (the first year with data), I use the property values from 2000 as baseline.
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the fifth year after an update as the omitted category. The results from this regression are
shown in panel (b) of Figure 1. With the exception of updates occurring in consecutive years,
the implied growth rate in property values of updates that take place five years after the
previous one is statistically equivalent to that of updates with any other lag.

The previous result is what one should observe if municipalities are being selected for
cadastral updating with disregard to the performance of their local property market. Accor-
ding to conversations with IGAC officials, at the start of every year the agency ‘pre-selects’
some municipalities to be updated. The main criteria for inclusion are the time since the
previous update (cadastres are considered to be outdated after five years) and the availability
of the necessary geographical inputs (aerial photographs, up-to-date maps). The initial list
is always subject to changes as some municipalities are dropped and others are added. A
match of the municipalities pre-selected in 2011 and 2012 with the municipalities that had
a cadastral update in those years reveals that the majority of updates are determined by
IGAC: 80 % of updates were in IGAC’s initial list and 68 % of municipalities in the initial
list had an update.!” Given that cadastral updates are relatively rare events, inclusion in the
initial list appears to be a strong predictor for whether an update takes place.

Further evidence on IGAC’s influence over the timing of cadastral updates is provided by
the fluctuation in the number of updates per year. During his first term as President (2002-
2006), Alvaro Uribe set as part of his official government goals to have the urban cadastres
of all municipalities up to date and used an IDB loan to provide increased funding for this
purpose. For his second term (2006-2010), Uribe set the goal of 90 % of urban cadastres and
70 % of rural cadastres up to date. These goals (which were not met at any point) provided
strong incentives to IGAC to expand the ‘supply’ of cadastral updates, as the agency was
required to provide yearly updates to congress on their achievement. I was unable to find
evidence of similar targets for the previous two administrations.

Panel (a) of Figure 2 shows the number of updates per year, disaggregated by type (urban
or rural), and the President in office at the time (bearing in mind that updates come into
effect the year after the reassessment takes place). The graph illustrates the steep increase
in the number of updates, particularly urban ones, that took place between 2004 and 2007,
which coincides with the introduction of Uribe’s incentives. After 2007 we observe a reduction
in the number of updates, although it remains higher than in the previous administration.

What is striking, though, is that the share of rural updates increases during this time, which

"Documents containing the lists of pre-selected municipalities were provided to me by IGAC. In 2011,
54 % of pre-selected municipalities had an update, while 71 % of municipalities that had an update had
been pre-selected. These numbers rise to 88 % and 89 %, respectively, for 2012. The variation across years
could be related to the municipal elections that took place in 2011, as IGAC officials report that municipal
governments are generally less willing to cooperate near elections.
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coincides with the introduction of incentives for this type of update by the second Uribe
administration.

Overall, the Uribe incentives led to 60 % of the municipalities in the sample having a
cadastral update between 2006 and 2010. These are the update cohorts that I employ for the
estimations below. Panel (a) in Figure 4 shows the location of these municipalities, which
are evenly distributed throughout the country.

The yearly variation in the number of updates also allows me to test for selection into
cadastral updating. I consider the possibility that municipalities are intentionally updating
to collect more tax revenue and I try to get a sense of the size of this selection effect by
comparing the effect of updating on property tax revenue across update cohorts. Panel (a)
of Figure 2 suggests that there could be large differences in the composition of the update
pool across cohorts, with later ones being largely determined by IGAC’s incentives and, thus,
somewhat less prone to self-selection. I regress log property tax revenue on a set of cohort-
specific post-update dummies for all years between 2002 and 2011 (including municipality
and department-year fixed effects). The results, shown in panel (b) of Figure 2, indicate that
cadastral updating leads to an average increase of 15 % in property tax revenue and that the
return is very homogeneous across cohorts. Despite the large differences in the number (and
type) of updates across cohorts, I am unable to reject the null hypothesis that the return in
tax revenue is the same for all updates between 2002 and 2011 (p=0.375).

As a final and more comprehensive assessment of the determinants of the timing of a
cadastral update, I examine its correlation with changes in many other observable municipal

characteristics. For each characteristic y; ;; I estimate a regression of the form:
Yiju = Qi+ 0+ ¢ D(pre—update)i,t +6 D(post—update)i7t + wi it (1)

where «; and 6;; are municipality and department-year fixed effects that absorb the sa-

me variation as in the main regressions. D(pre-update),, is a dummy that equals one for

it
all years before the update with the exception of the one immediately preceding it, while
D(post-update) i+ 1s a dummy equal to one for the year of the update and all following ones.'®
wj j+ is an error term that I cluster two-way by municipality and department-year following
Cameron et al. (2011). The coefficient of interest at this time is ¢, which indicates whether
the dependent variable systematically differs one year before the update comes into effect
(the year when the reassessment is done) from the previous ones.

The variables I study and the corresponding estimates of ¢ are presented in Table 2. In

total, I consider 52 municipal characteristics. These include all sources of revenue and all

18Given that I do not observe the same number of years for all update episodes, a standard event study
would be affected by changes in the sample with which each coeflicient is estimated.
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types of expenditure, as well as the main outcomes of interest. They also include various
policies of the national government. For example, the number of families enrolled in the
country’s conditional cash transfer program and the value of loans disbursed by the national
agricultural bank. Indicators on crime and conflict, such as the homicide rate and measures
of activity by illegal armed groups are also included. I study as well various local political
characteristics, including the competitiveness of local elections and the identity of the party
in power.

Of all these regressions, only the coefficient for investment in health is statistically sig-
nificant at the 1% level. Two other are significant at the 5% level: interest debt payments
and the value of agricultural loans. A further two are significant at the 10 % level: natural
resource royalties and the share of the local council from the mayor’s party. However, I do not
find evidence of pre-trends for the instrument for natural resource royalties that I present in
the next sub-section. Nor do I find evidence of pre-trends for any of the outcomes of interest.
More generally, it should be noted that these results do not differ significantly from what is
expected purely by chance (e.g. 3 out of 52 = 0.057).1% Nevertheless, in the online appendix
I verify that the main results are robust to the inclusion of all of the statistically significant
variables as additional controls.

The available evidence strongly suggests that municipalities have a limited ability to
manipulate the timing of their cadastral updates, which is mainly driven by the supply from
IGAC. However, municipalities could still endogenously adjust how much taxes they collect.
I provide two pieces of evidence that indicate that this is not a major concern. First, using
data from Iregui et al. (2003) for 211 municipalities between 1999 and 2002, I study the effect
of cadastral updating on statutory property tax rates. The results, shown in online appendix
Table Al, indicate that the effect is very small and statistically insignificant.? Secondly, I
use quantile fixed-effects regression to estimate the effect of updating at all points of the
distribution of log property tax revenue (Powell, 2015). Figure 3 shows the results. The
median increase in tax revenue is almost identical to the mean effect at around 12 %. More
importantly, the effect of updating is positive and statistically significant at all percentiles,

with the exception of the very lower end of the distribution.

19S4nchez and Pachén (2013) and Sanchez and Espana (2013) report results from similar regressions using
a logit model. Although these authors find significant correlations with transfers, income and some political
characteristics, their regressions include data from a longer period and exploit a different type of variation
(between municipalities) because they do not include municipality fixed effects.

20S4nchez and Espaiia (2013) provide additional evidence from interviews with public officials from several
Colombian municipalities on the stickiness of statutory property tax rates.
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4.3.2. Oil Price Shocks and Natural Resource Royalties

I exploit fluctuations in the world price of oil, together with the heterogeneous distri-
bution of this resource across Colombian municipalities, as a source of plausibly exogenous
variation in natural resource royalties (Dube and Vargas, 2013). The formula determining
the allocation of royalties dictates that an increase in the price of oil leads, ceteris paribus, to
an increase in the royalties received by the municipalities in which this resource is extracted.
The identifying assumption is that the world price of oil is exogenous to local conditions in
Colombian municipalities.?! This seems plausible because Colombia is a small player in the
oil market. According to the US Energy Information Administration, Colombia is the 18th
largest exporter of oil, with less than 1% of world exports. I also study royalties from the
extraction of coal, but the identifying assumption is not so clearly satisfied in this case, since
Colombia is ranked sixth and its share of world exports is approximately 6 %. I treat those
results as robustness checks and reserve them for the online appendix.

As a measure of oil abundance, I use the average amount of oil royalties received by the
municipality between 2000 and 2004. 78 municipalities (8 % of the sample) have positive oil
royalties in this five-year period.?? Panel (b) in Figure 4 shows the location of the muni-
cipalities in each quintile of the distribution of positive average oil royalties between 2000
and 2004. Even though there is some geographical concentration of oil-royalty recipients, the
inclusion of department-year fixed effects in all regressions allows me to control for all factors
that simultaneously affect all municipalities in the same department. The map also suggests
that there is non-negligible variation in oil royalties, even among neighbors. Additionally, a
comparison of panels (a) and (b) shows that there is substantial overlap between oil-royalty
recipients and municipalities with a cadastral update. 60 % of the oil-royalty recipients had
a cadastral update between 2006 and 2010. The overlap allows me to verify whether any
differential effects across sources of revenue are driven by systematic differences in the use
of revenue across the municipalities affected by the respective revenue shocks, irrespective
of the source. Such a robustness check is advisable, as the two sets of municipalities sys-
tematically differ in various fixed characteristics: area, altitude, distance to departmental
capital and nearest market, rural share of population, percentage of population with access
to electricity and coca cultivation (Table A2 in the online appendix).

I interact the municipality-specific measure of oil abundance with the world price of oil

to obtain a prediction of future natural resource royalties. By construction, this prediction

2l An auxiliary assumption is that any systematic differences between municipalities with different levels
of oil abundance are time-invariant and thus captured by the municipality fixed effects.

22The number goes up to 140 if I consider the port municipalities that also benefit from oil royalties. In
the online appendix I show that the main results are unchanged by their inclusion.
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only leverages variation in the price of oil. Variation in oil output, such as the one resulting
from the discovery of new oil deposits, is not exploited by this research design.
Panel (a) of Figure 5 illustrates the predictive power of the instrument.It shows point

estimates and 95 % confidence intervals from the following regression:

2011
In royalties, ;, = a; + 91 + Z Br [D(year = k), x In royaltieszi(l)o_m] + i (2)
k=2006
where the dependent variable is log royalties per capita in municipality ¢ from department
j in year t. o; and ¢;; are municipality and department-year fixed effects, respectively. The
coefficients of interest, [, capture the effect of 1% additional oil royalties in the pre-period
on the change in total natural resource royalties between 2005 (the omitted year) and year
k. The dark line in the figure corresponds to the percentage change in the world price of oil
relative to 2005.

The results show that municipalities that received more oil royalties in the pre-period
experience higher subsequent growth in overall natural resource royalties in years with higher
oil prices. As expected, the predictive power of the instrument is stronger in the early years
and diminishes further into the future, which is reflected in a weaker correlation and larger
standard errors. The results also provide a stark characterization of the sample period. In the
first half, up to 2008, the price of oil was steadily increasing and there was positive growth
in natural resource royalties among oil-royalty recipients. The price of oil crashed in 2009
as a result of the global financial crisis and from that year onwards municipalities endowed

with oil did not experience disproportionate growth in natural resource royalties.

4.3.3. Reduced Form and Instrumental Variables Specifications

In what follows I use two main specifications. I estimate the reduced-form effects of

cadastral updating and predicted oil royalties using the following regression:

t
Viji = Qi+ 0t +r D(post—update)i’t + YR ln(% Z royalties?’i(l)of04 x prices!) + €t (3)
k=t—1

where y;, ;, is an outcome of interest and «; and d;,; are municipality and department-year

fixed effects, respectively.
The coefficient 7 captures the effect of cadastral updating on the outcome, averaged over
all the years after the update has taken place. I observe municipalities for 4.5 years after a
cadastral update, on average, which is a long enough period for lagged effects to materialize.

To also allow for a lag in the effect of natural resource royalties, I use as explanatory variable
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in the main analysis the log of the two-year average of predicted royalties. The coefficient
~vr captures its effect. In the online appendix I show results for contemporary royalties as
well as for the three-year average, which has a somewhat weaker first-stage relationship. In
the next section I discuss the findings. To further assess the possibility of long run effects of
royalties, I also estimate equation (2) for the main outcomes of interest. This allows me to
study disproportionate changes in the outcomes of interest in oil-royalty recipients over the
entire seven-year sample period. It also allows me to study the potentially different effects
of positive and negative changes to the price of oil.

The reduced form coefficients v and vz must be interpreted with care and are not directly
comparable. For a dependent variable in logs, yr estimates its semi-elasticity with respect
to cadastral updating. For that same outcome, vz provides an estimate of its elasticity with
respect to predicted oil royalties.

I estimate the effects of property tax revenue and natural resource royalties on the out-

comes of interest using the following instrumental variables regression:

Yiji = @ + 05+ Br Inprop. tgx\revenuei’t + Or Inavg. nat. resource royalties; ;1) + Ui ju

(4)
where the post-cadastral update dummy and the predicted two-period average oil royalties
are used as instruments for tax revenue and royalties. The standard errors in all regressions

are clustered two-way by municipality and department-year following Cameron et al. (2011).

5. Results: Public Goods

5.1. Public Revenue and Expenditure

Table 3 shows results on revenue and expenditure. Panel A reports the reduced-form
effects of cadastral updates and predicted royalties from oil price shocks, while panel B dis-
plays the corresponding IV estimates for property tax revenue and natural resource royalties.
This structure is replicated in all the tables that follow.

Columns 1 and 2 document the first-stage relationships. I find that property tax revenue
increases approximately by 12 % following a cadastral update. The estimated elasticity of
actual two-year average natural resource royalties with respect to predicted two-year average
oil royalties is 1.2 (the p-value for the hypothesis that the elasticity is equal to one is 0.34).
The results in column 2 provide no evidence of a ‘rentier effect’, by which higher natural
resource rents lead to a reduction in taxation (McGuirk, 2013; Ross, 2015). Both first-stage

relationships are precisely estimated and are statistically significant at the 1% level. The
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Kleibergen-Paap F-statistic, which I report for all IV regressions, confirms the strength of
the instruments.

Columns 3 and 4 report results for total revenue and total spending. The IV estimates
in panel B show that total revenue has an elasticity of 0.32 with respect to property tax
revenue and of 0.38 with respect to natural resource royalties. The difference between the two
coefficients is statistically insignificant, which indicates that there is no large heterogeneous
effect on aggregate revenue from other sources.?® The results in column 4 reveal that the
elasticity of total expenditure is almost identical for both sources of revenue at around 0.25.
An additional regression of a dummy for municipality-years with aggregate fiscal deficits
(not reported) yields positive but statistically insignificant effects for both sources and no
significant difference between them. Taken together, the results indicate that the propensity
to spend revenue from the two sources is the same and that all the additional revenue from
the shocks under study gets spent. Thus, differential effects on public good provision can not
be attributed to a lower willingness to spend the more volatile natural resource royalties.

In columns 5 and 6 I look at current expenditure and investment, the two broad ca-
tegories that make up total spending. Shocks to property tax revenue have a positive and
significant effect on current expenses, which is statistically different from that of natural
resource royalties. A likely explanation for this difference is the legally-required share of
property tax revenue that must be transferred to the regional environmental agency with
jurisdiction over the municipality.?* More importantly, the elasticity of total investment is
very similar across sources at around 0.28. There is also no statistically significant difference
in the elasticities of investment in fixed capital and other types of investment (columns 7
and 8), although the point estimates suggest a somewhat greater propensity to invest tax
revenue in infrastructure.

Columns 9 through 12 provide results on sectoral investment. I focus on education, health
and water because these are the areas on which natural resource royalties are meant to be
spent. All but one of the coefficients are statistically insignificant, which suggests that there

is substantial variation across municipalities and no robust pattern in the allocation of the

23Table A3 in the online appendix looks at effects on all other sources of revenue. There are two main
findings. First, oil price shocks have a positive effect on business tax revenue, which is statistically different
from the effect of cadastral updates. This could reflect increased economic activity as a result of the boom in
the oil sector. Second, transfers from the central government rise when revenue from either source increases.
This finding can be explained by the fact that SGP transfers are determined by a formula and depend,
among other things, on own fiscal effort (i.e. local tax revenue) and public service delivery (e.g. students
enrolled in public education). I verify later that the main results are robust to controlling for business tax
revenue and for SGP transfers in education, health and water.

24 Additionally, it should be noted that this category only includes wages of direct employees of the local
administration, such as those of the mayor’s advisers, but not the ones of ‘indirect’” employees like teachers
and health workers (which are considered investment).
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extra investment between sectors. The one statistically significant coefficient indicates that
additional natural resource royalties from oil price shocks have a large effect on investments
related to the provision of drinking water (elasticity of 0.53). Nevertheless, the point estimates
for the three areas of interest are positive for both sources of revenue and not statistically
different across sources. The results in column 12 provide some evidence in support of the
bias against tax revenue implicit in the research design, as the elasticity of investment in
other areas is positive for tax revenue but negative for natural resource royalties, although

the difference is not statistically significant.

5.2. Targeted Indicators

Table 4 documents the effect of shocks to property tax revenue and natural resource
royalties on the indicators of local public good provision that royalties are meant to improve.
The dependent variable in the odd-numbered columns is a continuous indicator (in logs),
while in even-numbered ones is a dummy for the achievement of the corresponding target.

Columns 1 and 2 look at the net enrolment rate in basic education (primary plus early se-
condary). I find that cadastral updates lead to a positive and statistically significant increase
in educational enrolment. The corresponding IV estimate indicates that a 10 % increase in
property tax revenue leads to a 0.8 % increase in the enrolment rate. This effect is statisti-
cally significant and statistically different from that of natural resource royalties (p=0.06).%
There are no significant effects on the probability of achieving universal enrolment, which
suggests that the improvements from taxation take place in municipalities that are not close
to meeting the target.

In columns 3 through 6 I report results for the two indicators in the area of health: the
infant mortality rate and the percentage of the poor with subsidized health insurance. All
the reduced form and IV coefficients for infant mortality are very small and statistically
insignificant. I find that natural resource royalties have a positive and significant effect on
the provision of health insurance to the poor. A 10 % increase in natural resource royalties
leads to a 1.4 % increase in the coverage rate and to a 5.8 percentage point increase in the
probability of universal coverage. These effects, however, are not statistically different from
those of property tax revenue.

Finally, in columns 7 and 8 I study the IRCA water pollution index. Collection of data

25Table A4 in the online appendix provides disaggregate results on enrolment by level. I find that the
larger aggregate effect of tax revenue is entirely driven by primary school enrolment (column 2). I show that
the actual number of primary students increases as a result of higher tax revenue (column 5), proving that
the effect on the enrolment rate is not driven by variation in the denominator (which is based on age-specific
population estimates). I find that primary enrolment increases for both boys and girls, mainly in rural areas
(columns 6-9).
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on water pollution only begun in 2007, which explains the smaller sample size. The loss
of the first two years of data negatively affects the strength of the instrument for natural
resource royalties, which is reflected in a reduction of the Kleibergen-Paap F-statistic. The IV
results should, thus, be interpreted with caution. The results indicate that revenue from both
sources has a positive and statistically significant effect on water quality. A 10 % increase
in revenue from either source leads to an 8 % reduction in the contamination index and
to a 3-5 percentage point increase in the probability of having water suitable for human
consumption. This is a large effect relative to the baseline target achievement rate of 0.18.
There is no significant difference across sources of revenue.

From Table 4, I conclude that revenue from both sources has an equally positive effect
on subsidized health insurance and water quality, but that only property tax revenue leads
to improvements in educational enrolment. More generally, increases in revenue from either
source appear to have some impact on the indicators for which royalties are earmarked, but
tax revenue has a slightly higher return.?°

This conclusion is based on a comparison of the way in which two sets of municipalities,
those with cadastral updates and those with oil, spend revenue. To gauge the extent to which
differences across these municipalities, rather than across the sources of revenue, explain the
results, [ exploit the fact that many of the municipalities with oil also enjoy cadastral updates.

Table 5 shows results from an expanded version of equation (3) that allows for hetero-
geneity in the reduced form effect of cadastral updates in oil-royalty recipients. In Panel A
I interact the post-update dummy with a dummy for oil-royalty recipients and in panel B I
interact it with the log of average oil royalties from the period 2000-2004. The former inter-
action tells me if the effect of cadastral updates differs on average in oil-royalty recipients,
while the latter tells me if the effect of updates varies continuously by oil abundance.

With the exception of water quality, I do not find evidence of a heterogeneous impact of
cadastral updating in municipalities that are recipients of oil royalties, nor by oil abundance.
If anything, the increase in educational enrolment resulting from the updates is even greater
in these municipalities, but the point estimates for the interaction terms in columns 1-6 are
all small and statistically insignificant. The results in columns 7 and 8 do indicate that the

improvements in water quality resulting from cadastral updating do not extend to oil-royalty

26 Although different in its details, the conclusion would be similar if I used observational variation in
the two sources of revenue. Table A5 in the online appendix shows the OLS equivalents of the IV estimates
from panel B of Table 4. Those results suggest that natural resource royalties have a positive and significant
impact on educational enrolment, but the difference with tax revenue is not statistically significant. However,
royalties are outperformed in a statistically significant way by property tax revenue in terms of the provision
of subsidized health to the poor and water quality. The OLS estimates, particularly for property tax revenue,
are systematically smaller than the IV ones, which is suggestive of measurement error in the reporting of
tax revenue.
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recipients. However, controlling for cadastral updates in these municipalities also reduces the
magnitude of the effect of oil price shocks on water quality and the precision of the estimates,

which are no longer statistically significant.

5.3. Robustness Checks

In this sub-section, I present the various ways in which I check the robustness of the pre-
vious findings. The corresponding tables can be found in the online appendix. To summarize,
I do not find any modification that leads to a statistically significant difference in favor of
natural resource royalties. But some modifications, such as the analysis of revenue in levels
rather than logs, provide starker evidence on the higher return of tax revenue. Furthermore,
the effects of natural resource royalties reported in the previous section appear to be driven
by the worsening of outcomes in years with less royalties. I do not find evidence of long-term
effects.

In this regard, I begin by checking the sensitivity of the results to the lag that I allow for
the effect of natural resource royalties. If I look at contemporary oil price shocks (Table A6)
or at their one-year lag (Table A7), I find statistically significant evidence of a differential
impact (that favors tax revenue) on educational enrolment and water quality. The only
consequence of looking at a three-period average of natural resource royalties is that the
effect of revenue from this source on water quality is no longer statistically significant (Table
A8).

To better understand the timing of the impact of natural resource royalties, I estimate
equation (2) for all outcomes of interest. These regressions allow me to see whether municipa-
lities with greater oil abundance, which I know received more oil royalties between 2005 and
2008, exhibit significant differences in their outcomes over longer periods of time. The results
are shown in Figure 5. Interestingly, panels (¢) and (d) reveal that total expenditure and
investment did not respond to increases in royalties up to 2008, but did decrease significantly
after the collapse in the oil price and the resulting reduction in royalties after 2009. I find
that the provision of subsidized health to the poor and water pollution (the two outcomes
for which I found significant effects of royalties) worsen significantly when this reduction in
expenditure takes place. I also find that the value of all outcomes in 2011, or 2010 for that
matter, does not differ systematically from its value in 2005 by oil abundance, despite the
fact that municipalities with more oil received more natural resource royalties in the years
in between. Taken together, these results indicate that natural resource royalties contribute
to improvements in short-term service provision (health subsidies to the poor or perhaps

provision of clean water with water tankers) but do not lead to any long run improvements,
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such as the ones to be expected from investments in infrastructure.

Violations of the exclusion restrictions can pose a threat to the validity of the research
design. After all, commodity price shocks have been often exploited as a source of variation
in local incomes (Miller and Urdinola, 2010; Acemoglu et al., 2013; Dube and Vargas, 2013).
I find indeed that oil price shocks lead to an increase in business tax revenue, which could
reflect a local boom to the oil sector (Table A3). Although Dube and Vargas (2013) show
that oil price shocks lead to an increase in political violence in Colombia, I do not find
these shocks to have any effect on population growth, the homicide rate or activity by illegal
armed groups (Table A9).2” Curiously, cadastral updates seemingly lead to intensive-margin
increases in guerrilla activity, but there is no statistically significant difference across sources
of revenue for any of the indicators. To further assuage concerns, Table A10 shows that
the main results are unaffected by the inclusion of all the crime and conflict indicators, log
population, business tax revenue and SGP transfers by sector as additional controls.

Table 1 showed that there were some baseline differences in the outcomes of interest across
municipalities with cadastral updates and oil-royalty recipients. I verify that the results
are not affected by regression to the mean by estimating an enlarged specification that
includes, for each outcome, the interaction of its 2005 value with yearly dummies as additional
controls (Table A11). Similarly, I verify that the results are not driven by time-varying effects
of fixed characteristics that are systematically different between oil-royalty recipients and
municipalities with an updated cadatre (Table A2). For this purpose, I add interactions of
all the characteristics that show statistically significant differences with yearly dummies as
additional controls (Table A12).

I also study municipalities where coal is extracted to verify that the results on natural
resource royalties are not driven by idiosyncratic characteristics of oil-producing municipa-
lities. The earliest year on which I have information on coal royalties is 2004, so I construct
the respective instrument using that year as the pre-period. The results in Table A13 show
that coal royalties do not have any statistically significant effect on the outcomes of interest.
I cannot reject that the effect of royalties and property tax revenue on educational enrolment
is the same, but I do observe a statistically significant difference in the probability of achie-
ving the target for water quality. If I combine the two sources of natural resource royalties
(oil and coal), T cannot reject that the effect of tax revenues and royalties is the same for all
indicators, but the point estimates for tax revenue are always larger (Table A14). I can also

enlarge the set of recipients of natural resource royalties by including the port municipalities

2"TDube and Vargas (2013) study an earlier time period (1988-2005) and only find a statistically significant
effect of oil price shocks on activity by paramilitary groups. These groups had mostly demobilized by the
start of my sample period.
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from where oil is shipped and I do not find any significant changes to the results (Table
A15).

Finally, I examine whether the results differ if I compare absolute rather than relative
changes in revenue. The results in Table A16 provide a starker contrast of revenue from the
two sources, as tax revenue outperforms natural resource royalties in educational enrolment,
the provision of subsidized health to the poor and water quality. The effect of $1 of tax
revenue on any of these indicators is approximately one order of magnitude greater than

that of $1 of natural resource rents and the difference is statistically significant.

5.4. Further Results on Education, Health and Water

Table 6 displays results on the effect of revenue from the two sources on observable mea-
sures of educational inputs. Column 1 shows that tax revenue has a positive and significant
effect on the absolute number of schools (approximately one extra school per cadastral up-
date), but column 2 shows that natural resource royalties have a positive and significant
effect on the relative number of schools (elasticity of 0.06). I find the same pattern if I study
school shifts instead (columns 3 and 4), but none of the differences across sources of revenue
are statistically significant. The effect on teachers and staff is remarkably similar for both
sources of revenue (columns 5-9), and it is statistically significant for both in the specific
case of primary school teachers.

Taken together, the results on education reveal more similarities than differences between
tax revenue and natural resource rents: the elasticity of investment is the same and the
effect on infrastructure and staffing is the same. And yet, tax revenue has a larger impact
on enrolment. The available evidence suggests that unobservable differences in the quality of
spending underlie the results. It appears to be the case that when a new school is financed
with tax revenue, it is built where it is most needed (e.g. rural areas), while when it is
financed with natural resource royalties it is built where the local politicians benefit most
(e.g. on land owned by the mayor’s family). The evidence from disciplinary prosecutions that
I present below lends support to this interpretation.

Per se, the lack of an effect of revenue from either source on infant mortality should not
surprise us. This is a complex outcome that only partially depends on the supply of health
services by the local government. Estimates by the Ministry of Health for 2001 and 2002
indicate that a negligible share of infant deaths were preventable through vaccination and
that the main drivers of infant mortality were respiratory or gastric infections and congenital
defects (MPS, 2005). In this regard, what is striking is that the documented improvements

in the quality of water are not reflected in reductions to infant mortality.
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Table 7 provides evidence on health outcomes that are related to infant mortality but
that are more immediately affected by policy. Using data from birth records, in columns 1-4
I look for evidence of improved provision of pre-natal services. I do not find any improvement
nor a significant difference across sources of revenue in the number of pre-natal visits or the
share of births that are either pre-term or have low weight.

Columns 5-8 look at the four main vaccines that make up the Ministry of Health’s man-
dated vaccination schedule. Again, I generally do not find any evidence of improvement or
heterogeneity across sources of revenue. The one exception comes from the vaccination rate
for tuberculosis (BCG in column 5), which increases significantly with tax revenue (although
the difference with royalties is not significant). This vaccine is usually applied at the time of
birth and the improvement could indicate that more births are taking place at health posts
or clinics. Lack of data on health infrastructure prevents me from studying this possibility
further.

In columns 9-12, T use data from death records and calculate disaggregate infant mortality
rates by cause of death. As expected given the previous results, I find no effect on deaths from
vaccine-preventable diseases or those related to pregnancy. Column 11 shows that increases
in property tax revenue lead to a significant reduction in the infant mortality rate from
respiratory and gastric diseases. This effect is statistically different from the effect of natural
resource royalties and is consistent with the improvement in water quality reported above.
These results are unchanged if I look at under-five mortality instead (Table A17 in the online
appendix).

The question that remains is why do improvements in water quality from tax revenue
reduce infant mortality from gastric and respiratory infections, while those from natural
resource royalties do not. I have already provided part of the answer, to the extent that
water quality worsens when royalties decrease but does not seem to improve when they
rise. This pattern is consistent with expenditures on short-term service delivery (e.g. water
tankers) rather than long term investments in infra-structure that may have a larger effect
on infant mortality.

A complementary answer comes from the analysis of more disaggregate data on the IRCA
water pollution index in Table 8. The index is calculated based on water samples that are
collected yearly at both urban and rural locations in each municipality. The availability
and number of samples varies across and within municipalities. Columns 1 and 6 show that
sample availability is not affected by the shocks to local revenue. In the remaining columns,
I separately study water pollution in urban and rural areas and add controls or restrict the
sample of municipalities based on the number of water samples. The results indicate that

cadastral updates have a positive and significant effect on water quality in urban areas,
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which is not driven by fluctuations in sampling. The effect of tax revenue on the probability
of having water suitable for human consumption in urban areas is greater and statistically
different from the effect of natural resource royalties (column 5). Revenue increases from
either source have no significant effect on water pollution in rural areas. More generally, the
results in this table indicate that the effect of natural resource royalties on the quality of
water is not as robust as that of tax revenue and breaks down if I study urban and rural

water quality separately.

5.5. Mbobilizations, Prosecutions and Electoral Outcomes

In this section I study the effect of increases in tax revenue and natural resource royalties
on the behavior of local public officials and of the citizens to which they are accountable.
I seek evidence that allows me to reconcile the findings on public good provision with the
model of political agency outlined above.

First, I study disciplinary prosecutions as a measure of misbehavior of local public officials
(Campante and Do, 2014). I use the disaggregate data on prosecutions of municipal mayors
to construct various indicators of potential malfeasance at the municipality-term level for
the periods 2001-2003, 2004-2007 and 2008-2011. I resort to this level of aggregation due to
frequent difficulties in establishing the specific year in which the alleged events that gave
rise to a disciplinary process took place. I construct the instrument for predicted natural
resource royalties using oil royalties from 2000 and I substitute the post-cadastral-update
dummy with the cumulative number of cadastral updates. Columns 1 and 2 of Table 9 show
that the two instruments still have substantial predictive power at this more aggregate level,
although the Kleibergen-Paap F-statistic is smaller.

The results in column 3 indicate that shocks to natural resource royalties have a positive
and statistically significant effect on the probability of prosecution of the local mayor. The
IV estimate in panel B suggests that a 10% increase in natural resource royalties leads
to a 4 percentage point increase in the probability of prosecution. This is an almost 50 %
increase relative to the baseline mean of 0.09 in the period 2001-2003. Shocks to property tax
revenue have a negative effect of a similar magnitude on the probability of prosecution and
the difference between the two sources of revenue is statistically significant. Columns 4 and 8
show similar results for the number of processes against the mayor (intensive margin) and for
the probability of prosecution of other top local public officials (e.g. secretary of education),
although the effects are not significant for the latter. Unsurprisingly, given the concentration
of local power in the executive, I find no effect on the probability of prosecution of members

of the local council.
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In columns 5-7, I exploit the detailed information that I collected on each disciplinary
process to classify mayoral prosecutions into three groups. Some prosecutions are caused
by the alleged violation of norms regarding public spending and contracting (column 5).
Other prosecutions are related to the violation of electoral norms (column 6). For example,
it is sometimes found that the mayor could not have run for office because he was part of
the previous administration and did not resign 12 months before the election. The bulk of
the remaining prosecutions (column 7) relate to administrative or procedural faults, such
as the failure to meet a position’s requirements at the time of an appointment. The results
show that the heterogeneity across sources of revenue is entirely driven by faults related
to the management and spending of public revenue: municipal mayors in Colombia manage
and spend revenue better when the source is taxation, but have a greater propensity to
mismanage public funds when the source is natural resource royalties.

The previous findings should be interpreted with care, as the heterogeneous effects on
prosecutions do not necessarily map to heterogeneous effects on wrongdoing. I am unfor-
tunately unable to study convictions, as I do not observe the outcome for every process.
However, this is unlikely to be a major source of bias because prosecutions are not randomly
allocated and disciplinary processes are only started if there is sufficient initial evidence with
which to open a case. Table A18 in the online appendix verifies that the results are robust to
controlling for the party affiliation of the incumbent mayor. Thus, the results are not driven
by targeting of specific parties by PGN in its investigations.

Having established that tax revenue is better managed and has higher returns than
natural resource rents, I turn to the response of citizens to revenue shocks. I first use data
on local mobilizations and demonstrations to see if citizens’ willingness to engage in costly
political behavior responds differently to revenue shocks from the two sources. The results in
columns 1 and 2 of Table 10 show that there is no significant effect or difference across sources
of revenue in the propensity to protest or in the number of protests in the municipality.
However, if 1 focus only on protests targeted against the local government, I find that oil
price shocks have a positive and significant effect on both the extensive (column 3) and
intensive margin (column 4). A 10% increase in natural resource royalties, as a result of
an oil price shock, leads to a 1.8 % increase in the probability of protests against the local
administration. This is almost a 100 % increase relative to the baseline probability of 2 % in
2005. The effect is entirely driven by protests motivated by the deficient provision of local
public services (columns 5 and 6), for which I observe a statistically significant difference
across sources of revenue. Columns 7 and 8 indicate that cadastral updates increase the
probability of protests related to fiscal policy, mainly against the property tax itself.

The fact that oil price shocks make citizens more willing to protest against the local
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government could be thought of as calling into question the assumption that people are less
well informed about natural resource rents. One possibility is that the increase in misgo-
vernance resulting from oil price shocks leads to a worsening of unobservable characteristics
of public service provision that trigger the protests. Another possibility is that insofar as
these rents induce greater misbehavior by local politicians, the resulting media scandals and
investigations are what makes people more aware about the misuse of public funds.

I provide suggestive evidence on Colombians’ greater awareness of the property tax using
data on net searches from Google. Figure 6 shows the relative frequency with which people
in Colombia did online searches for the words “regalias” and “predial”, which are the words
in Spanish for ‘royalties’ and ‘property tax’, between January 2005 and December 2011. The
graph shows that net searches related to the property tax are much more frequent. They are
also much more volatile and peak around April of every year, which is the month in which the
property tax payment is commonly due. Interestingly, despite the large fluctuations in the
price of oil and the resultant variation in natural resource royalties, net searches of royalties
are remarkably stable over the sample period.

The final piece of evidence comes from local electoral outcomes. For this analysis, I use
again observations at the municipality-term level and focus on the elections that take place
at the end of the term in which the revenue shock occurred. The results are shown in Table
11. Column 1 shows no heterogeneous effect on the probability that an election takes place.
Column 2 shows that shocks to property tax revenue improves turnout: a 10 % increase in
property tax revenue in the current administration leads to a 5% increase in the number of
votes cast in the following election. I do not find evidence of heterogeneous effects on the
competitiveness of mayoral elections.?® The results suggest that more revenue from either
source leads to more candidates and a smaller winning margin, particularly for tax revenue
(columns 3 and 4). I find similarly insignificant results for the competitiveness of elections
to the local council (columns 6 and 7). I do find a significant effect of tax revenue on the
probability of re-election of the incumbent party in the mayoral election: a 10 % increase
in property tax revenue leads to an 8 percentage point increase in the odds of re-election,
which corresponds to almost half of the baseline rate observed in the local elections of 2003.
Likewise, the incumbent party’s share of seats in the local council also increases significantly
as a result of cadastral updating: a 10% increase in property tax revenue leads to a 2.8
percentage point increase in the party’s share of seats.

These findings should also be interpreted with caution, as the differences between the

281 also do not find any impact of oil price shocks on the winning party’s identity. Carreri and Dube
(2017) find that oil price shocks benefit newer parties affiliated with paramilitary groups. I am unable to
replicate their analysis as all these parties had ceased to exist, mainly due to the prosecution of their leaders
for links with paramilitary groups, by the time of the 2011 elections.
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two sources of revenue are not statistically significant at conventional levels. It is nevert-
heless remarkable that, despite the weak improvement in local living conditions and the
sharp increase in misbehavior that results from increases in natural resource royalties, these
revenue shocks do not seem to affect the electoral performance of incumbent parties. I do
not find any evidence of electoral punishment for the misuse of natural resource royalties in
municipalities in which oil is extracted. However, this result is consistent with the model’s
prediction of greater voter responsiveness to incumbent performance when there is more pre-
cise information on public revenue (e.g. higher share coming from taxes). The reason for lack
of electoral punishment in oil-royalty recipients may very well be that the source of revenue
keeps voters relatively uninformed. After all, it only takes a handful of very angry people
to stage a demonstration, while it takes a large number of persuaded voters to change the

outcome of an election.

6. Conclusion

A comprehensive study of public good provision by Colombian municipal governments in
the areas of education, health and water reveals that natural resource rents do not have robust
long term effects. The lacklustre performance of local governments that benefit from these
resource rents cannot be fully attributed to low technical capacity or the limited managerial
skills of local governments in developing countries. Despite focusing on the public services for
which natural resource royalties are earmarked, I fail to find a single outcome of public good
provision (or a single specification) on which royalties have a significantly larger effect than
local tax revenue. I do find that increases in property tax revenue, caused by idiosyncratic
updating of the local cadastres, lead to a significantly larger and robust improvement in
educational enrolment, as well as weakly larger improvements in vaccination rates, infant
mortality and water quality.

The evidence presented in this paper is consistent with a political agency model in which
increases to public revenue from sources that are not readily observable to voters weaken
accountability and aggravate moral hazard by public officials. Perhaps the best way to sum-
marize the findings is to say that the only two outcomes for which I find that natural resource
rents outperform local tax revenue are the probability of protests against the local govern-
ment for the deficient provision of public services and the probability of prosecution of the
local mayor for disciplinary offences related to the management and expenditure of public
funds. These results tie together previously separate strands of literature on the natural re-
source curse and on implications of taxation for the functioning of government. These results

strengthen the case for a ‘political’ resource curse.
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The findings of this paper invite policymakers to reconsider the effectiveness of resources
that are transferred to governments, both across and within countries, for projects or services
that lack a locally-financed counterpart. At present developing countries tax too little, both
at the national and sub-national levels (Gadenne and Singhal, 2014). The results in this
paper also suggest that there may be high returns to investments in fiscal capacity in terms
of improved public service provision and higher living standards.

Future research must try to better understand the relative importance of information
and preferences as the driving forces behind taxation’s ability to improve government per-
formance. A related avenue for further study is the analysis of different tax instruments so
as to establish whether certain characteristics, such as salience, are particularly important

for the accountability-enhancing effect of taxation.
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Table 2: Pre-trends of various municipal economic and political characteristics

Explanatory variable Point estimate Standard error Observations Municipalities
1) ) 3) (4)
Property tax revenue -0.00728 [0.0148] 968 6,697
Business tax revenue -0.00577 [0.0120] 968 6,697
Gas tax revenue -0.00389 [0.0129] 968 6,664
Other tax revenue -0.00661 [0.0176] 968 6,694
Non-tax current revenue -0.0121 [0.0177] 968 6,697
Transfers (current revenue) 0.00840 [0.0144] 968 6,697
Natural resource royalties 0.0414* [0.0247] 968 6,697
Predicted royalties -0.000244 [0.00176] 968 6,697
Transfers (capital) -0.00691 [0.00991] 968 6,697
Co-financing -0.0174 [0.0382] 968 6,697
SGP transfers (education) -0.0134 [0.0115] 968 6,697
SGP transfers (health) 0.00841 (0.00833] 968 6,697
SGP transfers (water) -0.00624 [0.0114] 968 6,697
SGP transfers (other) 0.0156 [0.0126] 968 6,697
Operating expenses -0.00691 [0.00893] 968 6,697
Interest debt payments -0.0251* [0.0125] 968 6,697
Gross fixed capital formation -0.00719 [0.0221] 968 6,697
Other investment 0.00128 [0.0132] 968 6,697
Investment in education 0.00743 [0.0217] 968 6,629
Investment in health 0.0659*** [0.0244] 968 6,629
Investment in water -0.00739 [0.0246] 968 6,629
Investment in other sectors 0.00711 [0.0251] 968 6,629
In Homicide rate 0.00955 [0.0600] 968 6,697
D(Uribe visit) -0.00752 [0.00943] 968 6,697
Agricultural loans -0.0601* [0.0245] 968 6,697
In Families in CCT program -0.0369 [0.0942] 968 6,697
D(guerrilla activity) 0.000998 [0.0199] 968 6,697
In Guerrilla activity -0.0120 [0.0188] 968 6,697
D(paramilitary activity) 0.00289 [0.0158] 968 6,697
In Paramilitary activity 0.0130 [0.0112] 968 6,697
D(Coca crops) -0.00880 [0.0110] 968 4,792
In Net enrolment rate in basic education -0.00432 [0.00437] 968 6,697
In Infant mortality rate -0.00279 [0.00189] 968 6,697
In Poor population with subsidized health -0.00620 [0.0112] 968 6,697
In IRCA water pollution index -0.00367 [0.0775] 936 4,463
Candidates in last mayor election -0.0166 [0.0999] 967 6,157
Winner’s vote share in last mayor candidate -0.00897 [0.00672] 967 6,157
HHI last mayor election -0.00618 [0.00630] 967 6,157
D(Left-wing mayor) 0.00308 [0.00936] 967 6,157
D(Liberal mayor) 0.00110 [0.0264] 967 6,157
D(Conservative mayor) -0.0320 [0.0231] 967 6,157
D(New parties mayor) 0.00945 [0.0190] 967 6,157
D(Incumbent’s party re-elected) 0.00959 [0.0222] 789 5,429
Parties/seat in last council election 0.0137 [0.0108] 968 6,621
HHI last council election (seats) -0.000876 [0.00534] 968 6,621
Share of council from mayor’s party 0.0197* [0.0107] 964 6,133
Share of council from Left-wing parties -0.0023 [0.00411] 968 6,621
Winner’s vote share in last governor election 0.00523 [0.00908] 968 6,675
D(Mayor and governor from same party) -0.0196 [0.0235] 967 6,151
Winner’s vote share in last president election -0.00167 (0.00904] 968 6,663
HHI last House election (votes) 0.00324 [0.00561] 967 6,671
HHI last Senate election (votes) -0.00181 [0.00464] 967 6,671

The table shows results from a regression of the variable listed in the first column on respective dummies for
the period before and after a cadastral update (output for the post-update dummy not shown). The omitted
year is the year before the update comes into effect. Each row corresponds to a different regression. All regres-
sions include municipality fixed effects and department-year fixed effects. Standard errors clustered two-way by
municipality and by department-year. The number of observations varies due to data availability. All money

variables are logs of tens of thousands of 2004 COP per capita. *** p<0.01, ** p<0.05, * p<0.1
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Figure 1: Probability of cadastral update and growth in property values
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p-value (HO: Coefficients yrs 3-10 equal)=0.430
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(a) Probability of Update
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Note: Panel (a) shows results from a regression of the cadastral update dummy on a full set of indicators for the number of years
since the previous update. The regression includes municipality and department-year fixed effects. Standard errors clustered
two-way by municipality and department-year. Panel (b) shows results of a cross-sectional regression including only observations
with a cadastral update. The implied annual growth rate in property values (based on the last update or year 2000) is regressed
on a full set of indicators for the number of years since the last update. The regression includes department-year fixed effects.
The standard errors are clustered two-way by municipality and department-year in Panel A and by department-year in Panel
B. The omitted category is five years after last update in both regressions.

Figure 2: Yearly variation in cadastral updates and their effect on property tax revenue
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Figure 3: Quantile treatment effects of cadastral updating on property tax revenue
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Note: The graph shows point estimates and 95 % confidence intervals for the quantile treatment effects of cadastral updating
on In property tax revenue (2004 COP per capita). The regression for each percentile includes municipality and year fixed
effects, following Powell (2015). The solid and dotted lines correspond to the OLS estimate and its 95 % confidence interval,
respectively.
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Figure 6: Google searches of “royalties” and “property tax” in Colombia
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Note: The graph shows the number of relative Google searches for the terms “regalias” (royalties) and “predial” (property tax)
in Colombia between January 2005 and December 2011.The maximum number of searches across the two terms is set at 100.
Source: Google Trends.
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ONLINE APPENDIX (not for publication)

Appendix A Theoretical Appendix

A.1 Set-up of the model and equilibrium

This is a two-period model in which a citizen/voter obtains utility from private consum-
ption of her disposable income and also from consumption of a public good. At the end of the
first period an election between the incumbent mayor and a random opponent takes place.
The incumbent as well as his opponent are drawn from a pool of potential politicians, each
endowed with some level of ability §; > 0. The ability of all politicians is unknown to ever-
yone but there is a common prior that is normally distributed with mean m and precision
h.

The citizen receives a constant income y; = y each period. She pays a tax on the fraction
of her income 7 € (0, 1) at an exogenous rate 7 € (0, 1). The citizen’s private consumption is
equal to her disposable income: ¢; = (1 — 71)y;. Her utility function is U; = U(¢y, g¢), where
g: 1s the amount of the public good that is supplied that period. U(-) is increasing in both
of its arguments.

Government revenue (R;) is equal to tax revenue (amounting to 7ny;) plus revenue from
an external source (7;) such as royalties from the extraction of natural resources or transfers
from another level of government. I assume that operational expenditures eat up a constant
share of revenue, 1 — p, so the amount of revenue available for public good provision is uR;,
e (0,1).

The amount of public good provided by a mayor with ability level 6 at time ¢ € {1,2} is
given by the function

gt =0+ pR +e (5)

where R, = ™y, + T; and e; > 0 is the amount of effort put in by the mayor, which is
unobservable to the citizen.?? The cost of effort borne by the mayor is given by the increasing
and strictly convex function vC(e),y > 0. The mayor also gets a benefit £ > 0 from being in
power each period, which includes financial rewards and “ego rents.” Total per-period utility
for the mayor is then E — C/(e).

At the end of the first period the citizen observes the amount of public good provided.
She also receives a noisy signal (R;) on the total amount of revenue (R;). I assume that
the signal is equal to the actual revenue plus a mean-zero normally distributed noise term:
R, = R, + €l where €' ~ NJ[0,1/h%] Based on this information and a conjecture on effort
she updates her beliefs on the incumbent’s ability. She then votes for the candidate of her
liking.

Before making additional assumptions about the link between the sources of revenue and
the noisy signal that the citizen receives, I summarize the timing of the game (I will drop
the time subscripts for everything that is not changing over time):

1. The incumbent (with ability 6; unknown to all) receives revenue R = T + 7ny and
chooses the amount of effort e;.

298ee Dewatripont et al. (1999) for a discussion of more general versions of this type of model.

56



2. A quantity of public goods g; is provided according to equation 5.

3. The citizen observes g; and receives the noisy signal R. She uses this information to
update her beliefs on the incumbent’s ability: ;.

4. The citizen votes either for the incumbent or for a random opponent with the same
prior ability (m).

5. The winner of the election chooses e; and this determines gs.

We can find the PBE in pure strategies using backwards induction. The winning candidate
(with ability 65) solves the following problem in the second period:

max B —9C(ez)

Since vC'(+) is an increasing function, the second-period mayor will set e = 0 and will get
utility £ that period. Therefore, the amount of public good provided will be g5(65) = 02+ uR,
which is an increasing function of the ability of the second-period mayor. If the voter chooses
a candidate with believed ability 6, her second period utility is U(ca, g5(0)) = U(1— 10y, 0 +
wuR). Since U(-) is increasing in go, the incumbent will be re-elected only if the voter believes
him to have higher ability than the opponent. That is, if 6; > m.

The citizen updates her beliefs on the incumbent’s ability based on the amount of first-
period public goods (g1), her conjecture on the level of effort put in by the incumbent
(¢1), and the noisy signal on revenue (R). The problem that the citizen faces is that the
discrepancy between the observed amount of public goods and the amount she expected,
which I will label Z; = g1 — ,u]:? — é1, is equal to the incumbent’s ability (6;) minus the noise
term’s impact on expected public goods (uef). Given that §; and pel* are two independent
and normally distributed random variables, the solution to the signal extraction problem is:

mh + Z1hg
_ 6
h+ hg (6)

This expression says that the posterior belief on the incumbent’s ability is a weighted average
of the prior m and the discrepancy Z;, where the respective weights are given by the precision
of the prior (h) and of the noise term (hp = h%/u?). As the signal gets noisier (hg — 0), it
becomes less informative and the posterior gets closer to the prior. Similarly, as the signal
gets more precise (hg — 00) it perfectly reveals the incumbent’s ability and full updating
occurs (all the discrepancy is attributed to ability). Equation 6 implies that the re-election
condition simplifies to Z; > m.
From the incumbent’s perspective, his probability of re-election is:

0, = El0;|Z,] =

pi(er) = prob(g1 — uR — & > m)
= prob(f + uR + ey — pR — pel — &, > m)
= prob(f — pel! > m +é, —e))
= prob(Z; > m+é; —ey)
=1—Dy(m+é —e)
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where ® is the cumulative distribution function of the normally distributed Z;, which has
mean m and precision hy = fﬁrh]’;; . The expression above tells us that the incumbent can
increase his probability of re-election by increasing the amount of effort (e1) relative to the

voter’s conjecture (é;). Therefore, the problem solved by the incumbent in period 1 is:

max E —~C(e1) + (1 —Pz(m+é —e)) BE

e1>0

Assuming an interior solution, the first-order condition of this problem is:

VC'(€]) = ¢=(m + &1 — €]) BE

where ¢, is the probability density function of Z;. Given that in equilibrium é; = ej, the
first-order condition characterizing optimal first-period effort simplifies to:3°

_PE_
\/27T/hz

As equation 7 shows, e} does not depend on revenue. Hence, a $1 increase from either
source has a mechanical and homogeneous effect of size y on public good provision.?! Equa-
tion 7 also shows that ef is an increasing function of hy (since C'(e) is strictly convex), which
is itself an increasing function of the precision of the revenue signal hr. Hence, as the signal
becomes more precise, the voter becomes more attentive to public good provision and the
incumbent provides more effort in equilibrium.

1C'(e]) = (7)

A.2 Taxes as a source of information on public revenue

Having solved the model, I now examine two extensions that link the source of revenue to
the precision of the revenue signal and yield predictions of a heterogeneous effect of revenue
from different sources on incumbent effort and public good provision. I start by assuming
that the share of exogenous revenue amplifies the noise in the voter’s signal:

T
T+7ny

1
Assumption 1. R, = R, — elt where €f = ¢, x ( )2 and ¢, ~ N[0,1/h]

Hence, the precision of the revenue signal is hr = (%) % This assumption captures
the idea that citizens are better informed about changes in tax revenue than about changes
in external revenue. Now, as tax revenue increases, the signal becomes more precise and the
citizen becomes more attentive to the amount of public goods provided in her assessment of
the incumbent’s quality. This in turn makes it optimal for the incumbent to increase effort

30The equilibrium re-election probability is thus 1 — ®,(m) = 1/2 since m is the mean of the normally
distributed Z;.

31Tn a modified version of the model, in which the incumbent’s choice is over private rents rather than
effort, revenue does have a positive effect (the electoral cost of a fixed amount of rents decreases as revenue
increases), but this effect is still homogeneous across sources. See Persson and Tabellini (2000), Alesina and
Tabellini (2007), Brollo et al. (2013) or Matsen et al. (2016) for examples. If the incumbent is unconstrained
on the amount he can appropriate, extra revenue has the additional effect of increasing the value of staying
in power. This mechanism is at play in the model of the resource curse in Robinson et al. (2006). Still, this
does not give rise to any heterogeneity across sources.
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in order to influence the election in his favour. By the same logic, an increase in exogenous
revenue makes the revenue signal noisier and the citizen less responsive, so the incumbent
reduces effort.

As before, the functional form of the production function for public goods implies that
revenue from any source has a mechanical effect on public good provision. However, the total
or net effect of a revenue increase depends also on the indirect effect through incumbent effort.
Under assumption 1, an increase in tax revenue has a larger effect on public good provision
than an equivalent increase in external revenue due to the opposite indirect effect through
incumbent effort. The following proposition formalizes this result.

Proposition 1. Under assumption 1, the equilibrium first-period effort of the incumbent is
increasing in tax revenue and decreasing in external revenue. Hence, public good provision in
the first period increases by more than the mechanical revenue effect when there is an increase
in tax revenue and by less than the mechanical revenue effect when there is an increase in
external revenue.

Proof. Using the implicit function theorem and noting that C(-) is a strictly convex function,
when we differentiate (7) with respect to 7ny we obtain:

820 86’{ B 8(;52 Ghz

— E 8
786{2 orny  Ohy 87’773/6 (8)

From ¢, = \/hz /27 we can see that 0¢;/0hz > 0. Using the definitions of hy and hg
we find that

Ohz (uh)?h.T
oty (he(T + mny) + p2hT)’
Since all other terms on both sides of equation 8 are positive, ;Tegy > 0. Hence, the overall

effect of a tax revenue increase on first-period public good provision, based on equation 1, is

given by
991 dei
=+ >
oty a oty a

where p is the mechanical revenue effect.
Using again implicit differentiation on equation (7) but with respect to T" we get

820 8671k . 8(;52 ahZ (9)
T9e 9T ~ dhy, T
The argument works the same as in the case of taxes, except that now

Ohy —(ph)?hetny

0T  (h(T + mny) + p2hT)?

*

Since all the other terms on both sides of equation 9 are positive, % < 0. Therefore,

the overall effect of an increase in exogenous revenue on first-period public good provision is
given by
991 deq 991
= — < u<
or Mo <

oty
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where again p is the mechanical revenue effect.

[]

A.3 Taxes as an incentive for information acquisition on public
revenue

I now substitute Assumption 1 with the following three assumptions:
Assumption 2. R, = R, + ¢!, where €l ~ N[0,1/h]
Assumption 3. U, = U(c; + ag:) where U(-) is a strictly concave function and o € (0,1/p)

Assumption 4. At the start of the game, the voter can choose how much effort (f; > 0) to
spend on the improvement of the revenue signal. Effort increases the precision of the revenue
signal according to the linear function hy, = Af1, A > 0, but has a cost given by the strictly
convez function K(f1)

Under assumptions 2-4 the model is essentially unchanged: the incumbent’s first-period
effort is still determined by (7) and is increasing on the precision of the revenue signal.

If we substitute the public good production function and the voter’s budget constraint
into her first-period utility function we can see that the problem the voter solves is

I%az)é Uy =U(er +agr) — K(f1)
=U[(1 =)y + o (0 + p(rny + T) + €i(hz))] — K(f1)
= Uly + (ap — D)y + apT + af; + aej(hz)] - K(f1)

Assuming an interior solution, the optimal amount of voter effort is implicitly defined by
the following first-order condition:
86’{ 8hz

U/[y —+ (Oé,u — ]_)T’I’/y + O[,MT =+ 040[ + a@{(hz)]Q%ah%

A= K'(f]) (10)

Just like before, the voter is more responsive to public good provision in her assessment
of the incumbent’s quality the better she is informed about revenue. In turn, the incumbent
puts in more effort as the voter becomes more responsive. Under the new assumptions, what
sets this mechanism in motion is information acquisition by the voter, which depends on the
marginal utility of public goods. When tax revenue increases, private consumption mechani-
cally decreases. Although public good provision also increases due to the mechanical revenue
effect, assumption 3 ensures that the marginal utility of the public good increases as well,
which raises the benefit the voter gets from additional incumbent effort.3? External revenue,
on the other hand, has a negative effect on the marginal utility of the public good due to the
positive mechanical revenue effect and the fact that it does not affect the voter’s disposable

32 Assumption 3 implies that taxation for the purpose of public good provision is inefficient in a setting
where overhead costs are relatively large. This is consistent with the findings of Pritchett and Aiyar (2014),
who report that the median cost of one pupil in public elementary school in India is twice as high as in a
private school, but educational achievement is much lower.
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income. Hence, extra taxation provides an incentive for more information acquisition while
the opposite holds true for external revenue. The following proposition formalizes this result:

Proposition 2. Under Assumptions 2-4, the equilibrium first-period effort of the voter and
the incumbent are increasing in tax revenue and decreasing in external revenue. Hence, public
good provision in the first period increases by more than the mechanical revenue effect when
there is an increase in tax revenue and by less than the mechanical revenue effect when there
1 an increase in external revenue.

Proof. Using the implicit function theorem we can differentiate both sides of (10) with
respect to Tny to obtain:

861 Ohy 1 _ a61 Ohy aff _poM( e af{(

gy s O ) ((O‘“ Dt agn,ans \orny ) = 5 U,
861 8hZ 17 . afl " ael 8hZ "
T —ZU" (Y ap—1) = g \ K (fF) — Dy Ol U () (11)

Since U(+) is a strictly concave function while K ( f1) is strictly convex, the LHS in equation
11 is positive and the term in brackets on the right is also positive. Hence, df;/0tny > 0.
This implies, from equation 1, that the overall effect of an increase in tax revenue on public
good provision is given by

991 Oct Ohz \ Off

= >
oty a Ohz Ohy, Otny

Using implicit differentiation on equation 10 but with respect to exogenous revenue (7)
yields:

861 Ohy Off (s ooy [0 Ohg\"
=LK — = : 12
ahzaff e U O oT < (1) — oA Ohyz OhS, ul) (12)

Now the LHS in equation 12 is negative, while the term in brackets on the right remains
positive. Hence, df; /0T < 0. Using again equation 5, we can see that the net effect of an
increase in exogenous revenue on first-period public good provision is

oo _ |, 0eidhs\0F o

ar ~ " anjens, " or ~ M gy
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Appendix B Empirical Appendix

Table A1l: Cadastral updates and statutory tax rates

Statutory property tax rate (%o) In Statutory property tax rate
(1) (2) 3) 4) () (6) (7) ®)
D(post-cadastral-update); ; 0.126 0.0964 0.176 0.234 0.0138 0.0103 0.0185 0.0333
[0.415] [0.151] [0.160] [0.237] (0.0489] [0.0201] [0.0203] (0.0280]
Observations 801 799 799 799 801 799 799 799
Municipalities 213 211 211 211 213 211 211 211
Dependent variable mean (1999) 8.61 8.61 8.61 8.61 2.10 2.10 2.10 2.10
Municipality FE No Yes Yes Yes No Yes Yes Yes
Time FE Year Year Dpt-year  Dpt-year Year Year Dpt-year  Dpt-year
Cadastral updates 2000-2002 2000-2002 2000-2002 2000-2001 2000-2002 2000-2002 2000-2002 2000-2001

Dependent variable in the header. Sample period: 1999-2002. Standard errors clustered two-way by municipality and by department-year. *** p<0.01,
*k *
p<0.05, * p<0.1

Table A2: Fixed municipal characteristics of oil-royalty recipients and cadastral updaters

Full sample Oil-royalty-recipients Cadastral updaters

Mean SD N Mean SD N  Mean SD N  p-value
(1) @ 6 ¢ G (© (@ 8 (9 (10)

Area (Km?) 930.61 3171.08 954 1703.72 2559.58 78 828.40 2137.68 573 0.001%**
Altitude (meters) 1137.86 922.83 954 490.58  462.59 78 1055.63 906.27 573 0.000***
Distance to department capital (Km)  79.38 55.86 954  87.63 6722 78  75.26 52.55 573  0.060*
Distance to nearest market (Km) 12557 90.29 954 14237  86.80 78 11894  91.63 573 0.033**
Population (1,000s) 28.68 71.73 954 4434 85.73 78  35.50 88.47 573 0.407
Rural share of population 0.59 0.24 954 0.48 0.21 78 0.55 0.24 573 0.024**
Unmet basic needs index 45.04 20.17 954 43.49 1830 78  42.80 19.09 573 0.762
Population with electricity (%) 76.44 16.15 954  73.46 19.57 78  78.98 13.58 573  0.002%**
Multidimensional poverty index 69.86 1594 954  68.54 13.77 78  68.38 16.33 573 0.935
Average years of schooling 7.10 1.07 954  7.22 1.01 78 7.22 1.08 573 0.969
Literacy rate 83.81 8.52 954 84.14 8.77 78  84.08 8.27 573 0.957
Notary offices 0.65 092 954  0.92 1.08 78 0.76 1.05 573 0.202
Agricultural bank offices 1.45 2.58 912 1.66 3.29 T 1.54 3.20 550 0.762
National tax offices 0.54 1.07 912  0.70 1.26 77 0.63 1.27 550 0.650
D(Coca crops) 0.16 037 954 024 043 78 0.13 0.33 573 0.005%**

Notes: The table shows summary statistics of time-invariant municipal characteristics or information from the 2005 population census. Information
is displayed for all municipalities (columns 1-3), municipalities with positive average oil royalties between 2000 and 2004 (columns 4-6) and for
municipalities that had a cadastral update between 2006 and 2010 (columns 7-9). Column 10 shows the p-value for the difference in means test
between municipalities with cadastral updates and those with positive oil royalties. **¥* p<0.01, ** p<0.05, * p<0.1
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Table A17: Sources of Revenue and child mortality

In Child mortality rate

Vaccine- Respiratory Pregnancy-
Total  preventable or digestive related

(1) (2) (3) (4)

PANEL A: REDUCED FORM

D (Post-cadastral-update); , 0.00563  0.00630 -0.100* 0.0435
[double-clustered SE] [0.0488]  [0.0141] [0.0547] [0.0415]
In(3 37;_,_, Royalties{jy_o, X price}") -0.0161  -0.283 0.754 0.0575
[double-clustered SE] [0.478] [0.202] [0.532] [0.517]
PANEL B: IV

In(Property tax revenue; ;) 0.0440 0.0205 -0.733 0.360
[double-clustered SE] [0.402] [0.131] [0.495] [0.340]
In(Avg. Natural resource royalties; (++—1)) -0.0156 -0.231 0.654 0.0263
[double-clustered SE] [0.386] [0.155] [0.413] [0.420]
p-value HO:tax revenue=royalties 0.911 0.141 0.013 0.521

Kleibergen-Paap F-statistic 12.542 12.542 12.542 12.542
Observations 6,697 6,697 6,697 6,697
Municipalities 968 968 968 968

Dependent variable mean (2005) 2.75 0.09 1.75 0.67

Dependent variable in the header. Child mortality rates calculated as the number of deaths of children of age less than
five, due to the cause in the header, divided by number of births. Diseases preventable through vaccination include
tuberculosis, hepatitis, diphtheria, whooping cough, tetanus, polio, rotavirus, meningitis, Haemophilus influenzae type
b, chickenpox, mumps, measles, rubeola. Deaths related to pregnancy and birth include trauma during birth, low birth
weight, STDs, AIDS, malnutrition. Money variables are logs of tens of thousands of 2004 COP per capita. In panel B,
D(post-cadastral-update) and In(3 S Royadtics,‘L-’f(l)o,04 x pricegl!) are used as instruments for property tax revenue
and natural resource royalties (two-period average). All regressions include municipality and department-year fixed
effects. The sample period is 2005-2011. Standard errors clustered by municipality and department-year in brackets.

0k 50,01, *¥* p<0.05, * p<0.1
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