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Abstract: This paper evaluates whether and how political competition across Mexico’s states 
and municipalities influences the air quality of local jurisdictions. Empirical evidence suggests 
that electoral competition increases the sensitivity of governments to social welfare; greater 
competition makes politicians more accountable to voters and stimulates a shift towards the 
provision of public goods. Most studies focus on the level of social spending and infrastructure 
projects to measure the provision of public goods; however, it is not clear that competition 
promotes greater environmental protection. The ability to target social programs 
andinfrastructure projects to specific constituencies can reduce their “public” nature. The 
disperse nature of clean air as well as the trade-off, often faced by local politicians, between 
providing clean-air and protecting the vibrancy of the local economy makes the provision of 
clean air a more difficult public good to target and successfully politicize for electoral benefit. 
Employing a spatial analysis of air quality across time and across Mexico’s municipalities, our 
main finding is that electoral competition measured either by margins of victory or by the 
effective number of candidates/parties from the previous election, is associated with lower level 
of PM 2.5 air pollution.  
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Introduction 
 

This paper studies the relationship between electoral competition and public goods provisions, 

focusing on air quality in Mexican municipalities.  Electoral competition and government 

responsiveness is hardly a new topic for students of politics.  Often, one predicts a positive link 

between the level of electoral competitiveness and that of the provision of public goods.  The 

basic argument originates from the electoral democratic theory which posits that elections offer 

citizens the opportunity to influence their representatives by threatening to remove them for poor 

performance and by selecting representatives who are competent (Austen-Smith & Banks, 1989; 

Barro, 1973; Ferejohn, 1986).  Most studies focus on the level of social spending and 

infrastructure projects as measures of public goods. However, the ability to target social 

programs and infrastructure projects to specific constituencies can reduce their “public” nature. 

Environmental public goods, such as air quality, on the other hand, are probably the purest type 

of public goods. They are non-excludable and can be consumed by any member of society 

without reducing what is available to others.  Moreover, the disperse nature of clean air as well 

as the trade-off, often faced by local politicians, between providing clean air and protecting the 

vibrancy of the local economy makes the provision of clean air a more difficult public good to 

target and politicize for electoral benefit.  Our first contribution, therefore, is to test the electoral 

democratic theory in the case of an often less-studied, pure(r), public goods, that is, air quality.  

Moreover, we do not simply assume a positive connection between electoral competition 

and public goods provisions. A careful reading of related literatures suggests multiple causal 

connections.  For instance, with newly democratic regimes, providing public goods can be less 

credible than targeting specific groups. With more competitive elections, private goods 

sometimes are preferred by political actors to secure electoral support.  Given budget constraints, 

this actually implies less public goods provisions (Cleary 2007; Keefer and Vlaicu 2008; 

Kitschelt and Wilkinson 2007).  Furthermore, it is important to consider public preferences 

between environmental and economic public goods. Even though electoral competition increases 

government responsiveness, voters might not always prioritize the environment.  If voters prefer 

economic growth to environmental protection, more competitive elections may actually increase 

government investments in areas such as infrastructure which is often associated with more 

pollution (e.g., building roads and bridges). The nature of public goods also matter. The political 
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impetus to provide clean air may be limited by the complexity of the issue. In the case of 

complex public goods where different levels of government hold different regulatory 

responsibilities, voters might have a hard time isolating the role of specific governments in 

determining their outcome, which discourage governments to provide such public goods. 

Finally, this paper, by using satellite data on the concentrations particulate matter of 2.5 

micrometers or smaller (PM2.5)(Boys et al. 2014; van Donkelaar et al. in press), makes a 

significant methodological contribution to environmental studies in international and 

comparative politics.  Ultimately, pollution is often a function of local characteristics such as 

climate conditions, geography, and local economic and social conditions; these are factors that 

cannot be captured by national level analysis. And yet, data on sub-national level environmental 

outcomes, especially for developing countries, are difficult to find.1  The use of satellite data, 

such as those provided in grid-cells as small as 0.1 × 0.1 decimal degree cell resolutions (about 

11 km by 11 km at the Equator) allows us to model and test within country variation in pollution.  

Employing a spatial analysis of air quality across time and across Mexico’s 

municipalities, our main finding is that electoral competition measured either by victory margins 

or by the effective number of parties in previous elections, is associated with lower levels of PM 

2.5 air pollution. The rest of the paper is organized as follows: First, we provide a brief 

introduction on municipal politics in Mexico. We discuss theoretical connections between 

electoral competition and public goods provisions. We then present the data and the empirical 

findings. We conclude and discuss directions of future research at the end.  

 

The Case of Mexico 

The year 2000 marked an end to competitive authoritarianism in Mexico as the Partido 

Revolucionario Instiutional (PRI) lost the presidency after being in power for over 70 years. 

What is often overlooked about this historic transition to democracy is the fact that it began at 

the local level years before culminating in a PRI loss at the national level, and that in many 

localities transitions to democracy have yet to occur (Gibson 2013, Giraudy 2013). Competition 

between the PRI and opposition parties in state and municipal arenas played a major role in the 

1 Data on air pollution at the monitoring station level are available (for example, Bernauer and 
Koubi 2009). However, most monitoring stations are within the OECD countries. Even within 
some of the richest countries in the world, there are not enough stations to cover the ground. 

3 
 

                                                             



larger process of democratization occurring at the national level.  In some areas of Mexico, 

competitive multiparty elections were commonplace by 2000 while in others even today the PRI 

dominates with little to no opposition (Hiskey and Bowler 2005, Lawson 2000).  Electoral 

competition varies significantly at the local level, which is the focus on this study.  

Mexico is a federal system with three recognized levels of government (most only 

recognize the state and national government).  The constitution of Mexico establishes a national 

government, state governments, and municipal governments. Mexico’s federal system has been 

historically centralized, especially during the period of the PRI rule. The party actively 

centralized the system in order to allow the President and the party to control almost all aspects 

of the political system (Grindle 2007). More recently, since democratization, the country has 

engaged in a period of decentralization which has brought municipal governments to a higher 

degree of political prominence.  Municipalities play a large and often ignored role in the larger 

political system in Mexico. They are recognized by Article 115 of the Mexican constitution as 

“the basis of their [States] territorial division and political and administrative organization.” This 

Article establishes municipalities as a necessary and important system of government with 

officially recognized responsibilities.  There are over 2,400 municipalities in Mexico, and they 

vary greatly in size and population.  Each has its own government consisting of a council 

president ("mayor") and multiple councilors elected through regular local elections. 

Municipal governments in Mexico have a huge impact on the citizens that live in them. 

Municipal governments are responsible for the provision of basic services on which citizens rely 

such as water, sewage, public transportation, and public safety.  Municipalities also have the 

power to manage markets and commercial centers.  Politically, municipal offices provide a 

stepping stone to higher state and national level office. The constitution does not permit the 

consecutive reelection of municipal officials, which means that in many cases, municipal 

officials are ambitious office seekers hoping to move up the political ladder to state and national 

office (Grindle 2007). This suggests that the performance of municipal governments may affect 

the future prospects of ambitious political officials. 

Municipalities in Mexico also play a large role in environmental regulations.  Beyond the 

responsibility of providing water and disposing of solid waste, municipal governments are also 

responsible for zoning and have the power to create ecological zones (Grindle 2007). The 

environmental law passed in 1988 (LGEEPA) decentralized significant authority over 
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environmental policy to the municipal level. The law entrusts municipalities with the 

responsibility to address all environmental problems within their jurisdiction not already 

specifically reserved for federal or state authorities. While the specific policy responsibilities of 

municipalities vary by state, most have the ability to pass environmental regulatory ordinances 

and to sanction violations of those ordinances (Assetto, Hajba and Mumme 2003).  LGEEPA 

charges municipalities with monitoring and ensuring the application of Federal environmental 

regulations. 

 

Theory 

Electoral Competition and Public Goods Provisions: we aim to explain subnational level 

variation in air pollution. There are numerous potential factors that can be used to explain air 

quality including climate, geographic conditions, and the nature of the local economy. However, 

as students of politics, we are interested in political explanations. We treat air quality as a public 

good and rely on theories regarding public goods provisions to explain variation in air quality 

across the municipalities of Mexico. Such theories often implicitly assume pure public goods that 

are fully non-rival and non-excludable. Yet, in reality, many public goods suffer from a degree of 

rivalness and some crowding effects;, the enjoyment of a unit of such an impure public good 

goes down with the number consuming it.  Examples that are often considered in the existing 

literature include: infrastructure, education, health and social welfare. Air quality, on the other 

hand, is probably the purest type of public good: for example, cleaning up for pollution is often 

less subject to crowding effect or rivalry; non-excludability is also less a concern for air quality.  

We know of good theories linking political factors to the level of public goods provisions. 

For instance, the Selectorate theory posits that as the size of the winning coalition that rulers 

have to build to stay in power increases, the more they will rely on the provision of public goods, 

because the relative price of doing so falls compared to buying support with private good 

transfers (Bueno de Mesquita, Smith, Siverson, and Morrow 2003): all can benefit from the 

provision of a pure public good without diminishing the enjoyment that others derive. The theory 

predicts that regimes with large winning coalitions, often democracies, will typically provide 

more public goods. It is hard to directly apply the theory at the subnational level because 
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winning coalition size is measured at the national level.2  Therefore, we turn to another 

theoretical approach which is also often used to explain public goods provisions --- electoral 

competition and government responsiveness. This perspective often predicts a positive link 

between the level of electoral competitiveness and that of public goods provisions. The basic 

argument of theories of electoral responsiveness posits that formal accountability via competitive 

elections links policy decisions to citizen preferences (Austen-Smith & Banks, 1989; Barro, 

1973; Ferejohn, 1986). However, a more careful reading of the literature suggests that positive, 

negative, and conditional effects of electoral competition on public goods provisions are all 

possible.  

 

Higher Electoral Competition, More Public Goods: there is a body of literature that suggests that 

democracy, which is presumed to be more competitive, tends to provide more public goods than 

other forms of government.  In other words, competitive elections force politicians to address 

constituent demands: ambitious politicians hoping to maintain their office face a constant threat 

of removal. In order to maintain that office they must perform.  For instance, Brown and Hunter 

(1999) show that democracies tend to spend more in general, and specifically on education 

(Brown and Hunter 2004).3  Fox (1994) argues that competition may help to break down 

clientelist bonds, leading to more social spending as candidates and officials come under greater 

scrutiny.  Wittman (1989) shows that political competition pushes governments toward efficient 

outcomes by lowering the opportunism of politicians.  Becker (1983) finds that even in the 

presence of successful pressure groups, competition should cause governments to correct market 

failures (reflected in lower pollution), since policies that raise efficiency should win out because 

they produce gains rather than deadweight costs to society.  Treating education, especially 

primary education, as a public good, many studies suggest that democracy increases government 

education spending and improves educational outcomes (Ansell 2008; Nooruddin and Simmons, 

2 So is the loyalty ratio which is the ratio between the winning coalition and the Selectorate. Cao 
and Ward 2015 show that winning coalition size argument only works when a government is 
also equipped with long time horizons and strong state capacity when environmental public 
goods (proxied by levels of pollution) is concerned.  
3Trejo invokes the competition narrative in examining religious competition and the impact on 
action. But here the competition is between different religions (Trejo 2009). 
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2009; Kaufman and Segura-Ubiergo, 2001; Avelino, Brown and Hunter, 2005; Stasavage, 2005; 

Hecock, 2006; Ames, 1987; Rudra and Haggard, 2005; Huber, Mustillo and Stephens, 2008). 

Regarding environmental public goods, increased political competition is thought to have 

both a direct and indirect influence on environmental outcomes. Wilson and Damania (2005) 

argue that political competition yields more stringent environmental policies and may reduce 

levels of corruption among bureaucrats responsible for the enforcement of environmental 

regulation. The reduction of corruption can have a strong positive impact on environmental 

quality (Pellegrini, 2011). Even if competition does not induce politicians to provide cleaner air, 

lower levels of corruption and higher levels of administrative efficiency may indirectly provide 

cleaner air.  If we assume that greater electoral competition encourages parties to monitor each 

other’s behavior and that of government officials, lower margins of victory and more effective 

parties in the electoral arena should deter corruption within the municipal government (Kunicová 

and Rose-Ackerman 2005; Nyblade and Reed 2008).4  Given that lower levels of corruption are 

associated with better regulation, lower regulation avoidance, and lower pollution levels (Biswas 

et al. 2012; López and and Mitra 2000; Fredriksson and Svensson 2003), it is not surprising that 

greater competition, especially lower margins of victory over several elections has a positive 

relationship with air quality.  Increases in bureaucratic capacity - of the associated with 

competitive elections - can also increase the long-term policy commitment of governments by 

shielding those implementing policies from the electoral cycle (Charron & Lapuente, 2010). 

Furthermore, with changes in elected officials, political parties may not seek to change the 

environmental policies put in place by their predecessors. For example, Damania (1999) provides 

a formal model in which political competition provides political incentives for rival political 

parties to set the same environmental standards which results in policy conversion. 

However, theoretical predictions following this electoral democratic thesis have received 

mixed empirical support, especially when looking at the connection between electoral 

competition and public goods provision in a developing country context.  Interestingly, focusing 

on subnational government responsiveness in the Mexican context, studies conducted at the state 

level often find a positive connection between competition and public goods (or government 

performances), while those at the municipal level often reveal non-results. The former, state-

4 The participation of more parties in government may have the opposite effect by making it 
more difficult to hold politicians accountable for corruption. 
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level, analyses include, for example, Hecock (2006) which finds higher electoral competition 

associated with more education spending. The latter, municipal level, studies include a much 

longer list of recent studies. For instance, Cleary (2007) finds no connection between electoral 

competition and public goods measured by sewer and water coverages. Grindle (2007) finds no 

clear relationship between competition and government performance, with the latter measured by 

an index of indicators in five different categories: efficiency, effectiveness, responsiveness, 

change initiatives, and development orientation.  Moreno-Jaimes (2007) is also unable to find a 

discernable relationship between electoral competition (measured by margin of victory) and 

basic service provision in Mexico (water drainage).  Euler (2014) shows that competition 

(margin of victory) has no positive relationship with the provision of public services. The only 

exception that we know of is Hiskey (2003) which shows that municipals that lack political 

competition and were dominated by PRI are associated with lower public service provisions.  

Studies based on cases outside Mexico show mixed results as well. For instance, Arvate 

(2013) shows that electoral competition increases the number of student enrollments, teachers, 

and free immunizations in Brazil.  Pereira & Melo (2009), on the other hand, find that the 

influence of competition on social spending depends on degree of checks and balances while 

Cavalcante (2013) finds no effect for electoral competition, both focusing on Brazil as well. 

Chhibber & Nooruddin (2004) shows that in India, greater competition is not necessarily 

beneficial as two-party competition provide more public goods than states with multiparty 

competition.  Elsewhere, Sánchez Torres & Pachón (2013) find political competition increases 

public goods at the municipal level in Columbia; Galasso & Nannicili (2011) and Paola & 

Scoppa (2010) both find that political competition results in the election of better prepared 

officials in Italy; and, Ashworth, Geys, Heyndels, & Wille (2014) associate electoral competition 

with positive productive efficiency of municipal policies in the Flanders.  

The lack of consistent empirical support, especially in developing countries, is believed to 

be a function of factors such as a lack of information by voters, a tendency to vote along ethnic 

lines, the absence of credible political challengers, corruption and low state capacity, lack of 

long-term government credibility, and pre-existing clientelist ties (Boulding and Brown 2014). 

For instance, Kitschelt and Wilkinson (2007) argue that the electoral competition increases 

public goods provision only if there exists a high level of development and a lack of clear ethno-

nationalist groups which leaders may exploit to win elections.  If this contingent development is 
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not met, clientelist ties may not be broken and political elites may provide public goods which 

are in fact clientalist in nature. Boulding and Brown (2014) include a test for this and find that 

the level of wealth given to members of the president’s party in Brazil is greater than that given 

to those that are not members. Likewise Cleary (2007) argues that vote buying can occur without 

an improvement in public goods. 

 

Can Electoral Competition Lead to Less Public Good Provision? Although there is a strong 

theoretical reason to believe that democracy promotes the provision of public goods, more 

political competition will not necessarily promote greater public good provision. Some previous 

research has revealed a negative correlation between electoral competition and public goods 

provision. For instance, Boulding and Brown (2014) suggest that fiscal resources increase voter 

mobilization by the incumbent thereby reducing electoral competition and allowing the 

incumbent to win by big margins.  In general, more resources mean more public goods meaning 

that a negative correlation between competition and public goods is really a function of a 

confounding factor --- resources available to the incumbent. The relationship just described 

implied a negative correlation only, rather than a causal effect.5 

Second, earlier work suggests that with newly democratic regimes, public goods are 

actually less credible than targeting particular goods at specific groups. In this situation, political 

actors will prefer to provide private rather than public goods to secure votes, particularly as 

elections become more competitive (Cleary 2007;Keefer and Vlaicu 2008; Kitschelt and 

Wilkinson 2007). Given budget constraints, this implies less public goods provision.  Besley & 

Coate (1997) suggest that under multi-party competition and multidimensional policy space, 

more than two candidates cannot generate clear theoretical results on the provision of public 

goods. In fact, we might expect lower levels of public goods as politicians, seeking to win 

elections, may favor targetable spending and policies to win votes (Mayhew, 1974).6  

Competitive reelections cause politicians to use inefficient, but reputation preserving, policies 

(Coate &Morris, 1995) and repeated challenges within short election cycles increase the short-

sightedness of politicians (Congleton, 1992). Lizzeri & Persico(2005) show that the larger the 

5Boulding and Brown (2014) use size of budget to capture this. We have also empirically 
controlled this in our analysis. 
6 Number of political competitors can have an inversed u shape effect on public good provision 
according to Acemoglu and Robinson (2006).     
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number of parties, the greater the inefficiency of the outcome of electoral competition. The 

reason is that, when the number of parties increases, electoral incentives push each party to focus 

on a narrower constituency, and special interest policies replace efficient policies with diffuse 

benefits.  In sum, the second reason why we might expect a negative relationship between 

electoral competition and public goods provisions is that candidates and parties are more likely 

to use targeted spending when competition is fierce reduces the amount of government resources 

available for public goods spending.  

Third, even though electoral competition increases government responsiveness, voters 

might not always prioritize the environment. This has to do with preferences of the public, that 

is, whether they are pro-growth at the expense of the environment.  Now we need to look at not 

only the total amount of public goods, but different types of public goods. If voters choose 

economic growth over the environment, more competitive elections should increase government 

investments in areas such as infrastructure. This implies that we need to consider the interactive 

effect between electoral competition and voters’ preferences which might be proxied by per 

capita GDP and/or characteristics of local economy: environmental values often are believed to 

come with wealth;7 local economic interests can define voter preferences because often they 

know their fate is associated with the local economy (Cutler 2007).  

Finally, since the effects of polices that reduce air pollution cannot be easily directly 

observed after the implementation process has initiated, limiting PM2.5 densities may not be a 

priority on politicians agendas.  The nature of the public good often has a direct impact on its 

provision by politicians.  Robert and Edney(1978) show that the visibility of a public good 

(resource level) has a direct effect on the levels of the public good provided.  Mani and Mukand 

(2007) show that greater democratization widens the gap in resource allocation between more 

visible (such as famine prevention/education) versus less visible (such as malnutrition 

prevention/clean air) services, up to an intermediate level of democracy.  This is because 

constituents demand the provision of critical and useful services which will directly benefit 

7The Environmental Kuznets’ curve posits that the environment is a relatively low priority for 
citizens in the early stages of development, but it becomes a higher priority as they become 
better off (Grossman and Krueger 1995). The evidence suggests that this argument does not hold 
for all pollutants, for all types of political systems, or for all regions (Cole and Neumayer 2005). 
Nevertheless it is important to control for relative demand for environmental public goods, even 
if is not really possible to proxy the level of demand among the population. Because of lack of 
within-country comparable data on demand, income is the best available proxy.  
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themselves and their family.8The difficulty that voters have in assessing the provision of public 

goods also provides a political incentive for policymakers to prefer visible public goods (Garri, 

2010). 

The political impetus to provide clean air may also be limited by the complexity of the 

issue. For complex public goods where different levels of government hold different regulatory 

responsibilities, such as air quality in Mexico, voters will have a hard time isolating the role of 

specific governments in determining their outcome – even if the outcome itself is easily 

observable (which PM2.5 is not).  For instance, while the density of PM2.5 particulate matter is 

difficult for most voters to directly measure, the amount of smog in a town or city is something 

that most voters will directly observe and at high levels may notice in the health of their children; 

however, the outcome depends upon a number of factors other than the competence of the 

municipal government alone.  In this case, voters will find it harder to assess government 

competence based on the observed outcome.  As a result, we should expect “complex” public 

goods to have a low degree of political visibility. Differences in visibility across public goods 

affect their provision because of an essential aspect of governance: governments are required to 

provide multiple goods and services rather than perform a single well-defined task. 

The amount of time needed to successfully implement regulations that reduce air pollution 

as well as the time needed for PM2.5 levels to fall may also significantly hinder the willingness 

of incumbents facing political competition to invest their limited political resources in cleaning 

up the air.  The need to win future elections give incumbents incentives to invest in easily 

observed policy outcomes instead of in long-term policy investments in their constituents’ 

futures  (Rogoff, 1990).  Even when politicians do not favor short-terms strategies and even 

when voters have good information about investments in long-term policy outcomes 

(investments politicians make for their future), rational voters may still maintain their short-term 

bias towards public policy (Aidt & Dutta, 2007; Gersbach, 2004).  

 

Data 

Local PM2.5 Concentrations: Our dependent variable, PM2.5, is the municipal annual average 

concentration levels of particulate matter of 2.5 micrometers or smaller, measured in micrograms 

8Cao and Prakash (2012) also show that political actors respond more to visible environmental 
issues because it is around those issues organized, urban constituencies tend to mobilize. 
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per cubic meter. We use satellite-Derived PM2.5 data which provides a continuous surface of 

concentrations in PM2.5 (Boys et al. 2014; van Donkelaar et al. in press).9The data are provided in 

grid-cells with 0.1 × 0.1 decimal degree cell resolution of the world, which is about 11km by 11km 

at the Equator. We re-sampled the grid data in ArcMap so that each grid is evenly divided into 100 

smaller grids: each of them is of the size of roughly 1.1km by 1.1 km after resampling. We then 

overlaid the resampled PM2.5 grids to municipal polygons of Mexico, taking the average PM2.5 

concentration levels of all grids falling within a municipal polygon. The resulted average PM2.5 

level at the municipal level is our dependent variable: see Figure 1 for the 1999, 2004, 2009, and 

2014 municipal annual average PM2.5 concentration levels. It seems that over the years, Mexico 

has managed to lower the level of PM2.5 pollution; although we still see significant within-country 

variation. Moreover, in 1999 air pollution affected a large swath of the eastern and west central 

parts of the country, concentrating around large urban areas. Some of the most polluted 

municipalities include those surrounding the capital Mexico City, Juáreza large city in north 

central Mexico near the US border, and municipalities surrounding Saltillo in the north east. By 

2014, however, this distribution of air pollution has shifted significantly. Levels of air pollution in 

the north east have decreased, while pollution has become more concentrated in southern and south 

central parts of the country, particularly in the municipalities surrounding Mexico City. Many of 

these states and municipalities in the southern parts of the country are also places where 

subnational elections tend to be less competitive and democratic (Gibson 2012; Giraudy 2012).  

Exposure to fine particles is associated with premature death as well as increased morbidity 

from respiratory and cardiovascular disease, especially in the elderly, young children, and those 

already suffering from these illnesses.10 For instance, a recent study presents findings that 

9 These are estimated ground-level fine  particulate matter (PM2.5) by combining Aerosol 
Optical Depth (AOD) retrievals from the NASA MODIS and MISR instruments with aerosol 
vertical profile and scattering properties simulated by the GEOS-Chem chemical transport 
model. The data sets include a series of three-year moving averages in PM2.5 concentration 
levels (1998-2000, 1999-2001, …, and 2012-2014). We convert three-year moving averages 
back to yearly averages.  
10 Note that PM itself is a relatively complex mixture with extremely small particles and liquid 
droplets that float around in the air, including combustion particles, organic compounds, and 
metals. Because fine articles (PM2.5) are much smaller than inhalable coarse particles (PM10), 
their negative effects on human health are much more severe. When we breathe, the fine 
particles can reach the deepest regions of our lungs. And exposure to particles is linked to variety 
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implicate long-term exposure to particulate matter as contributing to enormous loss of life 

expectancy in China, as much as over five years (Chen et al. 2013).11 The World Health 

Organization guideline for PM2.5 average annual exposure is less than or equal to 10.0 

micrograms per cubic meter, whereas the US Environmental Protection Agency (EPA) primary 

standard is less than or equal to 12.0 micrograms per cubic meter.  

In Mexico, environmental concerns including air pollution did not begin to attract national 

attention until the Presidency of Miguel de la Madrid Hurtado in the 1980’s. By creating the 

Ministry for Urban Development and Ecology (SEDUE) he elevated environmental concerns to 

the national policy agenda (Díez 2006). However, it was not until the 90’s with the creation of a 

new ministry of the Environment under President Zedillo that sustainable development became an 

important component of Mexico’s political agenda (Díez 2006). The rise to national prominence of 

environmental concerns along with the negotiations that took place over NAFTA (North American 

Free Trade Agreement) led to the growth and development of environmental non-governmental 

organization (ENGOs) in Mexico such as Green Peace which have become prominent civil society 

organizations.   

Air pollution has also figured prominently as a concern both politically and socially since the 

1980’s. It is particularly a problem in larger urban areas such as Mexico City where air pollution 

levels consistently exceed limits set by the World Health Organization (Davis, 2008). Heightened 

levels of PM2.5 pollution in Mexico City have been associated with serious health risks including 

elevated infant mortality rates and heart rate variability among the elderly (Loomis et al. 1999, Bell 

et al. 2006). In Mexico City and surrounding municipalities air pollution is a daily concern. The 

city has established regulations that limit the number of people that are allowed to drive in the city 

on a daily basis. Residents of the city even actively avoid outdoor activities when air quality is 

particularly poor (Davis 2008). A majority of Mexico’s population lives in urban areas, and a large 

portion of the urban population lives in the greater Mexico City area. This means that air pollution 

has had a direct effect on a large number of Mexican citizens, which has elevated concerns about 

excessive PM2.5 levels to the national political agenda.  

 
 

of significant health problems, ranging from aggravated asthma to premature death in people 
with heart disease. 
11 But see Pope and Dockery 2013 for criticisms.   
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Figure 1: PM2.5 Levels in Mexico, 1999, 2004, 2009, and 2014.  
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Electoral competition: This paper uses four indicators to ascertain whether electoral competition 

induces municipal officals to provide cleaner air to voters.  Two indicators are based on the 

margin of electoral victories and two are based on the effective number of political parties 

participating in municipal elections.  We use the margin of victory to directly measure the 

competitiveness of elections.  The effective number of political parties is used to account for the 

diversity of policy positions within the political arena as well as the need for parties to attract the 

support of larger blocks of votes. We derive all measures from official municipal election 

results.12 

Closer electoral races mean that broader electoral coalitions are need to win.  Electoral 

competition, in the long-run, should generate outcomes that reflect citizens’ interests 

(Schattschneider 1949); however, faced with the risk of losing an election, parties may be willing 

to exchange private goods (relaxing environmental regulations and zoning restrictions, ignoring 

violations, etc.) in order to gain political support or needed campaign resources.  For this reason, 

the first measure of electoral completion is based on the margin of victory during the previous 

election.  The variable Margin of Victory is calculated by taking the difference in the percentage 

of votes for the winning party (coalition) less the percentage of votes received by the second 

place party in the last election.13  To assess the influence of a historical  environment of 

completive elections the ten year Average Margin of Victory is also calculated by taking the 

average margin of victory for all municipal elections during the previous ten years.  The margin 

of victory provides an intuitive indicator of electoral completion since an election with a margin 

of victory of 1% or 2% is clearly more competitive than an election where the closest completion 

lost by 10% or 20%. 

12 Most election results were downloaded directly from the Centro de Investigación para el 
Desarrollo Electoral data base: http://cidac.org/base-de-datos-electoral/.  When necessary, 
election results were supplemented from data available from individual state election 
commissions.  One of the main characteristics of municipal election is that the council president 
(the “mayor”) is elected directly through a plurality vote without a run-off.  Council members are 
elected from a closed party list which is headed by each party's or coalitions candidate for 
council president.  The rules for electing council members vary by state and by the size of the 
municipality.  However, almost all large municipalities incorporate some form of proportional 
representation.    
13 All elections are time lagged by at least one year; for example, for the 2014 panel, elections 
results from the nearest election before 2014 were used.  
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Although in closely contested elections every vote is critical, the size of the electoral 

coalition needed to win an election depends on how the vote is split.  In elections with multiple 

viable contenders (and no run-offs), the total number of votes need for victory may diminish 

even though the voting margins remain the same. This may encourage politicians, even in the 

face of narrow margins of victory, to cater to the interests of specific constituents, rather than 

provide public goods (Lizzeri and Persico 2005).  To account for how parties split the vote 

between themselves, the effective Number of Parties is estimated for the previous election as 

well as for all election during the previous ten years (Average Number of Parties).14 

The Laakso-Taagepera index (NLT) of the effective number of parties is one of the most 

widely used measure of the effective number of parties in an election (Laakso and Taagepera 

1979).  However, Golosov (2009) shows that the NLT can produce unrealistic values when a 

party receives significantly more than 50% of the vote.  The NLT may also register high values in 

elections with many unimportant parties.  As such, this paper measures the effective number of 

parties using the index proposed by Golosov (2009):  

𝑁𝑁𝑝𝑝 = � 1 (1 + (𝑠𝑠1
2 𝑠𝑠𝑖𝑖⁄ ) − 𝑠𝑠𝑖𝑖)⁄

𝑥𝑥

𝑖𝑖

, where 𝑠𝑠1is the largest vote share.15 

 

Control Variables: Air pollution is directly linked to human activity, especially economic 

activity.  For this reason, our models include several measures of economic and industrial 

activity at the municipal level.  The level of overall economic activity is measured taking 

municipal GDP per km2 (GDP Density).  Since municipalities have different surface areas and 

our measure of air pollution is the average PM2.5 density over the area of the municipality, we 

must take into account economic activityin reference to the surface area of the municipality. 

 The LGEEPA reserves the regulation of numerous industries for federal authorities and, 

while municipal authorities are charged with monitoring all industries within their jurisdiction 

and ensuring compliance with federal regulations, they have relatively little control over the 

14 The interaction between these two measures of political competition does not have a 
statistically significant effect.  
15 For the sake of robustness the effective number of candidates is also measured using NLT.  
Using NLT does not significantly alter the results presented here.  The results will be available in 
the paper's supplementary material. 
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operation and regulation of industries reserved for federal regulation.16  The presence of these 

industries may, therefore, limit the ability of local officials to curtail PM2.5 emissions.  As such, 

their presence is taken into account by the variable Density of Federally Regulated Production, 

which measures the average value of production of these industries per km2.  Although some of 

the industries reserved for federal regulation produce very large volumes of PM2.5 particulates 

(e.g. energy production), in terms of their ratio of emissions to value of production, most 

federally regulated industry are relatively clean.17  To take into account the presence of “dirty” 

industries within a municipality, the density of production of the five “dirtiest” industries has 

been included as control variable: Density of High Pollution Production.18 

The physical character of municipalities directly influences air quality.  Urbanization is 

often directly associated with greater contamination while forests play an important role in 

cleaning air, we, therefore, control for the percent of surface area covered by urban structures 

and by forest.19  We control for the effects of elevation because particulates tend to sink to the 

bottom, that is, to lower elevation.  Famous examples include cities such as Mexico City and Los 

Angles. The variable is the average elevation of a municipality, measured by meters above the 

sea level.20 

16 These industries are Chemicals and Paints, Petroleum and Petrochemicals, Cellulose and 
Paper, Metals, Glass, Cement and Asbestos, and Energy Production.  Values of production are 
taken from the 1999, 2004, 2009, and 2014 Economic Census available at 
http://www.inegi.org.mx/est/contenidos/proyectos/ce/ and 
http://www3.inegi.org.mx/olap/olap.aspx?server=2&db=Serie_Censal_Economicos&cube=Cens
os%20Econ%C3%B3micos&fp=1 . 
17 PM2.5 emissions by industry are based on data from Dirección General de Gestión de la 
Calidad del Aire y RETC (2013), Inventario Nacional de Emisiones de México 2008, Secretaría 
de Medio Ambiente y Recursos Naturales, Gobierno de México, México; Dirección General de 
Gestión de la Calidad del Aire y RETC (2012), Inventario Nacional de Emisiones de México 
2005, Secretaría de Medio Ambiente y Recursos Naturales, Gobierno de México, México. 
18 These industries were selected based on their volume of PM2.5 emissions divded by their total 
value of production.  These industries include: Other non-metal mineral products, Wood, Non-
clothing textiles, Leather production and products, and Glass. Trash service is the most polluting 
industry by value; however, due to poor data at the municipal level in the published census data, 
trash services have not been included and have been replaced by Glass.  
19 These indicators are based on data obtain via the “Descarga Masiva” page of the Instituto 
Nacional de Estadística y Geografía de Méxicoavaiable at 
http://www3.inegi.org.mx/sistemas/descarga/ data was doneloaded on December 12, 2015. 
20 The Mexican elevation raster data was downloaded from http://www.diva-gis.org/gdata on 
February 22, 2016; we overlay it to municipal polygons to calculate average elevations.  
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For many economists, larger municipalities should benefit from economies of scale when 

providing public goods (see Boyne, 1995; Dangey and Hicks 2011).  We may therefore expect 

municipalities with higher populations to have cleaner air ceteris paribus.  On the other hand, 

there is little empirical support for economies of scale in the provision of public goods for all but 

the smallest municipalities (Holzer 2009).  Dollery and Fleming (2006) argue that for labor 

intensive public goods, like inspecting and monitoring sources of pollution, there is little reason 

to believe that municipalities may benefit from economies of scale.     

 The fiscal resources available to municipal governments may have a direct influence 

ability on their ability to ensure clean air as well as an indirect influence on their need to provide 

clean air to constituents.  Governments with more Municipal Resources (Net Revenue per capita) 

should be better able to afford the personal and infrastructure necessary to monitor and regulate 

pollution.  On the other hand, if municipal governments are able to win political support through 

the provision of public services and private goods, politicians may not need to concern 

themselves with ensuring clean air in order to win elections.  This indicates that the influence 

political competition on PM2.5 levels may be conditioned by Municipal Resources. 

The characteristics of a municipality’s population should also influence the demand by 

voters for clean air. Voters in richer communities (GDP per capita) tend to be more preoccupied 

with the provision of clean air, while those in poorer communities may favor political parties that 

provide jobs, public services, and subsidies over those that provide less tangible and less visible 

goods.  Citizens in richer communities also have more resources available to support non-

governmental organization seeking clean air through the education of voters and lobbying of 

politicians.  At the same time, we might expect better educated populations (rate of literacy) to 

be more concerned with environmental issue and air quality. 

 

Empirical Models and Findings 

To evaluate the influence of political competition on air quality we estimate several spatial lag 

random (municipal) intercept panel models.  Each panel includes four time periods: 1999, 2004, 

2009, and 2014.  We selected these years because of the availability of industrial and economic 

data at the municipal level.  The five year period between the panels guarantees at least one 

municipal election between each panel.  Given that efforts by politicians to decrease air pollution 

may require a significant amount of time to implement and take effect, the amount of time 
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between our panels helps decrease problems of autocorrelation.  To take into account any 

remaining auto correlation across time all models are estimated with an autoregression 

correlation structure of order one (AR1).21  To take into account the influence of air pollution in 

neighboring municipalities, the average PM2.5 densities of neighboring municipalities 

(contiguous) during the previous year have been included as a spatial lag.22  The model also 

includes time specific fixed effects to take into account any general trends produced by changes 

in federal regulations, technological changes, etc. 

The emprical model can be expressed as the following equation:  

 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜆𝜆𝜆𝜆𝑦𝑦𝑖𝑖𝑖𝑖−1 + 𝑥𝑥𝑖𝑖𝑖𝑖𝜷𝜷 + 𝛿𝛿𝑖𝑖 + 𝜍𝜍𝑗𝑗 + 𝑢𝑢𝑖𝑖𝑖𝑖 ,  

 

where the random intercept 𝜍𝜍𝑖𝑖  is independently distributed 𝜍𝜍𝑖𝑖~𝑁𝑁(0,𝜔𝜔2) and each period has an 

individual intercept 𝛿𝛿𝑖𝑖  (year fixed effects).  The residuals 𝑢𝑢𝑖𝑖𝑖𝑖  can be decomposed into two 

components: 𝜙𝜙𝑢𝑢𝑖𝑖𝑖𝑖−1 + 𝜀𝜀𝑖𝑖𝑖𝑖 , where 𝜀𝜀𝑖𝑖𝑖𝑖  is independently distributed 𝜀𝜀𝑖𝑖𝑖𝑖~𝑁𝑁(0,𝜎𝜎2).  This model says 

that levels of PM2.5 in a municipality during a given year depend on the average levels of PM2.5 

in neighboring municipalities during the previous year (𝜆𝜆𝜆𝜆𝑦𝑦𝑖𝑖𝑖𝑖−1).   In this formulation, the 

spatial spillover does not depend on weather patterns and the geography of the region.   

To facilitate the interpretation of the empirical results we estimate all associations between 

levels of PM2.5 and the explanitory variables as elasticities.  This is normally done using a log-

log model: taking the log of the dependent variable and of any explanitory variable not already 

expressed in percentages.  However, for small value (<10) the logarithmic scale does not 

function well for elasticities and it is undefined for value of zero.  Given that many of the 

variable have small values (e.g. Number of Parties) and some have observation with values of 

zero (e.g. Density of Federally Regulated Production), the inverse hyperbolic sine (asinh) is 

21Other correlation structures were also estimates with no significant change to the empirical 
results. 
22 Notice that in order to mitigate the simultaneity bias in the estimation of spatial lag models, the 
spatial lag is lagged by one year. The assumption here is that outcomes in municipality i get 
influenced by outcomes in neighboring municipalities after a time lag. Lagging the spatial lag 
has become a common practice in some of the recent studies, mainly because it provides a 
simpler way to control for spatial dependence (by simple OLS regression) in relation to a spatial 
maximum likelihood approach (spatial ML) and spatial two-stage-least-squares instrumental 
variable approach (2SLS). However, this strategy of lagging the spatial lag terms is based on a 
strong assumption, that is, the absence of instantaneous effect. 
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used.  Using the asinh allow us to use the same transformation for all variables and while 

continuing to interpret the relationship between the variables as elasticities. 

The Federal District is not included in this analysis.  The exclusion of the Federal District 

stems from two issues.  First, a lack of financial data of the district government would have 

meant excluding Municipal Resources as a control variable.  Second, given that it is the 

country’s capital it would be impossible separate the influence of local political competition 

from pressure generated by members of the national government. 

Table 1 presents the results of the estimated relationship between the Margin of Victory 

during the last election and PM2.5 levels within each municipality. Table 2 presents the 

estimated results for the association between Average Margin of Victory during the previous ten 

years and PM2.5 levels.  In each table, the first model includes all the control variables with the 

exception of Density of Federally Regulated Production and Density of High Pollution 

Production.  Model 2 and Model 3 each include one of these indicators of industrial density.  

Since industries often take into account regulatory stringency when deciding where to locate, 

municipal politicians may face a trade-off between providing clean-air to their constituents and 

attracting and maintaining manufacturing jobs.  When industries represent a significant source of 

employment within a municipality, politicians may be less inclined to restrict air pollution or 

closely monitor emissions. The trade-off between jobs and pollution may be especially acute in 

municipalities with higher levels of political competition.  Polluting industries not only employ 

voters, they often have other important political resources at their disposal that can help or hinder 

the future political career of elected officials.  To capture this potential trade-off, Model 4 

includes the total number of employees in federally regulated industries (Federally Regulated 

Employees); Model 5 includes the total number of employees in high polluting industries (High 

Pollution Employees); both models include the interaction between employment levels and the 

margin of victory.   

Model 6 and Model 7 take into account the interaction between the margin of victory and 

the GDP per capita of the municipality.  This allows us to evaluate whether authorities in low-

income areas may be willing to relax their monitoring and regulation of contaminants when 

facing greater political competition in order to attract industries and gain votes.  Model 8 and 

Model 9 incorporate the interaction between victory margins and the Municipal Resources. The 

intuition is that politicians with significant fiscal resources at their disposal can provide private 
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goods and/or public services to their constituents in order to garner political support reducing 

their incentive to provide difficult to quantify and nearly invisible pubic good.  
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Table 1. Influence of Political Completion (Margin of Victory) on Air Pollution (PM 2.5) 

 
Model 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Spatial Lagt-1 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 0.975** 0.974** 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Margin of Victory (%) 0.015** 0.015** 0.015** 0.025* 0.015 0.040** 0.040** 0.038* 0.038* 

 (0.005) (0.005) (0.005) (0.011) (0.009) (0.012) (0.012) (0.017) (0.017) 
Density of Economic Activity  0.009** 0.010** 0.011** 0.009** 0.009** 0.010** 0.011** 0.010** 0.011** 

asinh(GDP/km2) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
GDP per capita  -0.012** -0.012** -0.013** -0.013** -0.012** -0.011** -0.012** -0.012** -0.013** 

asinh(GDP / Population) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
Literacy (%) -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0003 -0.0004 -0.0003 
 (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 
Population -0.002 -0.002 -0.002 -0.003 -0.002 -0.002 -0.001 -0.002 -0.001 

asinh(Population) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) 
Urban Surface Area (%) -0.007 -0.004 -0.001 -0.008 -0.007 -0.005 -0.002 -0.004 -0.001 
 (0.018) (0.019) (0.018) (0.018) (0.018) (0.019) (0.018) (0.019) (0.018) 
Forested Surface Area (%) -0.070** -0.070** -0.066** -0.069** -0.069** -0.070** -0.066** -0.070** -0.066** 
 (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) 
Density of Federally Regulated Industries   -0.001    -0.001 

 
-0.001 

 asinh(Production)  (0.001) 
   

(0.001) 
 

(0.001) 
 Density of High Pollution Production   -0.003*    -0.003** 

 
-0.003* 

asinh(Production)   (0.001) 
   

(0.001) 
 

(0.001) 
Federally Regulated Employees    0.001      

asinh(Employees)    (0.001) 
     High Pollution Employees     -0.0003     

asinh(Employees)  
   

(0.001) 
    Municipal  Resources -0.010* -0.010* -0.009* -0.010* -0.010* -0.009* -0.009* -0.007 -0.007 

asinh(Net.income/Population) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Margin of Victory *    -0.003      

Federally Controlled Employees    (0.002) 
     Margin of Victory *     0.0002     

High Pollution Employees     (0.003) 
    Margin of Victory *       -0.009** -0.009**   

GDP per capita      (0.004) (0.004) 
  Margin of Victory *        -0.013 -0.012 

Municipal Resources    
    

(0.009) (0.009) 
2004 0.061** 0.061** 0.061** 0.061** 0.061** 0.062** 0.062** 0.062** 0.061** 
 (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) 
2009 0.065** 0.063** 0.061** 0.065** 0.064** 0.064** 0.062** 0.064** 0.062** 
 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 
2014 0.071** 0.071** 0.070** 0.071** 0.071** 0.071** 0.070** 0.071** 0.070** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
Constant 0.053 0.048 0.037 0.053 0.05 0.034 0.024 0.037 0.027 

 
(0.045) (0.045) (0.045) (0.048) (0.046) (0.045) (0.045) (0.046) (0.046) 

          Observations 6832 6832 6832 6832 6832 6832 6832 6832 6832 
Log Likelihood 5543.79 5538.35 5541.01 5533.51 5532.74 5536.23 5538.95 5535.54 5538.19 
AIC -11051.6 -11038.7 -11044 -11027 -11025.5 -11032.5 -11037.9 -11031.1 -11036.4 
BIC -10928.7 -10909 -10914.3 -10890.5 -10888.9 -10895.9 -10901.4 -10894.5 -10899.8 
Notes:   Standard errors are in parentheses.                                                                                                                        *p<0.05 and **p<0.01 
             All models estimated using the lmer() function in R3.2.2  
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Table 2. Influence of Political Completion (Average Margin of Victory) on Air Pollution (PM 2.5) 

 
Models 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Spatial Lagt-1 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 0.974** 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Ten Year Average Margin of Victory (%) 0.044** 0.045** 0.044** 0.064** 0.042** 0.054** 0.053** 0.056** 0.055** 

 (0.011) (0.011) (0.011) (0.013) (0.013) (0.015) (0.015) (0.021) (0.021) 
Density of Economic Activity  0.009** 0.010** 0.011** 0.010** 0.009** 0.010** 0.011** 0.010** 0.011** 

asinh(GDP/km2) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
GDP per capita  -0.013** -0.012** -0.013** -0.013** -0.012** -0.012** -0.012** -0.012** -0.013** 

asinh(GDP / Population) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.003) (0.002) (0.002) 
Literacy (%) -0.0004 -0.0004 -0.0003 -0.0003 -0.0004 -0.0003 -0.0003 -0.0004 -0.0003 
 (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 
Population -0.002 -0.001 -0.001 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 

asinh(Population) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) 
Urban Surface Area (%) -0.007 -0.003 -0.001 -0.011 -0.006 -0.005 -0.002 -0.003 -0.001 
 (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) 
Forested Surface Area (%) -0.068** -0.069** -0.065** -0.068** -0.068** -0.069** -0.065** -0.069** -0.065** 
 (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) 
Density of Federally Regulated Industries   -0.001    -0.001 

 
-0.001 

 asinh(Production)  (0.001) 
   

(0.001) 
 

(0.001) 
 Density of High Pollution Production   -0.003*    -0.003* 

 
-0.003* 

asinh(Production)   (0.001) 
   

(0.001) 
 

(0.001) 
Federally Regulated Employees    0.002*      

asinh(Employees)    (0.001) 
     High Pollution Employees    

 
-0.0005     

asinh(Employees)  
   

(0.001) 
    Municipal  Resources -0.011* -0.011* -0.011* -0.011* -0.012* -0.011* -0.011* -0.009 -0.009 

asinh(Net.income/Population) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.006) (0.006) 
Average Margin of Victory *    -0.009**      

Federally Controlled Employees    (0.004) 
     Average Margin of Victory *     0.001     

High Pollution Employees     (0.004) 
    Average Margin of Victory *       -0.005 -0.005   

GDP per capita      (0.006) (0.006) 
  Average Margin of Victory *        -0.008 -0.008 

Municipal Resources    
    

(0.013) (0.013) 
2004 0.070** 0.069** 0.069** 0.069** 0.070** 0.069** 0.069** 0.070** 0.070** 
 (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) 
2009 0.075** 0.073** 0.071** 0.073** 0.075** 0.073** 0.071** 0.074** 0.071** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
2014 0.082** 0.081** 0.080** 0.080** 0.082** 0.080** 0.080** 0.081** 0.080** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
Constant 0.031 0.025 0.015 0.017 0.03 0.016 0.006 0.017 0.008 

 
(0.047) (0.047) (0.047) (0.05) (0.047) (0.048) (0.048) (0.048) (0.048) 

          Observations 6,677 6677 6677 6677 6677 6677 6677 6677 6677 
Log Likelihood 5384.37 5378.96 5381.56 5377.21 5373.6 5375.06 5377.63 5375.74 5378.31 
AIC -10732.7 -10719.9 -10725.1 -10714.4 -10707.2 -10710.1 -10715.3 -10711.5 -10716.6 
BIC -10610.3 -10590.7 -10595.8 -10578.3 -10571.1 -10574 -10579.2 -10575.4 -10580.5 
Notes:   Standard errors are in parentheses.                                                                                                                        *p<0.05 and **p<0.01 
            All models estimated using the lmer() function in R3.2.2 
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Table 3. Summary of the Influence of Political Competition on PM2.5 Densities   
   Interactions   
  General Influence of 

Greater 
Competition 

Effect of Greater Competition   
  

GDP per capita 
Municipal income 

per capita GDP per capita 
Municipal income 

per capita 

La
st

 e
le

ct
io

n 

Effective 
Number of 
Parties  Decrease Decrease PM2.5 in all 

but the richest areas - 

Decreases PM2.5, 
but effect decreases 

with increases 
competition. 

Resources Decrease 
PM2.5 (no 

interaction). 

      
Margin of 
Victory Closer elections 

decrease pollution 
Decrease PM2.5 in all 
but the richest areas - 

Decreases PM2.5, 
but effect decreases 

with increases 
competition. 

Resources Decrease 
PM2.5 (no 

interaction). 

Te
n 

ye
ar

 a
ve

ra
ge

 

Average 
Effective 
Number of 
Parties - Decrease PM2.5 in 

poorest areas. 

Decrease PM2.5 in 
Municipalities with 

least resources 
(Income per capita) 

Decreases PM2.5 in 
all but the most 

competitive 
municipalities 

Resources decreases 
PM2.5 in all but the 
most competitive 

municipalities 

 

     

Average 
Margin of 
Victory Closer elections 

decrease pollution - - Decreases PM2.5 (no 
interaction) 

Decreases PM2.5 (no 
interaction) 
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The results presented in these tables fit well with the expectation that political competition 

induces politicians to provide voters with cleaner air (see Table 3 for an overview of the results).  

Specifically, closer elections at the municipal level are associated with lower levels of air 

pollution.  On average, a decrease of 1% in the Margin of Victory during the previous election is 

associated with decrease of 0.015% in average PM2.5 levels across the whole surface area of the 

municipality.  Electoral competition, over several years, seems to provide strong inducements for 

parties and candidates to provide clean air.  Lower levels of Average Margin of Victory are 

associated with substantively lower PM2.5 levels.  Municipalities with a 1% lower Average 

Margin of Victory have, on average, PM.25 levels 0.045% lower than similar municipalities.The 

low estimated substantive effects should not call into question whether political competition 

actual induces politicians to provide clean air.  The estimated change in PM2.5 levels are the 

average levels across entire surface area of the municipality.  If most of the emissions occur in 

urbanized areas, which represent only a fraction of most municipalities, a very small average 

decrease in PM2.5 across the whole surface area of the municipality requires a much more 

significant decrease in the regions of the municipality producing most of the emissions.23 

In Mexico’s richest municipalities (GDP per capita in the 4th quartile), the association 

between a smaller Margin of Victory in the most recent election and cleaner air does not hold 

(see Table 1, Model 6 and 7).  This result may seem to contradict the finding that increased 

electoral completion promotes cleaner air.  After all, richer communities tend to demand better 

standards of living and a cleaner environment.  The lack of an association between greater 

competition and cleaner air in these communities may stem directly from their socio-

demographic characteristics, which may make lower levels of pollution a required policy for 

authorities regardless of their political affiliation.  At the same time, citizens in richer 

communities should be better able to directly lobby government officials and support non-

governmental organization that promote higher environmental standards.   

The estimated interaction effects between Margin of Victory and Municipal Resources as 

well as between Average Margin of Victory and Municipal Resources are statistically 

insignificant (see Models 8 and 9).  Although politicians may divert public resources to provide 

supporters with private goods when facing competitive elections, it seems unlikely that budgets 

for the monitoring and regulation of pollution would fall victim to this type of manipulation.  

23 Over 80% of municipalities have urbanization levels below 3%. 
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Such a shift would likely go unnoticed by voters, but the fiscal resources gained would mostly 

likely be insufficient to rewards supporters and offset any possible backlash from withdrawing 

resources needed to monitor and regulate industries.  Hence, while political completion may 

decrease the provision of some public goods, especially public services, there is no evidence that 

political competition with cause authorities to remove funding from environmental regulation. 

Tables 4 and 5 present the regression results using the effective number of parties as a 

measure of political competition.  Lizzeri and Persico (2005) argue that, as the number of 

political parties increases, electoral incentives push parties away from the provision of public 

goods and that public goods provision is maximized with only two candidates.  In political 

systems with a large number of effective political parties, this conclusion makes sense.  

However, the relatively low number of effective candidates in Mexico’s municipal elections 

(82% of election have fewer than three effective candidates), it is not clear that the inefficiencies 

generated by the participation of more parties in municipal elections would outweigh the benefits 

generates by greater public debate and monitoring of government activities by more political 

parties. 

In general, the results indicate that the participation of more parties in municipal elections 

has a positive effect on PM2.5 levels.  A larger effective Number of Parties during the previous 

election has clear and direct negative association with PM2.5 levels.  The Average Number of 

Parties over the previous 10 years has no clear direct association with pollution levels.  

However, both indicators of the effective number of parties have a clear downward association 

with PM2.5 levels in poorer communities (see Table 4 and 5, Model 6 and 7).  The significant 

interaction between GDP per-capita and the effective number of parties makes sense if we 

assume that wealthier communities “naturally” have different and cleaner policy agendas than 

their poorer counterparts.  In richer communities policy preferences associated with lower levels 

of pollution may have already been incorporated into policy agenda of municipal governments.  

The policy preference of richer communities may cause all political parties to converge on 

environment issues.  If this is the case, political competition may no longer be needed encourage 

better monitoring and regulation of pollution sources.  In poorer communities, on the other hand, 

the importance of more traditional socio-economic concerns may require greater political 

diversity and an "outside" voice to make environmental issues part of the local policy debate.  
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Table 4. Influence of Political Competition (N.p) on Air Pollution (PM 2.5) 
 Model 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Spatial Lagt-1 0.965** 0.965** 0.964** 0.964** 0.965** 0.964** 0.964** 0.965** 0.964** 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Effective Number of Parties (N.p) 

asinh(N.p) 
-0.011* -0.012* -0.012* -0.020* -0.015* -0.027** -0.027** -0.02 -0.019 
(0.005) (0.005) (0.005) (0.009) (0.007) (0.01) (0.01) (0.014) (0.014) 

Density of Economic Activity  
asinh(GDP/km2) 

0.011** 0.012** 0.013** 0.011** 0.011** 0.012** 0.013** 0.012*** 0.013** 
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 

GDP per capita  
asinh(GDP / Population) 

-0.014** -0.014** -0.015** -0.015** -0.014** -0.023** -0.024** -0.014** -0.015** 
(0.002) (0.002) (0.002) (0.002) (0.002) (0.006) (0.006) (0.002) (0.002) 

Literacy (%) -0.001 -0.001 -0.0005 -0.001 -0.001 -0.001 -0.0005 -0.001 -0.0005 
(0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 

Population 
asinh(Population) 

-0.004 -0.004 -0.003 -0.004 -0.004 -0.004 -0.003 -0.004 -0.003 
(0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) 

Urban Surface Area (%) 0.001 0.003 0.007 -0.0002 0.0005 0.002 0.005 0.002 0.006 
(0.018) (0.019) (0.019) (0.018) (0.018) (0.019) (0.019) (0.019) (0.019) 

Forested Surface Area (%) -0.074** -0.074** -0.070** -0.074** -0.073** -0.074** -0.070** -0.074** -0.070** 
(0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) 

Municipal  Resources 
asinh(Net.income/Population) 

-0.014** -0.013** -0.013** -0.013** -0.013** -0.013** -0.012** -0.02 -0.02 
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.013) (0.013) 

Density of Federally Regulated Industries  
asinh(Production) 

 -0.001    -0.001 
 

-0.001 
  (0.001) 

   
(0.001) 

 
(0.001) 

 Density of High Pollution Production 
asinh(Production) 

  -0.003** 
   

-0.003* 
 

-0.003* 
  (0.001) 

   
(0.001) 

 
(0.001) 

Federally Regulated Employees 
asinh(Employees) 

   -0.003      
   (0.003) 

     High Pollution Employees 
asinh(Employees) 

   
 

-0.002     
   

 
(0.003) 

    Effective Number of Parties * 
 Federally Controlled Employees 

   0.002      
   (0.002)      

Effective Number of Parties * 
High Pollution Employees 

    0.001     
    (0.002)     

Effective Number of Parties *  
GDP per capita 

     0.006 0.006   
     (0.003) (0.003)   

Effective Number of Parties * 
 Municipal Resources 

       0.005 0.004 

       
(0.008) (0.008) 

2004 0.055** 0.055** 0.055** 0.055** 0.055** 0.055** 0.054** 0.055** 0.054** 
 (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) 
2009 0.059** 0.059** 0.056** 0.059** 0.059** 0.058** 0.055** 0.058** 0.056** 
 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 
2014 0.066** 0.065** 0.065** 0.066** 0.066** 0.065** 0.064** 0.065** 0.064** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
Constant 0.139** 0.134** 0.122** 0.153** 0.139** 0.152** 0.140** 0.145** 0.132** 

 
(0.046) (0.047) (0.047) (0.05) (0.048) (0.048) (0.048) (0.05) (0.05) 

          Observations 6773 6773 6773 6773 6773 6773 6773 6773 6773 
Log Likelihood 5390.26 5384.66 5387.52 5379.78 5379.07 5381.41 5384.29 5380.93 5383.76 
AIC -10744.5 -10731.3 -10737.1 -10719.6 -10718.1 -10722.8 -10728.6 -10721.9 -10727.5 
BIC -10621.8 -10601.8 -10607.5 -10583.2 -10581.8 -10586.5 -10592.2 -10585.5 -10591.2 
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Table 5. Influence of Political Competition (Ten Year Average N.p) on Air Pollution (PM 2.5) 

 
Model 

 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Spatial Lagt-1 0.975** 0.975** 0.975** 0.974** 0.975** 0.974** 0.974** 0.975** 0.974** 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Average Effective Number of Parties (N.p) -0.004 -0.004 -0.004 -0.038** -0.01 -0.042** -0.041** -0.064** -0.062** 

asinh(Ten Year Average N.p) (0.01) (0.01) (0.01) (0.014) (0.012) (0.015) (0.015) (0.022) (0.022) 
Density of Economic Activity  0.009** 0.009** 0.010** 0.009** 0.009** 0.010** 0.011** 0.009** 0.010** 

asinh(GDP/km2) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) 
GDP per capita  -0.012** -0.012** -0.013** -0.013** -0.012** -0.034** -0.035** -0.012** -0.013** 

asinh(GDP / Population) (0.002) (0.002) (0.002) (0.002) (0.002) (0.007) (0.007) (0.002) (0.002) 
Literacy (%) -0.001 -0.001 -0.0005 -0.0004 -0.001 -0.0003 -0.0003 -0.0004 -0.0003 
 (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) 
Population -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.001 -0.002 -0.002 

asinh(Population) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) 
Urban Surface Area (%) -0.003 -0.0005 0.003 -0.015 -0.005 -0.009 -0.007 -0.002 0.001 
 (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) 
Forested Surface Area (%) -0.069** -0.070** -0.066** -0.069** -0.069** -0.070** -0.065** -0.069** -0.065** 
 (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015) 
Municipal  Resources -0.012* -0.012* -0.011* -0.010* -0.012* -0.010* -0.010* -0.066** -0.064** 

asinh(Net.income/Population) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.018) (0.018) 
Density of Federally Regulated Industries   -0.001    -0.002  -0.001  

asinh(Production)  (0.001)    (0.001)  (0.001)  
Density of High Pollution Production   -0.003*    -0.003**  -0.003* 

asinh(Production)   (0.001)    (0.001)  (0.001) 
Density of Federally Regulated Industries    -0.015**      

asinh(Employees)    (0.004)      
Density of High Pollution Production     -0.004     

asinh(Employees)     (0.004)     
Effective Number of Parties *    0.010**      

Federally Controlled Employees    (0.003)      
Effective Number of Parties *     0.002     

High Pollution Employees     (0.003)     
Effective Number of Parties *      0.015** 0.015**   
                                         GDP per      (0.005) (0.005)   
Effective Number of Parties *        0.038** 0.037** 

Municipal Resources        (0.012) (0.012) 
2004 0.062** 0.062** 0.062** 0.063** 0.062** 0.063** 0.062** 0.067** 0.066** 
 (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) 
2009 0.066** 0.065** 0.063** 0.067** 0.066** 0.065** 0.062** 0.068** 0.065** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
2014 0.073** 0.073** 0.072** 0.073** 0.073** 0.071** 0.071** 0.074** 0.073** 
 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
Constant 0.076* 0.071 0.059 0.105* 0.079* 0.097* 0.087* 0.135** 0.122* 

 
(0.046) (0.046) (0.046) (0.049) (0.047) (0.047) (0.047) (0.05) (0.051) 

          Observations 6,677 6677 6677 6677 6677 6677 6677 6677 6677 
Log Likelihood 5375.91 5370.4 5373.15 5371.18 5365.27 5371.15 5373.86 5371.61 5374.09 
AIC -10715.8 -10702.8 -10708.3 -10702.4 -10690.5 -10702.3 -10707.7 -10703.2 -10708.2 
BIC. -10593.3 -10573.5 -10579 -10566.3 -10554.5 -10566.2 -10571.7 -10567.1 -10572.1 
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Having more parties actively participating in municipal elections over the course of several 

years may play an important role in encouraging governments with fewer fiscal resources to 

make air pollution part of their policy agenda.  The interaction between Municipal Resources and 

Average Number of Parties (see Table 5, Model 8 and 9) indicates that, in municipalities with 

fewer fiscal resources (below the median value), the participation of more parties in elections has 

a negative association with PM2.5 levels.  This suggests that the participation of new parties and 

political actors may encourage changes in public policies within municipalities that may not have 

otherwise dedicated resources to ensuring clean air. 

Political competition is not the only factor that influences pollution levels within a 

municipality.  Social, demographic, geographic, and economic factors all contribute to PM2.5 

levels.  As discussed above, it is expected that richer communities (GDP per-capita) will have 

lower PM2.5 levels.  Clear evidence exists that richer citizens are better educated and better 

educated individuals tend to support more stringent environmental regulation.  We may also 

expect richer communities to demand higher standards of living in the form of a cleaner 

environment.  If richer citizens do not depend on manufacturing jobs, they may support 

regulations, including zoning ordinances, that push manufacturing out of their municipality.  

Across all models, the main effect of wealth has a significant and negative relationship with 

PM2.5 levels. 

It is interesting to note that other demographic characteristics of communities lack a 

statistically significant relationship with PM2.5 levels.  Municipalities with higher literacy rates 

are not more likely to have lower levels of contamination.  Although we might expect that 

municipalities with higher populations would benefit from economies of scale, it would seem 

that no such benefits are secured with regards to the control of air pollutants.  There is also no 

evidence that municipalities with higher levels of urbanization are more contaminated.   

As expected, municipalities with more fiscal resources tend to have lower levels of air 

pollution.  Although this effect is moderated by the level of long-term political competition, it 

makes sense that municipalities with more resources have cleaner air.  The adequate monitoring 

and enforcement of environmental regulations, the proper supply and management of public 

transportation as well as the development and implementation of local environmental policies all 

require a significant amount of fiscal resources.  Although poor municipalities may desire to 

provide their citizens with a cleaner environment, they may simply lack the needed resources.    
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The geographic characteristics of municipalities clearly influence air quality levels.  For 

obvious reasons, municipalities with more forests have cleaner air.  The elevation of 

municipality also has a direct, all be it very small, negative association with contamination 

levels. 

A higher density of economic activity has a clear upward association with PM2.5 levels.24  

Unexpectedly, the presence of high polluting industries in a municipality has a slight negative 

relationship with PM2.5 levels. While we would expect that the presence of industries that 

produce large volumes of PM2.5 particles should increase air pollution, the negative association 

does make sense if government agencies regulate the emissions of these industries.  Since 

regulators know that these industries are "dirty", they may face stricter regulations and 

monitoring.  This may cause these industries to actually contaminate relatively less than other 

industries which, because of selective monitoring, may not fully comply with federal, state, and 

local regulations.  A significant participation of high pollution industries within a municipal 

economy may also attract the attention of citizens, making it more difficult for them to skirt 

regulations. 

A significant component of the ‘race to the bottom’ hypothesis in the environmental 

federalism literature is the idea that policymakers exchange jobs for pollution.  The results 

presented here (see Model 4) provide limited conditional support for this idea.  In general, the 

presence of more employees in federally regulated industries has a negative association with 

pollution.25  However, greater political competition would seem to invert this relationship.  In 

municipalities with an Average Number of Parties greater than two, the presence of more 

employees in federally regulated industries is positively associated with PM2.5 contamination.  

Municipalities with an Average Margin of Victory below 22% present a positive association 

between the presence of employees of federally regulated industries and PM2.5 levels.  

Surprisingly, no significant effect is associated the presence of employees from high polluting 

24The estimated substantive relationship between the density of economic activity and PM2.5 
levels is highly inelsatic.  An increase of 1% in economic activity per km2 is associated with only 
a 0.01% increase in PM2.5 levels across the municpality.  However, because our measure of 
PM2.5 levels is the average over the whole area of the municipality, which can be very large (the 
median area is 250km2), the estimated sustantive effect for urban residentes many be significanly 
higher than those reported here. 
25 The number of employees from high pollution industries has no significant association with 
pollution levels. 
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industries.  The difference between the two industries may stem from differences in how they are 

regulated.  Unable to directly regulate industries reserved for federal regulation, local officials 

must calculate the political cost of strictly monitoring federally regulated industries and against 

the jobs that they provide.  Since local officials can shift the blame for the contamination 

produced by these industries on to the federal government, there may be little electoral benefit in 

strictly monitoring them.  On the other hand, when they cannot easily shift blame for 

contamination onto federal officials, it would seem that local politicians benefit from enforcing 

cleaner air. 

To check the robustness of our finding that increased political competition and the 

participation of more parties in municipal elections encourages politicians to clean-up the air, the 

same econometric models were estimated for the number of environmental complaints registered 

during 1999, 2004, and 2009.26  The results for these models are presented in Table 6 and Table 

7.  The models suggest that a history of political competition has beneficial implications for the 

environment (see Table 8 for an over view of the results).  The Margin of Victory and the 

Number of Parties in the last election have no significant association with lower numbers of 

environmental complaints.  However, the ten-year averages of both indicators have a significant 

and substantive negative association with lower levels of environmental complaints.  A 1% 

decrease in Average Margin of Victory is associated with a 0.2% decrease in complaints (see 

Table 7, Model 1).  Increasing the number of effective number of parties from 1.5 to 2 or from 2 

to 2.5 is associated with a decrease of 22.9% and 21.5% in the number of complaints. (see Table 

8, Model 1). 

  

26 The amount of forested surface area should be including in the models, since complaints can 
include issue related to logging.  Also, since forest help clean water, they may help reduce water 
related complaints. Mining activity might need to be included as a control variable in this model.   
Data on environmental complains was downloaded via the “Descarga Masiva” page of the 
Instituto Nacional de Estadística y Geografía de Méxicoavailable at 
http://www3.inegi.org.mx/sistemas/descarga/ data was done loaded on December 12, 2015.  No 
data for environmental complaints is available for 2014.  
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Table 6. Influence of Political Competition (Margin of Victory) on Environmental 
Complaints 

 
Models 

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

Ten Year Average Margin of Victory (%) 0.201* 0.271* 0.098    

 
(0.083) (0.134) (0.119) 

   Margin of Victory (%)    0.071 0.092 0.048 

    
(0.043) (0.135) (0.1) 

Density of Economic Activity  0.075** 0.074** 0.074** 0.075** 0.075** 0.074** 
asinh(GDP/km2) (0.012) (0.012) (0.015) (0.012) (0.012) (0.013) 

Population 0.653** 0.654** 0.653** 0.639** 0.639** 0.639** 
asinh(Population) (0.018) (0.018) (0.018) (0.017) (0.017) (0.017) 

Population Density -0.133** -0.133** -0.134** -0.126** -0.126** -0.127** 
asinh(Population / km2) (0.014) (0.014) (0.015) (0.014) (0.014) (0.014) 

Literacy (%) 0.004 0.004 0.003 0.003 0.003 0.003 

 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 

Urban Surface Area (%) 0.255 0.255 0.271* 0.18 0.181 0.181 

 
(0.155) (0.155) (0.156) (0.151) (0.151) (0.151) 

Density of High Pollution Production 0.057** 0.057** 0.057** 0.056** 0.056** 0.056** 
asinh(Production) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009) 

Municipal Resources 0.334** 0.346** 0.331** 0.313** 0.315** 0.312** 
asinh(Net Income/Population) (0.039) (0.046) (0.039) (0.037) (0.039) (0.037) 

Ten Year Average Margin of Victory *   -0.051     
GDP per capita  (0.102)     

Ten Year Average Margin of Victory *   0.053    
Municipal Resources   (0.044)    

Margin of Victory *     -0.012  
Municipal Resources     (0.072)  

Margin of Victory *      0.008 
GDP per capita      (0.032) 

2004 -0.078* -0.074* -0.077* -0.097** -0.097** -0.098** 

 
(0.036) (0.037) (0.036) (0.032) (0.032) (0.032) 

2009 -0.209** -0.208** -0.205** -0.228** -0.228** -0.228** 

 
(0.054) (0.054) (0.054) (0.05) (0.05) (0.05) 

2014 -0.395** -0.395** -0.388** -0.414** -0.414** -0.414** 

 
(0.056) (0.056) (0.057) (0.052) (0.052) (0.052) 

Constant -6.055** -6.100** -5.952** -5.808** -5.818** -5.796** 

 
(0.352) (0.364) (0.362) (0.336) (0.341) (0.339) 

       Observations 6483 6483 6483 6637 6637 6637 
Akaike Inf. Crit. 16538.18 16542.66 16543.14 16875.38 16880.79 16882.34 
Bayesian Inf. Crit. 16653.35 16664.61 16665.09 16990.96 17003.16 17004.71 

       

       

         

32 
 



Table 7. Influence of Political Competition (N.p) on Environmental Complaints 

 
Models 

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

Ten Year Average Effective Number of Parties -0.172* -0.325* -0.085    
asinh(Ten Year Average N.p) (0.074) (0.161) (0.115)    

Effective Number of Parties    -0.064 0.068 0.117 
asinh(N.p)    (0.041) (0.112) (0.08) 

Density of Economic Activity  0.075** 0.075** 0.136** 0.073** 0.073** 0.187** 
asinh(GDP/km2) (0.012) (0.012) (0.053) (0.012) (0.012) (0.041) 

Population 0.653** 0.653** 0.651** 0.633** 0.633** 0.629** 
asinh(Population) (0.018) (0.018) (0.018) (0.017) (0.017) (0.017) 

Population Density -0.130** -0.130** -0.130** -0.124** -0.125** -0.125** 
asinh(Population / km2) (0.015) (0.015) (0.015) (0.014) (0.014) (0.014) 

Literacy (%) 0.003 0.004 0.003 0.006* 0.006* 0.006* 

 
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 

Urban Surface Area (%) 0.283* 0.277* 0.307* 0.168 0.181 0.177 

 
(0.155) (0.155) (0.157) (0.15) (0.151) (0.15) 

Density of High Pollution Production 0.056** 0.057** 0.057** 0.058** 0.057** 0.058** 
asinh(Production) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009) 

Municipal Resources 0.329** 0.193 0.325** 0.324** 0.441** 0.316** 
asinh(Net Income/Population) (0.039) (0.143) (0.039) (0.037) (0.099) (0.037) 

Ten Year Average Effective Number of Parties *   0.095     
GDP per capita  (0.096)     

Ten Year Average Effective Number of Parties *   -0.034    
Municipal Resources   (0.035)    

Effective Number of Parties *     -0.079  
Municipal Resources     (0.062)  

Effective Number of Parties *      -0.066** 
GDP per capita      (0.025) 

2004 -0.081* -0.069 -0.082* -0.078* -0.074* -0.075* 

 
(0.036) (0.038) (0.036) (0.031) (0.032) (0.031) 

2009 -0.206** -0.200** -0.205** -0.214** -0.207** -0.206** 

 
(0.055) (0.055) (0.055) (0.05) (0.05) (0.05) 

2014 -0.387** -0.384** -0.384** -0.409** -0.401** -0.400** 

 
(0.057) (0.058) (0.058) (0.052) (0.052) (0.052) 

Constant -5.746** -5.587** -5.797** -5.974** -6.134** -6.167** 

 
(0.345) (0.381) (0.349) (0.35) (0.373) (0.358) 

       Observations 6483 6483 6483 6578 6578 6578 
Akaike Inf. Crit. 16538.8 16542.67 16544.71 16687.1 16691.21 16687.68 
Bayesian Inf. Crit. 16653.98 16664.62 16666.66 16802.52 16813.42 16809.89 
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Table 8.Political Competition and Environmental Complaints 
   Interaction 
  

Main GDP per Capita 
Municipal 
Resources 

La
st

 e
le

ct
io

n Effective Number of Parties 
- 

Richer and higher 
competition have 
fewer complaints 

- 

    
Margin of Victory - - - 

10
 y

ea
r 

av
er

ag
e 

Average Effective Number of 
Parties Decrease - - 

    
Average Margin of Victory Smaller margins 

Decrease 
complaints 

- - 
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Although our findings for the number of environmental complaints do not coincide 

exactly with our PM2.5 findings, they do provide support for the argument that political 

competition induces politicians to provide environmental public goods.   Municipalities with a 

history of lower margins of victory and the participation of more political parties in elections 

register few environmental have lower complaints.   As we would expect, larger municipalities 

and municipalities with higher levels of economic activity receive more environmental 

complaints.  More urbanized municipalities also receive more complaints.  Interestingly 

municipalities with higher population densities have significantly few complaints.  This may 

stem from the fact that highly dense urban spaces, although often dirty, are not the home to 

industry, which is the largest source of environmental complaints.  As we would expect the 

presents of "dirty" industries increases the number of complaints.  Interestingly, municipalities 

with more fiscal resources also have more complaints, but there is no clear interaction effect 

between political competition and fiscal resources. 
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Conclusion and Discussion 

This paper studies whether political competition influences the air quality of local jurisdictions, 

using the case of Mexico municipalities. Instead of simply assuming a positive connection 

between electoral competition and environmental public goods provisions, we have argued that 

the relationship might also be a function of public preferences between environmental and 

economic public goods as well as the complexity of the public good provision. Employing a 

spatial analysis of air quality across time and across Mexico’s municipalities, we find that 

electoral competition measured either by victory margins or by the effective number of 

candidates/parties from the previous election, is associated with lower level of PM 2.5 air 

pollution in Mexican municipalities. We have also used the previous ten year average of the two 

electoral competition measures to capture the long-term effect of electoral competition. Here, we 

only find significant long-term effect for the victory margin measure.  

Moreover, in order to take into account of potential conditional effects associated with 

local preferences and resources, we test the interactive effects between our electoral competition 

measures on the one hand, and GDP per capita and per capita resources on the other hand. Our 

intuition is that even though government responsiveness might be increased by electoral 

competition, public goods provided still are likely to be a function of public preferences: we are 

more likely to see improved environmental public goods when the public actually demands them. 

We speculated that environmental demands often increase with wealth, therefore electoral 

competition should increase air quality more in richer municipals.  The results, however, suggest 

the opposite: for instance, we find that competition has a “good” influence on PM2.5 in general; 

but in richest municipalities, such effect does not hold. One potential explanation as we 

discussed earlier is that the socio-demographic characteristics associated with richer areas make 

lower levels of pollution a policy priority for municipal authorities regardless of political 

affiliation and competition. However, one should also check the validity of the empirical 

assumption here, that is, environmental values being associated with higher GDP per capita. It is 

possible that poor regions are also more likely to be the regions with fragile eco-system or with 

more indigenous population therefore associated with stronger environmental values; richer 

regions might be more development-oriented. Survey data for Mexico such as the World Value 

Survey with questions on both environmental values and individual wealth might be able to 

determine the relationship between these two factors.  
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Future research should also control for the effects of political participation. Cleary (2007)  

argues that the provision of public services is positively assocaited with political particiaption 

rather than electoral competiton. We can follow Cleary (2007) and use data on electoral turnout 

to test whether our results on electoral competition still hold: note that Cleary (2007)  use literacy 

and poverty rates as additional measures for political partcipation; we have included literacy rate 

in our analysis did not find this variable has no effect on PM air pollution and environmental 

complaints. Finally, we have argued that the relastionship between electoral competiton and 

public goods provisions might vary between types of public goods as a function of visibility and 

complexity. To fully test this argument requires, we need to select different public goods which 

vary on visibility and complexity; this clearly is beyond the scope of the current paper. But we 

did test the effect of electoral competition on student-teacher ratio and find that in municipalities 

with a history of political competition, pre-school, primary school and highschool class rooms 

have higher student to tacher ratios. Therefore, in this case, electoral competition seems to lower 

public goods provided. However, it is unclear whether this is because student to tacher ratios 

represent a public good with low visibility or government spending on local education is a 

targeted good because it benefits teacher unions more than it benefits the public.  
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