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Abstract: we study within-country spatial distribution of effort to enforce environmental 

regulations, using disaggregated data of particulate matter (PM2.5) concentration levels over 

the globe in 2001. We argue that environmental regulation will be enforced in a laxer 

manner the less significant a region is to the ruler. Other things equal, we are likely to see 

laxer enforcement in regions that are less developed economically, less populated, more 

dependent on resource extraction, and further away from the capital city. Moreover, national 

embeddedness in global environmental treaty networks reinforces the capital city bias. 

Using grid-cells as the unit of analysis, our empirical analysis shows that poorer and more 

resource extraction dependent regions indeed experience laxer enforcement, reflected in 

higher PM levels. We also find evidence for capital city bias as regions farther away from 

the capital are associated with higher PM2.5 levels. Lastly, embeddedness in international 

environmental networks increases such capital city bias.   
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Introduction 

In this paper, we study the within-country spatial variation in government efforts to enforce 

environmental regulations. Our general argument is that environmental regulation will be 

enforced in a laxer manner the less significant a region is to the ruler. Peripheral regions are 

less important to rulers who wish to retain power and the rents that go with power. Other 

things being equal, they will see laxer enforcement. Our theoretical point is that 

implementation can be an aspect of distributive politics, because the enforcement of 

regulations is subject to spatial variation. Where spatial considerations have entered the 

distributional literature to date, the emphasis has been on the effects of the geographical 

distribution of voter preferences on party competition (Rodden 2010), the debate on whether 

parties should target benefits to swing or core voters, and possible effects of geographical 

clustering of these groups (Cox n.d.), the effects of incumbents’ interests on the spatial 

distribution of the pork-barrel (Bickers and Stein 1996), and the distribution of programmes 

across local units so as to favour the executive in parliamentary systems (John, Ward and 

Dowding 2004).  

The politics of implementation also has distributional implications. Implementing 

environmental regulations provides public-good benefits.
1
 To spatially target public-goods, 

rulers may set a common statutory target for environmental quality but vary the effort they 

put into ensuring that bureaucrats enforce the legislation. Specifically we argue that poor, 

sparsely populated, raw material extraction dependent regions will see laxer enforcement, 

other things equal. Moreover, we expect to see a capital city bias in enforcement and we 

argue that this pattern will be more pronounced, other things equal, for countries more 

deeply embedded in international environmental networks, because other countries’ 

                                                 
1
 Private good benefits may be co-produced, for instance when companies benefit from 

enforcement by obtaining contracts to fit pollution control devices.  
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attention tends to be focussed on the core regions, not on the periphery. The rest of the paper 

is organized as follows. First, we present our theoretical expectations on the spatial 

distribution of effort to enforce environmental regulations. We then present the data and the 

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

  

Theory 

Spatial Differentiation of Economic Activity and of Income: Economic activity tends to 

agglomerate into a spatial structure of larger and smaller cities surrounded by agricultural 

hinterlands. The new economic geography explains this in terms of economies of scale in 

production, transportation costs, and the movement of labour (which simultaneously affects 

the size of home markets) (Krugman 2000). Hierarchical clustering is not necessarily the 

only equilibrium because there are centrifugal forces generated by agriculture and by 

crowding. However, it is plausible that it will evolve with population growth from a pattern 

of some initial geographical differentiation (Fujita, Krugman and Mori 1999). This pattern is 

readily visible in night-time satellite images such as Figure 1 showing south-east Asia, 

where clusters of lighting correlate quite well with local development levels (Chen and 

Nordhaus 2011).  

Beside spatial patterns in population density, structures of this sort also tend to be 

associated with regional inequalities between core and periphery in income and other 

aspects of life chances – see for example the map of income distribution across China in 

Figure 2 (the legend is in thousands of RMB). This figure also strikingly illustrates the 

significance to development of nearness to transport by water and the sea (Mellinger, Sachs 

and Gallup 2000). Spatial patterns in income levels may be partly explained by the fact that 

labor is more productive in densely populated areas due to agglomeration effects (Ciccone 

and Hall 1996; Melo, Graham, and Noland. 2009). Often the capital city will be in a rich, 
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densely populated area. There may also be regional administrative centres which are 

somewhat more highly developed than their regional hinterlands, partly because regional 

government itself generates economic development.  

 

Insert Figure 1 and 2 about here. 

 

Regulatory Enforcement and Levels of Development: First, we highlight that rulers must 

exert effort to get environmental regulation enforced. Second, we argue that, given spatial 

differentiation of economic activity and wealth, rulers will put more effort into enforcement 

in densely populated, relatively wealthy, core regions.  

The principal-agent relationship has been at the heart of much thinking about 

interactions between bureaucrats and rulers in recent years. Bureaucrats have expertise 

useful to rulers but they may have different preferences and hold private information. 

Although it may be difficult to observe their effort directly, if rulers can observe their 

output, it is possible for them to exert control by writing a contract rewarding the bureaucrat 

based on output measures of performance (Weingast 1984; Miller 2005).
2
 Generally it is 

costly for rulers to obtain performance information, but they may be able to reduce costs 

somewhat by requiring bureaucrats to disclose under administrative laws (McCubbins, Noll 

and Weingast 1987) and by relying on affected citizens and groups to act as ‘fire alarms’ 

                                                 
2
 See, for example, the political tournaments theory in recent studies of Chinese politics 

which argues that Chinese local leaders are motivated to develop local economies because 

the central government makes promotion decisions by evaluating the performances of local 

officials based on the relative economic growth of jurisdictions (Maskin, Qian and Xu 2000; 

Xu 2011). Such a bureaucratic control, according to many, explains rapid economic growth 

in China (Chen et al. 2005; Li and Zhou 2005). 
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when performance is low (McCubbins and Schwartz. 1984). Rulers can also exert control by 

making appointments to office depend upon bureaucrats’ preferences (Calvert, McCubbins 

and Weingast 1989). In attempting to limit bureaucrats’ discretion through writing 

legislation, rulers face a trade-off because this may prevent bureaucrats using their private 

knowledge to respond appropriately to unforeseen circumstances (Epstein and O’ Halloran 

1994); but discretion may not be advisable when bureaucrats’ expertise is low (Huber and 

McCarty 2004). Control of bureaucrats is likely to be highly imperfect when there are 

multiple principals and control measures respond to organized interests (Moe 1990). 

Empirical studies of relations between principals and environmental agencies in the US cast 

some doubt about whether the mechanisms we have discussed are capable of exerting 

anything like full control over bureaucrats (Wood 1988; Witford 2002). The general points 

we draw from the principal-agent literature are that getting bureaucrats to enforce 

environmental regulation requires costly effort on the part of rulers, and it is possible to vary 

the level of enforcement by exerting more or less effort, though fine tuning may be difficult 

in practice. We argue that rulers should allocate this effort efficiently over space. 

Particulates are a highly visible type of pollution with well-known impacts on health. 

As such rulers in both democracies and autocratic systems may have incentives to regulate 

them because of threats to their legitimacy if they do not do so (Cao and Prakash 2012). On 

the other hand, if implemented, regulation may reduce investment incentives and economic 

growth, which can impact on legitimacy as well as on rulers’ revenues. The trade-off that 

rulers face between these two incentives varies spatially between core and peripheral 

regions. To address the balance between legitimacy in the core and periphery and the 

balance between the interests of richer and poorer citizens that might co-vary with this, 

rulers could write different regulations for different regions and then try to get them fully 
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enforced.
3
 However, this would be cumbersome and have high transaction costs. Moreover 

it might be regarded as blatantly unfair by the periphery. So the logic for rulers is that, if it is 

rational to regulate at all, they should write uniform regulations and attempt to get them 

enforced to a greater extent in the core than in the periphery.  

Ultimately enforcement of environmental regulation often comes down to what 

bureaucrats do at the local level. Part of the effort rulers can make to attract support is spent 

on enforcing environmental regulation. Rational rulers will be less concerned to expend 

resources on enforcing environmental regulations in sparsely-populated, poor regions than 

in developed regions. Elections may be a significant factor, even in some autocracies, 

because it sometimes pays autocrats to co-opt opponents (Gandhi and Przeworski 2006). 

There are less votes to be had in the periphery per-hectare; so the logic of constrained 

optimization suggest that less effort per-hectare will be put into enforcement in the 

periphery. Specifically, marginal gains from enforcement effort should be equalized across 

districts, implying more effort is put into the district with denser population where a greater 

number of votes can be won given that a public good is being provided so costs per unit area 

do not vary with population density.
4
 Even if elections are not held, the same arguments 

apply if rulers require some popular legitimacy and support is linked to enforcement. 

                                                 
3
 We do not attempt to deal with complexities of strongly federal systems here, though 

regional regulation of particulates does occur in a number of such systems. In our robustness 

checks, we have tested the effect of a dummy variable for federal state: we found 

statistically insignificant association between federal states and PM2.5 levels while the 

estimated effects of other variables stay the same.     

4
 Suppose there are two equal-area districts. Let the probability that a voter in district i, be 

v(ei) where ei is enforcement in district i. (As enforcement produces an indivisible good in 

joint supply, this probability does not vary with population.) Let v( .) be strictly increasing 
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How much regulatory enforcement will affect citizens depends on their preferences. 

Those in the periphery are poorer on average. Suppose poorer people are more concerned 

with economic development than with effective environmental regulation.
5
 Then less effort 

will be put into enforcement in poorer regions compared to richer regions, because the ruler 

gains less at the margin from expending effort.
6
 Bureaucrats have interests that may well 

differ across regions, as well. In the periphery they may partially have to respond to the 

wishes of regional ‘governors’ as well as the ruler in the capital. To get regulatory 

                                                                                                                                            

and concave. Suppose there n1 and n2 voters in districts 1 and 2, respectively, with n1 < n2. 

Denote resources available for enforcement by R. The Lagrangian for a ruler wishing to 

maximise support is 

L = n1v(e1) + n2v(e2) + λ(R – e1 –e2) 

Two first order conditions are 

n1 dv/de1 - λ = 0 

and  

 n2 dv/de2  – λ = 0 

implying that at an interior solution 

dv/de1 = n2/n1 
.
 dv/de2 

Since v( . ) is strictly concave and n2/n1 > 1, at an optimum e1* < e2*. The argument 

obviously generalizes to a larger number of districts and costly enforcement.  

5
 Though the evidence for such an assumption about the income elasticity of demand is 

moot: see Dunlap and York 2008; Knight and Messer 2012; Kvaløy, Finseraas and Listhaug 

2012. 

6
 Generalize the model in footnote 4 so the vote function in district is less responsive than 

that in district 2, i.e. v1(e) < v2(e), e > 0. Now the first-order condition imply that at an 

interior solution dv1/de1 = n2/n1 
.
 dv2/de2. With n1 = n2, less will be spent in district 1.   
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compliance bureaucrats have to be at least somewhat careful to ensure that what they are 

doing is seen as legitimate in their own region – even by those to whom they are applying 

regulations. If peripheral regions are poorer, bureaucrats in them may be more concerned to 

ensure that enforcement does not impact on economic development (on China see Economy 

2004, 91-128). While it is a problem that bureaucrats have private information and different 

preferences than rulers, the problem is not so great if both sides have similar preferences 

(Huber, Shipan and Pfahler 2001). The geographic structuring of bureaucrats’ interests runs 

the same way as the logic of the ruler’s decision problem: the ruler wants laxer enforcement 

in the periphery and so do his/her agents. 

Particulate pollution is produced by a range of natural processes some of which 

cannot be controlled easily – if at all. Responding to desertification that produces dust may 

require massive programmes – for example the re-forestation programme in China (Liu and 

Diamond 2005). Here we are more concerned with enforcement of regulations controlling 

sources such as industrial processes, vehicles, domestic heating and cooking, and certain 

agricultural practices that lead to increasing aridity. These activities also vary spatially. For 

instance emissions from vehicles are likely to be higher in densely populated regions. 

Nevertheless, because of rulers’ incentives to vary enforcement we expect spatial patterns 

once we control for density of sources: 

 

Hypothesis 1: Particulate pollution will be higher the less densely populated a region is, 

other things equal. 

Hypothesis 2: Particulate pollution will be higher in poorer regions, other things equal. 

 

Core-periphery Economic Relations and Enforcement: Core-periphery geographies are 

often associated with an internal division of labour in which a ‘resource periphery’ supplies 
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food, raw materials, or the products of relatively unskilled labour to the core (Hayter, Barnes 

and Bradshaw 2003). It may be particularly important to rulers to keep such flows from the 

periphery to the core going, even if this results in high levels of pollution in the periphery. 

Disruption may affect powerful economic interests associated with the exploitation of the 

periphery, for instance. Also rulers’ tax revenues may be highly dependent on such flows. 

For instance Tilt (2007) discusses the case of heavily-polluting, coal-burning small-scale 

rural industry in Sichuan province in China. Though Beijing periodically clamps down on 

lax enforcement of national environmental statutes by local bureaucrats after local protests, 

typically firms are given an easy ride. The rural industrial sector is an important engine of 

regional growth and is a vital supplier to larger firms in more developed coastal regions of 

China.
7
 Because enforcement may interfere with exploitation of the periphery we expect: 

 

Hypothesis 3: Particulate pollution will be higher in regions that are sources of raw 

materials than in regions that do not have such activity. 

 

Capital City Bias: A pioneering piece of legislation covering particulate pollution from 

coal burning was the 1956 Clean Air Act passed after the ‘Great London Smog’ of 

December 1952, which may have caused 4000 excess deaths (Brimblecombe 2006). 

Controls under existing public health legislation were inadequate, particularly in relation to 

air pollution in industrial cities in the north of England; but pressure for change only 

resulted in legislation after a major pollution event in the capital city (Sanderson 1961). 

                                                 
7
 In China local environmental officials partly depend on local industry to fund their 

regulatory activities. But the resultant incentive structures to prioritize local development 

derive from decisions made centrally (Economy 2004). 
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Quite often though not invariably capital cities are in the core, in which case we expect 

stronger enforcement on grounds of economic development, just outlined.  

However, there are additional reasons to believe that enforcement will be tighter the 

nearer to the capital a region is. Bates (2005) argues that the urban bias of rulers in 

developing countries against expending resources supporting agriculture comes from fear of 

the mob in the capital city. Campante and Guimaraes (2013) argue that the more isolated a 

capital city is the greater the gap between the incomes of elites in the capital and the rest of 

society: elites can extract higher rents because they have less to fear as citizens have to pay a 

higher price for overthrowing a regime in a remote capital. They list instances in which the 

capital has been re-located partly to protect elite interests.
8
 It may be doubted whether 

particulate pollution would lead to the overthrow of a ruler, although it has occasioned 

protest in China, for instance (Martens 2006). Nevertheless, short of regime overthrow, 

rulers are still more likely to be concerned about loss of legitimacy in and around their 

capital because it is at the heart of the networks they use to maintain their power. If the 

capital is richer and, thus, citizens there demand greater protection, they are additional 

reasons to enforce environmental regulation in it.  

Finally, in times gone by this logic would have been strongly reinforced by the 

difficulty and costliness of finding out what bureaucrats in the periphery were doing, often 

requiring lengthy journeys by emissaries. Perhaps the costs are lower given modern 

communications and information technology. Nevertheless monitoring will still require site 

visits by politicians and agency bosses from the capital. If monitoring costs do increase with 

                                                 
8
 From this perspective the location of the capital is endogenous to the game played between 

rulers and subjects. In principle this needs to be allowed for when estimating models 

including distance from the capital city, but this variable can plausibly be treated as 

exogenous in cross-sectional analysis. 
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distance, rational rulers will seek to achieve higher levels of enforcement near the capital. 

On the above grounds: 

 

Hypothesis 4: Other things equal, particulate pollution will be higher the further a region is 

from the capital.  

 

Embeddedness in International Networks: Particulates drift across national borders. For 

instance pollution from the coastal region of China crosses the Pacific to affect the western 

coastal regions of the US (Liu and Diamond 2005). To our knowledge few international 

agreements currently explicitly target cross-boundary flows of particulates, although the 

Convention on Long-Range Transboundary Air Pollution does attempt to deal with air-

borne flows of heavy metals in Europe, which constitute one component of particulate 

pollution in that continent. 
9
 Nevertheless some rulers have to concern themselves with the 

‘court of international public opinion’. If they are deeply embedded in international 

networks generated by diplomatic activity around the regional or global environment, they 

need to be concerned with the effects of domestic pollution. If their own backyard is dirty 

this can affect their reputation and their ability to do deals across different issues; and it may 

lead other countries to apply effective pressure to adopt norms (Ward 2006).  

International advocacy networks among environmental NGOs, often associated with 

inter-state diplomatic activity, help draw attention at domestic level to a state’s relatively 

poor performance (Keck and Sikkink 1998). In this regard, states may be particularly 

sensitive to what other countries and NGOs see in their capital, because this is the most 

                                                 
9
 The notorious Trail Smelter case, concerning particulate heavy metal pollution drifting 

from Canada to the US, was important in establishing the possibility of polluters 

compensating for damage under international law. 
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likely place for international meetings to be held, for foreigners to visit, and for international 

media attention to focus on. Concern of this sort is well-illustrated by international attention 

on particulate and other forms of air pollution in Beijing during the 2008 Olympics, and the 

efforts made by the authorities to improve things over the period of the games.
10

 Because 

the capital city is the focus of international attention, we expect:  

 

Hypothesis 5: The effect of distance from the capital city on particulate pollution will be 

greater other things equal the more embedded the state is in networks of international 

environmental diplomacy.    

 

Data 

Global PM2.5 and a Disaggregated Approach: Many large-n studies of environmental 

politics in international relations and comparative politics adopt a country-level analysis 

approach. This is understandable because theories developed and tested in these studies 

often focus on environmental effects associated with various types of national-level political 

institutions, such as political regime types (Fredriksson and Millimet 2004; Fredriksson and 

Wollscheid 2007; Ward, Cao and Mukherjee 2014), electoral rules (Broz and Maliniak 

                                                 
10

 A more recent example of how international attention can change a government’s 

environmental enforcement is the dramatic air quality change in Beijing before the Asia-

Pacific Economic Cooperation (APEC) Economic Leaders’ Week, November 5 to 11, 2014. 

The Chinese government made a gargantuan effort to clear Beijing’s smoggy air for this 

important regional summit by closing hundreds of factories and forcing cars off the road. 

For more details, see, for example, 

http://www.washingtonpost.com/blogs/worldviews/wp/2014/11/10/unable-to-clean-air-

completely-for-apec-china-resorts-to-blocking-data/, accessed April 30, 2015.  

http://www.washingtonpost.com/blogs/worldviews/wp/2014/11/10/unable-to-clean-air-completely-for-apec-china-resorts-to-blocking-data/
http://www.washingtonpost.com/blogs/worldviews/wp/2014/11/10/unable-to-clean-air-completely-for-apec-china-resorts-to-blocking-data/
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2011; Lipscy 2011), and corporatist institutions (Scruggs 2003). This is also because most 

of the cross-national data on pollution to date are only available at the national level. 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. Data on sub-national level environmental outcomes, especially for developing 

countries, are difficult to find. Our theory is about the spatial distribution of environmental 

policy enforcement efforts by a central government as a function of political calculation. In 

other words, we aim to explain within country variation. Therefore, we need data on 

environmental policy outcomes at the subnational level.   

We take advantage of a newly published data that provides information on one 

important indicator of local air pollution. This is the Global Annual PM2.5 Grids data set by 

the National Aeronautics and Space Administration (NASA), which provides a continuous 

surface of concentrations in micrograms per cubic meter of particulate matter of 2.5 

micrometers or smaller (PM2.5).
11 

Exposure to fine particles is associated with premature 

                                                 
11

 Battelle Memorial Institute, and Center for International Earth Science Information 

Network (CIESIN)/Columbia University, 2013. Global Annual Average PM2.5 Grids from 

MODIS and MISR Aerosol Optical Depth (AOD). Palisades, NY: NASA Socioeconomic 

Data and Applications Center (SEDAC): http://sedac.ciesin.columbia.edu/data/set/sdei-

global-annual-avg-pm2-5-2001-2010, accessed July 10, 2013. The data sets include a series 

of annual average grids, from 2001 to 2010, of fine particulate matter that were derived from 

Moderate Resolution Imaging Spectroradiometer (MODIS) and Multi-angle Imaging 

SpectroRadiometer (MISR) AOD satellite data. The satellite aerosol optical depth (AOD) 

retrievals were converted to ground-level concentrations based on a conversion factor 

developed by researchers at Dalhousie University that accounts for spatial and temporal 

http://sedac.ciesin.columbia.edu/data/set/sdei-global-annual-avg-pm2-5-2001-2010
http://sedac.ciesin.columbia.edu/data/set/sdei-global-annual-avg-pm2-5-2001-2010
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death as well as increased morbidity from respiratory and cardiovascular disease, especially 

in the elderly, young children, and those already suffering from these illnesses.
12

 For 

instance, a recent study presents findings that 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).
13

 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. 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.  

Recently, PM2.5 has drawn global public attention thanks to controversial events 

such as the US Beijing embassy’s publication of Beijing local PM2.5 levels through its own 

                                                                                                                                            

variations in aerosol properties and vertical structure as derived from a global 3-D chemical 

transport model. For more information on the conversion from AOD data to surface-level 

PM2.5 concentrations, see http://sedac.ciesin.columbia.edu/downloads/docs/sdei/global-

annual-avg-pm2-5-2001-2010-documentation.pdf.  

12
 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 of significant health problems, ranging from aggravated asthma to premature death 

in people with heart disease. 

13
 The study is based on a clever quasi-experimental, regression discontinuity design 

exploiting a Chinese policy that provided free coal for heating in cities north of the Huai 

River, but not in the south. A spatial discontinuity for particulate matter air pollution (PM) 

was observed. But see Pope and Dockery 2013 for criticisms on Chen et al. 2013.  

http://sedac.ciesin.columbia.edu/downloads/docs/sdei/global-annual-avg-pm2-5-2001-2010-documentation.pdf
http://sedac.ciesin.columbia.edu/downloads/docs/sdei/global-annual-avg-pm2-5-2001-2010-documentation.pdf
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monitoring system.
14

 The almost poisonous level of PM2.5 of Beijing has forced the city 

and national governments to seriously implement policies to reduce urban air pollution in 

major cities such as Beijing and Shanghai. However, Beijing is not (always) the most 

polluted area in China as revealed by the NASAPM2.5 data set. In Figure 3, we plot PM2.5 

levels of China in 2001.  The map shows that the areas with highest levels of annual average 

concentrations are in the southern North China Plain, along the lower Yellow River, namely 

southern Hebei, western Shandong, and northern Henan provinces. More importantly, 

Figure 3 shows that despite alarming levels of pollution while looking at national level 

statistics, PM2.5 levels vary spatially even within many of the provinces (first 

administrative units in China). China certainly is not the only country that displays 

important within-country variation in air pollution. Figure 4 shows the PM2.5 levels of the 

US in 2001: it seems that eastern states have on average higher levels of PM2.5 

concentrations, yet pockets of high concentrations exist in quite a few western states such as 

California, Nevada, Utah and Idaho. 

 

Insert Figure 3 and 4 about here. 

 

We combine the NASA Global Annual PM2.5 Grids data with the PRIO-GRID 

which not only provides a common framework of grid-cells with 0.5 × 0.5 decimal degree 

cell resolution of the world (Tollefsen et al. 2012),
15

 but a number of important variables 

associated with each grid such as population size, GDP, climate conditions (annual 

temperature, precipitation, and drought), and land cover. The unit of analysis of our 

                                                 
14

 See, e.g., http://english.cntv.cn/20111102/103083.shtml, accessed on March 14, 2014.  

15
 This corresponds to a cell of roughly 55 × 55 kilometres at the equator. Cell area 

decreases at higher latitudes. 

http://english.cntv.cn/20111102/103083.shtml
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empirical analysis is therefore grid-cells with 0.5 × 0.5 decimal resolution. This grid-cell 

approach follows recent research in studies of civil war and domestic violent events. The 

disaggregated, grid-cell data approach might be criticized for being a-theoretical. These 

grids do not reflect natural boundaries or political borders and different studies can use grids 

of different sizes.
16

 Indeed, Tollefsen et al. 2012 modestly claim that this grid-cell approach 

is just one of the many sub-national levels that researchers might now consider. It is an 

important addition to, rather than an replacement of, the other studies using different and 

more natural units of analysis such as municipalities (Hidalgo et al. 2010; Dube and Vargas 

2013) and higher sub-national administration units (Fjelde and Uexkull 2012; 

Michalopoulos and Papaioannou 2011). The grid-cell approach does have advantages, 

though. For instance, the very stationary nature of the grid structure allows units of 

observation that are identical in shape and size and exogenous to the feature of interest. The 

grid-cell structure is also fixed in space and time, insensitive to changes in political 

boundaries and development.  

We believe that in addition to our theoretical contributions, this disaggregated 

approach makes a significant methodological contribution to environmental studies in 

international and comparative politics as it allows us to better understand within country 

variation in pollution: ultimately, pollution is often a function of local characteristics such as 

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

cannot be captured by national level analysis.  

 

Key Explanatory Variables: Our hypotheses point to some salient factors that affect local 

air pollution. They involve: local population density, GDP per capita, raw material 

                                                 
16

 For example, Tollefsen et al. (2012) use 55 × 55 km grids and O'Loughlin et al. 2012 use 

110 × 110 km grids.  



 17 

extractions, distance to capital city --- all at the grid-cell level; and the conditional effect of 

international environmental treaty commitment (proxy for national embeddedness in 

networks of international environmental diplomacy) on distance to the capital city, where 

treaty commitment is a national-level variable.  

We constructed population density (population per square kilometres, logged) and 

GDP per capita (US dollars, logged) at the grid-cell level using the total population, GDP, 

cell area size variables provided by the PRIO GRID. The variable total population gives the 

population size for each populated cell in the grid, extracted from the Gridded Population of 

the World, version 3 (CIESIN 2005). Note that population estimates are available for 1990, 

1995, 2000, and 2005. We linearly interpolate the data for years that data are not available. 

We divide the cell population by cell area size (in square kilometres) and take the log 

transformation for this population density variable. The GDP per capital variable is based on 

the G-Econ data set (Nordhaus 2006). The Nordhaus data include the economic gross cell 

product variables from G-Econ, indicating the level of local economic activity (in billion 

dollars) for five-year intervals from 1990 to 2005. The GDP per capital variable is 

calculated by multiplying the GDP value with one billion divided by the population of the 

G-Econ 1 × 1 decimal degree cell. The results are GDP per capita for 1990, 1995, 2000, and 

2005. We take the log transformation.
17

 Similarly, we linearly interpolate the data for years 

                                                 
17

 It is unclear from the PRIO GRID documentation whether the GDP variable from G-Econ 

data set is in current or constant US dollars. We therefore checked the original data from G-

Econ and we believe the variable is in 2005 US $ at market exchange rates (see, for 

example, http://gecon.yale.edu/sites/default/files/gecon_data_20051206.pdf. ); therefore it is 

constant US dollars and we do not need to adjust for inflation while making linear 

interpolation of the data.  

http://gecon.yale.edu/sites/default/files/gecon_data_20051206.pdf
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for which data are not available. Distance to capital is the distance (in kilometre, logged) 

from the cell centroid to the national capital city in the corresponding country.
18

  

We use two variables to capture raw material extractions at the grid-cell level. We 

create a variable which is the number of mineral facilities within a grid cell. Data are from 

the US Geological Survey: Mineral Resources Data System (MRDS).
19

 Moreover, we create 

an oil and natural gas field variable which is a dummy variable indicating whether a grid-

cell is included in an onshore or an offshore gas/oil field. We use the Petroleum Dataset 

from PRIO (Lujala, Rød & Thieme 2007).
20

   

Finally, we use a country’s environmental treaty commitment to measure its 

embeddedness in the networks of international environmental diplomacy. Data are from the 

Environmental Treaties and Resource Indicators (ENTRI) database which record the 

environmental treaties that a country signs or becomes a party to for the period 1902-2000.
21

 

We use the current number of treaties to which a country is a party. Note that we only have 

                                                 
18

 Geographical coordinates for the capital cities were derived from the cShapes data set 

(Weidmann et al. 2008) and captures changes over time wherever relevant. 

19
 See http://mrdata.usgs.gov/mrds/, accessed July 2014.  

20
 See http://www.prio.org/Data/Geographical-and-Resource-Datasets/Petroleum-Dataset/, 

accessed July 2014. There are 4 types of status associated with oil and natural gas fields 

included in the data: 1: Known production: oil or/and gas produced by one or several fields 

in the polygon; 2: No known production: none of the fields inside the polygon has produced 

hydrocarbons but hydrocarbon discovery is confirmed; 3: Production status unknown; and   

4: Under exploration: no formal discovery. We only count those fields of the first category, 

that is, with known production.  

21
 Data are from the Center for International Earth Science Information Network (CIESIN) 

at Columbia University: http://sedac.ciesin.columbia.edu/entri/.    

http://mrdata.usgs.gov/mrds/
http://www.prio.org/Data/Geographical-and-Resource-Datasets/Petroleum-Dataset/
http://sedac.ciesin.columbia.edu/entri/
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data on environmental treaties up to year 2000. We are forced to use year 2000's treaty data 

to model PM 2.5 of year 2001. Indeed, as a first step, we only use 2001’s PM2.5 data for the 

empirical analysis, partly because the treaty variable is missing for years after 2000.
22

 

 

Control Variables: In addition to the four grid-cell level variables implied by our 

hypotheses, we control for some other variables at the same level of analysis. We control for 

the level of economic activities within the grid-cell using the GDP variable (2005 constant 

US dollars, logged), originally from the G-Econ data set (Nordhaus 2006); at the same time, 

we control for the size of the grid cell using the area size variable (square kilometres, 

logged) from the PRIO GRID: note this measures the area of the land territory of the grid 

cell. Together, they control for potential effects associated with density of economic 

activities on air pollution.  

Moreover, we control for local climate conditions. The variable precipitation gives 

the yearly total amount of precipitation (in millimetre) in the cell, based on monthly 

meteorological statistics from the University of Delaware (NOAA 2011).  The variable 

temperature measures the yearly mean temperature (in degrees Celsius) in the cell, based on 

monthly meteorological statistics, also from the University of Delaware (NOAA 2011). PM 

derives from many different sources. Meteorology can have complex effects on total PM 

concentrations due to its impacts on individual sources. For example, the connection 

between aerosol sulfate concentrations depends on the temperature-dependent oxidation of 

SO2 in both the gas and aqueous (cloud) phases; the concentrations of oxidants that react 

with SO2 are also dependent on temperature and sunlight intensity. All sources have wet 

                                                 
22

 Another reason is the complication associated with analyzing spatial models in times-

series cross-sectional data context with extremely large cross-sections.   
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deposition as a major sink, so precipitation is expected to have a significant effect on aerosol 

concentrations.
23

  

The variable mountain gives the proportion of mountainous terrain within each cell. 

This indicator is based on high-resolution mountain raster data that were developed for 

UNEP's Mountain Watch Report (UNEP-WCMC 2002). The relationship between mountain 

areas (and elevation) and PM concentration is complex. For instance, mountains can restrict 

the horizontal flow of particles while the mixing height restricts the vertical mixing of 

particles.
24

 We control for the distance to border: this is the distance (in kilometres, logged) 

from the cell centroid to the border of the nearest neighbouring country, regardless of 

whether the nearest country is located across international waters.
25

 In addition to wealth, 

population density, and distance to capital city, a locale’s distance to national border can 

                                                 
23

 The major effect of precipitation events on PM is wet scavenging or wet deposition during 

which atmospheric hydrometeors (rain drops, snow etc.) scavenge aerosol particles. For a 

more discussion on the relationships between meteorology and PM 2.5, see 

http://www.atmos-chem-phys.net/7/4295/2007/acp-7-4295-2007.pdf; other meteorological 

conditions include wind speed, absolute humidity, mixing height, and cloud cover. It is 

difficult to control for these variables for an analysis using global annual average data. 

However, it is unlikely that such meteorological variables would correlate with our key 

explanatory variables such as distance to capital city and local economic development. 

Therefore, the exclusion of these variables is unlikely to introduce omitted variable bias into 

our analysis.     

24
 Pollutants can be “trapped” in valleys depending upon the height of the surrounding 

mountains and the height of the mixed layer.   

25
 Hence, for cells belonging to island states (e.g. New Zealand), its gives the shortest 

distance to the nearest land territory of another state. 

http://www.atmos-chem-phys.net/7/4295/2007/acp-7-4295-2007.pdf


 21 

also give a sense whether this is a core or periphery region of the country. All the 

aforementioned grid-cell level control variables are provided by the PRIO GRID.  

Urban areas are often subject to higher levels of air pollution as a function of factors 

such as dense transportation networks and concentrated economic activities. We therefore 

calculate the percentage of urban area within a grid cell using the Urban Extents Grid, v1 

(1995) shape file data from the Global Rural-Urban Mapping Project (GRUMP).
26

 The 

urban extent grids distinguish urban and rural areas based on a combination of population 

counts, settlement points, and the presence of night time lights. Areas are defined as urban 

where contiguous lighted cells from the night time lights or approximated urban extents 

based on buffered settlement points for which the total population is greater than 5,000 

persons (Balk et al. 2006; CIESIN 2011).
27

   

In addition to grid-cell level variables, the empirical analysis considers several 

national level variables. We use polity score (Marshall, Gurr, and Jaggers 2010) to proxy 

winning coalition size given high level of correlation between the two variables (e.g., for 

2001, the correlation is 0.82). Recent literature suggests that Bueno de Mesquita et al’s 

(2003) logic of political survival is a useful framework for thinking about how rulers’ 

interests vary continuously across different political systems in ways that affect 

environmental outcomes (Cao and Ward 2015). One conclusion from the selectorate theory 

is that large winning coalition regimes are often associated with more public goods 

provisions. Because a clean environment has strong public goods properties, we expect that 

rulers’ quest for legitimacy and political survival will take different forms depending on the 

                                                 
26

 See http://sedac.ciesin.columbia.edu/data/set/grump-v1-urban-extents, accessed July 

2014.  

27
 Note this variable is time-invariant and based on 1995 data. Therefore it is outdated; but it 

is only data source that we are aware of providing data at the grid-cell level.   

http://sedac.ciesin.columbia.edu/data/set/grump-v1-urban-extents
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size of the winning coalition. Finally, in some of the model specifications (reported in 

Appendix A), we also control for a country’s domestic legislations concerning air pollution. 

This domestic legislation variable counts the cumulative number of national legislative 

instruments if a country is not an EU member state; in the case of an EU member state, it 

counts the sum of both national and EU legislative instruments.
28

  

 

Insert Table 1 and 2 about here.  

 

Table 1 presents the summary statistics of the variables: note that the domestic 

legislation variable has the lowest number of non-missing value observations; its inclusion 

reduces the sample size by almost 60%. Actually, we only have data on legislation for 66 

countries, about half of which are European countries (32); large countries such as US, 

China, and Russia are not included here. Table 2 presents the correlations statistics. Note 

that domestic legislation variable is highly correlated with the environmental treaty variable, 

at 0.63, supporting a common practice in some recent studies (Neumayer 2002; Cao and 

Prakash 2012) of using environmental treaties as a proxy for domestic environmental 

legislations. Therefore, we present results with the domestic legislation variable only in 

Appendix A in which we find no empirical support for the idea that the domestic legislation 

variable affects PM levels. While estimates based on a much limited, not randomly selected, 

group of countries weakens our results regarding the marginal effects of GDP per capita and 

distance to capital city, we still find a significant interactive effect between distance to 

capital city and international treaty commitment (Figure A-1).     

 

                                                 
28

 The data was retrieved from the ECOLEX: http://www.ecolex.org/start.php, on January 

30, 2014.  

http://www.ecolex.org/start.php,
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Empirical Results 

Wind and Spatial Correlation: one complication for our analysis is the fact that PM is 

blown by wind. We need to control for such spatial effects by considering wind directions. 

We do this by including the level of PM2.5 from the adjacent up-wind grid cell based on 

global wind circulation cells (Hadley cells, Ferrel cells, and Polar cells). More specifically, 

we define prevailing wind directions by latitude: the prevailing wind comes from the south-

west if latitude is between 30 and 60 degrees north; north-west if between 30 and 60 degrees 

south; north-east if between the equator and 30 degrees north and above 60 degrees north; 

and finally, south-east if between the equator and 30 degrees south and above 60 degrees 

south. This PM2.5: ground-wind variable is essentially a spatial lag of the dependent 

variable which measures the level of PM2.5 of the adjacent up-wind grid cell, up-wind here 

defined by ground level prevailing wind directions. Oftentimes, an OLS regression with a 

spatial lag of the dependent variable (spatial OLS or S-OLS) produces biased and 

inconsistent coefficient estimates: in the case of positive spatial correlation, spatial OLS 

tends to overestimate the spatial effect/correlation and underestimate the effects associated 

with non-spatial regressors (Franzese and Hays 2007).  

Simultaneity bias is ultimately what causes such problems in spatial model 

estimation because adding a spatial lag implies a feedback effect between the dependent 

variable and the spatial lag; in other words, the spatial lag affects the dependent variable, but 

the dependent variable also influences its own spatial lag. This is similar to a reflection 

problem: your neighbours affect you and you also affect the neighbours. In our case, 

however, the spatial spill-over is asymmetric as it goes only from the upper to the lower 

wind directions so that there is unlikely to be any feedback effect; therefore no simultaneity 

bias. More specifically, we assume a cell is affected only by the one upwind grid, which in 

turn is affected by the one upwind grid of it, and so on until the seaboard is reached. The 
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only way that there could be any feedback is if there was a band of land going right round 

the globe. If this was so, eventually the value in a cell would feedback on itself round the 

band of land. But there is no such uninterrupted band of land.  

Therefore, we suspect that in our case, S-OLS would suffice because of the lack of 

feedback between spatial units of analysis. In case there is any feedback effect, spatial two 

stage least squares (S-TSLS) and spatial maximum likelihood (S-ML) estimators are often 

the right choices to address such simultaneity bias: the former has the advantage of a simple 

implementation, often using the spatial lags of the covariates to instrument the spatial lag of 

the dependent variable. Spatial maximum likelihood is computationally intensive, especially 

with a large spatial weight matrix.
29

 Sparse matrix techniques offered by packages such as 

spdep in R can speed up the calculation, but requires a symmetric weighting matrix. Note 

that our spatial weight matrix based on wind directions is not symmetric by definition. We 

cannot use sparse matrix techniques. We therefore also choose to estimate our model using 

spatial two stage least squares (S-TSLS). The results from S-OLS and S-TSLS are very 

similar.  

 

Empirical Findings: at this stage we conduct our empirical analysis based on one cross-

section of PM2.5 data, that for 2001. This is because, first, our data on international treaty 

commitment are only available until 2000 while PM2.5 data are from 2001 to 2010. Second, 

estimating panel data with each cross section of over sixty thousand observations can be 

computationally challenging in the context of a spatial model. Table 3 presents four model 

specifications: S-OLS and S-TSLS, with and without the interactive effect between distance 

to capital city and environmental treaties. Note our first four hypotheses argue that 

                                                 
29

 Our N by N spatial weight matrix has an N larger than 45,000 which makes spatial ML 

estimation almost computationally impossible.   
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particulate pollution will be higher in regions that are poorer, less populated, further away 

from the capital city, and characterized by raw material extraction. Results from Table 3 

reveal mixed findings. The estimated effect of GDP per capita from all four model 

specification supports our second hypothesis as it suggests that richer regions often have 

lower PM levels. However, we find the opposite relationship between population density 

and PM levels to that suggested by our first hypothesis. We argue that less densely 

populated areas provide fewer votes or less support so that the ruler has lesser incentive to 

implement environmental regulations there. What we found suggests that more densely 

populated areas have higher levels of PM2.5. Note we have controlled for local GDP, area 

size, and level of urbanization, so this is unlikely to be result of high correlation between 

population density and the density of local economic activities.
30

  

 

Insert Table 3 about here. 

 

We use two variables to capture the effects of raw material extractions and they both 

are statistically associated with PM levels: being part of an oil and/or natural gas field is 

associated with higher PM2.5 concentrations; so is having more mineral facilities. The first 

and third model specifications in Table 3 do not include the interactive effect between 

distance to capital city and the number of environmental treaties. In both cases, distance to 

capital city always is positively associated with particulate pollution. This supports our 

fourth hypothesis on capital city bias as it suggests that everything else equal, the further 

away an area is from the capital city, the higher the level of PM2.5 concentrations. Note that 

                                                 
30

 It is possible though that population density correlates with level of other factors such as 

pollution intensive industries. Though it is difficult, if not impossible, to control for the 

distribution of pollution intensive industries at the global grid cell level. 
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both the dependent variable and the distance to capital city variable are logged so that the 

coefficient can be interpreted as elasticities: therefore, a one percent increase in the distance 

to the capital city is estimated to be associated with almost 0.0145 percent increase in PM 

concentration based on the S-OLS estimate and 0.0196 based on the S-TSLS estimate. 

Interestingly, the variable distance to border also is significantly associated with PM levels; 

and the sign of the coefficient suggests that areas that are further away from national borders 

have lower levels of PM2.5. If it is reasonable to assume that border regions are often 

among the peripheral regions of a country, this can be considered additional evidence to 

support the capital city/core region bias argument in terms of the enforcement of 

environmental regulations.   

The second and last model specifications in Table 3 present the results when we add 

in the interaction effects implied by the fifth hypothesis. The coefficient estimates of grid-

cell level variables not included in the interactive effects are very similar to those in the first 

and third model specifications, so we focus our discussion here on the interactive effect 

between distance to capital city and treaty commitment. Note that the interactive effect is 

statistically significant as indicated by the coefficient estimates of distance to capital × 

treaty. It has become a common practice to plot interactive effects using confidence 

intervals associated with different levels of lower-order variables in the interactive effect. 

This is because not only the marginal effect but also the associated standard errors vary with 

the value of the other lower-order variable in the interaction term (Friedrich 1982). In other 

words, it is hard to get a sense of the conditional effects by looking at coefficients and 

standard errors only.  

In Figure 5(a), we show the marginal effects of distance to capital city, with the 95% 

confidence intervals, across different levels of treaty commitment (for which the histogram 
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in light grey shows the distribution).
31

 Here, we see clear patterns of interactive effects 

between distance to capital city and international environmental treaty commitment as 

predicted by our hypothesis: it illustrates that the positive association between distance to 

capital city and PM levels strengthens with increasing number of environmental treaties that 

a country has ratified. In other words, higher level of embeddedness in global environmental 

regimes enhance the capital city bias in domestic environmental regulation implementations 

as more resources and efforts are put into areas that are more visible to the international 

community, which often are the capital city and other core regions of the country.  

 

Insert Figure 5 about here. 

 

Figure 5(b) suggests that even though overall, environmental treaty commitment is 

negatively associated with PM levels, this negative association is not uniform within a 

country: rather it weakens as we move away from the capital city. More specifically, at the 

higher end of the distribution of the distance to capital city variable as illustrated by Figure 

5(b), that is, for areas that are far away from the capital, the effect of environmental treaty 

commitment on PM levels is not different from zero, as indicated by the confidence 

intervals. Our distance to capital city variable is logged; it is around 7.5 that the coefficient 

estimate of the environmental treaty commitment variable loses its statistical significance. 

This translates into a distance of about 1800 km from the capital city. This suggests that 

there is a spatial limit regarding central governments’ environmental commitment and 

effort.   

 

 

                                                 
31

 Figure 5 is based on the estimates from the last model specification of Table 3.   
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Conclusion and Discussion 

This paper aims to better understand within country variation in environmental outcomes. 

This is a step beyond most recent environmental politics research in international relations 

and comparative politics that often studies cross-country variations. Equipped with newly 

available disaggregated data of global PM2.5 ground level concentrations, we are able to 

show that, first, there is significant within-country variation (Figure 3 and 4) in air pollution 

in many countries in the world. Second, we provide a politico-economic explanation for 

such within-country variation focusing on rulers’ incentives to spatially manipulate 

environmental regulation enforcement efforts in order to maximize support and rents across 

different regions of the country.  

In general, peripheral regions, those that are less populated, poor, raw material 

extraction dependent, and far away from capital city and other major cities, are less 

important to rulers who wish to retain power and the rents that go with power. Therefore, we 

are likely to see laxer enforcement in those periphery regions. We should see more salient 

capital city bias in enforcement in countries more deeply embedded in international 

environmental networks, because other countries’ attention tends to be focussed on the core 

regions not on the periphery. Our empirical findings show that poorer and resource 

extractive regions indeed experience laxer enforcement as reflected in higher PM levels. 

Furthermore, we find evidence for capital city bias as regions farther away from the capital 

city are associated with higher PM2.5 levels. Lastly, we find that embeddedness in 

international environmental networks indeed increases such capital city bias.  Thus, the 

politics of regulation relates to the politics of distribution across space.  

Given the significance of within country variation in environmental outcomes, it is 

imperative for students of political science to understand potential political dynamics behind 

such spatial distribution of pollution. What we find in this paper suggests that there is indeed 



 29 

evidence for political calculation by rulers, democratic or not, that helps to account for 

within country variation in the enforcement of environmental regulations. However, we 

think that this is only a first step in the disaggregated approach to studying environmental 

politics. We need to collect data on and test more potential explanatory variables. For 

instance, we do not have data on the spatial distribution of some pollution-intensive 

industries like coal burning electricity production. We have controlled for size of local 

economic activities and population size. However, pollution intensity varies by industries, 

and even by firm types. We find that regions that are further away from core regions 

experience higher PM pollution; we interpret this as a function of weaker enforcement of 

national regulations. However, it is possible that peripheral regions, by natural endowments, 

are where pollution intensive industries thrive.  

Finally, it is worth repeating our empirical analysis using sub-national administrative 

units as the unit of analysis. The disaggregated, grid-cell data approach that we use in this 

paper is often criticized for being a-theoretical because grid-cells do not reflect natural 

boundaries or political borders.
32

 Data for the first administrative units (e.g., provinces) are 

relative easy to collect, at least for some countries.
33

 Therefore, combining a grid-cell level 

analysis and a subnational administration unit level analysis has the potential to lend higher 

credibility to our empirical findings.   

                                                 
32

 Different studies can also use grids of different sizes. This is related to the Modifiable 

Areal Unit Problem.  

33
 However, first administrative units in some countries, such as China and the US, are still 

large enough to contain important within-unit spatial variation. 
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Figure 1: Spatial Clustering of Night-time Light Emissions in East and South-east Asia. 
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Figure 2: Income Differences between provinces, China 2011. 
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Figure 3: PM2.5 Levels in China, 2001. 
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Figure 4: PM2.5 Levels in the US (Alaska not included), 2001. 
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Figure 5: Testing interactive effects: distance to capital city and environmental treaties.   
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Table 1:  Descriptive Statistics.   

 N. obs. Mean SD Min Max 

 PM2.5 60109 8.37 7.32 0.00 77.95 

population density 64733 64.85 1587.83 0.00 359993.50 

GDP per capita 62177 15252.25 14192.22 0.00 100255.18 

distance to capital 64733 1784.64 1617.52 2.00 7958.00 

oil and natural gas field 64733 0.10 0.30 0 1 

number of mineral facilities 64733 4.70 39.15 0 3266 

environmental treaty 64488 87.61 32.50 14 185 

GDP 61092 3102.11 17536.94 0.00 1021151.77 

area size 64733 2043.77 869.15 0.00 3099.95 

precipitation 58669 642.25 568.61 67.00 9307.00 

temperature 58669 10.00 13.84 -30.29 35.15 

mountain 64711 0.23 0.35 0 1 

distance to border 64733 602.29 646.59 0.00 3872.00 

urban area (%) 64424 3.19 9.72 0.00 100.00 

polity 63529 4.85 6.08 -10 10 

domestic legislations 27292 2.05 3.77 0 16 

PM2.5 of upper wind 57065 8.54 7.46 0.00 69.67 

 Note: the summary statistics here are those before taking logarithm transformation.
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Table 2:  Correlation Statistics.  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

 1: PM2.5 1.00 0.04 -0.42 -0.34 0.06 -0.02 -0.41 0.12 0.38 0.14 0.43 0.04 -0.36 0.16 -0.44 0.11 0.93 

2: population density 0.04 1.00 -0.02 -0.02 0.01 -0.00 -0.02 0.06 -0.03 0.14 0.15 -0.01 -0.01 0.07 -0.01 0.01 0.04 

3: GDP per capita -0.42 -0.02 1.00 0.44 0.07 0.15 0.60 0.12 -0.44 -0.23 -0.45 -0.04 0.42 0.10 0.53 0.12 -0.42 

4: distance to capital -0.34 -0.02 0.44 1.00 -0.10 0.05 0.46 -0.12 -0.47 -0.23 -0.65 0.18 0.45 -0.19 0.27 -0.26 -0.34 

5: oil and natural gas field 0.06 0.01 0.07 -0.10 1.00 0.03 0.05 0.11 0.02 -0.02 0.05 -0.09 -0.09 0.15 -0.02 0.07 0.06 

6: number of mineral facilities -0.02 -0.00 0.15 0.05 0.03 1.00 0.07 0.08 0.04 -0.01 0.01 0.10 -0.01 0.10 0.09 -0.04 -0.02 

7: environmental treaty -0.41 -0.02 0.60 0.46 0.05 0.07 1.00 0.10 -0.49 -0.14 -0.57 0.01 0.38 0.14 0.59 0.63 -0.40 

8: GDP 0.12 0.06 0.12 -0.12 0.11 0.08 0.10 1.00 0.03 0.07 0.06 -0.02 -0.07 0.46 0.05 0.21 0.11 

9: area size 0.38 -0.03 -0.44 -0.47 0.02 0.04 -0.49 0.03 1.00 0.37 0.89 0.11 -0.44 -0.07 -0.32 -0.12 0.39 

10: precipitation 0.14 0.14 -0.23 -0.23 -0.02 -0.01 -0.14 0.07 0.37 1.00 0.40 -0.03 -0.21 0.08 0.10 -0.03 0.14 

11: temperature 0.43 0.15 -0.45 -0.65 0.05 0.01 -0.57 0.06 0.89 0.40 1.00 -0.24 -0.46 0.10 -0.28 -0.02 0.41 

12: mountain 0.04 -0.01 -0.04 0.18 -0.09 0.10 0.01 -0.02 0.11 -0.03 -0.24 1.00 -0.11 -0.06 -0.07 -0.01 0.04 

13: distance to border -0.36 -0.01 0.42 0.45 -0.09 -0.01 0.38 -0.07 -0.44 -0.21 -0.46 -0.11 1.00 -0.12 0.35 -0.21 -0.35 

14: urban area (%) 0.16 0.07 0.10 -0.19 0.15 0.10 0.14 0.46 -0.07 0.08 0.10 -0.06 -0.12 1.00 0.07 0.36 0.16 

15: polity -0.44 -0.01 0.53 0.27 -0.02 0.09 0.59 0.05 -0.32 0.10 -0.28 -0.07 0.35 0.07 1.00 0.21 -0.44 

16: domestic legislations 0.11 0.01 0.12 -0.26 0.07 -0.04 0.63 0.21 -0.12 -0.03 -0.02 -0.01 -0.21 0.36 0.21 1.00 0.12 

17: PM2.5 of upper wind 0.93 0.04 -0.42 -0.34 0.06 -0.02 -0.40 0.11 0.39 0.14 0.41 0.04 -0.35 0.16 -0.44 0.12 1.00 
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Table 3:  Explaining global PM2.5, 2001: estimated by spatial OLS (S-OLS) and spatial two stage least squares (STSLS), with and without 

interactive effects.  

 S-OLS S-OLS STSLS STSLS 

 estimate std. error p(>|t|) estimate std. error p(>|t|) estimate std. error p(>|t|) estimate std. error p(>|t|) 

 (Intercept) 0.1373 0.0695 0.05 0.2324 0.0727 0.00 0.2529 0.0777 0.00 0.3263 0.0802 0.00 

population density 0.0207 0.0017 0.00 0.0208 0.0017 0.00 0.0280 0.0026 0.00 0.0275 0.0026 0.00 

GDP per capita -0.0160 0.0019 0.00 -0.0168 0.0020 0.00 -0.0235 0.0025 0.00 -0.0238 0.0025 0.00 

distance to capital 0.0145 0.0017 0.00 -0.0051 0.0048 0.28 0.0196 0.0020 0.00 0.0030 0.0050 0.55 

oil and natural gas field 0.0195 0.0045 0.00 0.0195 0.0045 0.00 0.0256 0.0050 0.00 0.0251 0.0050 0.00 

number of mineral facilities 0.0118 0.0015 0.00 0.0113 0.0015 0.00 0.0152 0.0018 0.00 0.0146 0.0018 0.00 

environmental treaty -0.0004 0.0001 0.00 -0.0016 0.0003 0.00 -0.0006 0.0001 0.00 -0.0016 0.0003 0.00 

distance to capital × treaty    0.0002 0.0000 0.00    0.0002 0.0000 0.00 

 GDP -0.0007 0.0009 0.47 -0.0008 0.0009 0.39 0.0020 0.0010 0.05 0.0018 0.0010 0.07 

area size 0.0314 0.0086 0.00 0.0350 0.0086 0.00 0.0345 0.0112 0.00 0.0372 0.0112 0.00 

precipitation -0.0000 0.0000 0.63 -0.0000 0.0000 0.67 0.0000 0.0000 0.98 0.0000 0.0000 0.98 

temperature 0.0015 0.0002 0.00 0.0016 0.0002 0.00 0.0017 0.0003 0.00 0.0019 0.0003 0.00 

mountain 0.0018 0.0043 0.67 0.0017 0.0043 0.70 0.0056 0.0044 0.20 0.0053 0.0044 0.22 

distance to border -0.0115 0.0011 0.00 -0.0120 0.0011 0.00 -0.0146 0.0016 0.00 -0.0149 0.0016 0.00 

urban area (%) 0.0007 0.0002 0.00 0.0008 0.0002 0.00 0.0008 0.0002 0.00 0.0009 0.0002 0.00 

polity -0.0042 0.0003 0.00 -0.0044 0.0003 0.00 -0.0055 0.0005 0.00 -0.0056 0.0005 0.00 

 PM2.5 of upper wind (ϱ) 0.8482 0.0022 0.00 0.8483 0.0022 0.00 0.7949 0.0134 0.00 0.7981 0.0134 0.00 

 Adjusted R-squared   0.886   0.886   0.886   0.886 

N. of obs.   47,062   47,062   45,105   45,105 
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Appendix A: Does Domestic PM Legislation Matter? 

Does domestic PM legislation matter? In the main text, we have not added in the domestic 

legislations variable which captures the number of domestic PM air pollution legislation 

measures. Note that adding this variable significantly reduces the number of observations 

because the data source for this variable, Ecolex, lacks information for many countries such 

as Russia, China and the US. Ecolex seems to have some definite limitations in coverage. 

For instance, the US is not returned by our search as a country with domestic legislation on 

particulate matters. But according to the US Environmental Protection Agency  

(http://www.epa.gov/pm/implement.html) ‘[t]he Clean Air Act requires EPA to set National 

Ambient Air Quality Standards (NAAQS) for six criteria pollutants; particle pollution (also 

known as particulate matter) is one of these.  EPA works with partners at state, local, and 

tribal air quality agencies to meet these standards. Under the Clean Air Act (CAA), as 

amended in 1990, each state must develop a plan describing how it will attain and maintain 

the NAAQS.’  Somewhat inexplicably search of Ecolex under the categories mentioned 

above fails to throw up this legislation. Therefore, we chose not to treat countries such as the 

US as having zero legislation, but rather as having missing data. The result of this decision 

is the exclusion of many countries when we add in the domestic legislations variable.  

There are 66 countries, according to the Ecolex data base, that have some form of 

domestic legislation concerning particulate matters.
34

 Moreover, this sample of countries is 

                                                 
34

 They are Argentina, Australia, Austria, Bangladesh,  Belgium, Belize, Brazil, Bulgaria, 

Cambodia, Canada, Chile, Colombia, Costa Rica, Croatia, Cyprus, Czech Republic, 

Denmark,  Ecuador, El Salvador, Estonia, Finland,  France, Gambia, German Federal 

Republic, Greece, Honduras, Hungary, India, Indonesia, Ireland, Israel, Italy/Sardinia, 

Jamaica, Japan,  Kazakhstan, Kenya,  Latvia,  Lithuania,  Luxembourg, Malta, Mexico, 

Netherlands, Nicaragua, Nigeria, Norway, Oman, Peru, Philippines, Poland, Portugal, 

http://www.epa.gov/pm/implement.html
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dominated by European countries (32 of them); there are only 7 African countries and 12 

Asian countries. Results using a much smaller set of countries because of Ecolex data 

coverage are presented in Table A-1 of this appendix. Here, we find little empirical support 

for the idea that the domestic legislation variable affects PM levels: this variable is only 

significant in the second spatial OLS model specification including the interactive effect 

between treaties and distance to capital city. We leave out the environmental treaty variable 

in the first and the third model specification because it is highly correlated with the domestic 

legislation variable (at 0.63). In this analysis based on a much more limited, non randomly-

selected, group of countries, we find mixed results for the two natural resource extraction 

variables: the number of mineral facilities, although always estimated to be positive, is only 

significant in the two S-TSLS model specifications. The dummy variable of oil and natural 

gas field is only significant in the two S-OLS model specifications.  

 We do not find empirical support for the marginal effects of GDP per capita and 

distance to capital city; though we still find a significant interactive effect between distance 

to capital city and international treaty commitment, especially in the second S-TSLS model. 

We illustrate the interactive effects in Figure A-1 the same way we did for Figure 5 in the 

main text.  In Figure A-1 (a), we see a similar, but weaker, pattern of interactive effect 

between distance to capital city and international environmental treaty commitment: the 

association between distance to capital city and PM levels only becomes positive when a 

country’s treaty commitments reach a relatively high level, a little more than 100 after 

which, the positive effect strengthens with increasing number of environmental treaties to 

which a country is a party. This suggests that in this limited sample of countries, capital city 

bias only exists for countries that are already deeply embedded in global networks of 

                                                                                                                                            

Rumania, Rwanda, Singapore, Slovakia, Slovenia, South Africa, Spain, Sri Lanka (Ceylon), 

Sweden, Switzerland, Thailand, Turkey, Ukraine, United Kingdom, Yemen, and Zimbabwe.  
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environmental treaties. If treaties are good proxies for domestic environmental regulatory 

stringency, the core-periphery difference in enforcement of such regulations is only visible 

in countries with stringent regulations. We suspect that for countries with lesser emphasis on 

environmental protection, there is little to start with in terms of environment 

implementation; therefore, we do not see capital city bias.       

Figure A-1 (b) suggests that the negative association between environmental treaty 

commitment and PM levels is not uniform within a country: rather it weakens as we move 

away from the capital city. More specifically, at the higher end of the distribution of the 

distance to capital city variable (x-axis of Figure A-1 (b)), that is, for areas that are farther 

away from the capital, the effect of environmental treaty commitment on PM levels is no 

different from zero. Our distance to capital city variable is logged; it is around 3.5 that the 

coefficient estimate of the environmental treaty commitment variable loses its statistical 

significance. This translates into a distance of merely 33 km from the capital city. This 

suggests that there is a very limited area within which the central governments’ international 

environmental commitment matters for the PM levels: this is essentially the area most 

adjacent to the capital city.    
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Figure A-1:   Interactive effects: distance to capital city and environmental treaties, 

based on a limited sample of countries with data on domestic PM legislations.  
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Table A-1:  Explaining PM2.5, 2001, limited sample because of the domestic legislation variable: estimated by spatial OLS (S-OLS) and spatial 

two stage least squares (STSLS), with and without interactive effects.  

 S-OLS S-OLS STSLS STSLS 

 estimate std. error p(>|t|) estimate std. error p(>|t|) estimate std. error p(>|t|) estimate std. error p(>|t|) 

 (Intercept) -0.1328 0.1206 0.27 -0.0349 0.1346 0.80 -0.0111 0.1515 0.94 0.1377 0.1632 0.40 

population density 0.0371 0.0029 0.00 0.0343 0.0030 0.00 0.0154 0.0048 0.00 0.0189 0.0045 0.00 

GDP per capita -0.0068 0.0040 0.09 -0.0029 0.0042 0.50 0.0102 0.0052 0.05 0.0056 0.0047 0.23 

distance to capital 0.0043 0.0032 0.18 -0.0083 0.0106 0.43 0.0040 0.0034 0.25 -0.0240 0.0124 0.05 

oil and natural gas field 0.0219 0.0081 0.01 0.0231 0.0081 0.00 -0.0004 0.0092 0.97 0.0026 0.0092 0.77 

number of mineral 

facilities 

0.0052 0.0036 0.16 0.0052 0.0036 0.16 0.0084 0.0039 0.03 0.0080 0.0039 0.04 

environmental treaty    -0.0014 0.0006 0.03    -0.0016 0.0007 0.02 

distance to capital × treaty    0.0001 0.0001 0.25    0.0003 0.0001 0.02 

 GDP -0.0108 0.0014 0.00 -0.0098 0.0014 0.00 -0.0068 0.0015 0.00 -0.0070 0.0015 0.00 

area size 0.0621 0.0143 0.00 0.0610 0.0143 0.00 -0.0000 0.0201 1.00 0.0096 0.0199 0.63 

precipitation 0.0000 0.0000 0.05 0.0000 0.0000 0.06 -0.0000 0.0000 0.97 0.0000 0.0000 0.41 

temperature 0.0028 0.0005 0.00 0.0028 0.0005 0.00 0.0033 0.0005 0.00 0.0032 0.0005 0.00 

mountain 0.0116 0.0081 0.15 0.0126 0.0081 0.12 -0.0020 0.0089 0.82 -0.0005 0.0090 0.95 

distance to border -0.0253 0.0020 0.00 -0.0252 0.0020 0.00 -0.0112 0.0033 0.00 -0.0130 0.0033 0.00 

urban area (%) -0.0002 0.0004 0.64 0.0000 0.0004 0.90 0.0004 0.0004 0.27 0.0004 0.0004 0.27 

polity 0.0009 0.0015 0.55 0.0024 0.0016 0.13 0.0006 0.0017 0.71 0.0005 0.0018 0.79 

 domestic legislations 0.0010 0.0007 0.17 0.0040 0.0011 0.00 0.0002 0.0008 0.79 0.0001 0.0014 0.94 

PM2.5 of upper wind (ϱ) 0.8426 0.0034 0.00 0.8408 0.0035 0.00 0.9402 0.0176 0.00 0.9255 0.0185 0.00 

 Adjusted R-squared   0.877   0.877   0.873   0.875 

N. of obs.   18,768   18,768   17,197   17,202 

 


