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Abstract

The productivity of high-skilled labour is crucial for institutional quality and economic growth, yet environmental factors like air pollution may compromise both. Our study uses high-frequency data on Delhi district court cases and air pollution levels to demonstrate how particulate matter significantly reduces the productivity of highly skilled knowledge workers—specifically, district court judges. Exposure to poor air quality manifests in lower judicial productivity, measured by longer case resolution times. Meeting WHO standards for particulate matter (PM 2.5) would improve judicial productivity by 25%, or about a 0.4 standard deviation reduction. Notably, the productivity impact compounds over time: three weeks of poor air quality exposure reduces judicial efficiency seven times more than a single day's exposure. Temporary pollution mitigation measures are insufficient; only systematic long-term air quality improvements can preserve high-skilled labour productivity. Environmental protection can enhance institutional quality, and thus growth, through its positive effects on high-skilled labour markets.


Keywords: Air Pollution, Delhi, High-skilled workers, Labour Productivity

JEL Classification: R23, H75, Q53, J24












1 Assistant Professor, Economics and Planning Unit, Indian Statistical Institute, Delhi Center; 2 Zomato Pvt Ltd; 
[image: ]Economics and Planning Unit (EPU)
Indian Statistical Institute, Delhi 

3 MSQE Second Year student, Indian Statistical Institute, Delhi Cente
Page 2 of 2

Section I: INTRODUCTION

The cognitive demands of highly skilled labour represent a crucial yet vulnerable component of institutional quality and economic growth. While physical labour's susceptibility to environmental factors is intuitively easy to understand, the cognitive pathways through which environmental conditions affect specialized knowledge workers is harder to grasp. Our research examines this critical intersection by focusing on one of society's most cognitively demanding professions: judicial officers.
District court judges in Delhi represent an ideal case study of high-skilled knowledge workers operating under significant pressure. These legal professionals—who undergo at least a decade of specialized training before hearing cases—must synthesize complex legal precedents, evaluate evidence, and render judgments that directly impact institutional quality. Their cognitive performance is particularly consequential given the extreme backlog in the Indian judicial system, where Delhi's district courts alone handle over 150,000 cases—21 times the caseload of an average U.S. state (Table D-4 and Table C-5, U.S. Federal Judicial Caseload Statistics, March 31, 2023).
Recent medical literature suggests that fine particulate matter (PM 2.5) can impair cognitive function through direct neurological pathways, as these particles are small enough to enter the bloodstream and reach the brain (Grande et al 2021, Ke et al 2022, Block and Calderon-Garciduenas 2009). Delhi's ambient PM 2.5 levels—approximately three times India's national standard and twenty-eight times WHO recommendations—create a natural experiment to examine how cognitive impairment affects high-skilled productivity in real-world settings.
We use high frequency panel data on cases handled by district courts in Delhi in 2015, together with similar frequency air pollution information. Our identification strategy exploits within-court and within-case variation in cumulative daily PM 2.5 exposure. The results reveal that reducing PM 2.5 levels to meet India's national standards would improve judicial productivity – measured using the time taken to decide a case - by 17% (nearly 0.3 standard deviations), while meeting WHO standards would lead to an approximately 25% improvement (about 0.4 standard deviations).
This study makes three distinct contributions to understanding how environmental factors impact high-skilled labor:
First, we demonstrate that cumulative exposure, rather than immediate exposure, drives cognitive impairment in high-skilled professionals. As the measurement window expands, the productivity impact grows stronger, suggesting that sustained public intervention—not merely individual or society level protective measures during pollution spikes—is necessary to maintain cognitive performance in skilled knowledge work.
Second, our results show substantially larger and more generalized effects than previous studies examining the same population (Sarmiento and Nowakowski 2023). By capturing daily variation and accounting for cumulative exposure, we reveal impacts across both civil and criminal cases, highlighting how methodological choices significantly influence the estimated cognitive costs of pollution.
Third, by focusing on a setting characterized by both significant pollution exposure and substantial work pressure, the study demonstrates the robustness of the cognitive pathway through which environmental factors impair highly trained professionals. The observed productivity impacts suggest that cognitive performance among educated and specialized workers can be vulnerable to environmental degradation.
This research contributes to understanding that environmental conditions affect labor markets not only through physical health channels but also through direct cognitive impacts on worker productivity. While previous studies have primarily examined less cognitively demanding occupations (Zivin and Neidell 2012, Chang et al 2016, Ebenstein, Lavy and Roth 2016, Adhvaryu, Kala and Nyshadham 2022) or settings with lower pollution levels (Krebs and Luechinger 2024, Sarmiento 2022, Archsmith, Heyes and Saberian 2018, Holub and Thies 2023), this study focuses on highly skilled judicial officers under extreme pollution and workload conditions, providing unique insights into how environmental factors affect cognitively demanding professional work.
In recent years, there has been an increasing recognition in economics that air pollution's impact extends beyond physical health. Consequently, recent work examines how labour markets may be affected by air pollution. This research broadly divides into two areas: those examining labour supply (Hoffman and Rud 2024; Zhang, Hao and Lu 2018; Wang et al 2020) and those examining productivity.
We argue that productivity is a more relevant concern; Section II discusses this in more detail. Workers can engage in avoidance behaviour by altering their labour supply in response to poor air quality days (Hoffman and Rud 2024). This will not necessarily protect them if PM 2.5 concentrations are high, as these particulates are small enough to enter the bloodstream and travel to the brain. Kahn and Li (2020) studied high-skill work in a high-pollution setting and used an appropriate measure of exposure, though they did not investigate the specific mechanism in terms of exposure time.
More broadly, institutional quality is a key element in driving economic growth. Chemin (2020), for instance, finds judicial reform increases productivity for firms in sectors reliant on efficient contract enforcement by one-fifth of a standard deviation. Since highly skilled work, such as judicial decision making, can influence institutional quality, our findings indicate a path through which environmental protection can increase growth. The traditional trade-off between economic growth and environmental protection is weaker than traditionally assumed.
The rest of the paper is organized as follows. Section II chapter explains the institutional background of the study site framework of the paper. Section III describes the datasets, the variables used and the empirical specification. Section IV provides the main results. The last section concludes, provides a set of limitations and the way forward to the research.
Section II: Institutional Quality, Worker Productivity and Air Pollution

Poor air quality has been linked with many negative health effects, particularly for more susceptible populations in society such as infants, the elderly, individuals with pre-existing health conditions, and for more severe outcomes, such as mortality and hospitalization. A growing body of evidence indicates that pollution also has more subtle effects on workers by reducing how much is produced “on the job.” Such productivity losses occur at pollution levels that comply with air quality standards and guidelines (Pestel and Neidell, 2023).

Pestel and Neidell (2023) argue that focusing on worker productivity as an outcome is important, for at least three reasons:
First, most prior evidence that has looked at the effects of pollution has focused on health outcomes, and typically rather extreme events, such as mortality and hospitalizations. As such, this approach misses the more subtle effects of pollution that do not lead to such dramatic changes in health, but may nonetheless affect people on a daily basis. If productivity is thought of as a summary measure of the wide range of daily influences that a worker experiences, then it would necessarily have to capture these more subtle daily influences, as well as the more direct and obvious ones, such as asthma attacks. 
The second reason why productivity is an important outcome is that these more subtle effects of pollution on society may be very widespread. Many of the studies that focus on the extreme outcomes mentioned above typically focus on more sensitive populations, such as infants, the elderly, and those with underlying health conditions, rather than on the whole working-age population. They, therefore, miss a large fraction of the total population. By definition, productivity focuses on the working-age population, and by doing so identifies effects of pollution that may be more widespread than was previously believed. 
Third, productivity is an outcome that is easily monetized, which therefore makes it relatively straightforward to calculate its cost to society and to include it in cost–benefit analyses of air quality policies. Quantifying the full range of effects that pollution causes is essential for the setting of optimal environmental policy. Whereas measuring the benefits from various health outcomes involves controversial assumptions, such as monetizing the discomfort caused by illness, productivity effects can be quantified directly as the loss in worker earnings.

Analyzing if external factors affect the judicial process is a long-discussed legal issue with two leading schools of thought: legal formalism and legal realism. Legal formalism assumes that judges make decisions by systematically applying facts and arguments within the legal framework. Legal realism contends that, although the law and previous rules are relevant, other factors like lunch breaks, religion, political views, race, or the environment can influence judicial rulings (Sarmiento and Nowokoswaki, 2023). Most realists contend that these external factors are more important than the law by arguing that judges use heuristics and biases to make decisions and only use the law to support their rulings.
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Figure 1: Legal Formalism and Legal Realism
Source: Sarmiento and Nowokoswaki (2023)


Figure 1 shows the main difference between legal formalism and legal realism. While in legal formalism, rulings depend on facts, arguments, the law, and precedence, in legal realism, they depend on heuristics, biases, and external factors. In legal realism, the judges only use the law and information of preceding cases to justify their ruling. If legal realism is correct and external factors are the main determinants of judicial decisions, it could lead to a generalized lack of trust in the system’s impartiality with relevant consequences for the rule of law in modern democracies.

Although previous research has found consistent evidence of external factors like lunch breaks (Danziger et al. 2011), religion (Shayo and Zussman 2011), and gender (Anwar et al. 2019) affecting sentencing decisions, no in-lab experiments or randomized control trials have yet unquestionably proven their existence (Tampubolon et al. 2023). 
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Figure 2: Legal Decision Making delays resulting from Legal Realism

Our hypothesis that air pollution affects length of court cases, hence the judge’s productivity, therefore, aligns with legal realism. Figure 2 presents the decision-making process for penal cases under legal realism. In it, a plethora of external factors like race, anchoring, and temperature affect the length of court cases. Of these, we concentrate on the effects of air pollution, i.e., we test if air pollution affects length of court cases through its impact on human behavior and cognition.

Particulate matter (PM) has become increasingly prominent as regional and composite air pollution and is one of the most significant air pollution sources threatening the health of people worldwide. With the intensification of air pollution, PM2.5, the primary pollutant hazardous to human health, has been receiving increasing attention from the public and governments. 
In terms of public health, PM2.5 seriously harms immunity and triggers respiratory and cardiovascular diseases. PM2.5 can enter the bloodstream through the respiratory system and reach the brain, leading to neuroinflammation, oxidative stress, and neurodegeneration. Additionally, PM2.5 exposure is associated with respiratory diseases such as asthma and bronchitis, which can further exacerbate cognitive impairments. These effects may impair judges' cognitive function and decision-making abilities, affecting their productivity. PM2.5-induced systemic inflammation may affect the brain's microenvironment, disrupting neurotransmitter balance and synaptic plasticity, which are essential for cognitive function. 
India grapples with severe ambient air quality issues, ranking among the world's worst. Despite World Health Organization guidelines advocating a maximum PM2.5 level of 5 μg/m3 for health, an analysis by the Financial Times suggested that certain Indian cities exceeded this threshold by more than tenfold in 2018. Various forms of air pollution, encompassing PM pollution (PM2.5 and PM10), indoor household air pollution, sulfur dioxide (SO2), nitrogen oxide (NOx), and ozone pollution (O3), contribute to the crisis. The northern part of the country, which includes Delhi, is the worst affected with air quality levels on average many times over what is considered safe by national or international standards.
India operates as a common law nation, where legal principles are formulated through court decisions and parliamentary rulings. The country's judicial framework comprises the Supreme Court, High Courts, and Subordinate Courts. The Subordinate or District Courts, falling under state High Courts, encompass various tiers, including Civil Courts, Criminal or Session Courts, People’s Courts, and Nyaya Panchayats. 
Judges in district courts exposed to elevated levels of PM2.5 may experience increased cognitive fatigue, reduced attention, and impaired executive function, thereby impacting their productivity in legal proceedings. Limited research directly addresses the relationship between PM2.5 and NOx may interact synergistically to exacerbate neurotoxic effects on the central nervous system. Combined exposure to these pollutants can lead to increased neuroinflammation, oxidative stress, and neurodegeneration, impairing cognitive function and decision-making abilities in judges.
Studies suggest that NOx exposure can lead to neuroinflammation, oxidative stress, and neurodegeneration, impairing cognitive function and decision-making abilities. These effects may be particularly pronounced in individuals with prolonged or high levels of NOx exposure, such as judges who spend significant time in urban areas with elevated pollution levels. According to Cognitive Load Theory, high levels of NOx in air pollution may increase cognitive load by taxing the brain's resources, leading to reduced attention, memory, and processing speed. For judges, whose work requires sustained focus, complex reasoning, and sound judgment, elevated cognitive load due to NOx exposure could hinder their ability to perform tasks effectively and efficiently.
Drawing from the reviewed literature, the conceptual framework posits that combined exposure to PM2.5 and NOx in air pollution may synergistically affect judges' productivity through multiple pathways, including neurotoxicity, respiratory/cardiovascular effects, and psychological stress. Individual characteristics such as age, health status, and coping strategies may modulate the relationship between air pollution exposure and judges' productivity.


Section III: Judiciary and Air Pollution Data

This section serves as a comprehensive guide to the datasets utilized, the variables under scrutiny, and the methodology adopted to analyze the data. 

Datasets
Our main data source consists of two portals: e-Courts platform for judiciary related data and Central Pollution Control Board (CPCB) for pollution related data.

India’s CPCB provides continuous monitoring station-level data for a small subset of urban districts; Delhi is included in this always. These data are, however, available at high frequency levels, down to every 15 minutes. This lets us construct pollution exposure variables that can vary within a particular day, as we describe below. 
As far as judiciary level data is concerned, the e-Courts platform of the Indian judiciary (Development Data Lab, SHRUG documentation) provides data on across-India cases, both civil and criminal. The data set has approximately twenty million criminal records across more than seven thousand Subordinate Courts between 2010 and 2018. The raw data contains the filing, registration, hearing, and decision date of all criminal processes; the name of the petitioner and the respondent; the act and section that identifies the felony; the position of the judge; and the final ruling. 
The e-Courts data ends in 2018, making it important to note that case durations decrease near the dataset's end since only quickly resolved cases are included. For example, a case that started in November 2018 and decided in 2019 won't appear in the dataset. Additionally, older pollution data is sparser due to fewer monitoring stations and pollutants recorded over time for a functioning monitoring station. These constraints work in opposite directions. We risk selection bias towards shorter cases if we use more recent case data. If we go back further in time, we risk losing information on air pollution. 
To mitigate these concerns, we focus on Delhi cases from July to December 2015. Air pollution levels vary greatly during these months, with lower levels in the monsoon season (July-August) and higher levels in winter (November-December). This ensures sufficient and representative pollution measures. Due to raw data limitations, we couldn't classify cases by type and disposition, treating missing classifications as unrelated measurement errors, following Sarmiento & Nowakoswaki (2023).
Each case moves through a specific sequence of events: the case is filed, then hearings are held, and finally a decision is made. In the e-Courts data, there is a maximum of three hearings per case. This implies a total of 5 dates recorded per case: three for each hearing, one for the date on which the case is filed and one for the date on which the case is decided. 
We match the pollution data and the judiciary data using court location, the date of filing, hearing and decision dates of that court case. Court location is used to identify the nearest CPCB monitoring station. The pollution level for a particular case is calculated and matched using the calculation of the level of PM2.5 for each of the five dates, and then averaged across the five dates.
Our Main Dependent Variable: The main dependent variable in this model is the length of the court case handled by judge j, which serves as a proxy for the judge's productivity. Judges are highly educated and well compensated. A longer deliberation period creates delays for the overall judicial system. Thus, the decision time is a useful metric of high-skilled worker productivity.

Our Main Independent Variable: The main independent variable is defined as the level of the pollutant (PM 2.5) over a certain period, lagged as described below. We determine the average pollutant level by computing the average PM 2.5 level measured as follows:
· For the previous 1-day, it involves averaging the pollution levels for the preceding day and assigning this to the current day.
· For the previous 1-week, 2-week and 3-week, we average the pollution levels over a period of one week. two weeks and three weeks respectively leading up to the day in question. Specifically, it entails calculating the average pollution levels for each day within the timeframe and then averaging these values to derive the lags.
These measures are calculated for each of the five dates specific to each case, and then a final average is calculated across the five dates. We end up with 4 measures of PM 2.5 exposure – the previous 1 day, 1 week, 2 weeks, and 3 weeks. 
Our Controls: To address the issue that case-level factors that have an influence over the timing of the case settlement, a vector of case-related covariates has been included. These covariates include the purpose of the case (in particular, what the hearing is for), and the disposition of the case. Judges may be independent and involve an element of personal discretion while deciding on a case, judge-level covariates have been included. We have information on the type of judge: what kinds of cases are heard by the judge, and the seniority level. The influence of weather, specifically temperature and precipitation which can both influence decision making and air pollution, are also included, and are defined as the levels of these variables on the day the case is decided.[footnoteRef:1] Finally, month fixed effects are included to account for the seasonality in air pollution: levels rise during the colder months due to thermal inversion. Day-of-week fixed effects account for any variation in decision making induced by any systematic weekly factors: it may be for instance a case is likely to be decided on a Friday than a Monday. Finally, we include a court specific fixed effect to account for cross-court variation in spatial location (and thus exposure to polluted air) and type of cases, since specific types of cases are assigned to different courts.  [1:  Of course, it is possible that weather affects decision making throughout the length of the case. We are working on the appropriate specifications that will capture this aspect.] 

To test the association between the outdoor air pollution levels and the length of time of a court case, we use a panel fixed effects estimator. Our main empirical specification is:

where Yisjdt is the case duration (number of months between when a case was assigned to a judge and the date when the case was adjudicated by that judge) of case i, belonging to crime type s, assigned to the judge j sitting in a court j, on the filing case t of the month m in the year y. Since judges do not move across courts, we identify both courts and judges by the same subscript.  is the level of air pollution recorded by the nearest monitoring station to the court in district  where judge j worked on the case i during the trial defined in terms of the various cumulative lags described above.  measures weather – temperature and rainfall.  captures case specific covariates.  captures judge specific covariates.   is a court specific fixed effect.
Finally,  is a temporal control vector, meant to account for seasonality differences within a specific case. This includes the following two variables and their interaction. First, we include dummies for the month a case is filed. This accounts for seasonal differences in pollution levels across the six months in our sample. Second, we calculate the difference between the month the case is filed and the month the decision is made. This accounts for seasonal differences within a case between the time a case is filed, and a decision is made. Since we know the average time to decide a case is approximately two months, these within case seasonal differences are an important control to include. Finally, the interaction between the two is meant to account for within case seasonal differences that may themselves change across the six months. For instance, a case filed in July and decided in September is going to witness a smaller change in pollution levels across the duration of the case than a similar case filed in July but decided in November.
We believe our measurement of air pollution is unlikely to be confounded by endogeneity concerns and can therefore be interpreted as a causal impact. Judges spend most of their time indoors, and the measurement of air pollution is designed to be as close to the court as possible by selecting the closest monitoring station. Further, within the same court, each defendant’s case is randomly assigned to a judge who presides over the trial. The judge is also unaware of the details of the upcoming cases (Ash et. al, 2022). The case duration can be several days between the filing of the claim to case resolution. 
A possible confounder is the use of mitigation strategies such as purifiers by courts or judges. However, this is unlikely to be a serious confounder. There are no air filtration devices installed in any of the courts, at least until 2018. Data on air purifier ownership and usage is sparse, but Greenstone, Lee and Sahai (2021) report that only 24% of respondents who are classified as high income (which is what a judge would be) own an air purifier, leave alone whether they use it at all or use it appropriately; by contrast, nearly 90% of the same household’s own air-conditioners. This suggests that avoidance behavior even of a sophisticated kind is unlikely to be practically important for our study. 
Standard errors are heteroskedasticity robust. While it would be preferable to cluster them by court, there are only 10 courts. These are too few clusters to allow for consistent estimation of the standard errors. We are working on incorporating more granular judge specific information to allow clustering by judge; this will also help us include a judge fixed effect.
The following map of the NCT Delhi shows the districts and the courthouses we have in the dataset. There are a total of 7 courthouses which are located as follows; two in Wazirpur (North and North-West), one in ITO district (Central), two in Sirifort district (South and South-East), one in Major Dhyan Chand district (New Delhi district) and another in Dwarka (South-West).
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Source: Development Data Lab, CPCB

Figure 3: Courthouses and districts in Delhi NCT Map


The summary statistics for the main variables are described below. Case durations last from 1 to 174 days, the maximum possible in our sample period, with the average case taking approximately 2 months from filing to decision. PM 2.5 concentrations are well above WHO recommended average levels – 15 micrograms/meter-cube () for a 24 hour period, and 5  for an annual period. Most cases are either withdrawn or disposed of entirely, i.e., a judgement is reached. Note that we have five different judge positions, which indicate types of cases and seniority levels of the judge assigned to a case. Table 2 describes these  judge positions, in terms of both factors.
Since different judges can work out of the same court, and we use court fixed effects, in effect we are comparing across judges – defined by the “type” as laid out in Table 2 -  within a specific court. As the assignment of cases to judges is randomly determined, our identifying variation therefore comes from  a within-court comparison to changes in air pollution levels over the length of a case.  Case and judge level covariates control for any potential confounding along these dimensions, while weather controls allow us to make comparisons holding temperature and rainfall constant. 
	Table 1: e-Courts and Central Pollution Control Board Monitors Summary Statistics

	
	Observations
	Mean
	Std Dev
	Min
	Max
	25th Pctl
	Median 
	75th Pctl

	Case duration (days)
	   9,427
	63.52
	36.98
	1
	174
	34
	58
	86

	PM25 previous 1 day ()
	   9,427
	133.84
	58.52
	33.98
	248.70
	76.17
	130.62
	186.00

	PM25 previous 1 week ()
	   7,470
	141.90
	85.17
	20.50
	479.00
	68.40
	128.65
	197.00

	PM25 previous 2 week ()
	   3,202
	143.74
	84.61
	28.15
	339.89
	64.01
	132.14
	213.33

	PM25 previous 3 week ()
	   2,109
	141.93
	84.47
	32.54
	337.02
	64.58
	117.69
	213.73

	Temperature (celcius)
	   9,427
	19.66
	4.67
	7.12
	27.63
	15.93
	20.05
	23.76

	Rainfall (mm)
	   9,427
	1.78
	2.89
	0.00
	31.04
	0.06
	0.50
	2.25

	
	
	
	
	
	
	
	
	

	Disposition of Case
	# Observations
	Type of Disposition

	
	2401
	withdrawn

	
	1967
	disposed

	
	1434
	Other

	
	927
	dismissed

	
	921
	allowed

	
	645
	compromise

	
	367
	referred to lok adalat

	
	322
	transferred

	
	204
	compounded

	
	120
	disposition var missing

	
	119
	acquitted

	
	
	

	Purpose of Case (hearing) 
	# Observations
	Type of Purpose

	
	7702
	misc

	
	536
	order

	
	485
	argument

	
	297
	evidence

	
	237
	judgement

	
	130
	Other

	
	40
	charge

	
	
	

	
	
	

	Judge Positions
	# Observations
	Type of Judge

	
	5100
	district and sessions court

	
	1651
	civil judge senior division

	
	1454
	chief metropolitan magistrate 

	
	1005
	principal judge family court

	
	217
	presiding officer, labour court and industrial disputes

	
	
	

	
	
	Source: e-Courts, CPCB




	Table 2: Distinction between Types of Judges

	Judge Position
	Seniority level
	Cases heard

	Chief Metropolitan Magistrate
	Low to high
	Complex criminal cases

	Civil Judge (senior division)
	High
	Civil cases of high value

	District and Sessions Court
	Highest officer at judicial level
	High value civil cases and serious criminal cases

	Principal Judge Family Court
	High
	Matrimonial/family disputes

	Presiding officer, labour court and industrial disputes
	High
	Labour, employment, wage related







Air pollution levels exhibit considerable variability throughout the duration of our sample. Figure 4 illustrates fluctuations in average PM 2.5 concentrations over the six-month period from July to December 2015. Each scatter point represents a one-week average of the one-day lagged measure of PM 2.5, as previously defined. By December 2015, average PM 2.5 levels increased to two and a half times the level observed in July, indicating a 150% rise. Consequently, our identifying variation appears to be promising for establishing the foundation of our main hypothesis: whether case durations respond to air pollution levels. 
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Figure 4: Levels of air pollution, measured by the concentration of PM 2.5 in , plotted against the date of filing. The measure of air pollution shown here is our 1 day lagged average across all the five dates relevant to a specific case. Each dot in the figure refers to a seven-day period – the first four are thus for July 2015, the next four for August 2015 and so on. WHO recommended maximum levels of air pollution for a 24-hour period are 15 .
Section IV: Estimates of the Association between Case Duration and Air Pollution

Estimates of our main specification are shown below in Table 3. As we move from columns 1 to 4, the measure of PM 2.5 concentrations allows for larger cumulative exposure. We see that as the exposure window increases, so too does the estimated impact, suggesting that cumulative exposure matters not sudden spikes or drops in pollution levels. All coefficients are statistically significant at the 1% level of significance. 

Table 3: Estimates of the Main Specification
	 
	(1)
	(2)
	(3)
	(4)

	
	Outcome: Case Duration

	 
	 
	 
	 
	 

	PM 2.5 Previous Day
	0.018***
	
	
	

	
	(0.005)
	
	
	

	PM 2.5 Previous 1 week
	
	0.021***
	
	

	
	
	(0.004)
	
	

	PM 2.5 Previous 2 week
	
	
	0.121***
	

	
	
	
	(0.007)
	

	PM 2.5 Previous 3 week
	
	
	
	0.125***

	
	
	
	
	(0.008)

	
	
	
	
	

	Weather (rain, temperature)
	Y
	Y
	Y
	Y

	Case covariates (disposition, purpose)
	Y
	Y
	Y
	Y

	Judge covariates (seniority levels, type of cases)
	Y
	Y
	Y
	Y

	Temporal controls
	Y
	Y
	Y
	Y

	Court Fixed Effect
	Y
	Y
	Y
	Y

	
	
	
	
	

	Observations
	9,427
	7,470
	3,202
	2,109

	R-squared
	0.899
	0.889
	0.922
	0.922

	Outcome Mean
	63.52
	63.52
	63.52
	63.52

	Outcome SD
	36.98
	36.98
	36.98
	36.98


Heteroskedasticity robust standard errors in parentheses. *** p  < 0.01, ** p < 0.05, * p < 0.1.
What do these estimates imply in terms of size? For this we can consider two ways of working out the impact. One, we can multiply the estimated coefficients by the standard deviation of the PM 2.5 variable and calculate the relative impact in terms of standard deviations. The standard deviation of the PM 2.5 previous 1-day variable is 59, for example. Multiplying this by the estimated coefficient yields an impact of 1 day, amounting to a 0.03  Two, we can do a similar calculation, but rather than use the standard deviation of PM 2.5, calculate the implied change if Delhi was to reduce its average PM 2.5 concentration levels down to WHO recommended levels. The average PM 2.5 concentration for the previous 1 day is 134, for instance. WHO recommends a level of 15, implying a difference of 119 . Multiplying this by the estimated coefficient (in column 1) yields an impact of 2 days, amounting to an impact of 0.05 . Table 4 presents the related estimates across both ways and all four definitions, including what the estimates imply in terms of average case durations.
The main takeaway from table 4 is that longer exposure to poor air quality has larger impacts on productivity. It also appears the relationship is non-linear: there appears to be a jump in the effect of poor air quality lasting more than a fortnight compared to poor air quality for the last week. Calculating exposure over a three week period suggests improving air quality will lead to a 17% to 25% improvement in judicial productivity, or a 0.3 to 0.4 standard deviation change.

Table 4: Implied Reductions in Case Durations from Reducing Air Pollution, calculated using the estimates in Table 3 above
	
	Reducing PM 2.5 exposure by 1 SD
	
	Reducing PM 2.5 exposure to WHO 24 hour standard

	
	In terms of averages
	In terms of standard deviations
	
	In terms of averages
	In terms of standard deviations

	PM 2.5 measure:
	
	
	
	
	

	1 day
	2%
	0.03 
	
	3%
	0.06 

	1 week
	3%
	0.05 
	
	4%
	0.07 

	2 weeks
	16%
	0.28 
	
	24%
	0.42 

	3 weeks
	17%
	0.29 
	
	25%
	0.43 



We have also explored potential heterogeneity in these effects by judge type (which accounts for both the impact of seniority and of the types of cases), and the case level covariates – disposition, hearing purpose – described above. There is no statistically significant variation over these different dimensions. An important implication here is that seniority does not appear to provide any protection against the impact of air pollution. Neither does the type of case – civil or criminal – appear to matter, in contrast to Sarmiento and Nowakowski (2023).
Section VI: Conclusion

This study demonstrates that air pollution significantly impairs the productivity of high-skilled knowledge workers, with important implications for institutional quality and economic growth. By examining Delhi's district court system—where highly trained judges operate under extreme caseload pressure and severe air pollution—we reveal several key insights about environmental impacts on cognitive performance.
First, our findings establish that the relationship between air pollution and high-skilled productivity is cumulative rather than merely contemporaneous. The substantial increase in the magnitude of effects as the exposure window extends—with three weeks of poor air quality reducing judicial efficiency seven times more than a single day's exposure—reveals that cognitive impairment in knowledge workers compounds over time. This cumulative effect has profound implications for pollution mitigation strategies, suggesting that episodic interventions targeting only peak pollution days will be insufficient to preserve high-skilled labor productivity.
Second, the magnitude of our findings—a potential 25% reduction in case durations if WHO air quality standards were met—underscores how environmental conditions can constrain institutional performance even when human capital investments are substantial. Despite judges' extensive training and expertise, their cognitive performance remains vulnerable to environmental degradation, with direct consequences for the efficiency of the judicial system.
Third, our research challenges the presumed trade-off between environmental protection and economic development. By demonstrating that pollution directly impairs the productivity of high-skilled labor, we suggest that environmental protection can actually enhance institutional quality and support economic growth through its positive effects on cognitive performance in knowledge-intensive sectors.
These findings have important policy implications. While private mitigation strategies such as mask-wearing or air purifiers may offer limited protection against acute exposure, they are unlikely to address the cumulative cognitive effects identified in our research. Systematic, long-term improvements in air quality through public policy interventions are necessary to preserve high-skilled labor productivity and, by extension, institutional quality.
Our study also highlights important methodological considerations for future research. The substantial difference between our findings and previous studies examining the same setting demonstrates the critical importance of measurement frequency and exposure window specification when analyzing environmental impacts on productivity.
Future research should explore whether similar cumulative effects exist in other high-skilled professions and institutional settings, and whether there are threshold effects or non-linearities in the relationship between pollution exposure and cognitive performance. Additionally, investigating potential adaptation mechanisms among high-skilled workers facing long-term pollution exposure would provide valuable insights for developing targeted interventions to protect cognitive performance in polluted environments.
Ultimately, this research suggests that preserving institutional quality in developing economies requires not only investments in human capital and organizational systems but also environmental protection measures that safeguard the cognitive capacity of the high-skilled knowledge workers who operate these institutions.
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