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Abstract: 

In 2016, air pollution from oil & gas (O&G) production in the U.S. resulted in 7,500 (95% CI: 

4,500 - 12,000) excess deaths among many other health impacts, valued at $77 billion ($2016 

USD) (95% CI: $27 billion - $170 billion). An ambitious methane reduction policy in 2028 would 

result in 1,400 (820 - 2,300) deaths compared to 2028 business as usual, while other policies 

would have modest effects. Regions without O&G activity experienced impact from the sector 

and benefits from emissions reductions. On a per ton basis, the health co-benefits per methane 

reduction from each policy were ~5x lower than health co-impacts from the whole production 

sector, since policies only apply to specific O&G production processes. We show that there are 

still substantial health co-benefits to policies that reduce methane emissions, however the 

health co-benefits can be enhanced if emissions reduction policies cover more components of 

O&G production. 

 

 

  



Introduction: 

 

Emissions pathways that keep global warming to 1.5°C with little to no exceedance within the 

next 20 to 40 years generally involve steep near-term methane (CH4) reductions1. Since 

methane is a potent short-lived climate pollutant (SLCP – greenhouse gases (GHGs) much 

more potent but shorter-lived than CO2) – with global warming potential 84-85 times higher than 

CO2 over a 20-year period, methane emissions control is critical to meeting the near-term goals 

of the Paris Agreement1,2. 

 

The U.S. Environmental Protection Agency (U.S. EPA) estimates that natural gas and 

petroleum production and transportation systems are the second largest emitters of methane – 

emitting 7.05 million metric tons (MMT) in 20183. Research on 2015 emissions indicates this 

may be underestimated by ~60%4. Mitigating emissions from O&G may also have immediate 

benefits to air quality and public health. Many non-methane volatile organic compounds 

(NMVOCs) are emitted alongside methane5, contributing to the O&G sector being the largest 

anthropogenic source of VOCs. Also, many O&G production processes involve fuel combustion 

resulting in emissions of nitrogen oxides (NOx), sulfur dioxide (SO2), ammonia (NH3), and fine 

particulate matter (PM2.5)5, all of which contribute to air pollution and health impacts6,7. PM2.5, 

ozone, and NO2 are of concern from a regional air pollution and health standpoint, since they 

are associated with increased risk of premature death, respiratory and cardiovascular 

hospitalizations, heart attack, asthma, birth outcomes, among other health impacts8–11. While 

there has been research on health co-benefits of GHG emission reduction strategies in 

transportation, electricity, buildings, and other energy consuming sectors12–18, far less research 

has been done on the health benefits of policies that reduce methane emissions, especially 

from O&G production. Previous O&G impact assessments have not used atmospheric models 

with detailed ozone or chemistry on how VOC emissions affect PM2.5 formation, updated 

epidemiology on increased mortality risk and exposure to ozone or NO2, or assessed impacts 

on children, notably asthma19,20. 

 

Here, we assess the current air quality and health impacts from the sector, and then estimate 

the potential co-benefits of a set of methane emissions reduction policies on the O&G sector in 

the U.S., compared to a “business as usual” (BAU) case in 2028. Our BAU case is developed 
from a base case from the U.S. EPA, modified to incorporate current Federal and state 

regulations. Three additional policy cases are an “Ambitious” case with strong federal and state 

regulations (including strong federal standards for both new and existing wells, details in Table 

S1), a “Strong State” case which incorporates strong regulations passed in a set of O&G 
producing states with current federal regulations, and a “Rollback” case with the effects of the 

2018 reconsideration and 2019 rollback of the New Source Performance Standards (NSPS) for 

O&G wells but maintaining existing state regulations. The Ambitious, Strong State with Federal 

BAU, EPA Base Case, and Rollback scenarios were each compared to the BAU. 

 

We evaluate the air quality and health consequences of O&G emissions in 2016 and these 

policy scenarios for 2028, using a novel framework that accepts geospatial emissions data 

under different policies, and simulates the consequent air pollution using the Community 



Multiscale Air Quality Model version 5.2.1 (CMAQ)21, an air pollution chemistry and transport 

model with advanced representation of carbon chemistry. This air pollution model output is then 

linked to a geospatial air pollution health impact assessment platform BenMAPR (similar to the 

U.S. Environmental Protection Agency Environmental Benefits Mapping and Analysis Program 

(BenMAP)22,23), which contains geospatial data on population, background disease rates, and a 

series of concentration response functions (CRFs) providing the relationship between exposure 

to the air pollutants PM2.5, ozone, and NO2. This platform is then used to assess and compare 

the magnitude and distribution of the health impacts of air pollution under different emissions 

scenarios. 

 

Results: 

 

Oil & gas emissions, air pollution, and health in 2016 

The major emissions of CH4 and NMVOCs from the O&G sector accounts for about 21 and 2.9 

million tons followed by NOx, SO2, PM2.5 and NH3 in 2016 (Table 1). These emissions 

contributed between -0.001 – 1.682 µg/m3 of PM2.5, -0.42 to 2.7 ppb of ozone, and between -

0.014 and 17.2 ppb of NO2 across our modeling domain. This additional pollution was enough to 

result in 29 instances of 12 x 12 km grid cells exceeding the daily PM2.5 National Ambient Air 

Quality Standard (NAAQS),1 exceedance of the annual PM2.5 NAAQS and 634 exceedances 

of the annual ozone NAAQS, generally downwind of oil & gas producing regions (Table 1, S2), 

made up of a mix of largely NO3, NH3, and organic matter (Figure S1-2, Table S3). 

In 2016, the total health impacts of air pollution from the O&G sector included 7,500 (95% CI: 

4,500 - 12,000) lives lost, 2,200 (95% CI: 830 - 3,200) new childhood asthma cases, and 

410,000 (95% CI: 9,200 - 810,000) asthma exacerbations with total value of $77 billion ($27 

billion - $170 billion). Of the deaths in 2016 due to O&G pollution, 2,100 (28%) were due to 

PM2.5, 2,600 (35%) were due to ozone, and 2,800 (37%) were due to NO2 (Tables 2, S4). 

 

The spatial distribution of the impacts follows a spatial pattern that reflects the underlying 

changes in air quality intersected with population distribution (Figures 2, S3, and S4). 

Reductions in mortality cases per million people are largely centered around O&G producing 

areas – TX, LA, OK, western PA, WV, and ND, and a few counties in CO, WY, and NM. 

Childhood asthma follows a spatial pattern that is similar but more tightly constrained, since only 

PM2.5 and NO2 exposure contribute. Many heavily impacted cities are near O&G activity, 

including Denver CO, cities in TX including Dallas, Houston, Fort Worth, and San Antonio, and 

Pittsburgh PA. However, some cities far downwind also experience substantial impact – 

Chicago IL, Boston, MA, New York, NY, Philadelphia, PA, Washington DC, and Baltimore, MD, 

all experience some health impact from O&G air pollution. This is reflected in the state ranking 

of health impacts (Figure 3) – states with heavy O&G activity and emissions, like TX, OK, and 

PA, generally have the highest total impact, but some heavily populated states that are 

downwind of O&G states, but do not have O&G activity themselves, like IL, NY, and GA have 

health impact from O&G higher in proportion than their emissions. Some states with high O&G 

related emissions but low population, like ND and NM, end up being much less heavily impacted 

due to their low populations.  



 

Emissions, Air Pollution, and Health Benefits and Impacts of Scenarios for 2028 

 

The benefits or impacts of each policy are consistent with the direction and degree of ambition 

of each policy (Tables S5 – S14, Figures S5 – S9). Compared to BAU, the benefits of our 

Ambitious case are highest, followed by our Strong State scenario (Figure 4, Table 2). The 

Rollback case results in some health burden, consistent with the increases in emissions under 

this policy, and the resulting health burden of EPA Base scenario are even higher.  reflecting the 

benefits of emissions reductions from state policies present under BAU, but absent under the 

EPA base case. Health benefits or impacts occur in areas that experience emissions reductions 

or increases, and areas downwind. The monetized value of the health benefits or impacts of 

each policy are similar to the monetized value of the climate benefits or impacts, despite the 

total economic value of health impacts of O&G production drastically exceeding the economic 

value of the climate impacts from O&G production.  

 

Emissions Reductions 

 

Across the different policy scenarios, emissions reductions of methane and other air pollutants 

roughly followed the degree of ambition of the policies. Reductions in NMVOCs and NOx also 

roughly track the ambition of each policy scenario (Table 1). The highest reductions were in the 

Ambitious Scenario, with 9.3 million tons of CH4 reduced, and lower in the Strong State scenario 

(5.8 million tons CH4), an increase in emissions in the Federal Rollback scenario, and higher 

increases in the EPA base case (Table 1).  

 

Air Quality Improvements 

 

Air quality changes also generally followed the degree of ambition in each policy scenario (Fig 

1, S5-9). However, there is a wide range of changes in air pollution concentrations across the 

geographical domain in each of the 4 scenarios. In our Ambitious scenario, ozone 

improvements are the most widely spread, with nearly all states experiencing ozone 

improvement, and the greatest ozone improvements occurring in TX, LA, AR, NM, and OK (0.1-

1.3 ppb). PM2.5 is somewhat more tightly constrained, with greatest improvements occurring 

around O&G producing regions in TX, OK, NM, Western PA, WV, and northern MI (0.01-

0.75g/m3). NO2 improvements are even more tightly geographically constrained and roughly 

follow the same spatial pattern as PM2.5 reductions, with areas in TX, LA, NM, AL, AR, the 

border between OK and KS, northern MI, WV, and western PA (0.01-6.8 ppb). The PM2.5 

reduced is largely from reduced nitrate (29.5%) and organic carbon (33.4%) (Figure S2 and 

Table S3), related to changes in NOx and VOC emissions respectively. Under the rollback 

scenario, ozone concentrations increase in areas of TX, OK, NM, CO, UT, PA, and WV (0.01-

0.1 ppb), PM2.5 concentrations decrease in PA, OH, and MN (0.001-0.01g/m3), and there is very 

little change in NO2 concentrations. 

 

NAAQS analyses of ozone and PM2.5: 

 



Compared to 2016, the 2028 base case (BAU) shows substantial reductions in days where 

ozone and PM2.5 exceeded U.S. EPA regulatory thresholds (Table 1). Compared to 2028 BAU, 

the Ambitious case shows the most benefits for both ozone (20%; especially during the summer 

season; Table S4) and daily PM2.5; 38%; for the year 2028; Table 1). The Strong State with 

Federal BAU and EPA Base Case scenarios both show relatively modest benefits and very 

modest disbenefits, while the rollback scenario shows no impact for these metrics (Table 1). 

 

Health Benefits 

 

The total health impacts of the O&G sector under a BAU scenario in 2028 are higher than in 

2016, 8,700 (5,200 - 14,000) lives lost, 2,300 (870 - 3,500) new childhood asthma cases, and 

410,000 (8,900 - 810,000) asthma exacerbations (Table 2). The total value of health impacts 

was $90 billion ($2016 USD) ($32 billion - $210 billion). Proportions across pollutants were 

similar to 2016, with 2,700 deaths due to PM2.5 reductions (31%), 3,300 (38%) due to ozone 

reductions, and 2,700 (31%) due to NO2 reductions. When population growth and aging is 

incorporated, the 2028 health burden increases reflected an aging population – cases of 

hospitalizations and other outcomes only affecting those ≥ 65 years went up by near 50%, 
attributable deaths went up by 7%, and asthma cases went up by less than 1% (Tables S5-

S14).  

 

The health benefits of each policy scenario also follow the degree of ambition of each policy. 

The ambitious scenario resulted in 1,400 (95% CI: 820 - 2,300) lives saved, 390 (95% CI: 150 - 

570) asthma cases avoided, and 77,000 (95% CI: 1,800 - 150,000) asthma exacerbations 

avoided (Table 2). In contrast, the rollback scenario resulted in between 16 lives lost and 3 lives 

saved and 2.7 to 16 new asthma cases produced. The proportions by pollutant varied between 

policy scenarios. Under the ambitious case, 43% of deaths avoided were from ozone reduction, 

22% from PM2.5, and 37% from NO2. Under the rollback scenario, there was an increase in 

deaths due to ozone with some reduction in deaths due to PM2.5, and little change from NO2. 

With 2030 population projections, the changes were similar to those under the 2028 BAU 

(Tables S5-14). 

 

Health benefits per methane reduction 

 

In 2028, the health co-impacts of air pollution from O&G were worth approximately $6,400 per 

ton of methane – approximately 5x the social cost of the methane emissions (Figure 4). 

Compared to the total impacts of O&G production, the policies evaluated here benefit health 

more than climate. For each policy case, the value of the health impacts or benefits is similar to 

that of the climate benefits (Figure 4). Compared to BAU, the Ambitious case reduces methane 

emissions by slightly over half and health impacts of O&G by around 1/6th (Figure 4, Tables 1 

and 2). The Strong State scenario cuts emissions by nearly a third, but health impacts by 

around 2% (Figure 4, Tables 1 and 2).  

 

Discussion:  

 



In 2016, there was a substantial health impact of air pollution from oil and gas production that is 

projected to increase slightly through 2028, independent of population growth and aging. The 

impacts of air pollution from O&G are fairly concentrated in regions with O&G production, with 

some regional spread to areas outside major O&G producing regions. NO2 is the largest 

contributor to health impacts, followed by ozone and then PM2.5. NO2 impacts are the most 

tightly constrained, and ozone is the most dispersed, and regional spread is substantial. The 5 

states with the highest impacts due to O&G pollution – TX, PA, OH, OK, and LA – all have high 

levels of O&G activity. However, IL and NY have the 6th and 8th highest impact, despite having 

little O&G activity in-state.  

 

The health benefits of the policies follow the degree of ambition of the policy. Benefits are 

moderately concentrated in areas where emissions reductions occur, with some impacts 

occurring in areas downwind, and similar geographical patterns of benefits by exposed pollutant 

type. The rollback scenario has some complexities apparent in trends by pollutant, where there 

is increasing PM2.5 concentrations in some areas, and decreasing ozone in others, likely 

reflecting regional differences in chemical regimes and complex interactions between pollutants. 

Policies that reduce methane can have substantial health benefits but compared to the total 

impact of the sector, benefit climate proportionately more than health. This indicates that 

emissions from O&G production processes that are not affected by these methane reduction 

policies have a strong role to play in health impacts, and that the health benefits of O&G policies 

can be enhanced by also reducing other emissions, like NOx. 

 

Our results here are subject to a number of uncertainties throughout the modeling chain. The 

emissions inventories used here most likely underestimate actual methane emissions from the 

O&G sector4 and are likely to underestimate NMVOC emissions as well. Additionally, the 

number of compressor stations in the emissions inventory may also be undercounted. In 

Pennsylvania (PA), for example, the EPA inventory of point sources in 2017 contains 72 

compressor stations in PA5. A recent study in PA found that 361 compressor stations were 

operational in 201324. Additionally, the PA Department of Environmental Protection (PA DEP) 

has 353 permitted compressor stations in 2013 and 547 permitted in 201625. These missing 

emissions, along with uncertainties in the CMAQ model and interactions with these missing 

emissions introduce additional uncertainty. The spatial resolution of the atmospheric modeling, 

while rather robust for most regional-scale applications and when compared to global-scale 

models, limits our ability to capture fine scale effects, which are likely to be important near O&G 

operations. Even though the CRFs have independent health effect estimates, there could still be 

residual double-counting between pollutants. Additionally, the CRFs and background health 

data used here do not capture differences by race/ethnicity, income, or education levels; 

morbidity outcomes are generally at state level rather than county level. This limits our ability to 

capture possible interactions leading to increased impact in communities near O&G activity. 

Since our model exclusively captures health impacts from three of the criteria pollutants that 

have national health-based standards – ozone, PM2.5, and NO2 – we omit health benefits from 

reductions to other hazardous pollutants that can exist at high concentrations near O&G 

production, like benzene, toluene, ethylbenzene, xylene, formaldehyde, and acetaldehyde, 

among others26,27. Additionally, this study focuses on air quality and health impacts from O&G 



production – the “upstream” portion of the supply chain. This assessment is a component of a 

full assessment of the health costs of gas across the life cycle. Impacts associated with 

midstream and downstream leakage and combustion, along with hazardous air pollutants, water 

pollutants, and safety are not included here. 

 

Despite these limitations, we demonstrate substantial public health impact from the O&G sector, 

and substantial benefits of policies that reduce CH4 emissions and co-pollutants. We 

demonstrate this using a robust method to evaluate health benefits of policies that makes 

substantial advancements from previous models for health benefits of climate policies12–15,17. 

These advancements include new health-relevant air pollutants, detailed chemistry relevant to 

pollutant formation6,28, updated epidemiology showing the relationship between long-term 

exposure to ozone9 and increased mortality risk, and include impacts due to long-term NO2 

exposure10. Most prior assessments of health benefits of GHG reduction policies focus on 

reducing combustion-related CO2 emissions, and the health benefits of co-emitted PM2.5, PM2.5 

precursors, and occasionally ozone17. Our PM2.5 and ozone exposures are similar to previous 

work modeling the health impacts of O&G production19, and our finding of elevated ozone 

concentrations, and widespread ozone formation of O&G in the central U.S. is similar to satellite 

observations29 and modeling studies19,30. Our estimates of the health impacts of PM2.5 from O&G 

are fairly similar to previous findings19. However, our results for health impacts of ozone are 

much higher, reflecting our use of a CRF for long-term exposure to ozone9,19. That, alongside 

our inclusion of NO2, results in substantially higher total health impacts of O&G production. Our 

work demonstrates that there are health benefits of climate policies outside those targeted 

toward reducing fuel combustion. It also shows that assessments focusing on PM2.5, that do not 

include long-term exposure to ozone or NO2, may be substantially underestimating total health 

benefits of policies.  

 

O&G production has substantial health impacts alongside the climate impacts from methane 

emissions, and reducing methane emissions can have substantial health benefits through 

reducing exposure to ozone, PM2.5, and NO2. These health impacts, and the benefits of policies, 

can extend well outside O&G producing regions, and make substantial contributions to air 

pollution and health impacts in populated areas far from O&G producing regions. However, 

policies which also reduce emissions from other components of O&G production alongside 

methane will likely lead to even higher health benefits. If used in policy decisions, information on 

health benefits and their distribution can ensure that policies benefit public health, and 

substantially reduce the pollution burden for communities near O&G production. 
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Tables: 

 

Table 1: Oil and gas sector emissions and source contribution to air quality. Results for each 

scenario are compared to that year’s BAU. 

  2016 2028 (policy case - BAU) 

  

Full Health 

Burden of 

Sector 

Emissions 

Strong 

Federal 

and State 

Federal 

BAU and 

Strong 

State 

EPA 

Base 

Case  Rollback 

Full 

Burden of 

Sector 

Emission

s 

 
Emissions 
contributio
n 
(tons/year) 

 
CH4 21,343,54

8 

-

9,319,551 

-5,752,507 4,138,73

6 

728,17

4 

13,969,7

39 

NMVOCs 
2,994,766 -

1,020,042 

-125,350 45,689 163,82

5 

3,520,87

2 

 
NOx 1,002,690 -176,292 -28,387 17,539 29.0 949,025 

 
SO2 54,669 -1,436 -169 41 9.0 76,166 

 
PM2.5 25,973 -5,047 -493 439 3.0 30,127 

 
NH3 4,364 -1.5 0.0 35 0.0 4,395 

PM2.5 
changes 

 
Min -0.001 -0.751 -0.201 -0.543 -0.003 <0.000 



(µg/m3)  
Mean 0.065 -0.011 -0.001 <0.000 <0.000 0.080 

 
Max 1.682 0.002 0.000 0.711 0.002 1.571 

Daily 

PM2.5 

(>35µg/

m3) 

 
Annual 29 -7 0 1 0 18 

Daily 

PM2.5 

(>12µg/

m3) 

 
Annual 1 -1 -1 0 0 1 

Ozone 
changes 
(ppbv) 

 
Min -0.423 -1.256 -1.214 -0.465 0.000 -0.119 

 
Mean 0.602 -0.134 -0.025 0.005 0.003 0.726 

 
Max 2.701 0.461 0.019 0.455 0.073 3.368 

Ozone 

(>70ppb

v) 

 
Annual 634 -29 -8 2 0 139 

NO2 
changes 
(ppbv) 

 
Min -0.014 -6.782 -6.708 -4.057 -0.001 -0.01 

 
Mean 0.170 -0.036 -0.006 0.000 0.000 0.166 

 
Max 17.183 0.001 0.001 4.091 0.018 17.373 

 

Table 2: Health impacts of O&G in 2016, in 2028 in a BAU scenario, and health benefits of 

different policy cases in 2028 compared to BAU. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Cases 

        2028 Benefits of Policies Compared to BAU 

Health 

Outcome 

Pollut

ant 2016 2028 BAU 

Ambitious 

Policy Case Rollback 

Strong 

State + 

Federal 

BAU EPA Base 

Deaths 

(Vodonos et 

al.) PM2.5 

2,100 

(1,800 - 

2,400) 

2,700 

(2,200 - 

3,100) 

310 (260 - 

360) 

14 (12 - 

16) 44 (37 - 51) 

-7.1 (-6 - -

8.3) 

Deaths 

(Turner et al.) O3 

2,600 

(1,300 - 

5,200) 

3,300 

(1,700 - 

6,600) 

600 (300 - 

1,200) 

-16 (-8 - -

32) 

84 (42 - 

170) 

-24 (-12 - -

49) 

Deaths 

(Faustini et 

al.) NO2 

2,800 

(1,400 - 

4,100) 

2,700 

(1,400 - 

4,100) 

520 (260 - 

780) 

-0.0091 (-

0.0046 - -

0.014) 

91 (46 - 

140) 

-18 (-8.8 - 

-26) 

Cardiovascul

ar 

Hospitalizatio

ns (Levy & 

Zanobetti 

Pooled) PM2.5 

110 (74 - 

140) 

140 (95 - 

180) 16 (11 - 21) 

0.73 (0.5 - 

0.96) 

2.2 (1.5 - 

2.9) 

-0.36 (-

0.25 - -

0.47) 

Respiratory 

Hospitalizatio

ns (Levy & 

Zanobetti 

Pooled) PM2.5 

110 (58 - 

170) 

140 (74 - 

210) 17 (8.7 - 25) 

0.73 (0.38 

- 1.1) 

2.2 (1.1 - 

3.2) 

-0.33 (-

0.17 - -

0.5) 



Heart Attacks 

(Mustafić et 
al.) PM2.5 

96 (57 - 

140) 

120 (73 - 

180) 14 (8.5 - 20) 

0.64 (0.38 

- 0.92) 

1.9 (1.1 - 

2.7) 

-0.33 (-0.2 

- -0.48) 

Heart Attacks 

(Mustafić et 
al.) NO2 

170 (94 - 

250) 

170 (93 - 

250) 31 (17 - 46) 

0.0043 

(0.0024 - 

0.0063) 

5.3 (2.9 - 

7.8) 

-1 (-0.55 - 

-1.5) 

Respiratory 

Hospitalizatio

ns (Ji et al.) O3 

1,300 (490 - 

2,200) 

1,700 (620 

- 2,800) 

310 (110 - 

510) 

-7.8 (-2.8 - 

-13) 41 (15 - 67) 

-12 (-4.2 - 

-19) 

Asthma 

Incidence 

(Khreis et al.) PM2.5 

800 (270 - 

1,300) 

990 (330 - 

1,600) 

120 (40 - 

190) 

5 (1.7 - 

8.3) 15 (5 - 25) 

-2.6 (-0.88 

- -4.3) 

Asthma 

Incidence 

(Khreis et al.) NO2 

1,400 (550 - 

1,900) 

1,300 (530 

- 1,800) 

270 (110 - 

380) 

-0.038 (-

0.016 - -

0.053) 38 (16 - 53) 

-9.3 (-3.8 - 

-13) 

Asthma 

Hospitalizatio

ns (Orellano 

et al.) PM2.5 6 (0 - 12) 7.6 (0 - 15) 

0.88 (0 - 

1.8) 

0.04 (0 - 

0.081) 

0.13 (0 - 

0.27) 

-0.029 (0 - 

-0.059) 

Asthma 

Hospitalizatio

ns (Orellano 

et al.) NO2 

47 (1.2 - 

93) 

45 (1.2 - 

90) 9 (0.23 - 18) 

-0.0063 (-

0.00016 - -

0.013) 

1.7 (0.043 - 

3.4) 

-0.33 (-

0.0083 - -

0.65) 

Asthma ED 

Visits 

(Orellano et 

al.) PM2.5 63 (0 - 130) 79 (0 - 160) 9.7 (0 - 20) 

0.41 (0 - 

0.83) 1.2 (0 - 2.4) 

-0.27 (0 - -

0.55) 

Asthma ED 

Visits 

(Orellano et 

al.) NO2 

470 (12 - 

930) 

460 (12 - 

910) 

99 (2.5 - 

200) 

-0.012 (-

0.00029 - -

0.023) 

12 (0.31 - 

24) 

-3 (-0.077 

- -6) 

Asthma 

Exacerbation

s (Orellano et 

al.) PM2.5 

48,000 (0 - 

98,000) 

60,000 (0 - 

120,000) 

7,100 (0 - 

14,000) 

310 (0 - 

630) 

960 (0 - 

1,900) 

-160 (0 - -

330) 

Asthma 

Exacerbation

s (Orellano et 

al.) NO2 

360,000 

(9,200 - 

710,000) 

350,000 

(8,900 - 

690,000) 

70,000 

(1,800 - 

140,000) 

-11 (-0.27 

- -21) 

11,000 (280 

- 22,000) 

-2,800 (-

71 - -

5,500) 



Low Birth 

Weight (Sun 

et al.) PM2.5 5.6 (2 - 9.2) 7 (2.5 - 11) 

0.83 (0.3 - 

1.3) 

0.035 

(0.013 - 

0.057) 

0.11 (0.038 

- 0.17) 

-0.018 (-

0.0064 - -

0.029) 

Preterm Birth 

(Sun et al.) PM2.5 

15 (3.5 - 

26) 

18 (4.4 - 

32) 

2.3 (0.55 - 

4) 

0.086 

(0.021 - 

0.15) 

0.25 (0.06 - 

0.43) 

-0.046 (-

0.011 - -

0.08) 

Deaths 

All 

Three 

7,500 

(4,500 - 

12,000) 

8,700 

(5,200 - 

14,000) 

1,400 (820 - 

2,300) 

-2.2 (3.7 - 

-16) 

220 (120 - 

360) 

-49 (-27 - -

83) 

Asthma 

Incidence 

PM2.5 

and 

NO2 

2,200 (830 - 

3,200) 

2,300 (870 

- 3,500) 

390 (150 - 

570) 

5 (1.7 - 

8.3) 53 (21 - 78) 

-12 (-4.7 - 

-17) 

Asthma 

Hospitalizatio

ns 

PM2.5 

and 

NO2 

53 (1.2 - 

110) 

53 (1.2 - 

110) 

9.9 (0.23 - 

20) 

0.034 (-

0.00016 - 

0.068) 

1.8 (0.043 - 

3.6) 

-0.35 (-

0.0083 - -

0.71) 

Asthma ED 

Visits 

PM2.5 

and 

NO2 

530 (12 - 

1,100) 

540 (12 - 

1,100) 

110 (2.5 - 

220) 

0.4 (-

0.00029 - 

0.81) 

13 (0.31 - 

27) 

-3.3 (-

0.077 - -

6.6) 

Asthma 

Exacerbation

s 

PM2.5 

and 

NO2 

410,000 

(9,200 - 

810,000) 

410,000 

(8,900 - 

810,000) 

77,000 

(1,800 - 

150,000) 

300 (-0.27 

- 610) 

12,000 (280 

- 23,000) 

-2,900 (-

71 - -

5,800) 

Respiratory 

Hospitalizatio

ns 

PM2.5 

and 

Ozone 

1,500 (550 - 

2,400) 

1,800 (690 

- 3,000) 

320 (120 - 

530) 

-7.1 (-2.4 - 

-12) 43 (16 - 70) 

-12 (-4.4 - 

-20) 

Heart Attacks 

PM2.5 

and 

NO2 

270 (150 - 

390) 

290 (170 - 

420) 45 (26 - 66) 

0.64 (0.39 

- 0.93) 7.2 (4 - 10) 

-1.3 (-0.75 

- -1.9) 

    Valuation (2016 USD) 

        2028 Benefits of Policies Compared to BAU 

Health 

Outcome 

Pollut

ant 2016  2028 BAU 

Ambitious 

Policy Case Rollback 

Strong 

State + 

Federal 

BAU EPA Base 

Deaths 

(Vodonos et 

al.) PM2.5 

$21 billion 

($11 billion 

- $35 

billion) 

$28 billion 

($14 billion 

- $45 

billion) 

$3.2 billion 

($1.6 billion 

- $5.2 

billion) 

$140 

million 

($74 

million - 

$450 million 

($230 

million - 

$740 

$-73 

million ($-

37 million - 

$-120 



$230 

million) 

million) million) 

Deaths 

(Turner et al.) O3 

$27 billion 

($8 billion - 

$76 billion) 

$34 billion 

($10 billion 

- $96 

billion) 

$6.2 billion 

($1.8 billion 

- $17 billion) 

$-160 

million ($-

49 million - 

$-470 

million) 

$860 million 

($260 

million - 

$2.5 billion) 

$-250 

million ($-

74 million - 

$-710 

million) 

Deaths 

(Faustini et 

al.) NO2 

$28 billion 

($8.5 billion 

- $60 

billion) 

$28 billion 

($8.6 billion 

- $60 

billion) 

$5.4 billion 

($1.6 billion 

- $11 billion) 

$-94,000 

($-28,000 - 

$-200,000) 

$940 million 

($280 

million - $2 

billion) 

$-190 

million ($-

54 million - 

$-380 

million) 

Cardiovascul

ar 

Hospitalizatio

ns (Levy & 

Zanobetti 

Pooled) PM2.5 

$3.9 million 

($2.7 

million- $5.1 

million) 

$5 million 

($3.4 

million - 

$6.5 

million) 

$570,000 

($390,000 - 

$750,000) 

$26,000 

($18,000 - 

$34,000) 

$79,000 

($54,000 - 

$100,000) 

$-13,000 

($-9,000 - 

$-17,000) 

Respiratory 

Hospitalizatio

ns (Levy & 

Zanobetti 

Pooled) PM2.5 

$3.4 million 

($1.8 million 

- $5 million) 

$4.2 million 

($2.2 

million - 

$6.3 

million) 

$510,000 

($260,000 - 

$750,000) 

$22,000 

($11,000 - 

$33,000) 

$66,000 

($33,000 - 

$96,000) 

$-9,900 

($-5,100 - 

$-15,000) 

Heart Attacks 

(Mustafić et 
al.) PM2.5 

$6.7 million 

($4 million - 

$9.6 million) 

$8.4 million 

($5.1 

million - 

$13 million) 

$980,000 

($590,000 - 

$1,400,000) 

$45,000 

($27,000 - 

$64,000) 

$130,000 

($77,000 - 

$190,000) 

$-23,000 

($-14,000 

- $-

34,000) 

Heart Attacks 

(Mustafić et 
al.) NO2 

$12 million 

($6.6 

million- $18 

million) 

$12 million 

($6.5 

million - 

$17 million) 

$2.2 million 

($1.2 million 

- $3.2 

million) 

$300 

($170 - 

$440) 

$370,000 

($200,000 - 

$550,000) 

$-70,000 

($-38,000 

- $-

100,000) 

Respiratory 

Hospitalizatio

ns (Ji et al.) O3 

$41 million 

($15 million 

- $67 

million) 

$51 million 

($19 million 

- $84 

million) 

$9.3 million 

($3.3 

million- $15 

million) 

$-230,000 

($-84,000 - 

$-390,000) 

$1.2 million 

($450 

thousand - 

$2 million) 

$-360,000 

($-130,000 

- $-

570,000) 

Asthma 

Incidence 

(Khreis et al.) PM2.5 

$47 million 

($6.4 million 

- $120 

million) 

$58 million 

($7.9 

million - 

$150 

million) 

$7 million 

($950 

thousand - 

$18 million) 

$290,000 

($40,000 - 

$770,000) 

$880 

thousand 

($120 

thousand - 

$2.3 million) 

$-150,000 

($-21,000 

- $-

400,000) 



Asthma 

Incidence 

(Khreis et al.) NO2 

$80 million 

($13 million 

- $180 

million) 

$76 million 

($13 million 

- $170 

million) 

$16 million 

($2.6 million 

- $35 

million) 

$-2,200 ($-

380 - $-

4,900) 

$2.2 million 

($380 

thousand- 

$4.9 million) 

$-540 

thousand 

($-90 

thousand - 

$-1.2 

million) 

Asthma 

Hospitalizatio

ns (Orellano 

et al.) PM2.5 

$110,000 

($0 - 

$220,000) 

$140,000 

($0 - 

$270,000) 

$16,000 ($0 

- $33,000) 

$730 ($0 - 

$1,500) 

$2,400 ($0 - 

$4,900) 

$-530 ($0 

- $-1,100) 

Asthma 

Hospitalizatio

ns (Orellano 

et al.) NO2 

$860,000 

($22,000 - 

$1,700,000) 

$820,000 

($22,000 - 

$1,600,000

) 

$160,000 

($4,200 - 

$330,000) 

$-120 ($-

2.9 - $-

240) 

$31,000 

($780 - 

$62,000) 

$-6,000 

($-150 - $-

12,000) 

Asthma ED 

Visits 

(Orellano et 

al.) PM2.5 

$28,000 ($0 

- $60,000) 

$36,000 

($0 - 

$75,000) 

$4,400 ($0 - 

$9,400) 

$190 ($0 - 

$390) 

$540 ($0 - 

$1,100) 

$-120 ($0 

- $-260) 

Asthma ED 

Visits 

(Orellano et 

al.) NO2 

$210,000 

($5,200 - 

$440,000) 

$210,000 

($5,200 - 

$430,000) 

$45,000 

($1,100 - 

$94,000) 

$-5.4 ($-

0.13 - $-

11) 

$5,400 

($130 - 

$11,000) 

$-1,400 

($-33 - $-

2,800) 

Asthma 

Exacerbation

s (Orellano et 

al.) PM2.5 

$2.9 million 

($0 - $9.6 

million) 

$3.6 million 

($0 - $12 

million) 

$420 

thousand 

($0 - $1.4 

million) 

$18,000 

($0 - 

$62,000) 

$57,000 ($0 

- $190,000) 

$-9,500 

($0 - $-

33,000) 

Asthma 

Exacerbation

s (Orellano et 

al.) NO2 

$21 million 

($200 

thousand - 

$70 million) 

$21 million 

($190 

thousand - 

$68 million) 

$4.2 million 

($39 

thousand - 

$14 million) 

$-660 ($-

5.8 - $-

2,100) 

$660 

thousand 

($6.1 

thousand - 

$2.2 million) 

$-170,000 

($-1,500 - 

$-540,000) 

Low Birth 

Weight (Sun 

et al.) PM2.5 

$89,000 

($32,000 - 

$140,000) 

$110,000 

($39,000 - 

$170,000) 

$13,000 

($4,700 - 

$20,000) 

$550 

($200 - 

$900) 

$1,700 

($600 - 

$2,700) 

$-280 ($-

100 - $-

460) 

Preterm Birth 

(Sun et al.) PM2.5 

$4.8 million 

($1.2 

million- $8.4 

million) 

$5.9 million 

($1.4 

million - 

$11 million) 

$760 

thousand 

($180 

thousand- 

$1.3 million) 

$28,000 

($6,900 - 

$49,000) 

$82,000 

($20,000 - 

$140,000) 

$-15,000 

($-3,600 - 

$-26,000) 



Deaths 

All 

Three 

$77 billion 

($27 billion 

- $170 

billion) 

$90 billion 

($32 billion 

- $200 

billion) 

$14 billion 

($5 billion - 

$33 billion) 

$-23 

million 

($23 

million - $-

230 

million) 

$2.3 billion 

($740 

million - 

$5.2 billion) 

$-500 

million ($-

170 million 

- $-1.2 

billion) 

Asthma 

Incidence 

PM2.5 

and 

NO2 

$130 million 

($20 million 

- $300 

million) 

$130 

million ($21 

million - 

$330 

million) 

$23 million 

($3.6 million 

- $53 

million) 

$290,000 

($40,000 - 

$770,000) 

$3.1 million 

($500 

thousand - 

$7.2 million) 

$-700 

thousand 

($-110 

thousand - 

$-1.6 

million) 

Asthma 

Hospitalizatio

ns 

PM2.5 

and 

NO2 

$970,000 

($22,000 - 

$1,900,000) 

$970,000 

($22,000 - 

$2 million) 

$180,000 

($4,200 - 

$370,000) 

$620 ($-

2.9 - 

$1,200) 

$33,000 

($780 - 

$66,000) 

$-6,400 

($-150 - $-

13,000) 

Asthma ED 

Visits 

PM2.5 

and 

NO2 

$240,000 

($5,200 - 

$500,000) 

$240,000 

($5,200 - 

$520,000) 

$50,000 

($1,100 - 

$100,000) 

$180 ($-

0.13 - 

$380) 

$5,900 

($130 - 

$13,000) 

$-1,500 

($-33 - $-

3,100) 

Asthma 

Exacerbation

s 

PM2.5 

and 

NO2 

$24 million 

($200,000 - 

$80 million) 

$24 million 

($190,000 - 

$80 million) 

$4.6 million 

($39 

thousand - 

$15 million) 

$18,000 

($-5.8 - 

$60,000) 

$720 

thousand 

($6 

thousand - 

$2.3 million) 

$-170,000 

($-1,500 - 

$-570,000) 

Respiratory 

Hospitalizatio

ns 

PM2.5 

and 

Ozone 

$44 million 

($16 million 

- $72 

million) 

$54 million 

($21 million 

- $90 

million) 

$9.6 million 

($3.6 million 

- $16 

million) 

$-210,000 

($-72,000 - 

$-360,000) 

$1.3 million 

($480 

thousand - 

$2.1 million) 

$-360,000 

($-130,000 

- $-

600,000) 

Heart Attacks 

PM2.5 

and 

NO2 

$19 million 

($11 million 

- $27 

million) 

$20 million 

($12 million 

- $29 

million) 

$3.1 million 

($1.8 million 

- $4.6 

million) 

$45,000 

($27,000 - 

$65,000) 

$500,000 

($280,000 - 

$700,000) 

$-91,000 

($-52,000 

- $-

130,000) 

Grand Total   

$77 billion 

($27 billion 

- $170 

billion) 

$90 billion 

($32 billion 

- $200 

billion) 

$14 billion 

($5.1 billion 

- $34 billion) 

$-22 

million 

($23 

million - $-

230 

million) 

$2.3 billion 

($740 

million - 

$5.2 billion) 

$-510 

million ($-

170 million 

- $-1.2 

billion) 
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Fig. 1: Change in annual average concentration of pollutants due to O&G air pollution in 2016, 

health impacts of O&G air pollution in 2028 under a “business as usual” scenario, and health 
benefits of an ambitious policy case and a policy rollback case in 2028, compared to BAU. 
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Fig. 2: Health impacts of O&G air pollution in 2016, health impacts of O&G air pollution in 2028 

under a “business as usual” scenario, and health benefits of an ambitious policy case and a 

policy rollback case in 2028, compared to BAU. 

 



 



Fig 3: State level impacts of oil & gas production in 2028, and state level benefits of an 

ambitious methane reduction policy in terms of emissions reductions and deaths and asthma 

exacerbations avoided, both total and per million people.  

 

 

 
 



Fig 4: $ value of health co-benefits per ton CH4 reduced under each policy, and comparison of 

health costs and social cost of methane. Areas above the grey line are where health benefits 

exceed climate benefits. 



Figures

Figure 1

Change in annual average concentration of pollutants due to O&G air pollution in 2016, health impacts of
O&G air pollution in 2028 under a “business as usual” scenario, and health bene�ts of an ambitious
policy case and a policy rollback case in 2028, compared to BAU.



Figure 2

Health impacts of O&G air pollution in 2016, health impacts of O&G air pollution in 2028 under a
“business as usual” scenario, and health bene�ts of an ambitious policy case and a policy rollback case
in 2028, compared to BAU.



Figure 3

State level impacts of oil & gas production in 2028, and state level bene�ts of an ambitious methane
reduction policy in terms of emissions reductions and deaths and asthma exacerbations avoided, both
total and per million people.



Figure 4

$ value of health co-bene�ts per ton CH4 reduced under each policy, and comparison of health costs and
social cost of methane. Areas above the grey line are where health bene�ts exceed climate bene�ts.
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