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S1. Model Evaluation with Satellite and Ground-based Observations 3 

Comparison with field- and satellite-derived PM2.5 (SM-Table S2), and field-based SO2 (Table 4 

S3) and NO2 (Table S4) observations are shown in Fig. S4(a) and Fig. S4(b). Modeled and 5 

satellite-derived PM2.5 for Indian region had a coefficient of correlation r =  0.895 and NMB = 6 

27%]. The magnitude of NMB increased when using ground-based SO2 concentration and the 7 

NO2 concentrations were highly underestimated within the UAs (Fig. S4(b); SO2: r = 0.53, NMB 8 

= 26%; NO2: r = 0.40, NMB = -63%). The modeled NO2 concentration was found to be in a 9 

good agreement with the NAMP concentration values of > 15 µg m
ï3

 (NMB = 18.5%) while a 10 

slight underestimation was observed for the SO2 concentration values of < 15 µg m
ï3 

(NMB = -11 

8%). This is reasonable because the model captures concentrations at 0.5º×0.625º resolution, 12 

whereas urban measurements are dependent on sampling locations and the abilities to capture 13 

urban plumes. Satellite-based measurements can also underestimate NO2 concentrations in urban 14 

cores and overestimate them outside urban cores [1, 2] and introduce a 20-30% bias. Our model 15 

grid size means the model captures both the urban cores and the outside regions. Therefore, a 16 

one-to-one comparison of model and ground-observations is not accurate. As such, our results 17 

are applicable to the PM2.5 concentrations and population exposure over the model grid, as done 18 

in other studies (e.g., David et al. [1]), which encompasses the city (with the population being 19 

more concentrated within the city). 20 

 21 

S2. Premature Mortality in India during 2010  22 

https://www.zotero.org/google-docs/?OKS6nx
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The premature mortality was estimated as 0.54 (0.45 ï 0.63) million in India using integrated 1 

exposure response (IER) function (to all age groups above 25 years) for 4 diseases (ischemic 2 

heart disease (IHD), chronic obstructive pulmonary disorder (COPD), stroke and lung cancer 3 

(LC)). The 2010 premature mortality in India and the percent contribution of the 4 diseases 4 

considered in the study is shown in Fig. S5 and Fig. S6, respectively. Stroke is the major reason 5 

for the premature deaths in India followed by IHD, COPD and LC (Table S6). Due to high 6 

population density and PM2.5 concentration in the IGP region the premature mortality is high in 7 

this region as compared to other parts of India.  8 

 9 

S3. Premature Mortality in 53 Rural Regions of India 10 

Tables S9, S10 and Fig. S7 present the premature mortality and the percentage of BOD with 11 

respect to the population in 53 rural regions in India. Fig. S7 also presents the concentration of 12 

PM2.5 and its chemical components in these rural regions. The premature mortality with respect 13 

to population in the rural regions ranged from 0.02% to 0.069% with the average of 0.052%.  14 

The annual average PM2.5 concentration in these rural sites was estimated to be 50.1 µg m
-3

 15 

(12.5 µg m
-3

 at Pangi region of Chamba district of Himachal Pradesh to 105.33 µg m
-3

 at Jakhal 16 

region of Fatehabad of Haryana state). The annual average PM2.5 concentration in the rural sites 17 

(50.1 µg m
-3

) are lower than the annual average concentration of PM2.5 at UAs (63.33 µg m
-3

) of 18 

India. This value is less than the UA of India. From Fig. S7, it can be seen that the premature 19 

mortality is directly proportional to the PM2.5 concentration. 20 

Fig. S9 presents the comparison of PM2.5 concentration for the administrative zones 21 

(namely, northern, southern, eastern, western and central zones as in Fig. S8) of India. It is 22 
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observed that the annual average PM2.5 concentrations in the UAs in the respective zone is 1 

found to be higher than the rural sites. The t-test was performed to confirm this hypothesis and 2 

the p-value was estimated for the 5 zones considered (as presented in Table S11).  3 

The premature mortality in the rural areas were 1.2% to 50.6% higher than the country 4 

averaged BOD. Whereas there were few sites whose premature mortality was observed to be less 5 

than the average BOD of India. This is because of the low PM2.5 concentration (12.5 µg m-3 ï 6 

35.4 µg m-3) as well as the low population within the region. 7 
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 1 

Fig. S1. The spatial distribution of anthropogenic emissions of different species in India for the 2 

year 2010. 3 

 4 

Fig. S2. 2010 spatial annual mean concentration (µg m-3) of NO3
-
, NH4

+,
 SO4

2-,
 BC and OC 5 

where the inset values are the annual mean concentrations of the respective species. 6 
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