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Long-Term Air Pollution and Health 

• Long-term exposures to PM2.5 lead to 
premature deaths due to cardiovascular illness 
and lung cancer 

– Effects are well documented from multiple studies 
in the U.S. and Europe 

• Long-term exposures to O3 may also lead to 
premature deaths due to respiratory causes 

– Evidence from just one study in the U.S. 



Climate-Pollution-Health Interactions 



What do we quantify in ACHIA? 



ACHIA Integrated Model Framework 





Integrated, multi-scale 
assessment framework 

CLE – Emission reductions due to current legislation 
MFR – Maximum feasible reductions of future emissions 



Global Scale Effects of PM2.5 (left) and O3-related (right) on deaths per 100,000 in in 
2005 (top), and in 2030 under CLE (middle) and MFR (bottom) scenarios.  

Brown=more deaths; Blue=less deaths.  
 



Projected European Scale changes in PM2.5- (left) and O3-
related (right) deaths per 100,000 in 2030 under CLE (top) and 

MFR (bottom) scenarios.  



Future changes in cardiovascular mortality (15+) * 1000 due to 
PM2.5 in 2030 under CLE and MFR scenarios on GLOBAL and 

EUROPEAN scales for 38 countries in Europe  



Wintertime PM2.5 daily average fields (μg/m3) for REG05o (left) and 
LOC4km (right) in the baseline simulation (top) and the differences 

between the changes by 2050 under the CLE (middle) and MFR (bottom) 
scenarios.  



Projected changes in CV mortality death rates in 
2050 relative to present in IDF using CLE (left) 

and MFR (right) scenarios 
More red = less deaths  



Scale comparison: IdF vs. European 
(changes in cardiovascular deaths in 

2050 vs. present, CLE and MFR) 



ACHIA - Highlights 

• We were able to develop a consistent 
modeling framework for assessing health 
impacts of PM2.5 and O3 across three spatial 
domains and scales – global, European, Ile-de-
France  

• Differences in HIA results were observed 
across scales, highlighting value of multiple 
scales of analysis 

• We successfully formed a multi-disciplinary 
team that was able to work jointly to address 
these questions 

 



Direct Effect of Temperature 

 on Mortality 

 
 



Methods 

• Historical Data  

   Maximum daily temperature and daily mortality 

counts for New York county (Manhattan) from 1982 

to 1999  

 

• Statistical Modeling 

    Poisson GLM regression 

 
daily mortality ~ natural spline(Tempmax_lag, 3df) + 

natural spline(time, 7df) + day of week indicator 



Results: Exposure-Response Curve 

Warm and cold 

effects fitted 

separately: 

 

Lag 0 for warm 

effect 

Lag 2 for cold 

effect 

 

Assumed no 

effect for T range 

where 95% CI’s 

crossed zero line 



Future temperature modeling: 

• Projected future Tmax using 32 combinations of 

global climate models and greenhouse gas 

emissions scenarios. 

– Two IPCC emissions scenarios (A2 and B1) 

– 16 Global Climate Models from IPCC 4th 

assessment report 

• Statistical downscaling to Central Park, NY 

station for 2020s, 2050s and 2080s. Baseline 

period is the 30 year climatological baseline of 

1970 to 1999 (referred to here as “1980s”) 

 





Mortality Risk Assessment 

DMortality=Y0 ´ERF´DT

            

Y0 is baseline daily mortality rate (per 100,000 population) 

POP is population 

ERC is percentage change in mortality from baseline, which is 

derived by fitting daily projected temperature to the spline 

function of percentage change in mortality versus temperature.  

is daily temperature-related additional deaths  

Y0 is baseline average daily death count 

ERF (exposure response function) describes the non-linear 

percentage change in mortality per unit change temperature. 

ΔT is daily observed for projected Tmax – the minimum 

mortality temperature (MMT) 

Mortality is daily temperature-related deaths  



Annual 

temperature-

related deaths 

in baseline 

and future 

periods 



Percent change (2080s vs. 1980s) in net 

temperature-related deaths, by month 



Conclusions 

• Daily mortality was associated with both cold and warm 

temperatures in an 18 year dataset from Manhattan 

• We projected future mortality resulting from changing 

temperatures, based on 2 IPCC emissions scenarios and 16 

climate models 

• We saw small decreases in cold-related deaths and larger 

increases in heat-related deaths, yielding steady increases in 

net annual temperature-related deaths across decades 

• Higher mortality impacts for higher GHG emissions scenario 

• Climate has different effects across months 

• But, we held population, ERF, and baseline death rate 

constant  

• Current work is exploring future population and adaptation scenarios 


