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26 European cities in 12 countries

APHEIS network: multi-year, multi-city project on short-term 
health effects of air-pollution

http://www.aphekom.org



log µt = β0 + φ(Ut−n) + αZT
t−m + βXt−lβ

Time series epidemiological model (GAM)

= linear ƒ( )
daily mortality counts day averaged pollutant levels



NO2, O3, PM2.5 
vs.mortality

Paris, 2000-2005

Paris



0
.0

0
0

.0
5

0
.1

-0
.0

5

Results of the single-pollutant model
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NO2NO2 O3 (summer)O3 (summer) PM2.5PM2.5

ERR (%) 95% CI ERR (%) 95% CI ERR (%) 95% CI 

1.4 [ 0.9; 1.9] 0.6 [ 0.1; 1. ] 1.2  [ 0.2; 2.2]

ERR: % increase in mortality due to an increase by 10 µg/m3 in the level of exposure
95%: CI 95% probability confidence interval  
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Central-site approach for exposure surrogates

Pollutant Min Max 

NO2 11 17

O3 8 11

PM2.5 1 4

Paris

Hauts-de-Seine

Val-de-Marne

Seine-Saint-Denis

Paris

•NO2

•O3

•PM2.5

Xt =
1
N

N�

i=1

Ci
Good spatial representation

Bad spatial representation



XPM2.5

XNO2

“Real” exposure

X*NO2

X*PM2.5

r2=0.72 ✝

Measured 
concentrations Mortality

strong correlation between co-pollutants



XPM2.5

XNO2

“Real” exposure

X*PM2.5

✝

Exposure 
surrogate Mortality

r2(XNO2,X*PM2.5  ) r2(XPM2.5,X*PM2.5)  >if then

•impossible to separate health-effects



XPM2.5

XNO2

“Real” exposure

X*PM2.5

✝

Exposure 
surrogate Mortality

βPM2.5

βNO2

•PM2.5 health effect is masked by NO2

•impossible to separate health-effects



✘

Multi-pollutant regression
log µt = ... + βNO2[NO2]t−l + βO3[O3]t−l + βPM2.5[PM2.5]t−l
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NO2 O3 (summer) PM2.5

NO2 absorbs the effect of PM

NO2NO2 O3 (summer)O3 (summer) PM2.5PM2.5

ERR (%) 95% CI ERR (%) 95% CI ERR (%) 95% CI 

1.4 [ 0.9; 1.9] 0.6 [ 0.1; 1. ] 1.2  [ 0.2; 2.2]

1.9 [ 1.1; 2.7] 0.4 [ 0.0; 0. 9] -1.1  [-2.6; 0.5]

too smalltoo big
multi-

pollutant

single-

pollutant
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Home Office Commute time
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How can chemistry-transport model help?

Traffic

Park

Residential

c

Δx >1km Δx <1km

+ subgrid c1

c2

c3

+ 3 activity regimes

•population
•roads
•housing
•parks & recreation

Valari and Menut, Atmospheric Environment, 44, 2010

Valari et al., JAWMA, 2010 (in press)



NO2, 2004-07-07

Daily averaged ‘exposure’ maps

PM2.5, 2004-07-07

O3, 2004-07-07



Exposure distribution

PM2.5, 2004-07-07 µg/m3



Distribution mode =>Population

PM2.5, 2004-07-07

Low

Medium

High

Rural

Urban

Sub-urban
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Parametrization:



log µt = β0 + φ(Ut−n) + αZT
t−m + βXt−lβ

?

Sensitivity study

= linear ƒ( )
daily mortality counts day averaged pollutant levels



= linear ƒ( )
daily mortality counts day averaged pollutant levels

log µt = β0 + φ(Ut−n) + αZT
t−m + βXt−lβ

Paris

1) Monitors

Sensitivity study



= linear ƒ( )
daily mortality counts day averaged pollutant levels

log µt = β0 + φ(Ut−n) + αZT
t−m + βXt−l

Sensitivity study

2) CTM at 3km



= linear ƒ( )
daily mortality counts day averaged pollutant levels

log µt = β0 + φ(Ut−n) + αZT
t−m + βXt−lβ

3�

i=1

fiDi(x)

3) CTM+Subgrid+Activity

Sensitivity study
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MONITOR

CTM

ACTIVITY

NO2NO2 O3 (summer)O3 (summer) PM2.5PM2.5

ERR (%) 95% CI ERR (%) 95% CI ERR (%) 95% CI 

1.4 [ 0.9; 1.9] 0.6 [ 0.1; 1. ] 1.2  [ 0.2; 2.2]

single-

pollutant
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1.4 [ 0.9; 1.9] 0.6 [ 0.1; 1. ] 1.2  [ 0.2; 2.2]

1.1 [ 0.0; 2.3] 0.4 [ 0.0; 0.9] 0.9 [-0.5;  2.3]
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•Lower central estimates
•Larger uncertainty
•but... small differences

NO2 O3 (summer) PM2.5

single-

pollutant
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Similar results
Smaller uncertainties

NO2 O3 (summer) PM2.5

single-

pollutant
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similar bias for CTM modelled concentrations
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All estimates are positive when activity data are accounted for

✔ ✔ ✔

✘

✘✘✘

✘

multi-

pollutant

0
.0

0
0

.0
5

0
.1

-0
.0

5

0
.0

0
0

.0
5

0
.1

-0
.0

5

0
.0

0
0

.0
5

0
.1

-0
.0

5

L
o

g 
R

e
la

ti
ve

 M
o

rt
al

it
y



What should be kept in mind?

•Air-quality model provides reasonable effect estimates when used in 

the same way as monitor data

•Similar problems are encountered when monitor or ‘simple’ CTM 

concentrations are used in a multi-pollutant health study design

•Only when activity data are accounted for do co-pollutants effects be 

separated


