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Urban Surface Temperatures During the 2003 Heat Wave
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Introduction Surface temperature variability in Paris and London Heat related mortality in Paris
In August 2003, a persistent anticyclone over Western Europe generated a heat 
wave of exceptional strength and duration, resulting in ~ 70 000 deaths (1). From 
4 to 13 August, the Paris region experienced nine consecutive days with maximum 
air temperature (Tair) > 35°C. 
A set of 61 NOAA-AVHRR images, one SPOT HRV image, and in-situ meteorolog-
ical data (Table 1) were used to: 
 • monitor the diurnal cycle of Land Surface Temperature (LST) during the heat wave 
 • analyze the temperature variability as a function of land use/cover 
 • implement indicators of heat exposure to infer the risk of heat related mortality 
 • demonstrate the relevance of satellite monitoring during heat wave (2).

The main constraints in retrieving urban LST from satellite sensing are: 
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Median LST images (Fig. 6 a, b) reveal contrasted day/night patterns, reflecting different rates of heating and cooling between 
urban and suburban areas. In Paris, nighttime images show Urban Heat Islands (UHI) up to 8° C. The LST distribution is well 
correlated with increasing built density (Fig. 7). 

In Paris, daytime thermal anomalies in densely built and industrial suburbs convey variations of the surface heat balance 
related to surface thermal inertia and soil moisture availability (Fig.8). During the heat wave the UHI intensity increases 
with large-scale ambient temperature (8) (Fig. 9). Temperature amplitudes of the summer of 1998 vs. 2003 confirm the impact 
of nighttime minimum temperatures on the heat wave process (Fig. 10). Each % of vegetation photosynthesis decreases the 
LST by -0.2° C (Fig. 11). Small/large parks are 2-3°C/4-5°C cooler than built surroundings. 

Multi-layers of land use maps over median thermal images enable identification of risk factors areas (Fig. 12, Fig. 13).

water 
urban/densely built
suburban/residential
runaways/light bare soils 
forests/woods
lawns/�elds

park

downtown

industrial

park

downtown

industrial

5

14
13

15

10 11
12

2

1

7

6
3

9
8

4

20

19

16

18
21

17

22

2

3

11

Downtown Paris : 
Champ de Mars       

Austerlitz railway station          

Green area : Bois de 
Boulogne 

park , forest, wood industrial areaairport railwayriver, lake administrative
apportionment

24 22 20 18 16 14 °C

Parks :
1 - Bois de Vincennes
2 - Bois de Boulogne
3 - Champs de Mars
4 - Jardin du 
 Luxembourg
5 - Jardin des Plantes
6 - cemetery 
7 - Buttes Chaumont
8 - Jardin des Tuileries

Courtyard :
9 - Louvre Palace

Railway stations :
10 - Montparnasse 
11 - Austerlitz 
12 - Lyon 
13 - Est 
14 - Nord
15 - St Lazare 

Airports :
16 - Vélizy
17 - Orly
18 - Roissy
19 - Le Bourget

Industrial areas :
20 - La Plaine St Denis
21 - Paris Nord
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- partial absorption of black-body radiation by water vapour and other gases in 
  the atmosphere 
- urban surface emissivities being < 1, spatially and spectrally variable (3, 4) 
- sub-pixel LST variations and hot spots averaged nonlinearly through Planck’s law (5) 
- urban canyons trapping energy, increasing the pixel-averaged emissivity 
- directional and anisotropic effects due to satellite viewing angle and urban 
   structures (6, 7). 

Most images with satellite-zenith angles > 35° were rejected.
Minima of Tair and LST occurred before sunrise at ~ 05:00 UTC. Maximum LSTs 
occurred at the time of maximum solar irradiance, while maximum Tair lagged by 
~3h. The atmosphere was very stable. From 3 to 12 August, the relative humidity 
(RH) decreased from 38% to 18% during daytime, and 78% to 58%  during 
nighttime (Fig. 1). The wind speed fluctuated between 1 and 4 m/s (Fig. 2.). LST 
vs. Tair (Fig. 3) displays a linear correlation coefficient of 0.92 by night and 0.68 
by day, reflecting stronger sub-pixel variations of surface cover. 
From July 20 to August 20, the differential atmospheric attenuation (Fig. 4) yield-
ed a negligible water vapor correction of < 1° C at night and 1° C–1.7° C during 
the day for temperatures of 30° C and 40° C.
Median LST images were constructed from 50 NOAA-AVHRR images for Paris 
and 24 for London over six time intervals of satellite passes during the heat wave (Fig. 5). 
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Table 1. Data set July 20–August 20, 2003

Fig 6. Average LST images over the diurnal cycle in Paris (a) and London (b) from 4–13 Aug 2003

Fig 12. UH I  and land use Fig 13. Thermal anomalies and land use
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Fig 5. Temporal distribution
of images over Paris 

Fig 7. Paris land use classification Fig 8. LST diurnal cycles at 3 sites Fig 10. LST normal vs heat wave

Fig 9. UHI intensity
Fig 11.  Afternoon LST vs NDVI

Fig 14. Temperature and mortality (IVS)
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Fig 1. Collocated Tair, LST, RH
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Table 2. Mortality odds ratios / thermal indicators and time lag

Fig 15.

In August 2003, the excess mor-
tality reached +141% in the Paris 
region, with 4867 heat-related 
deaths (Fig. 14). The French In-
stitute for Public Health Surveil-
lance conducted a 482 cases-con-
trols study to identify mortality 
risk factors for elderly people > 
65 years, living in Paris during 
the heat wave. Then, using 61 
NOAA-AVHRR images over 13 
days, ~ 29000 thermal indicators 
were extracted at 482 addresses 
(Fig. 15), enabling the estimation 
of the relative impact of heat ex-
posure on elderly people and the time lag between heat exposure and death (9) (Table 2). 
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• Contrasted nighttime and daytime heat island patterns, related to 

• Cooling impact of urban parks 
• Significance of elevated nocturnal minimum temperatures on heat wave intensity 

and excess mortality 
• Relative impact of heat exposure on elderly people and time lag between exposure 

and death, with a 0.5°C minimum temperature increase during 6 consecutive days 
doubling the risk of death

• Relevance of urban satellite monitoring during heat waves to identify risk areas, 
providing rapid response for public health decisions and criteria for urban climate 
mitigation strategies.
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