
Principles of water vapor measurements 
by GPS

The GPS field experiment OHMCV03
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Interpolation of the map:

2-3 December 2003 intense rainfall in southern France (day 337)

Conclusions 

Integrated Water Vapor Variations

4D water vapor field from 
GPS tomography Validation of the GPS water vapor tomography

Description of the event

The OHMCV-03 field 
experiment occurs from 
September to December 
2003. 9 temporary GPS 
stations were added to the 
permanent network 
operating in the south of 
France. The mean space 
between GPS stations is 
about 50 km. This allows a 
good restitution of the 
spatial and temporal 
variations of the water 
vapor. It is well suited for 
future works on GPS 
tomography and GPS IWV 
(or SIWV) assimillation.

The IWV maps are interpolated with the Hermit method, a polynomial interpolation. The 
derivatives of this polynom are constrained to the horizontal derivatives of the IWV field, in 
our case the wet gradients. This method allows a better resolution of the spatial variations 
of the IWV field, even in the area without measurement (Champollion et al., 2004)
The IWV map are calculated relatively to the begin of the event to reduce the effect of the 
the altitude.

Definitions of the parameters issued from the GPS treatment:
- The Integrated Water Vapor (IWV) is the mean value of the water vapor 'seen' by the 
GPS receiver to the zentih. 
- The Wet Gradient (North-South and East-West) is the linear azimuthal heterogeneity of 
the atmosphere. It can be interpreted as the horizontal derivates of the IWV field.
- The Slant Integrated Water Vapor (SIWV) is reconstructed from the IWV and the 
gradients projected with the mapping function (Niell in this case) in the direction of the 
satellite. The residues of the GPS treatement can be added. They have a larger signal to 
noise ratio.
 The sampling of these parameters is one hour in our case but can be reduce for particular 
applications.

Localised in the whole South-East of the France
Maximun intensity of rainfall: 30 mm/h the 3 Dec.
Regional (250 km) 
Long-lived (3 days): 1 Dec.  -> 3 Dec;
Fuelling of water vapor from a South-East Flux

The GPS tomography of water vapor (a) 
allows to follow the temporal variations of 
water vapor density along a vertical profile 
with a resolution of about 750 meters.
During the 3 December event (day 337), 
the variation of water vapor below 1000 m 
is well correlated with the rain rates 
(mainly due to the rain evaporation ?)

The temporal variations of water vapor 
extracted from a numerical simulation (b) 
are quite in good agreement with the GPS 
tomography. We distinguish one humid 
layer below 1000 m with about 10 g/m3 in 
the both data set. In the simulation, the 
end of the event is about 4 hours late

To test the limitations of the tomographic 
method, we are doing tomographic 
inversions with synthetic data (calculated 
from the simulation).
In our preliminary test (c), we found a 
quite good agreement. The drying of the 
layer between 1000 m and 3000 m in the 
simulation is well captured by the GPS 
tomography. The differences seen in the 
first layers are probably due to a bad a 
priori model.

Temporal variations of the tropospheric delay for the GPS station AIGL (Aigoual) in the south of the 
Cévennes (France). The heavy rain events are marked with red circles. The next step is to study 
similar events in terms of water vapor variations but not in terms of amounts of precipitation. We will 
focus on the possible differences with the help of the tomography, and look for nowcasting 
informations

- The GPS is a good tool to follow the temporal variations of the content of water vapor in the 
troposphere, with a tempporal resolution of one hour or even less.
- A GPS network such OHMCV-03 allows to study spatial variations with a spatial resolution better 
than 50km when we use the Hermit interpolation. Such a network is perfectly suited for assimilation 
studies (MacDonald et al., 2001) 
- The large scale variations of Integrated Water vapor are well correlated with the synoptic flux 
(Champollion et al., 2004).
- The small scale variations due to rainfall or the effect of the relief need more complet studies. The 
GPS tomography help us to understand these interactions.
- The correlation between rainfall intensity and water vapor content is not trivial and the IWV alone 
can not solve this problem.

The water vapor tmography has been validated in a 
dedicated GPS field experiment (ESCOMPTE, 
Champollion et al., 2004). Two comparisons of vertical 
profiles from radio sounding and from tomography. The 
both profiles are in very good argreement. 
Such an accurate tomography can not be achieved in 
this study because of the more spacing network.

The tomography (already used in medicine or in 
seismology) consists in the retrieval of a 3D field from 
integrated measurements. In our case, the GPS 
network gives the integrated measurement of water 
vapor between each GPS station and GPS satellite 
(SIWV). The result is the 3D field of water vapor. 

We have developed in Montpellier (LDL) the 
tomograpphic software LOFTT_K (LOgiciel Français de 
Tomographie Troposhérique) and we have applied this 
technic to the OHMCV-03 Field experiment. To follow 
the temporal variations of the water vapor, we have 
implemented a Kalman's filter.

The primary measurement of the GPS is the 
propagation time between the satellite and the ground 
antenna.
The ionosphere and the troposphere affect this 
propagation. The consequence is a delay in the 
propagation time. The ionosphere effect and the "dry" 
gaz effect can be  accuratly calculated and removed 
(Bevis et al.,1992).
Finaly, there is a direct and accurate relationship 
between the delay and the water vapor content

Description of the IWV maps:
The IWV maps show accuratly the arrival 
of water vapor from the South-East 
between 0 h the 2 December and 12 h the 
3 september.
The maximun of water vapor content is 
not  correlated with the maximum of the 
rainfall event (between 0 and 12 h the 3 
December).
The end of the event is caracterized by a 
stop of the South-East arrival of water 
vapor and an evacuation to the South-
West.

The comparaison 
between the IWV 
measured by the 
GPS and the 
simulated IWV 
shows a delay of 
about 4 hours for 
the end of the 
event.

GPS Water Vapor Tomography

GPS station: AIGL
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Theoretical studies and applications of regional 4D GPS tropospheric tomography: 
Apllication to 2003 intense rainfall events in the South of France.

C. Champollion (1), F. Masson (1),  H. Brenot (2,3) , V. Ducrocq (3) and A. Walpersdorf (2)
(1) Laboratoire Dynamique de la lithosphère / CNRS, Université Montpellier II, Montpellier, France 
(2) Laboratoire de Géophysique Interne et Tectonophysique / CNRS, , Université Grenoble, Grenoble, France
(3) Météo France - CNRM / CNRS, Toulouse, France

 Contact: cedric.champollion@dstu.univ-montp2.fr  Poster number: 4209

Integrated Water vapor variations and rain rates 
(from 2 Décember 0h to 4 Decembrer 0h)
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The aim of this study is to apply the GPS tomography technic to a regional semi-
permanent GPS network of ~50 km spacing (a). Then to compare the evolution of 
a vertical profile to a numerical simulation (b). Finally, we want to test the 
tomography with synthetic data from the simulation (c).


