
ABSTRACT

The widely used Weather Research and Forecasting 
(WRF) model  provides a few land surface  schemes 
(LSMs) to compute heat and moisture fluxes over land 
surface.  The  LSMs  differ  in  complexity  and  ap-
proaches used. In order to assess their role on weath-
er simulations in the Paris area, we performed WRF 
simulations  for  nested  15/5  km  resolution  domains 
over the North of France and Paris. We used  the four 
LSMs provided with WRF: 6-layer Rapid Update Cycle 
(RUC),  5-layer  thermal  diffusion,  2-layer  Pleim-Xiu 
scheme (together with the Pleim-Xiu surface layer and 
the ACM boundary layer models),  and 4-layer Noah 
scheme. We focused on summers of 2008 and 2009. 

Figure 1. Time series and PDFs of 2m temperature

The SIRTA atmospheric observatory located in Paris 
area provides in situ data of measurements for a num-
ber of meteorological parameters, as well as vertical 
profiles  measured by  a  lidar.  The  simulation results 
are compared to the SIRTA measurement data.

WRF LAND SURFACE SCHEMES

We used the Advanced Research version 3.1.1 of the 
WRF regional  weather  research and forecast  model 
(http://www.wrf-model.org/index.php) developed at the 
NCAR (USA) and widely used in the World meteorolo-
gical  and  air  quality  communities.  WRF  provides  a 
choice  of  four  LSMs  differing in  the number  of  pro-
gnostic variables, accounted processes and complex-
ity of their representation. 

•The thermal diffusion scheme used in the MM5 mod-
el predicts ground temperature and soil temperature 

in 5 levels. It does not predict soil moisture and com-
putes the relative amount of latent heat flux from the 
moisture  availability  that  depends  on  land  use  cat-
egory and season only and is fixed in time. 

•The Pleim and Xiu scheme (hereafter PX) solves a 
set of 5 differential equations predicting soil temperat-
ure and moisture in two levels and canopy liquid wa-
ter [1]. The ground level (1 cm) temperature is com-
puted from the surface energy balance using a force-
restore algorithm for heat exchange within the soil. All 
soil properties, including soil moisture coefficients, are 
specified according to 11 soil types of the soil textural 
classification [2]. Evaporation is computed in the form 
of three components: from the soil surface, from wet 

canopies, and as evapotranspiration from vegetation. 
These components are parameterized in terms of res-
istances depending, in particular, on the atmospheric 
surface layer parameters.

• The Rapid Update Cycle (hereafter RUC) scheme 
solves heat diffusion and Richards moisture transfer 
equations in six or more levels [3]. Soil moisture coef-
ficients  are  specified  as  functions  of  11  textural 
classes of soil plus peat presented in [2]. Energy and 
moisture budgets are solved in a thin layer spanning 
the ground surface and including half of the top soil 
layer and half of the first atmospheric layer, with cor-
responding heat capacities and densities. Vegetation 
impact on evaporation is taken into account with can-
opy moisture being a prognostic variable and evapo-
transpiration  parameters  depending  on  soil  texture 
classes [4].
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Figure 2. Time series and PDFs of 2m relative humid-
ity

• In the Noah LSM [5] soil temperature and moisture, 
as well as canopy moisture, are predicted in four lay-
ers. The surface skin temperature is calculated with a 
single  linearised  surface  energy  balance  equation 
representing  the  combined  ground-vegetation  sur-
face.  Soil  temperature is then predicted solving the 
thermal diffusion equation. Soil moisture is predicted 
using  Richards  equation.  The  vegetation  impact  on 
evaporation is taken into account similar to RUC, but 
canopy resistance is parameterized in terms of four 
environmental  stress functions,  like in  PX,  some of 

those differ though from PX. Vegetation type and soil 
texture  determine  other  parameters  in  the  model 
equations.  Vegetation  classification  is  based on  16 
land cover classes of  the SiB model [6,7].  The soil 

texture is determined from the 16-category soil data-
set [8]. 

OBSERVATIONS

The SIRTA atmospheric  observatory  located  at  Pal-
aiseau in the Paris region provides in situ data for the 
main meteorological variables, such as 2m temperat-
ure,  humidity,  sensible  and  latent  heat  fluxes,  wind 
speed, etc. [9]. Time varying vertical profiles of Lidar 
backscattered  power  and  polarization  at  multiple 
wavelengths are used to infer the diurnal cycle of the 
depth of the planetary boundary layer (PBL) and the 
height, structure and type of clouds (water/ice). 

Figure 3. Time series and PDFs of 10m wind velocity



RESULTS

Scores for summer 2008

Time series of  the modeled meteorological variables 
were analysed and compared to observations at SIR-
TA. The lower left plot in Fig. 1 shows a relative prob-
ability  distribution function (PDF) of the difference in 
the simulated 2m temperature from the observations. 
The histogram interval  is  0.5  oC. The middle plot  in 
Fig. 1 shows the cumulative PDF, i.e., the percentage 
of cases where the model error lies between 0 and a 
given value. The rightmost plot shows the cumulative 
PDF based on the absolute value of model deviation 
from  observations.  Figure  1  shows  that  the  RUC 
scheme has a warm bias with the histogram centered 
at about 1.5 oC. The other schemes yield comparable 
results  with  PX being  slightly  cold-biased and Noah 
being slightly closer to observations. Figure 2 shows 
the same plots but for the 2m relative humidity. The 
RUC  scheme  has  a  dry  bias  with  the  histogram 
centered at -10%. The other three schemes yield close 
results to each other. 

Figure 4. A zoom for a well-simulated day (August 21,  
2008) and a poorly-simulated day (August 24, 2008)

The role of LSMs is to redistribute the incoming solar 
radiation flux between latent and sensible heat fluxes, 
depending  on  precipitation  and  atmospheric  surface 
layer parameters. According to preliminary analyses of 
latent  and sensible heat flux errors (not shown), the 
RUC scheme was found to overestimate the sensible 
heat flux at the expense of underestimated latent heat 
fluxes. This can explain the warm and dry biases of 
this LSM in our simulations. 

Figure 3 presents the same plots for the 10 m wind ve-
locity. Stronger than observed wind was simulated by 
WRF for all the four LSMs, with RUC scheme giving 
the largest cumulative error and PX being slightly less 
biased than the others. The wind overestimation might 
be due to  the fact  that  the roughness  length in  the 
model grid cell, which is 5x5 km large, represents an 
average value, perhaps lower than the local length just 
around the instrumental site. 

Meteorological conditions: well  and poorly simu-
lated days

Depending  on  meteorological  conditions  models  ap-
pear to simulate their key variables with different de-
gree of precision with respect to observations. Figure 
4 shows a zoom at two specific days, relatively well 
and poorly modeled. On August 21, a well-simulated 
day, both 2m temperature and PBL height are close to 
observations. RUC model shows a slight temperature 
overestimation by 1  oC, 200 m higher and 3h earlier 
PBL peak. The other models show 100-150 m lower 
and 2h earlier  PBL peak and the  temperature peak 
and its build-up quite close to the measurements. On 

August 24, a poorly-simulated day, all models under-
estimate the PBL peak by more than 1500 m, or  2 
times, and show a 2 h later and about 4 oC overestim-
ated temperature peak. 

Figure 5 shows 355 nm cross-polarization backscatter-
ing power measured by the SIRTA lidar. On August 21 
the PBL follows the classical development pattern, and 
the clouds are constrained within the PBL. On August 
24, the clouds are higher, outside the PBL and cause 
precipitation just  before  noon.  The  associated  cloud 
amount  is  high,  around 90% according to  measure-
ments.  Those  clouds  are  not  diagnosed  by  WRF, 
which leads to large errors in simulated meteorological 
variables. 



Figure 5.  Lidar backscattering power for  August 21 
(left) and 24 (right)

CONCLUSIONS

Four  land  surface  schemes  have  been  used  for  a 
sensitivity study at a regional scale for summers 2008 
and 2009 over the Paris area. 

The RUC scheme showed stronger-wind, warmer, and 
drier biases. The 10m wind speed appears to be over-
estimated with all the LSMs used. This might be due to 
surface parameters, such as roughness length, lead-
ing to problems of the model representativeness. To 
understand this stronger-wind bias, additional simula-
tions with urban canopy options of the Noah LSM and 
with different WRF atmospheric surface layer models 
could be useful.

Precipitating clouds outside the PBL with high cloud 
cover can be difficult to simulate resulting in large er-
rors in modeled variables. Therefore a choice of ap-
propriate convection and microphysics options is also 
important for daily weather and consequently air qual-
ity forecasts in the Paris area.
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