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1 - INTRODUCTION

Natural land surfaces are not homogeneous over the resolvable scales of
atmospheric models. Therefore, these models must account for the subgrid-
scale variability of underlying surfaces to determine the grid averaged
surface enerqgy budget. The most difficult problem concerns the partition
of available enerqy into sensible and latent heat fluxes, herice the
modeling of regional evapotranspiration, since the moisture availability,
defined in a broad sense (see Bougeault, 1988 for a review on this
parameter), will generally depend on numerous factors : the soil type,
the so0il moisture content, the type, age and density of vegetation. Each
of these factors has its own subgrid-scale variability. If we assume we
can compute local evapotranspiration, when we know local values of the
controlling factors, we are still confronted by the necessity of
averaging this result over a mwmodel grid-box, taking into account the
statistical properties of the existing distribution of the controlling
factors inside the grid-box. Generally, this will require the knowledge
of mean values, variances but also possible correlations of these
elements inside this grid-box. The response of a parameterization scheme
to this averaging process 1is expected to be quite non-linear, because of
the wide range of observed variation of evapotranspiration, and of the
non-linear dependance of 1local evapotranspiration on the controlling
parameters. However, the exact nature and severity of this non-linearity
is, at the present time, not known.

The present paper is based on a quite optimistic point of view. In the
authors' opinion, simple, ewmpirical methods should first be evaluated
against existing observations, before going on to more complicated ones.
The development of this "optimistic™ approach is as follows. First of all,
it is bazsed on the calibration of a parameterization scheme against local
measurements, which allows for the determination of the most sensitive
parameters. These parameters will clearly require the greatest attention,
whert trying to obtain area-averaged values. Secondly, it relies on the
progressive elaboration of maps of parameters, by various methods, that
will be required anyway if more sophisticated approaches are necessary in
the future. Thus, the present work must be viewed as & first,empirical
attempt to implement & simple garid-averaging method. Its prime merit is
that it can be done with the existing information, and that it will set a
lower limit for the performances of an averaging method.

The paper will proceed as follows : we present the basic parameterization
zcheme in Section 2, along with a 1list of parameters that need
specification to be applied in a mesoscale model (Table 1). These
parameters have been deliberately kept to a minimum number, in order to
simplify the further work of gathering information, under the form of
maps.In Section 3, we discuss one-dimensional calibration runs. These
runs, using the field measurements of the Hapex-Mobilhy experiment (André
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Table 1.

notations
Primary parameters
Dominant type of vegetation
Dominant type of soil textﬁre
Secondary parameters
Saturated volumetric moisture content Waat
Wilting point volumetric water content Wwtle
Slope of the retention curve b
Soil thermal coefficient at saturation Cosat
. Value of €, at saturation Cirmmt
Value of C; for wz=0.5Ugax Carer
" Coefficients of Wgeq formulation a,p
Depth of the so0il column d=
Fraction of vegetation veg
Minimum surface resistance Ramin i
I Leaf Area Index LAI l
Roughness length Zo
Albedo o
Emissivity €
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# Site Vegetation Texture| wg| Wz Zo a LAI |[Ramzwn | VEG
¢ Cmrmd
1 |Estampon Coniferous Sand 0.1410.20| 1.00({0.10} 2.3} 100 |0.99
2 |(Caumont Crop / soja Loam 0.26]0.26] 0.02]0.24| 1.0 40 |0.70
3 |Castelnau| Crop / maize| Loam 0.18(0.25| 0.02]0.25} 0.3 40 10.40
4 |Lubbon 2 | Crop / maize| Sand 0.17]0.17] 0.10}0.15] 2.0 40 (0.80
5 [Tieste Crop / maize| Loam 0.20|0.26| 0.0510.23] 0.5| 40 |0.40
6 |Fusterou.| Crop / maize| Loam 0.16}0.27] 0.06|0.25] 1.0 40 |(0.50
7 |Lubbon i Crop / oats | Sand 0.1710.17] 0.10}0.20] 3.0 40 (0.90
8 Orchards, Vineyards...| Loam 0.18|0.25| 0.15}0.18] 1.0 80 [0.40
9 Desert Sand 0.06|0.12| 0.10|0.20| 0.1] 999 |0.10
10 Desert Loam 0.0810.151 0.10]0.20} 0.1| 999 {0.10
TABLE 2
Dominant Surface Type (DST) ne VEG LAI Zo Remxn
cmd ¢m/m>
Water 0 o 0.001} 0.001 999
Desert 1 0.10 0.1 0.15 999
Orchards, vineyards... 2 0.40 1.0 0.15 80
Mediterranean vegetation 3 0.40 1.0 0.15 80
Crops 4 0.50 1.0 0.15 40
Grasslands 5 0.60 1.5 0.15 40
Coniferous forests 6 0.99 3.0 1.0 100
Deciduous forests 7 0.90 3.0 1.0 100
TABLE 3
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et al., 1988), which have been done in large number, allow for the
determination of optimal values of those parameters which are not well
knowni, for the scheme to be able to reproduce local measurements of the
fluxes of sensible and latent heat, into the atmosphere, and of the heat
flux into the ground. The <general result of these experiments is
sunmarized in Table 2, whereby the 1list of optimal values of all the
parameters of the schewme is given for any situation that has been
experimentally documented during the Hapex-Mobilhy field experiment.
fection 4 deals with the way of deriving maps of these parameters, based
on various information gsources. The 3D numerical model, wusing the
parameterization schemwe and the maps of parameters previously described
is then wused to simulate one day of the Hapex-Mobilhy esperiment : June
16, 1986. The results of this simulation are described in Sections 5 and
é, and compared to available observations.

Note than an expanded version of the present paper can be found in
Bougeanlt et al. (1988).

2 - EOBMULATION OF THE BASIC PARAMETERIZATION SCHEME

We use for the present study the parameterization scheme proposed by
Noilhan and Planton (1989, hereafter referred to as NP89). This scheme
allows for the computation of the different components of the surface
erergy and moisture budgets over various types of soil and vegetation,
and for the interception of rain or dew on the vegetation.

The achene hasz five prognostic variablez, which are the surface
temperature Tg, the deep s0il temperature T., the amount of moisture
retained at the surface of the vegetation W., the superficial soil
volumetric water content W, finally the vertically integrated s0il
volumetric water content W.. The prognostic equations for these variables
are as follow :

9Ts Cr G - 2r (5 -T2 ) /T ,
5T (1)
. . (Te-T)/ T > (2)
3
—D_‘i': = vey P - (EV‘EV!—> - Rr‘) 0 & Wr & Wemex (3)
3
Who ooy (By - Eg)/pudr = Ca (v Mger) , oS Wy,
7t

(5)

9_“_’9. . CIJ_E.O-EE)/(:WJ—;_ > 0 € Wi £ Wt »

The definition of the various parameters found in (1) - (5) is as follows.
The most important one, "veq" is the "fraction of vegetation™ within the
arid. It must be understood as a foliage shielding factor of the ground
from solar radiation. A fractiom (1-veq) of incoming solar radiation will
effectively reach the ground. Also, a fraction (1-veg) of the rainfall or
dew will directly reach the ground.

¥ is the diurnal time constant ( T = 84 400 s). Cyx is the thermal
inertia of the soil-vegetation medium. It is expressed as
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Ce =((1~-veq)/Cg+tveq/Cy) " (&)

where G, = 1073Kw*J~' is an arbitrarily large value which means that the
vegetation has a very weak thermal inertia, and Cg, the thermal inertia
of the ground, is parameterized as :

Co = Cosar (Uaae/Wz)2/25'0 (7)
G is equal to the sum of three components
G = Rn - H- LE (8)

where R, 1s the net radiation, H and LE the sensible and latent heat
fluxes respectively.

The net radiation R, at the surface is the sum of the absorbed fractions
of the incoming solar radiation Re, and of the atmospheric infrared
radiation Ra, reduced by the emitted infrared radiation.

Rn = Re(l - RA) + &€ (Ry - 0" Ta*), (9)

where the albedo K and the ewmissivity € combine the s0il and the
vegetation reflectivities. o is the gtefan-Boltzmann constant. The
turbulent fluxes towards the atmosphere are computed by the classical
aerodynamic formulae. For the sensible heat flux

H = f% Co Cu Vg (To-Tal (103

where C, is the specific heat,‘pa, Ve and T the air density, wind speed
and temperature at the atmospheric level Z., and Cyx the drag coefficient
for heat, depending on the stability of the surface layer.

The water vapor flux E is split into evaporation from the soil surface Eg,
transpiration from the vegetation E.,. and direct evaporation from the
water retained at the surface of the vegetation E,-Eer. Hence, the total
evapotranspiration is Ev. These various components are parameterized
according to

Eq

il

(1-veqg) fJa Cu Va (hu 9see (Ta) - dal, (11)

Ev

veg /93 Cu Va hy (Qaar (Te) - ga) (12

where q, 1s the atmwospheric specific humidity at 1level Zo, ha is the
relative humidity of the superficial gqround

hy

(1 - COS (WgM /UWgp) /2 if UWg < Wean
1 if Wy > Wea (13)

with Wea = 0.75 Wgae the field capacity.

The Halstead coefficient h, takes into account the direct evaporation
from the fraction & of the foliage surface covered by water, and the
transpiration from the fraction (1- & ) ’

he = (1= 8 )} Ra/(Ra*Ra) + O (14)

with 5'=(wr/w,max)2/3, Ra = (CuVa)~' the atmospheric resistance, and Ra



the surface resistance. The expression of Rs, derived from Jarvis (1976),
ircorporates the various influences of the leaf area index LAI, the solar
radiation, the atmospheric water vapor deficit, the air temperature, and
the scil moisture content under the empirical form

Fe = Ramin (LAI)™' F; Fa™' Fz~' F,~% (15)

Ramin 15 the mwminimum stomatal resistance of a single leaf, which is
supposed to be species-dependent, and - also may vary according to the
dagree of maturity for a given crop. The exact formulation of F.,F2,Fz,Fa4,
can be found in NP89 and is not relevant in the present paper.

In (3 P 1is the total precipitation rate reaching the surface before
interception by the vegetation and Pn. is the runoff of the interception
reservoir. This runoff occurs when W, exceeds Wemax, Which depends on
the density of the canopy according to an empirical formula :

Wemax = 0.2 veg LAI (mm) . (16)

In (4, Pg is the flux of 1liquid water reaching the surface after
interception. E4 the evaporation from the so0il surface and ugeg &
equilibrium value of the superficial wmoisture content which has been
parameterized as a function of w, and of the type of soil. d, is an
arbitrary normalization depth of 10 cm. C, and C. are two coefficients
which depend on the type of so0il and on the soil moisture content (see
NP89 for the formulation).

Finally in (5) ds is the total depth of soil active in the water budget.

The parameters that need to be specified in order to implement the NP89
scheme on & local basis are summarized in Table 1. Among these, the ones
which describe the thermal and hydraulic properties of the ground itself
can be assigned a reasonable value from the knowledge of the soil texture
alone, thanks to former work by Cosby et al. (1984), and by the
calibrations presented by NP89. This is the case for Weee » Wwiie, D,
Cosatr Cisar, Lzrer, a and p. The depth of the active soil column do, on
the other hand, needs an independant specification. The remaining
parameters either concern the type and density of the vegetation (vegq,
Rewin, LAI) or are 4global concepts which incorporate information from
several sources (Zo, & , &£ ).Those parameters are the most difficult to
determine for the use in a 3D model. The strategy we have developed
conzists in  obtaining representative values of these parameters for each
type of vegetation cover that has been sampled during the field
experiment. This 1is done by a series of trial-and-error one-dimensional
experiments. Then, these optimal values are empirically combined to
obtain values representative of the grid-box.

% - ONE-DIMENSIONAL CALIBRATION EXPERIMENTS OF THE SCHEME

The main originality of the calibration experiments in this program was
to use a 1D version of the physical package of the mesoscale model which
was to be later used for the integration itself. This mean that the
surface scheme was run interactively with the remaining of the model
rhysics (boundary layer and radiation subschemes) for 24 hour periods
starting and finishing at midnight. In particular, the atmospheric
rarameters va, da, Ta at level Zg were not imposed, but predicted by the
model. As the atmosphere is not 1D, it was necessary to implement a
method to constrain the 1D model to follow that part of the evolution
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which iz not related to the surface processes. Therefore, the geostrophic
wind, as well as the horizontal and vertical advection terwms were deduced
from mesoscale analyses (Mercusot et al., 1986) to force the 1D model. In
all cases, the model was initialized with the observed sounding at
midnight and with the =0il wmoisture content derived from the neutron
probe observations. The s0il parameters were set to the value derived
from Clapp and Hornberger (1978), in  agreement with the results of the
textural analysis at each site.

All parameters that could be infered from observations have been
specified in this way. This was the case for the albedo, the LAI,which
were known for each site. The roughness length has been taken equal to
one tenth of the vegetation height. The minimumm surface resistance Ramin
has beert deduced following Monteith (197¢), and the emissivity was given
the constant value of 0.95. Finally, in most cases, only the fraction of
vegetation veg was left urkrnown. Thisz parameter was adjusted so as to
reproduce as accurately as possible the soil heat flux.

The quality of the ensemble of parameters was checked by comparing the 24
h predicted fluxes of latent and sensible heat with the observations of
the Samer and Hydra stations (André et al., 1988).

he present paper will show only one example of such comparison. This is
the case unumber 2 discussed in NP88. It illustrates an exanmple with a

icant fraction of bare ground (veg = 0.4). The measurements are
taken in Castelnau in a field of corn (0.2 m high) over & loamy =zoil. The
initial valuez of the =0il woisture are @ Wg = 0.18, W, = 0.25, and the
other parametersz are set as Z, = 2 cm, % = 0.25, LAT = 0.3, Ramin = 40
s/m. The results are shown in Fig. 1. We observe high values of G,
reaching some 100 W/m?® at noon, since the amount of solar radiation
reaching the ground is important. The model predicts the observed daily
variations of G reasonably well. The magnitudes and diurnal variations of
LE and H are also correctly simulated.

Az a general result of the 1D calibration/test runs, we have been able to
azsemble o general table of the optimal parameters for every situation
which had been experimentally documented. This is reproduced in Table 2.
Note that most values are susceptible to vary slowly with time, as the
crop changes, and are representative only for & period extending to a few
days before and after the test.

4 - MAPPING THE PARAMETERS FOR _THE 3D MODEL

The domain of integration of the 2D atmospheric model is shown in Fig. 2.
It is much wider than the 100 x 100 km® Hapex-Mobilhy study area to
eliminate the influence of possible boundary reflections. The domain
encompasses large portions of the Massif Central and Pyrénées mountains,
parts of the Atlantic ocean and of the Mediterranean, and extends to the
South as far as the high Spanish Plateau. The grid size is 10 kwm, and the
total area extends by about 400 x 400 km=.

Three main sources of information are presently available on this domain.
The first one consists in several existing maps of soil types. These maps
have been processed by Mascart et al. ¢1988) to produce a synthetic
result for each grid box of the mesoscale model. First of all, the
dowminant textural class has been identified, according to a
classification compatible with the one of Clapp and Hornberger (1978),
used by the NP89 scheme. Secondly, the depth d, of the active soil layer
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has been mapped. Over the study area,its value is ranging from 40 to 80
cw. On  the other hand, soils less than 20 cm deep are to be found in the
mountainous areas and over the Spanish plateau.

The second source of information is given by the series of Meteosat
satellite infrared and visible images which have been archived during the
8.0.P. These images were processed by KR.M. Thépenier at the CNRM,
following the method of Dedieu et al. (1987) to produce maps of the mean
albedo for each month of the 8.0.P., on the grid of the mesoscale model.
Finally, the third source of information lies in the NOAA AVHRR data
saries, which are available between 2 and 4 times a day during the £.0.P.
These data have been processed to obtain NDVI images (Phulpin and Jullien,
1988). The ultimate goal of this research program is to derive from these
NDVI waps as wmuch information related to the type of vegetation, and the
parameters ved, Kamin and LAI as possible. This goal, however, has not
vet beer reached. For the present study, we have used only a map of 7
dominant vegetation types which has been obtained by a supervised
claszification method applied to a couple of cloud-free images (27 June
and 10 July 19864). The details of this algorithm are given by Phulpin and
Jullien ¢1988).This map is available with the initial AVHRR pixel
resolution, i.e., <close to 1 km (Fig. 3). It has been further processed
to obtain the dominant vegetation type (according to the same 7 classes)
in each grid-box of the wmesoscale model (Fig. 4). These different waps
have been used together with the information given in Table 2, to compute
grid-scale values of the four remaining unknown parameters :ved, Rewmin,
LAI, and Zo.Several algorithms have beer tried, arid are currently tested.
The most simple was to affect for each parameter the value corresponding
to the dominant type of vegetation at the scale of the model grid-box.
Since the NDVI-derived classzification does not differentiate different
types of crops,this regquired a further simplification of Table 2, which
was made poszssible by the fact that most crops have the same value of
Fomin. Thus, a set of simplified type of vegetation parameters
correspondance was elaborated, as given in Table 2. This most simple
approach was tested and resulted in predictions of the mesoscale model
including a high degree of noise. A more refined approach was therefore
worked out. Taking advantage of the fact that the wmap of vegetation
classes was available at the AVHRR pixel definition, the set of
correspondance of Table 3 was used at this definition, and representative
values of the parameters for each model gqrid-box were computed by
averaqging the values corresponding to the pixels inside each grid-box.
This provides maps with swoother -and hopefully,more realistic-spatial
variations of the parameters. Several combinations of the two former
approaches were ftried, and it was found that the most important effect
was on the parameter veg. Therefore, we will show in the next section
results from a simulation were the pixel-averaging method has been used
only for vag (the other parameters are 3still set to the wvalue
corresponding to the dominant type of vegetation inside the grid-box).
The field of the parameter veg obtained by the explained method is showr
in Fig. 5.

The last quantities requiring a mapping are the initial value of the soil
woisture contents W., Wg and Wa. W. has been set to zero identically for
the sake of simplicity. For Wg and W, an empirical procedure was defined,
to take into account at best the existing information. Semi-desertic
areas present in the southern part of the domain (discriminated by the
condition veg < 0.1) were assigrned the values Wg = 0.15 Waee, and Wa = 0.
2 Usee. For all the other regions, the soil moisture content was assumed
to depend mainly on the soil type. Average values of Wg/Weae and Wa/Wgee
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Fig. 3 : From Phulpin and Jullien (1988). A map of the vegetation type at

the AVHRR pixel-scale resolution for the domain of simulation.

g. 4 : From Phulpin and Jullien (1988). The map of dominant vegetation
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type inside each grid box of the meso—spale model.
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Fig. 5 : Map of the fraction of vegetation veg in each grid box of the
mesoscale model, derived as explained in the text.
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were estimated from the neutron soundings for each of the four textural
clazzes which had been experimentally documented within the Hapex domain.

5 - GENERAL RESULTS OF THE JUNE 16, 1986 SIMULATION

We have chosen June 16, as & convenient day for the first test of the
method, since most participants to the Hapex-Mobilhy program agreed on
the fact that this day produced measurements of excellent quality. It
should also be wmentionned that a preliminary study (Bret and Bougeault,
19883 has shown that the atmospheric mesoscale simulation of June 16 was
one of the best among the fair weather days selected for numerical
experimentations. This 1is due to the quality of the mesoscale atmospheric
analyses provided by the operational data assimilation algorithms of the
French Weather Service (Durand and Bougeault, 1987).

On the area of interest, the low level flow was characterized by weak to
moderate Southeastern winds during the first part of the day, associated
with zero c¢loud cover, followed by an eritry from the Atlantic Ocean of
westerly maritime air, starting near 1500 Z, and reaching progressively
the entire study area by 0000 Z the following day. The cloud cover was
insignificant, except, on mountain areas on the border of the study area
(upslope circulations) and inside the moist, maritime air, where
scattered low level cumuli developed near 1500 Z, followed by more
extensive cloud sheets after 1800 Z.

In order to assess the realism of the dynamic fields predicted by the
model, we {first compare the predicted anemoweter level winds at 1200 Z
and 1800 Z with observations. At 1200 Z (Fig.é), the winds are
predominantly southeasterly on the study area. One note the influence of
the upslope circulation towards the Pyrénées in the Southern portion of
the study area, where weak, northerly winds are observed. Also, on the
coast line, weak westerly flow may be interpreted as an early
manifestation of the wmaritime entry. All these elements are correctly
predicted by the model, which additiomnally depicts a well organized
upslope circulation over the Pyrénées. At 1800 Z (Fig. 7), westerly winds
have reached the middle of the study area and there is & clear separation
between the two air masses, since weak to moderate southeasterly winds
persist over the eastern part of the simulation domain. The model thus
correctly predicts the advance of the maritime zir mass.

Similar comparisons can be made for the temperature at screen level. At
1200 Z (Fig. 8) the wmost striking pattern is that the Landes Forest has
higher temperatures than the surrounding areas, by about 2K. This is
confirmed by the observations. However, the model prediction appears to
underestimate by 2-3 K the observations as much over the forest as
elsawhere.

The predicted sensible and latent heat fluxes at 1200 Z, shown in Fig. 9
exhibit several interesting regional differences. Firstly, the Landes
forest appears well characterized by higher values of the sensible heat
flux. Forested areas have generally more than 300 W/m?, whereas the
surrounding areas have usually less. This is in agreement with the
aircraft observations (see below &ection &). The forest is also visible
ont the latent heat flux maps, with somewhat smaller values of this flux.
The second striking pattern is the very high sensible heat flux predicted
over the sgpanish plateau in the Southwestern corner of the domain. This
ares is classified as semi-desertic in the vegetation map used in the
model, and the specified so0il moisture content is quite low. The
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superficial soil dries out during the day, leading to these very high
value of the Bowen ratio. Finally, we note the relative maximum of the
latent heat flux in the grasslands areas which form the northern border
of the Pyrénées mountains.

Next, we will show the predicted surface temperatures at 1500 Z (Fig. 10).
This time is chosen because it allows for direct comparison with the
infrared satellite picture shown in Fig. 11. There is an excellent
correspondance between the prediction and the observation if we igrnore
the very cold spots of the satellite image. They correspond to low level
clouds, which have not been filtered out. It is of special interest to
note that the Landes forest has colder surface temperatures than the
surrounding areas where crops prevail,both in the observations and in the
model prediction. This is due to the higher value of the roughness height
over the forest. We have noted above that the forest is characterized by
higher screen level temperatures than the surrounding areas. Here, the
pattern iz reversed. This is explained by a totally different value of
the vertical gradient of temperature in the surface layer. The mixed crop
areas, with low roudghness height (Zo = 10 cm) need to reach higher
surface temperatures than the' forest in order to transfer a comparable
amount of heat towards the atmosphere. Maximum values of surface
temperatures are noted in the mixed crop area of Gers in the southern
part of the study area, as well as in the urban areas of Bordeaux and
Toulouse (as well visible isolated spots on Fig. 10), and in the Spanish
semi-desertic areas. All these elements are well supported by the
satellite picture. Similar comparison is possible for the 0300 Z surface
temperature, where the Landes forest again appears colder than the
surrounding areas. ‘ '

6 - DETAILED COMPARISONS WITH AVAILABLE OBSERVATIONS (SAMER. HYDRA and
KING AIR)

In this section, we will go further into the comparison between existing
observations and model-predicted parameters. We will first attempt a
direct comparison  between the diurnal cycles of temperature, wind,
humidity and sensible and latent heat fluxes at specific locations and
the corresponding model-predicted quantities. This is done for three
specific locations : one over the forest, in the northern part of the
study area, with the Hydra station ; one in the southeastern part of the
study area, where four Samer stations located nearby provide a good
estimate of the evaporation over crops ;the last one is in the
southwestern part of the study area, to illustrate the effect of non
representativeness of a Samer station. The location of the refererice
measurements and of the wmodel grid points which are used for comparison
iz shown in Fig. 12.

The comparison of observed and predicted values of the screen level
temperature and specific humidity over the forest is shown on Fig. 13

The diurnal cycle of both quantities is correctly predicted, with an
amplitude of about 15 K for the temperature, and 2 g/kg for the specific
humidity. One possible discrepancy is the surface temperature at 0300 Z,
where the model reaches the very low value of 10 °C. There is no
reference measurement for this quantity. However, this drop seems to be
overestimated, and may be due either to a too low value of the drag
coefficient for heat under strong static stability conditions or to a
too low value of the surface thermal inertia assumed in the model in
conditions of high vegetation cover. Work is in progress to improve this
aspect of the simulation.Another discrepancy with observations is the
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evolution of specific huwidity after 2100 Z. The model drops rapidly,
while in the observations,q increases *to 11 g/kg. This is probably more
related to an underestimation of the moisture in the maritime air mass
which is advected over the domain at that time, than to a wrong behaviour
of the surface scheme. Indeed, the error in the forecast of the specific
humidity i1z seen at various places in the model, always starting with the
arrival of the maritime airmass. Rapid variations in  the observed
specific humidity during the afternoon are not reproduced by the wodel.
The origin of these variations is not known to the authors.

The diurnal evolution of the fluxes of sensible and latent heat are
conpared -to the obszervations over the forest in Fig. 14. The agreement
can be considered as excellent, especially if we take into account the
large changes of the FEowen ratio during the day. The maximum values
observed and predicted are about 3200 W/m® for the latent heat flux and
400 W/m?  for the sensible heat flux. However, during the morning and
everiing hours, the latent heat flux iz larger than the sensible heat flux.
The szuccess of the model in reproducing this behavicur is due to the Fx
factor in Eq. 15, which introduces the dependance of the surface
resistance upon the atmosphere woisture deficit, as first proposed by
Jarvis et al. (1976), and verified on the Hapex-Mobilhy data by Gash et
al. (1988).

We next compare the wmodel results for a 4grid point situated in the
southeastern corner of the study area with a set of four Samer stations
describing various conditions present in this area. These stations are
Caumont (A), over a field of soja, and Tieste (B), Castelnau (),
Fusterouau (D) in fields of corn with little development. The fraction of
vegetation for the reference grid box of the model has the quite low
value of 0.48. This allows for a significant heat flux into the ground.
The comparison of the senszible heat flux is next shown in Fig. 15a. The
model predicted values fall well within the obszerved range for thisz
quantity. The differences between the four stations come from several
factors : the different development of the culture, slightly different
atmospheric conditions, and different scil moisture contents. Here, it is
rewarding to see that the model is able to predict a kind of average. The
agreement is not so good for the latent heat flux, shown in Fig. 15b.
Here, the model predicts a value higher than the average between the four
stations,but close to the Caumont observations. We have found several
possible origins for this discrepancy. Firstly, the model predicted
global solar radiation 1s larger than the average observations. This
could be due either to measurement errors, since the two different
measuring systems are not 1in agreement (see e.g. Goutorbe and Marre,
1988), or to the underestimation of possible aercsol effects by the model.
There are also differences between the albedo observed in the different
sites, and the mean albedo determined by remote-sensing used in the model,
(see above). Further work is needed to establish the most probable reasorn.
Secondly, the model-predicted FBowen ratio 1s wrong, since the sensible
heat fluw is approximately correct and the latent heat flux is
underestimated. This calls for an error on the mean grid-box value of veq.
In fact, the procedure described above is not designed to provide grid-
box average values of veg in agreement with the local observations. Here,
we must rewmember that there is no reason why the model-predicted values
should coincide with the means of the four Samer stations !

Finally, we will compare the model results from a grid-point in the

southwestern corner of the study area with a single Samer station (Vicq).
This station is placed in a field of corn situated in & clearing inside
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the Landes forest. For a more significant comparison, we have chosen a
model grid point with characteristics close to those of a crop area.

The net radistion 1is again overestimated by the model (see discussion
above). As a consequence, the latent and sensible heat fluxes (Fig. 16)
are overestimated but in very different proportions. The latent heat flux
is overestimated by 10 %, and the sensible heat flux by more than 100 % !
The origin of this error on the Rowen ration can be ascribed to an ocasis
effect. Looking at the prediction of the wind speed, temperature and
specific humidity at screen level, it is clear that the model
understimates the temperature. We interpret this in relation with the
fact that the station of Vicqg is located in a clearing. The air
temperature at Vicq is therefore very much influenced by the rnearby
forest, which is supposed to be warmer than the clearings. On the other
hand, we have selected a ™non-forest™ grid point for comparison and the
air temperature at this grid point is less influenced by the forest.

As a conclusion, these three comparisons between model-predicted
quantities and local observations illustrate the complexity of this
exercise. On the one hand, it is absolutely necessary to assess the
general behaviour of the model, since local observations are at the
present time the only sources which provide continucus information
throughout the diurnal cycle of all quantities of interest. On the other
hand, it should not be expected of the model to exactly reproduce the
measurements of a local station, or even of a group of stations, which
are not, except on very special cases, representative of the regional
zcale.

One never knows, whenever discrepancies are noted between model results
and local observations, what part of these discrepancies should be
attributed to model deficiencies, and what part to the non
representativity of the measurements.

One way to escape to thisz problem is to use aircraft measurements. This
has been the major axis of the Hapex-Mobilhy program strategy, and wmuch
is expected from the comparison between model results and aircraft flux
measurements. Extensive comparisons have not yet been possible because
the processing of aircraft data is still underway. We will, however, show
a preliminary result which compares the June 16 simulation results, with
the aircraft measurements contained in the draft report. The attention of
the reader 1is drawn to the fact that those are preliminary and not vet
validated results (Hildebrandt, 1987). To make this comparison, the
aircraft trajectory (see Fig. 12) has been computed on the wodel
horizontal and vertical grid. For each 20 km segment for which
measurements are available, we have interpolated the model result at 1200
Z. The comparison is made with the v"synthetic™ 1200 2z a&aircraft
measurement, which is obtained by combining of three actual measurements
taken at different times, depending on the aircraft motion. on its
trajectory. These measurements are taken, at an altitude of 100 m above
ground level. Comparison i1s shownt in Fig. 17 for the turbulent kinetic
enerqgy, the sensible heat flux and the latent heat flux. It should be
noted that the turbulent kinetic energy frow the model is also
interpolated at 100m above ground level (the model ground), but the
sensible and latent heat fluxes are surface fluxes (we intend to use the
fluzes computed at the altitude of 100 mw for further work). There is
clearly a satisfactory correspondance for both turbulent kinetic enerqy
and sensible heat flux, The only visible regional contrast is between the
forested and non~forested areas. The model reproduces the observed
increase of sensible heat flux (from 150 W/m? to Z00 W/m?) and
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turbulent kinetic energy (from 1,5 m?s~ to 2 w*="2) over the Landes
forest. This result may be considered as ore of the wmain success of the
mesoscale modeling Proqraim for Hapex-Mobilhy, if the aircraft
measurenents are qualified in the near future.

Turning now to the comparison of the latent heat flux, it can be seen
that the aircraft observations do not support the model results. The
difference iz as large as a factor of 2, the observations being smaller.
This seems difficult to undersztand at the time this paper is written. One
may of course question the empirical procedure that has been used to set
the model parameters, and this will be done in the near future. However,
it is puzzling to note that the disagreement is also present over the
forest, where horizontal homogeneity 1is a good approximation. Moreover,
one would enpect & closer agreement between the Hydra station
measurements (see Fig. 14 above) and the aircraft. Taking inteo account
the fact that the aircraft fluxes are preliminary results, we will rot
further discuss this point.

7 - CONCLUSION

As it 1is obvious from the previous sections, the present paper is an
attewmpt to discuss some results frow a work which is still underway. We
have built a new method of parameterization for land-surface properties,
which 15 more simple than most previous methods, but incorporates the
essential physics of the processes under study. We have shown by a zeries
of one dimensional experiments that this scheme has the capacity to
reproduce correctly the surface energy budget at the local scale.For
inclusion inside the mesoscale model, the problem of subgrid scale
variability has been treated in a deliberately simplified manner, as a
first attempt to investigate the difficulty, and in order to remain
consistent with the amount of existing information. The subgrid-scale
variability of the =s0il texture and water content was ignored. The
subgrid scale variability of the vegetation cover was treated by linearly
averaging the fraction of vegetation deduced at the AVHRR pixel scale by
a combination of a supervised classification method on two clear NDVI
images and a table of correspondance deduced from the one dimensional
experiments. This method allowzs for the derivation of & map of the
fraction of vegetation which has been used in the mesoscale model, in
lieu of the local value of this parameter, whereas the other parameters
were specified at the value corresponding to the dominant vegetation type
inzide the grid-box. The results of the mesoscale model show a high
degree of realism, as regards to the simulation of atmospheric parameters.
The apparent surface temperatures predicted by the model are in agrecment
with infrared satellite picturex. As regards to the reqional surface
energy budget, and the prediction of the sensible and latent heat flux
the limitations of local weasurements to assess the quality of the model
results have been discussed, and some comparisons with already available
aircraft measurements have been shouwn.

Those support the model results for the sensible heat flux and turbulence
kinetic enerqy. On the other hand, the aircraft measurements of latent
heat flux are not in agreement with the model results, and the screen
level temperatures of the model seem to be underestimated by 2-2 K as
compared to conventional measurements. This calls for further tuning of
the parameters of the scheme.

Provided that this problem be solved and in view of the general results
we feel that given the degree of quality of the mesoscale analysis and
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the amount of information available to qualify the model results, there
is no basis, at present time, to increase the complexity of the basic
parameterization scheme. The method to account for subgrid scale
variability may need some refinement. It is most usefull to try to
obtain similar results on other days of the §.0.P., taking into account
the evolution of those parameters that describe the vegetation properties
and the so0il water content. The present technique to obtain the grid-
average value of veq cannot be extrapolated outside the SOP, and our
intention is to work out a method to obtain this parameter directly from
the NDVI images, using our continuously expanding set of reference values
deduced from the 1D c¢alibration experiments. This,however will be a
difficult task, because the NDVI evolution with time is function not only
of veg but also of such parameters as Remin and LAI. ’
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