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Abstract — The assessment of the evapotranspiration and of the related surface turbulent heat fluxes is of major impor-
tance for atmospheric modelling and for practical applications in the field of agronomy and environment management.

A method of assessment of these variables has been elaborated. As geostationary satellites can provide spatial informa-
tion with a fairly short time step, the method combines ground meteorological data and Meteosat data. Hourly archives
of evapotranspiration and surface turbulent fluxes covering the Belgian territory are now available for more than four
years. Monthly means for the different years may be compared to characterise the climate variability. An outcome of
the procedure is drawn and some statistics on the obtained results are presented. New perspectives offered by the next
generation of meteorological satellites are outlined. In the following years, it is intended to further develop the method

in the framework of the Land-SAF set up by EUMETSAT.
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Résumé — Evapotranspiration et flux de chaleur en surface sur la Belgique : bilan et perspectivie'gstimation de
I'évapotranspiration et des flux turbulents de chaleur qui lui sont associés présente un grand intérét pour la modélisation
atmosphérique et pour les applications pratiques dans les domaines de I'agronomie et de la gestion de I'environnement.
Une méthode d’estimation de ces variables a été mise au point. Afin de tirer parti de la possibilité offerte par les satel-
lites géostationnaires de fournir des informations spatiales avec des pas de temps relativement courts, la méthode com-
bine des données météorologiques observées a partir du sol et des données Meteosat. Des données d’archive horaires de
I’évapotranspiration et des flux turbulents en surface couvrant le territoire de la Belgique sont actuellement disponibles
pour plus de quatre années. Les moyennes mensuelles peuvent étre comparées d’'une année a I'autre pour caractériser la
variabilité du climat. Un bilan de la procédure est esquissé et des statistiques sont établies sur les données obtenues. Les
perspectives offertes par la nouvelle génération de satellites météorologiques sont soulignées. Il est prévu de poursuivre
le développement de la méthode dans les prochaines années dans le cadre de la « SAF-Land » d’EUMETSAT.

évapotranspiration / flux de chaleur / Belgique / Meteosat / SAF-Land

Communicated by Gérard Guyot (Avignon, France)

* Correspondence and reprints
F.Meulenberghs@oma.be



858 F. Gellens-Meulenberghs

1. Introduction (Services of the Prime Minister) under its Telsat
Programme during the period 1991-1995 [25]. It
combines ground based meteorological as well as

The partitioning of the available energy at the Meteosat satellite data.
surface between latent and sensible heat fluxes Reviewing the literature related to the assess-

plays an important role in the interactions between ment of the evapotranspiration and of the surface
the Earth surface and the atmosphere. The actualy,,jent fluxes is outside the scope of the present

evapotranspiration (AET), linked to the latent heat ohor The interested reader can refer for instance

flux, is involved in both the water cycle and the to Carlson [9], Choudhury [10], Norman et al. [48],

energy balance at the surface. Indeed, large-scaley a5 and Norman [38] to find a general descrip-
synoptic patterns and meso-scale atmospherlctiOn and discussion about remote sensing

structures determine the meteorological variables approaches in this field. Only some broad guide-
like the cloud cover, the surface radiation, the wind lines will be recalled here. In such studies, the
speed, the air temperature and humidity and, as a|54ent heat flusE is usually deduced from the sur-
consequence, also the AET. In turn the AET and ¢, .o energy balance equation

the surface turbulent fluxes act as boundary condi-
tions influencing the characteristics of the atmos- Rn—LE-H-Q=0 )

phere far above the surface in the so-called “atmos- provided that the other terms of the equation are
pheric boundary layer” (ABL) [33]. Obtaining  known.Rn the net radiation, includes the contribu-

good estimates of the AET is thus of major impor-  tions from the short and long wave radiation fluxes
tance in the field of climate and weather model-

ling. On the other hand, the assessment of the AET Rn=(1-NK+Li-L (2)

is potentially useful for a lot of practical applica- wherer is the albedoKj the visible irradiance

tions in the field of agriculture, environment and (global, downward, solar radiation flux, the

land-use management. infrared irradiance (downward infrared radiation
flux emitted by the atmosphere) angthe infrared
exitance (upward infrared radiation flux emitted

2. Scientific background and reflected by the surface). The heat conduction
flux into the grounng, is often neglected at the
daily time step or is assumed to be a constant pro-

Usual ground based meteorological data can portion of the net radiation for shorter time steps.

provide only local AET values. Difficulties arise  The sensible heat flu}, may be expressed by the
when attempting to obtain AET estimates at the pylk aerodynamic method as

meso-scale taking into account the heterogeneity of

the surfaces. Re?:ent efforts have concentrated on H= pc (T T, (3)
developing models that couple the surface fluxes wherep is the air densityg_ its specific heat at
and the atmosphere. Soil-vegetation-atmosphere- constant pressurd,  the surface (aerodynamic)
transfer (SVAT) schemes have been elaborated andtemperatureT, an air temperature higher in the so-
incorporated in both meteorological and hydrologi- called atmospheric surface layer andan aerody-

cal models with different levels of complexity. As namic resistance coefficient depending on several
an alternative, the idea followed in the present parameters (the atmospheric stability, the rough-
research is to make use of remote sensing data toness of the surface, the friction velocity, etc.). The
obtain information at the meso-scale. A method variablesRnand T, are estimated from satellite
has been developed in this way at the Royal data, andr, andr, from ground based meteorolog-
Meteorological Institute (RMI) to assess the actual ical measurements. Many attempts have been made
evapotranspiration over the Belgian territory. The to obtainH from relationship (3), mainly by mak-
project has been funded by the Belgian Federal ing use of AVHRR data in spite of their low tem-
Office for Science, Technology and Culture poral resolution.
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The air temperature is usually observed above
grass at a level of 1.5 m in the synoptic network. It
may be spatially interpolated between synoptic sta-
tions in order to assess, by combination with the
surface temperature, the differer(@gT,) for each
pixel. The problem is complicated by the size of
the pixels, covering heterogeneous surface types.
In any case, the accuracy of this difference is of
crucial importance for the assessment of the evapo-
transpiration. Furthermore, the radiative surface
temperature provided by satellites is fundamentally
different from the aerodynamic surface tempera-
ture; they can differ by a few degrees resulting in
enormous errors in the estimate 18f[30,32].

859

has been achieved in an operational way by means
of automatic procedures. After a short reminder of
the methodology, some results, obtained after four
years of monitoring, will be presented. New per-
spectives offered by the next generation of meteo-
rological satellites will then be sketched.

3. Materials and methods

3.1. Input data and assessment of the net
radiation

The methodology was elaborated in order to use

Further research is under way to establish relation- as much as possible the meteorological information
ships between them [48, 42]. To cope with these available in (quasi-) real time at the RMI.
difficulties several researchers have adjusted Meteorological data like radio-soundings, synoptic
empirically one of the parameters (the aerodynam- data and data sent by an automatic meteorological
ic resistance, the roughness length, the emissivity, station are used. In the case of mid-latitudes, the
etc.) or have added an “excess resistance’,to  AET is expected to be mainly driven by the avail-
(see for instance [29]); others have developed and aple radiative energy at the surface, itself depend-
applied two-sources models [18, 49, 69]. The ing on the local cloud cover. Geostationary satellite
potentialities of the directional measurements of data have been chosen in this research as they are
the temperature are still under study [39]. Other aple to follow with a high frequency the evolution
approaches attempt to avoid using the temperature of the cloud structures and of the diurnal radiative
difference(T,-T,). For instance, Diak and Whipple  characteristics of the land surfaces. The Meteosat
[17] focussed on the temporal evolution of the images are received at the RMI by means of a
radiative surface temperature used together with an ppUS system. In the elaborated method, the
ABL model. They pursued their researches, with hourly visible and infrared windows (6732 pix-

the parametrisation of the diurnal growth of the els) covering the Belgian territory are extracted
ABL height in relation with the daily mean value from the original PDUS images with the infrared
of H [44]. Numerous teams have investigated how channel spatial resolution (aroundx% kmv).

to complement measurements Bf with the They are used to assess the cloud cover and the
assessment of different vegetation indices intro- surface components of the radiation budget.

duced in empirical or physically based relation- The Meteosat PDUS numerical counts in the

Zhlprs(;efsﬁgs [ii’cligin%é)\./A?'tg;ruse rgg?grlrfBien\giﬁl visible and the infrared channels are used to build
bp 9 reference images and histograms with one and two

Sf:zn(;.gf. tLZéS?épZIO?r(,);c%elsB;?r.e Igr(?m?seiﬂg fg:“w y?g\’,edimensions. First, the pixels of each slot are sepa-
. ; . : rated into cloud free regions (sea or land) and
still to be applied and validated over extensive data loud , S div. the available informa-
sets. Very few are run operationally (e.g. [54]). cloudy regions. secondly, thé avaiiable intforma
tion at the synoptic stations is taken into account in
An alternative method, not usin@.T,) and the clustering [53] to obtain four cloud cover class-
thus expected not to be too sensitive to possible es: cloud free, intermediate and intense nebulosity
inaccuracy of the radiative surface temperature, with either low or high top.
has been developed at the RMI. In this method, the  The calibration of the visible numerical counts is
radlatlv_e surface temperature is only mvolvec_i IN" done by taking into account the coefficients
the estimate ot,. Moreover, the data processing  gptained by Moulin et al. [46]. Then, an inversion

Agriculture and Environment
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procedure of the 5S code [64] operating with radio is the ratio of the latent heat flux to the available
soundings allows the albedo values to be obtained. surface energy budget. It characterizes the parti-
The visible irradiance is obtained by a physical tioning of the available energy between the latent
method following Brisson et al. [5]. Two different and the sensible heat fluxes. It has been the subject
approaches for dealing with the infrared part of the of several investigations during the last ten years
net radiation budget exist: after the calibration step (e.g. [7, 12, 47, 52, 63]). It is nearly constant dur-
of the infrared channel, the Lowtran 7 code [36] ing the daytime and is more stable than the well
and radio soundings are used to obtain the exitanceknown Bowen ratio. Some variability seems to be
and the irradiance values for the clear sky cases. possibly induced by cloudy weather or fronts, or
When the sky is cloudy, empirical methods have the proximity to discontinuities of surface types.
been set up and make use of the cloud cover Some links may be expected with variables such as
assessment. A detailed description of the net radia- the soil moisture, the types of vegetation or the
tion evaluation may be found in Gellens- topography. However, little evidence from mea-
Meulenberghs and Roulin [22] and in Roulin et al. surements has been found until now and no clear
[55]. The surface net radiatidRnis then calculat- relationships have been established at this time
ed by means of relationship (2) for each pixel. between the evaporative fraction and these vari-
ables. Few comparisons of evaporative fraction
values between different sites have been made. For
instance, when considering only 4 golden days and
20 stations, Shuttleworth et al. [63] obtained a
standard deviation of the order of 0.1. Following a
transect across the boreal forest, Oncley et al. [51]
noted that except for the lakes and the frozen tun-
dra, the fluxes varied smoothly from the predomi-
nately deciduous forest to the coniferous forest and
to the tundra.

3.2. Turbulent fluxes: assessment
at the reference station

The evapotranspiration and the turbulent sensi-
ble and latent heat fluxes are first assessed at the
level of the micro-meteorological station of Melle,
located close to the central part of the country. This
automatic station plays the role of reference station
and is, at this time, the only one fully instrumented
of the RMI stations network providing quasi-real In this study, a daily mean valfieof the evapo-
time data. The latent heat flux is deduced from the rative fraction is computed at the Melle station by
surface energy balance equation while the sensible
heat flux is estimated by means of the Monin- fg= (LE)q/(Rn -Q)q (5)
Obukhov similarity theory using the profile where(LE), is the daily mean values of the latent
method [6]. The mean 30 minutes averaged values heat flux and(Rn - ), is the daily mean of the
of the temperature and wind speed made at two ay4jjable surface energy budget. In the future, the
levels (2 and 10 m on a mast) are used. Mean val- intention is to compute it for several automatic sta-
ues over 30 minutes of the air humidity is also igns in the RMI network, when they become
available. To check its validity, the method of ayailaple. In the mean time, and for the purpose of
assessment of the turbulent fluxes has been previ-ihe present stud is assumed to be the index rep-
ously applied over one year (1995) of data record- resentative for all the Belgium territory for parti-
ed at the Cabauw site (e.g. [66]). It compares well tjoning the available energy. This assumption

with estimated fluxes obtained for this station. seems acceptable since the evaporation fraction is
particularly stable for humid temperate climate like

3.3. Assessment and characteristics the Belgium climate and since the Belgium vegeta-
of the evaporative fraction tion cover does not vary too much over the country
(Belgium is mostly covered by a mixture of grass-

The evaporative fraction land and crops in the central and western parts,

while more forests (deciduous and coniferous) and
f=LE/(Rn-Q) (4) pastures may be found in the eastern part). This
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hypothesis is also supported by the work of Sellers During winter, the absolute errors are small but the
et al. [59]. To obtain a first insight into the spatial relative errors can reach high peaks (more than
variability of f;, the soil-vegetation-atmosphere 100%) as the evapotranspiration rate is close to
transfer scheme in use in the daily step lumped zero. The net radiation is the variable responsible
RMIB hydrological model [8] has been fed by for the major part of the error following this sce-

20 years of daily data for 7 stations spread over the nario. The fraction of evaporation contributes less
country and including the Melle station. The root- to the total error but has a higher variability occur-
mean-squares and biases obtained are used as inputing during short spells of the year. Considered
in the sensitivity study (presented further in the separately, the net radiation and the evaporative

text).

3.4. Turbulent fluxes: assessment at the Belgium
scale

In a second step, the net radiation fRRx esti-
mated from Meteosat and meteorological data is
combined withf to assess actual evapotranspira-
tion, for each pixel and each hourly slot during the
daytime period, by the relationship

LE=f, (Rn-Q). (6)

As in many remote sensing approach@g,is
assumed to be a constant proportiorRof(equal
to 0.1 wherRnis positive) [11, 15, 50]. As expect-
ed, the assessmentIdE in this way for the Melle

station with ground measurements gives excellent
results: using 30-minute mean ground observed

values and a daily constant valfigfor the
1994-1996 period, the bias is close to zero
(0.032 mm-day}), and the correlation coefficient
and the Nash index are close to 1.0 [26].

3.5. Sensitivity studies

Sensitivity tests have been performed in
Gellens-Meulenberghs and Roulin [23]. The adopt-
ed scenario of uncertainty for the investigated
input variables was a root mean square emog)(

corresponding to 45% of the mean observed value

for Rnand to one degree for the temperature.
Monthly bias andmswere assigned as errorsfto

according to the results obtained above by means

of the hydrological model. These uncertainties
induce dailyrmsvalues of the AET between 0 and

2 mm-dL. These errors present a large dispersion
and reach their maximum during the summer.

fraction induce respectively relative errors around
50 and 25% during the summer with the envisaged
scenarios of the input data uncertainties. The air
temperature error plays a negligible role on the
assessment of the latent heat of evaporatipn
Combining the different sources of errors envis-
aged implies a mean relative root-mean-error
around 60%. Other sensitivity tests have shown
that the highest contribution to the net radiation
comes from the global solar radiatiéty and the
lowest contribution is due to the albedo. The
infrared irradiance.; can also imply an important
contribution, especially during winter. In summary,
the more critical variable is the net radiation. The
evaporative fraction plays a secondary role, not
introducing a too large error when considering only
one reference station.

4. Results

The method has now been applied for more than
four years, initiating a long term remote sensed
monitoring. Operational aspects of the automatic
data processing are discussed in Gellens-
Meulenberghs and Roulin [24]. The analysis of the
individual hourly images shows the importance of

the clouds in the assessment of the evapotranspira-

tion. Temporal means of the evapotranspiration
may then be calculated on the daylight period and
on the monthly basis by integrating the hourly

evapotranspiration values. An analysis of some
results interpreted in terms of synoptic conditions
or of the variability of the climate may also be

found in Gellens-Meulenberghs and Roulin [24].

Each hourly image covering the Belgian territory
consists of 788 pixels inside a window of 332

Agriculture and Environment
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Figure 1. Monthly means of the hourly day-light values over

the Belgian territory (1994-1997) deduced from Meteosat and
meteorological data for the following statistics: areal mean,
standard deviation, minimum and maximum. Net radiation (a),
latent heat flux (b), sensible heat flux (c) and evapotranspira-

tion (d).

pixels. Figure 1 shows the areal monthly means and
standard deviations of hourly diurnal results for

F. Gellens-Meulenberghs

provide good estimates of the evapotranspiration
and that it constitutes a good tool for the compari-
son of the AET values obtained by the present
method. The agreement between the two methods
is in general very satisfactory: the annual cycle and
the main characteristics are very similar (correla-
tion coefficient included between 0.85 and 0.92).
When comparing the results for the different catch-
ments, no clear trend appears as a function of the
distance from the meteorological station of refer-
ence. This indicates that the constant daily evapo-
rative fractionf; used in the present method
doesn’t seem to affect significantly the AET
results. However, values provided by the present
method are often higher (positive bias around
0.4 mm-d?) than the corresponding results provid-
ed by the hydrological model. At this stage of the
study, the net radiation assessment was suspected
to be at the origin of this bias but much research
was still needed to investigate this point. Since the
sensitivity study has also shown that the net radia-
tion can be responsible for a major part of the
error, the emphasis will be put on this variable
hereafter.

Comparison of remote sensing data with ground

several variables: net radiation, sensible and latent data must be done carefully: aerial data (with the

heat fluxes and evapotranspiration [20]. The mean
number of images involved during the day-light

period ranges from 5 in winter to 10 during summer
months. Between 2400 and 2900 hourly images

have been considered each year. The output vari-

ables exhibit an important annual cycle. For
instance, the mean hourly net radiation ranges
between 20 and 300 W-fwith a mean standard
deviation ranging from 15 to 70 W-tnThe corre-
sponding values for the evapotranspiration are in
the ranges 0.02—-0.27 mmtland 0.02—0.06 mm~h
respectively.

Another important aspect of the “post-process-
ing” is the validation of the results. In the case of
the evapotranspiration, comparisons [26] have
been made on a daily basis (period 1995-1996)
with results provided by a hydrological model [8]
applied on eight catchments spread over Belgium.
The algorithms included in the hydrological model
were tested at first with ground data at the Melle
station. It turns out that this model is able to

size of the pixel) have to be compared to point data
(at the location of the ground meteorological sta-
tion). Moreover, the surface types are usually dif-
ferent, since heterogeneous vegetated surfaces are
compared with the grass-covered surface of the
meteorological stations. Studies dealing with foot-
print considerations have been (and are still) the
subject of a lot of interest (e.qg. [34, 57, 58, 62]).
Scaling up from standpoint measurements to a
landscape-scale has driven most of the recent field
campaigns [60]. Studies have shown however that
for moderately varying surface characteristics, the
remote sensing methodologies, the parameters and
the models themselves are largely scale-invariant
[59]. This conclusion was also obtained for the net
radiation [30].

Figure 2 presents the comparison of the surface
net radiation observed at the Melle station with the
aerial average, over 8 3 IR pixels around the
same location, provided independently by the pre-
sent method. The correlation coefficients (between
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0.87 and 0.90) are very good and the Nash efficien- infrared irradiance where somewhat lower correla-
cy indices [1] showing lower values (between 0.49 tion values (between 0.62 and 0.88) are obtained
and 0.64) are nevertheless satisfactory. Hourly (Fig. 3). The quite stable bias of the net radiation
biases are comprised between 40 and 50 W-m appears however as the resultant of a decreasing
which may be considered as rather high, and influ- trend showed by the infrared irradiancgand a
ence directly the accuracy of the surface turbulent positive trend presented by the visible irradiance
fluxes and the AET. Howe_ver uncertainties with K, This latter must probably be due to an inade-
the same order of magnitude are reported by guate updating of the calibration parameters after
Sellers et al. [60]. the development phase (1993-1995) of the
The hourly values of the different components method, when only reduced manpower was avail-
of the surface radiation budget have also been able. As far as the infrared irradiance, possible caus-
inspected [21]. The correlation coefficient is very es should be searched either in the algorithms used
good (between 0.77 and 0.93), except for the (cloud cover assessment or the parameterisation

Agriculture and Environment
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used to take the clouds effects into account), or in nance of the hardware support and of the devel-
possible erroneous ground data. The lowest bias oped software when the results are produced in an
andrms correspond to th&, and thelL,, compo- operational way. In particular, adequate follow-up
nents. A possible contribution comes probably and frequent checks of the results are particularly
from the heterogeneous character of the surface needed.

surrounding the reference station. Similans val-

ues are also reached by thgcomponent during
the last two years. Relative bias amds are also
shown. Future research will attempt to reduce the
bias ofRnin the present method and to update the
comparison with results provided by the hydrologi-
cal model.

The next generation of meteorological satellites
will provide opportunities to improve the quality of
the results. The launch of these satellites is sched-
uled in the next few years and will progressively
replace the present operating satellites.
Potentialities of new data that will be provided by
the Meteosat Second Generation (MSG) or by the
EUMETSAT Polar System (EPS) have for instance
been reviewed by Desbois [16] and Bizzari [4],
respectively. Despite the better space resolution
offered by EPS, MSG remains more appropriate
for the monitoring of quickly evolving atmospheric
processes. A description of future MSG products is
given by Woick et al. [68]. In particular, the
SEVIRI instrument (“Spinning Enhanced Visible
and Infrared Imager”) is foreseen with four spec-
tral channels in the visible (solar spectrum) and

tion of long term monitoring over all the Belgium eight channels in the thermal infrared range. The
territory. One important aspect of the postprocess- '
y P P POSIp present Meteosat VIS and IR channels are both

ing remains the validation of the results needed to ' =~ :
assess the accuracy of the method and to detectspIIt In two channels. The scanning rate O.f t_he full
disk will be doubled (from one every 30 min in the

parts of the methodology requiring further .
improvements. At present, the main liability limit- case of Mete(_)sat to one every 15 min for SEVIRI)
and the spatial resolution will be increased (e.g.

ing the accuracy of the results comes from the : L o
assessment of the surface net radiation. The main3 km _at the subsatellite point in the visible anq _the
near infrared, and 1 km for the broadband visible

components to be improved in the future are the X )
b P channel). An onboard calibration of the IR chan-

visible and infrared irradiances. A tight follow-up Is is f h S librati
of the available visible calibration parameters must NeIS 1S Toreseen whereas a vicarious cafibration
will be required for the visible channels.

be ensured and a careful check of the method per-
formances by cloudy sky conditions must be Moreover, to insure an optimum use of the
achieved. A better consideration of the effects of meteorological satellite data of the new generation
the clouds in the parameterisation will then possi- in Europe, EUMETSAT plans to construct a net-
bly prove to be necessary. A careful check by work of so-called “SAFs” (Satellite Application
experts of instruments for some ground measured Facility). Each SAF will be a distributed element
data, mainly the infrared irradiance, is also desir- of the EUMETSAT ground segment and will be
able. However, at the time of the development of responsible for the provision of imagery products
the method, with such short steps, well validated and services. Several SAFs are foreseen and are
data were rather difficult to obtain. Other factors dedicated to well-specified subjects: Ozone-SAF,
influence the quality of the results but to a lesser Nowcasting-SAF, Climate-SAF, Ocean-and-Sea-
degree: the one site estimate of the evaporative Ice-SAF, etc. The main objective of the SAF-Land
fractionf and the crude parametrisation of the heat has been defined as to increase the benefits from
conduction flux into the groun@,. Sufficient MSG and EPS data by developing appropriate
manpower is however needed to insure the mainte- techniques related to land, land-atmosphere

5. Discussion

A method aiming to assess the evapotranspira-
tion and the surface turbulent heat fluxes has been
developed. It combines Meteosat data and ground
meteorological observations. More than four years
of results are available today, allowing the initia-



Evapotranspiration and surface heat fluxes

interactions and biospheric applications. The
development of techniques related to other recent
or future instruments (MODIS, MERIS, POLDER,
VEGETATION, etc.) will also be taken into
account.

The method described above in the text is
planned to be further developed in the Land-SAF,
the evapotranspiration being one of its envisaged
products. The spatial scale considered will be
enlarged outside the borders of Belgium with an
increased spatial resolution. An important point is
that surface radiative fluxes will be produced by
this SAF. Improved values of the surface net radia-
tion will directly imply a better accuracy for the
evapotranspiration results. When they will become
available, the expected accuracy of the input vari-
ables will directly be used as input in the sensitivi-
ty study to assess the foreseen accuracy of the AET

results. Further research will be needed to develop T., Surface irradiances calculated from Meteosat sensor

a robust parametrisation 6fandQ_ and to check

its operational applicability over a broader spatial
scale. The rati@ /Rnhas been shown to vary dur-
ing the daytime and as a function of the vegetation
cover, especially for tall or sparse vegetation ([37,
50]). Different possible approaches to assess this
variable (e.g. [19, 40, 41, 49]) will be examined. In
a general way, the recent literature related to the

assessment of the evapotranspiration and surface

turbulent fluxes will be reviewed. Particular atten-
tion will be reserved for the main results of large-

scale field campaigns and recent research programs,

dealing with long term monitoring of turbulent sur-
face fluxes (e.g. like [31, 61, 67]). New validation
possibilities will also be searched; in particular, the
opportunity to use data from the main flux stations
in Europe or from EUROFLUX [56, 65] measure-
ment sites over forested areas will be investigated.
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