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skill of the observations. However, the minimisation scheme used so far required a large number of full
NWP integrations, and was not always able to find the optimal solution. The work carried out with the
METEOSAT heating rates yielded a variational minimisation scheme that was both effective and efficient,
and this method was subsequently also applied to the directional temperature assimilation. A brief
description of the comparison between the two minimisation schemes is given below.
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Fig. 6.5 The agreement of H estimated by SEBS with observations. Each symbol represents one time interval in
which an ATSR derived surface flux estimation and half hourly averaged surface observations were both available.
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Fig. 6.6 The comparison of H estimated by SEBS and RACMO model.

The first (complex) minimisation method consisted of a combination of a parabolic interpolation and a
conjugate gradient determination (Press et al, 1989). The task of the method is to find the minimum of an
arbitrarily shaped cost function J, which is defined as

2
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in which x,, is a modelled quantity (say, component surface temperature separately for canopy and

underground), x, the observed equivalent, and o, the specified observation error. The modelled surface

temperatures vary by changing the soil moisture content and by changing the aerodynamic coupling
between the surface and the atmosphere, implemented by changing the roughness ratio z,,,/z,;,. Thus |
may be considered as a multidimensional function of soil moisture content w and z,,,/z,;,. The minimum of

J is supposed to be at a location where w and z,,,/z., take their preferred values.

The minimisation procedure starts with executing a NWP run with a default value of w and z,,,/z.;- An
initial search direction [Aw, Az,,,/z.;] is also specified. In this search direction, Jis evaluated at a number of
locations assuming a parabolic shape of J. At the location of [Aw, Az,,,/z,,] Where the minimum of J is
found, a new search direction is defined, and the parabolic minimisation procedure is repeated.

Each evaluation of J requires a full NWP integration, to calculate the effect of changing w and z,,,/z,, on
J. Typically 25 NWP runs are necessary to find a reasonable minimum of the cost function.

This rather expensive procedure was simplified drastically by Hess (2001), who made the following
assumptions:

e Ina sequential data assimilation experiment, the first guess value of the control variables (w, z,,,/z,;) is
not far away from the optimal values. Search in only one direction should be sufficient to find a
reasonable minimum

e Close to the minimum, the gradient of the cost function with respect to the control variables can be
estimated by a linear function. This is equivalent to assuming that J is a quadratic function of the
control variable x. A new minimum can effectively be found from assessing dJ/dx at the position of the
first guess of x.

The combination of these two assumptions enables to make an estimate of the new minimum of | by
determining d]/dx for each control variable x by a finite difference approach, i.e. requiring only one
additional run with the NWP model for each x.

In the following example we have examined the assumptions made by Hess (2001) for one of the NWP
data assimilation experiments in which directional surface temperatures were used to adjust soil moisture
content and roughness ratio in RACMO. We have done so by applying the search procedure of Hess (2001)
twice: once from an arbitrary first guess background obtained from a previous (unassimilated) RACMO
run, and once again from the optimum fields of w and z,,,/z,, that resulted from this first optimisation. If
the assumptions made are valid, this second iteration should yield results that are close to the results of the
first iteration.

Figure 7.1 shows the comparison of In z,,,/z,,, found from the first and second iteration of the
minimisation procedure in which ATSR derived directional surface temperatures were used to update this
roughness ratio in RACMO. It appears that the 1* iteration yielded results that are hardly changed anymore
when an additional iteration is carried out, implying that the procedure yields estimates of In z,,,/z,, that
are close to the optimum that could be found from the comparison of RACMO surface temperatures and
ATSR data. This example shows that the simple linear approximation of the cost function minimisation
provides an efficient and effective way to perform the data assimilation. Additional experimentation by
Hess (2001) confirms this result also for other sources of observations used to adjust soil moisture fields in
NWP models. The procedure will further be developed and finetuned in the context of ELDAS, and will be
applied in the following data assimilation experiments.

Formulation of the cost function

The cost function as formulated by equation 7.1 measures the difference between observed and
modelled quantities, normalised by the noise that occurs due to limited data accuracy. However, it ignores a
penalty for violating the physical evolution of the modelled control variables. This is normally taken care of
by adding a so-called background term to the cost function, which confines modifications to the first guess
values of these control variables by comparing these modifications to a specified background model error.
The full equation for J then becomes

2 2
- A
J=Z Zcmo_—xo +z O'—W (7.2)

where Aw is the modification to control variable w, and 6, is the model background error. The results of a
data assimilation procedure using a cost function as described by equation 7.2 is governed by the (a priori)
choices of the observation and background errors, or the ratio between these. In the experiments described
below we have chosen to set the background error at relatively high values, to estimate the maximum effect
the satellite observations may have on the NWP forecast.
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Figure 7.1: example of the effect of the number of iterations on the resulting value of In z,,/z,,, applied to the
ATSR image of 13 April 1999. ‘First guess’ refers to the primary iteration of the minimisation procedure. Each symbol
in the figure represents one RACMO grid box for which ATSR data were used to update the roughness ratio value.

An appropriate choice for the observation error is difficult to make. In principle, it depends on many
aspects related to the observation accuracy of the spaceborne sensor, the atmospheric correction, the
retrieval algorithm and the ancillary data that enter the retrieval. For the ATSR case studies discussed below
we have followed a pragmatic solution, by relating G, to the standard deviation of all pixel temperatures
within a NWP gridbox, 6, and the number of pixels passing the quality screening (see Workpackage 5),
N/Nipaw

_ maXlO-T,s ’ O-T,vJ
O.o - N/Nmax (73)

where 61, and o7, are the standard deviations of the bare ground and canopy temperatures, respectively (see
Van den Hurk et al, in press). This formulation of the observation error will give less weight to gridbox
averaged surface temperatures when the variability of the component temperatures derived from the ATSR
observations is very large, or when only little satellite observations contribute to the representative value.
Although o, is not necessarily related to the true observation error, it is a practical indicator for the
representativity of the measurements on the scale of a NWP grid box.

An evaluation of roughness ratio’s obtained by data-assimilation

In the report of Phase 1 of this project a case study is presented in which ATSR derived component
temperatures were used to update the soil moisture content and the roughness ratio in the limited area
model RACMO. An extensive description of this experiment is also given by Van den Hurk et al (in press),
which manuscript is prepared in the context of Phase 2 of the project.

For 5 days in 1999 ATSR images were used to derive component surface temperatures for the Eastern
part of the Iberian peninsula, and for one additional day for the surroundings of the Netherlands. The main
conclusion of that study was that for the Iberian peninsula the aerodynamic properties of the surface (the
roughness ratio z,,,/z,;) had to be adjusted to significantly higher values than the default constant
parameter in order to match RACMO and ATSR derived surface temperatures.

The section concerning Workpackage 6 gives a detailed description of a semi-empirical model for this
roughness ratio, as developed by Su et al (2001). We have implemented a simplified version of this
roughness ratio model in the land surface scheme in RACMO. The simplifications were mainly guided by
the availability of (calibration) coefficients that are needed to close the parameterisation. The basic
formulation of the roughness sub-model reads



B.J.].M. van den Hurk et al 43

k.”izﬂ
In o — kCy £+ ”"C*h PR HRBISE (7.4)
t

o) %(1 —exp(—n/2))
u

where C; and C, are drag coefficients specified by a constant value, u./u(h), z,,,/h and n are turbulent
properties depending on the canopy leaf area index, kB is a roughness ratio for the bare ground surface
(parameterised depending on a specified bare ground momentum roughness length and a turbulent
Reynolds number), and f, and f; are the areal coverage of plants and bare ground, respectively (see
Workpackage 6 or Su et al, 2001, for details). Equation 7.4 is a simplified version of the original model
discussed by Su et al. All coefficient values needed to calculate z,,,/z,, are solely obtained from vegetation
information (leaf area index, vegetation coverage) which is used operationally in the tiled land surface
scheme in RACMO.

In addition to the ATSR data assimilation experiments reported in Phase 1, an extra set of RACMO
simulations was carried out in which equation 7.4 was implemented to parameterise the roughness ratio of
the bare ground tile in the RACMO surface scheme (see Phase 1 report). In these simulations no data
assimilation was applied. Instead, the soil moisture fields that were obtained from the earlier data
assimilation experiments were used to initialise the soil moisture profiles of the RACMO simulations. The
roughness ratio was given by Equation 7.4. The runs were carried out for the same model domains and
periods as described in Phase 1 and Van den Hurk et al (in press). All runs were initialised at midnight
prior to the day for which ATSR data were available, and lasted 12 hours. Hourly averaged surface sensible
heat fluxes and component surface temperatures calculated for the gridboxes in which ATSR data were
available were stored.

Figure 7.2 shows a representative example of the effect of the inclusion of equation 7.4 on the
surface sensible heat flux (see also next section). The roughness sub-model generates surface sensible heat
fluxes which agree closely with the result from the assimilated cases, and are generally lower than the first
guess simulations (note the negative sign for upward fluxes). Similar results were obtained for the case
studies for the other 4 daysin 1999.

Note that in the comparison shown in figure 7.2 the largest difference between the assimilated and
first guess runs may come from adjustments of soil moisture content rather than from adjustments in the
aerodynamic properties. A comparison of these runs to the RACMO run including equation 7.4 may
therefore not reflect only the effect of the kB-model. However, the close correspondence between the
assimilated run and the roughness submodel shows that both procedures behave fairly similar. Whether
the roughness submodel is a good candidate to replace the data assimilation procedure needs to be explored
further in Phase 3.
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Figure 7.2: Scatterplot of hourly averaged surface sensible heat flux between 10:00 and 11:00 UTC at 19 June
1999 of a RACMO simulation over the Iberian peninsula using equation 7.4 for the roughness ratio on the x-axis, and
the same surface flux for the first guess run (red circles) and assimilated run (blue triangles) on the y-axis. Heat fluxes

are defined positive downward.
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WP 8: Validation of the improvements of the NWP predictions

Bart van den Hurk

The assimilation of satellite derived land surface properties into an NWP system should serve the quality
of the forecasts of such a system. When the satellite derived products are physically realistic and compatible
with the physical assumptions made in the land surface parameterisation of the NWP model, the data
assimilation will bring the model closer to a realistic state. In principle this should be evaluated with
comparison of the NWP results to data that are not included in the assimilation. This evaluation should
preferably be carried out at the proper spatial scale, that is, at the scale at which the NWP data operates. For
the examples discussed earlier, beneficial effects are to be expected for the general surface flux partition in
the whole Iberian peninsula, or at least in those parts where satellite data were available and could be
assimilated in the model.

Routine surface flux measurements are not available at this scale. As an alternative, forecast scores of
near-surface quantities (relative/specific humidity, temperature) have been examined in the past (e.g. Van
den Hurk et al, 1997), as a proxy to the surface turbulent fluxes. This evaluation was carried out also with
the limited assimilation experiments reported in Phase 1 of the project and by Van den Hurk et al (in
press). Assimilation of ATSR-2 component temperatures appeared to be slightly beneficial to the 2m
temperature, but relative humidity results were not improved.

At a later stage in Phase 3, it is foreseen that SEBI surface fluxes will be assimilated into the RACMO
model, but this is not yet carried out. As an intermediate evaluation, we have briefly analysed the surface
flux predictions for the Tomelloso location for various runs of the RACMO model. This analysis was also
presented in Workpackage 6, discussed above (Table 6.4).

Three RACMO runs were available for each of the 5 days in 1999 for which for that location component
temperatures were obtained: the first guess simulation (shown in Table 6.4), the simulation in which
ATSR-component temperatures were assimilated by changing the soil moisture content and the roughness
ratio, and one simulation in which the assimilated roughness ratio is replaced by the kB-model by Su et al
(see Workpackage 7).

Figure 7.1 shows the correspondence between the ground-truth observations carried out with the
scintillometer device in the Tomelloso area with the various RACMO runs. For reference, also the single
source model estimate discussed in Workpackage 7 is displayed.

It is clearly seen that the assimilation of surface temperatures gives lower sensible heat fluxes, and in
general improves the correspondence with the observations. However, the fluxes are still relatively high
compared to the single source model and the ground observations. The degrees of freedom in the data
assimilation are apparently too small to produce a model state that is close to the observation. In other
words, remaining overestimation of surface sensible heat flux may be the result of too high net radiation in
RACMO, too small adjustments in the roughness ratio or soil moisture content, or errors in the
parameterisation of the dependence of surface fluxes on various quantities.

The replacement of the assimilated roughness ratio by the simplified kB-model, as discussed in the
previous workpackage, does not result in large differences, as was already noted. This implies that
incorporating the kB-model does not deteriorate the results that can be expected from the data assimilation
exercise, which is good news. On the other hand, it may well be possible that the roughness ratio is not a
very important parameter in determining the surface heat flux. In general, the calculated surface heat flux
in an interactive land surface scheme is bound severely by available energy, and surface temperatures are
dependent quantities rather than quantities that govern the amount of heat transfer. In contrast, satellite
flux retrievals are extremely sensitive to the roughness formulation since the (observed) surface
temperature is directly used to calculate the heat flux and may not be regarded as a dependent variable. A
proper evaluation of kB-models should therefore be carried out by inspection of surface temperatures rather
than by looking at surface heat fluxes alone. This requires a well-designed data assimilation experiment in
which the kB-model is enabled to play an active role. Such an experiment will be conducted in Phase 3 of
the project.
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Figure 7.1: Scatter plot of observed sensible heat flux at the Tomelloso site versus various model values of this flux
for 5 days in 1999. Shown are model calculations with RACMO without data assimilation (“first guess”, als shown in
Table 6.4), the single source model discussed in Workpackage 6, the assimilated RACMO run, and a RACMO run with
the kB-model by Su et al (2001).

EXECUTIVE SUMMARY

Results achieved

During the 2™ phase of the current ENVISAT- Land Surface Processes project, a number of activities
have been carried out that further pave the way towards the use of ENVISAT land surface data in a NWP
environment.

Referring to the retrieval of albedo, leaf area index and atmospheric corrections, preliminary radiative
transfer calculations have been carried out that should enable the retrieval of these parameters once AATSR
and MERIS data become available. However, much of this work is still to be carried out. An essential part of
work in this area is the design and implementation of software that enables an efficient use of MODTRAN4
radiative transfer code, and during the current project phase familiarization with these new components
has been achieved.

Surface emissivity, a small workpackage, has not received any attention. It is foreseen that this
workpackage will no longer be included in the next phase of the report, since reasonable results are not
anticipated from the limited resources made available for this part of the work.

Significant progress has been made with the retrieval of component temperatures from directional
ATSR-images, and the calculation of surface turbulent heat fluxes from these data. The impact of vegetation
cover on the retrieved component temperatures appears manageable, and preliminary comparison of
foliage temperature to air temperatures were encouraging. The calculation of surface fluxes using the SEBI
concept,which includes a detailed model of the surface roughness ratio, appeared to give results that were
in reasonable agreement with local measurements with scintillometer devices. The specification of the
atmospheric boundary conditions appears a crucial component, and the use of first guess estimates from
the RACMO models partially explains the success.

Earlier data assimilation experiments with directional surface temperatures have been analysed a bit
further and were also compared to results obtained from directly modelling the surface roughness ratio.
Results between these calculations and the data assimilation results appeared well comparable, but a full
test in which the surface roughness model is allowed to play a free role during the data assimilation process
has yet to be carried out.

Tasks in Phase 3

Although some progress was reported during the current phase, a number of tasks has still to be carried
out before the project can be considered to be succesfully completed. This is due to a combination of a lack
of availability of ENVISAT data, and the limited extent (9 months) of the current 2™ phase.
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On the retrieval side, sample products of leaf area index and albedo still have to be generated, and their
quality has to be assessed in an NWP environment. The same holds for the atmospheric correction from
MERIS data.

Surface component temperature retrieval algorithms have matured more and more, but reliable
validation, for instance using very high resolution imagery in which vegetation and bare ground pixels can
be separated, has yet to be carried out. The calculation of surface fluxes has to be completed towards the
regional scale, which enables the assimilation of these fluxes into an NWP. Spatial and temporal variability
of these fluxes have yet to be analysed.

Data assimilation experiments have yet to develop towards the assimilation of retreived surface fluxes
rather than the component temperatures, and temporal and spatial dynamics of these input data has to be
analysed. Also verification of the assimilated products using forecast scores of near-surface quantities has
yet to be carried out.

We will submit a continuation proposal covering the 3™ phase of the “ENVISAT — Land surface process”
project to the GO-call that is anticipated to appear in 2002.

Scientific Publications in the context of the project

Jia, L., Z.-L. Li, M. Menenti, Z. Su, W. Verhoefand Z. Wan (submitted): A practical algorithm to infer soil and foliage
component temperatures from bi-angular ATSR-2 data, International Journal of Remote Sensing.

Su, Z., T. Schmugge, W.P. Kustas, W.]. Massman, An evaluation of two models for estimation of the roughness height
for heat transfer between the land surface and the atmosphere. J. Appl. Meteorology, 40(11), 1933-1991, 2001.

Van den Hurk, B.J.].M,, Jia, L., Jacobs, C., Menenti, M., and Li, Z.-L., (in press), Assimilation of land surface
temperature data from ATSR in an NWP environment — a case study, accepted by International Journal of Remote
Sensing.

Van den Hurk, B.J.].M. and H. The (submitted): Assimilation of satellite derived surface heating rates in a Numerical
Weather Prediction model; Submitted to Advances of Water Resources

REFERENCES

Asrar, G., Myneni, R.B. and Choudhury, B.]., Spatial heterogeneity in vegetation canopies and remote sensing of
absorbed photosynthetically active radiation: a modeling study, Remote Sensing Environ., 41, 85-103, 1992.

Bach, H., W. Verhoef and K. Schneider, 2000, "Coupling remote sensing observation models and a growth model for
improved retrieval of (geo)biophysical information from optical remote sensing data", Remote Sensing for Agriculture,
Ecosystems and Hydrology, SPIE Vol. 4171, pp. 1-11.

Baret, F., Clevers, ]. P. W., and Stevens, M. D., 1995, The robustness of canopy gap fraction estimates from the red and
near infrared reflectance. A comparison between approaches for sugar beet canopies. Remote Sensing Environ., 5 4,
I41-I51I.

Bastiaanssen, W.G.M., Regionalization of surface flux densities and moisture indicators in composite terrain, Ph.D
thesis, Wageningen Agriculture University, 1995.

Beck, A., Anderson, G.P., Acharya, P.K. etal., 1999, MODTRAN4 User’s Manual. Air Force Research Laboratory,
Hanscom AFB, MA.

Becker, F., Li, Z.-L., 1995, Surface temperature and emissivity at various scales: definition, measurement and related
problems. Remote Sensing Reviews, 12, 22.5-253.

Ehrler, W.L., 1973, Cotton leaf temperatures as related to soil water depletion and meteorological factors. Agron.
Journal, 65, 404-409.

Brutsaert, W., 1999: Aspects of bulk atmospheric boundary layer similarity under free-convective conditions. Rev.
Geophy., 37, 439-451.

Brutsaert, W., and M. Sugita, 1992, Regional surface fluxes from satellite-derived surface

temperatures(AVHRR) and radiosonde profiles, Boundary-Layer Meteorology, 58:355-366.

Finnigan,].J., M.R.Raupach, E.F,Bradley, and G.K.Aldis, 1990, A Wind Tunnel Study of Turbulent Flow over a Two-
dimensional Ridge, Boundary Layer Meteorol., 50,277-317.

Flowerdew, R.]J. and Haigh, ].D., 1997, Retrieving land surface reflectances using the ATSR-2: A theoretical study. J.
Geophys. Res., 102(D14), 17163-17171.

Gausman, H.W., Escobar, D.E., Everitt, ].H., Richardson A.]. and Rodriquez, R.R., 1978, The leaf mesophylls of twenty
crops, their light spectra, and geometrical parameters. SWC Research Report 423, Rio Grande Soil and Water
Research Center, Weslaco, Texas, 88pp.

Hapke, B., 1981, Bidirectional reflectabce spectroscopy. 1. Theory. J. Geophys. Res., 86, 3039-305 4.



B.J.].M. van den Hurk et al 47

Hatfield, J.L., Large scale evepotranspiration from remotely sensed surface temperature, Proc. on planning, now for
irrigation and drainage IR Div?ASCE, Lincoln, NE, July 18-21, 502-509, 1988.

Hess, R. (2001): Assimilation of screen-level observations by variational soil moisture analysis; Meteorol. Atm.Phys. 77,
145-154.

Jackson, R.D., 1982, Canopy temperature and crop water stress, Advances in Irrigation, 1, 43-85.

Jia, L., Z.-L. Li, Z. Su, C. Jacobs, M.P. Stoll, M. Menenti, “Synergistic use of ATSR-2 multispectral and dual-angle data
for land surface studies, ERS-ENVISAT Symposium: Looking down to Earth in the New Millennium, 16-20 October,
Gothenburg, Sweden, ESA SP-461, CD-ROM, 7pages, 2000.

Jia, L., Z.-L. Li, M. Menenti, Z. Su, W. Verhoefand Z. Wan, A practical algorithm to infer soil and foliage component
temperatures from bi-angular ATSR-2 data, International Journal of Remote Sensing, (in review), 2001.

Jia, L., Menenti, M., Su, Z.B., Djepa, V., Li, Z.-L. and Wang, ]., 2001, Modeling sensible heat flux using estimates of
soil and foliage temperatures: the HEIFE and IMGRASS experiments. In “Remote sensing and climate modeling:
Synergies and Limitations” in “Advances in Global Change Research”, edited by M. Beniston and M. Verstraete
(Dordrecht: Kluwer).

Kimes, D. S., 1980, Effects of vegetation canopy structure on remotely sensed canopy temperatures. Remote Sensing
Environ., 10, 165-17 4.

Kimes, D. S., 1983, Remote sensing of row crop structure and component temperatures using directional radiometric
temperatures and inversion techniques. Remote Sensing Environ., 13, 33-55.

Kimes, D. S., and Kirchner, J. A., 1983, Directional radiometric measurements of row-crop temperatures. Int. J. Remote
Sensing, 4, 299-311. .

Klesspies, T.J. and McMillin, LM., 1990, Retrieval of precipitable water from observations in the split-window over
varying surface temperature. J. Appl. Meteorol., 29, 851-862.

Lagouarde, J. P., Kerr, Y., and Brunet, Y., 199 5, An experimental study of angular effects on surface temperature for
various plant canopies and bare soils. Agric. and For. Meteorol., 77, 167-1 90.

Li, Z.-L., Stoll, M.P., Zhang, R.H,, Jia, L., and Su, Z., 200143, On the separate retrieval of soil and vegetation
temperatures from ATSR2 data. Science in China, series D, 44, 97-111.

Li, Z.-L., M.P. Stoll, R.H. Zhang, L. Jia and Z. Su, Study on the estimation of soil and vegetation component
temperatures from ATSR2 data, Science in China. E30: 27-38, 2000.

Li, Z.-L., Jia, L., Su, Z., Wan, Z.M., and Zhang, R.H., 2001b, Towards an Operational Algorithm for Retrieving
Atmospheric Water Vapor Content From ATSR2 Split-Window Channel Data. Submitted to J. geophys. Res.(in
review).

Mackay, G. and Steven, M.D., 1998, An atmospheric correction procedure for the ATSR-2 visible and near infrared
land surface data. Ini. |. remote Sensing, 19(1 5), 2949-2968.

Massman, W.]., 1997: An analytical one-dimensional model of momentum transfer by vegetation of arbitrary
structure. Boundary-Layer Meteorol., 83, 407-421.

Massman, W.J., 1999: A model study of kB 1—11 for vegetated surfaces using ‘localized near-field’ Lagrangian theory. J.
Hydrol., 223, 27-43.

Massman, W.]., (1999b) Molecular diffusivities of Hg vapor in air, O, And N, near STP and the kinematic viscosity and
the thermal diffusivity of air near STP, Atmos. Environ., 33, 453-457.

Menenti, M., L. Jia, Li, Z.-L., Djepa, V., Wang, J.., Stoll, M.P., Su, Z.B. and Rast, M., 2001, Estimation of soil and
vegetation temperatures with multi-angular thermal infrared observations: IMGRASS, HEFEL, SGP 1997
experiments. . geophys. Res., 106, 119977-120I0.

Menenti, M. and B.J. Choudhury, 1993. Parameterization of land surface evapotranspiration using a location-
dependent potential evapotranspiration and surface temperature range. In: H.J. Bolle et al. (eds.}. Exchange processes
at the land surface for a range of space and time scales. IAHS Publ. No. 212: 561-568

Miller, E.C., and Saunders, A.R., 1923, Some observations on the temperature of the leaves of crop plants, J. Agric. Res.,
206, 15-43.

Nielsen, D.S., Clawson, K.L., and Blad, B.L., 1984, Effect of solar azimuth and infrared thermometer view direction on
measured soybean canopy temperature. Agron. J., 76, 607-610.

Norman, ].M., Kustas, W.P., and Humes, K.S., 1995, A two source approach for estimating soil and vegetation energy
fluxes from observations of directional radiometric surface temperature. Agric. and Forest Meteorol., 777, 263-293.

North, P.R.]., Briggs, S.A., Plummer, S.E. and Settle, ].]., 1999, Retrieval of land surface bi-directional reflectance and
aerosol opacity from ATSR-2 multiangle imagery. IEEE transactions on Geoscience and Remote Sensing, 37(1), 526-

537.

Press, W.H., Flannery, B.P., Teukolsky, S.A. and Vetterling, W.T., 1989, Numerical recipes, Cambridge, UK.,
Cambridge Univ. Press.



48 ENVISAT Land surface processes — Phase 2

Prévot, L., Brunet, Y., Paw U, K.T., and Seguin, B., 1994, Canopy modelling for estimating sensible heat flux from
thermal infrared measurements. Proc. Workshop on Thermal Remote Sensing of The Energy And Water Balance Over
Vegetation in Conjunction With Other Sensors (La Londe), 17-22.

Rahman, H. and Dedieu, G., 1994, SMAC: a simplified method for the atmospheric correction of satellite
measurements in the solar spectrum. Int. J. remote Sensing, 15, 123-143.

Raupach, M.R., Drag and Drag partition on rough surfaces, Boundary-Layer Meterology, 60: 375-395, 1992.

Saunders, R.W. and Kriebel, K.T, 1988, An improved method for detecting clear sky and cloudy radiances from
AVHRR data. Int. J. remote Sensing, 9, 123-1 50.

Smith, J.A., Chauchan, N.S., and Ballard, J., 1996, Remote sensing of land surface temperature: the directional viewing
effect, I.E.E.E Trans Geosci. Remote Sens., 13(4): 2146-2148.

Sobrino, J.A., and Caselles, V., 1990, Thermal Infrared radiance model for interpreting the directional radiometric
temperature of a vegetative surface. Remote Sensing Environ., 33, 193-199.

Sobrino, J., Li. Z.-L., Stoll, M.P. and Becker, F., 1994, Improvements in the split-window technique for land surface
temperature determination. . IEEE transactions on Geoscience and Remote Sensin., 32(2), 243-253.

SuZ. and C,, Jacobs (Editors), Advanced Earth Observation - Land Surface Climate”, Publications of the National Remote
Sensing Board (BCRS), USP-2, 01-02, 184pp, 2001.

Su, Z., A Surface Energy Balance System (SEBS) for estimation of turbulent heat fluxes from point to continental scale,
in Su Z, Jacobs ], (eds.), Advanced Earth Observation — Land Surface Climate, Publications of the National Remote
Sensing Board (BCRS), USP-2, 01-02: 91-108, 2001.

Su, Z., T. Schmugge, W.P. Kustas, W.J. Massman, An evaluation of two models for estimation of the roughness height
for heat transfer between the land surface and the atmosphere. ]. Appl. Meteorology, 40(11), 1933-1991, 2001.

Van den Hurk, B.].].M., W. Bastiaanssen, H. Pelgrum and E. van Meijgaard (1997): A new methodology for
initialization of soil moisture fields in numerical weather prediction models using METEOSAT and NOAA data; J.
Applied Meteorology 36, 1271-1283. ‘

Van den Hurk, B.].J.M,, Jia, L., Jacobs, C., Menenti, M., and Li, Z.-L., (in press), Assimilation of land surface
temperature data from ATSR in an NWP environment — a case study, accepted by International Journal of Remote
Sensing.

Verhoef, W, 2001, Development of algorithms for estimation of atmospheric and surface physical parameters. In: Final
Report of Advanced Earth Observation — land surface climate, Report USP-2, Alterra Green World Research,
Wageningen UR, the Netherlands, Edited by Su, Z. and Jacobs, C., 2001.

Verhoef, W. and M. Menenti (eds.), 1998, "Final report Spatial and Spectral Scales of Spaceborne Imaging Spectro-
radiometers (SASSSIS) ", NLR-CR-9821 3, NLR, Amsterdam, 289 pp.

Verhoef, W., 1998, "Theory of radiative transfer models applied in optical remote sensing of vegetation canopies”, PhD
thesis, Wageningen Agricultural University, 310 pp.

Vermote, E.F., Tanre, D., Deuze, ].L., Herman, M. and Morcrette, ].-]., 1997, Second simulation of the satellite signal
in the solar spectrum, 6S: An overview. IEEE transactions on Geoscience and Remote Sensing, 35, 675-686.



B.J.J.M. van den Hurk et al 49

ANNEXES

Report of the kick-off meeting (in Dutch)

KNMI, 19 april 2001
Aanwezig: Massimo Menenti, Bob Su, Wout Verhoef en Bart vd Hurk (voorz/not)

Hieronder volgt een weergave van de plannen en afspraken die er per werkpakket in het ENVISAT

20071 voorstel zijn opgesteld. De nadruk ligt op de deliverables die er aan het eind van het lopende
kalenderjaar (2001) worden verwacht. Verder wordt aangegeven wat de verwachte activiteiten in 2002
zullen zijn indien het vervolgvoorstel wordt goedgekeurd.

Vooraf een aantal losse opmerkingen:
Massimo heeft via een projektaanvraag bij ESA goedkeuring gekregen voor het bestellen van maximaal
40 ATSR opnames ten behoeve van o.a. dit GO-2 projekt. Aanvragen daarvoor moeten via Massimo bij
ESA worden ingediend.
Het aanverwante SRON project waarin Li Jia’s promotie zal worden voltooid heeft goede reviews gehad,
en we gaan ervan uit dat dit project zal worden gehonoreerd. Dit betekent dat zij haar werkzaamheden
zoveel mogelijk op haar promotie zal moeten richten, en niet teveel belast moet worden met korte
klussen die in het kader van o.a. dit GO-2 project moeten worden uitgevoerd.
Wout is er niet helemaal zeker van of hij de geplande uren voor 2001 daadwerkelijk aan het projekt zal
kunnen besteden. Zodra evt. blijkt dat er een verschuiving naar 2002 nodig is zal Bart ism BCRS een
oplossing zoeken.
Zodra KNMI een contract heeft ontvangen zal Bart voor een opdrachtbrief aan Alterra en NLR zorgen.
Per kwartaal worden voortgangsrapportages verwacht. Bart zal hiervoor het nodige materiaal
verzamelen.
Op maandag 24 september, 10:00, zal er een voortgangsvergadering plaatsvinden op NLR.

Werkpakket 1: albedo
Er zijn twee kernactiviteiten gepland:

Het verder onderzoeken van de reden waarom een albedo-berekening met OSCAR voor de ATSR
spectrale configuratie slecht valideert met ATSR data.

Het onderzoeken van de mogelijkheden om met de programmeerbare MERIS sensor nauwkeurige
albedo metingen te doen. Dit wordt onderzocht met hyperspectrale metingen van de HYMAP sensor.
Wout neemt contact op met Massimo en Jose Moreno voor de HYMAP data.

Werkpakket 2: Leaf area index
Het doel is het ontwikkelen van een bruikbaar algontme om LAI schattingen te doen op basis van

AATSR & MERIS metingen. De activiteiten bestaan uit:

Onderzoeken van de meerwaarde van de bidirectionele (A)ATSR data voor de schatting van LAI dmv
numerieke simulaties
Validatie van LAI metingen voor het Barrax gebied aan de hand van hyperspectrale HYMAP metingen
(zie WP 1).
Alterra zal een validatie uitvoeren voor de Chinese IASIS campagne, waarvoor grond- en ATSR-
waarnemingen beschikbaar zijn.

Gedurende 2001 zal er uitsluitend met ATSR metingen voor Nederland en Spanje (1998/1999) en

China (2001) worden gewerkt, in 2002 (indien mogelijk) ook met ENVISAT data.

~—
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Werkpakket 3: Atmosferische parameters

Het doel van dit werkpakket is het ontwikkelen en testen van methoden om atmosferische parameters te
bepalen op basis van MERIS metingen boven land. Dit zal worden gedaan door mbv MODTRAN4
simulaties en de regressie met waterdamp en aerosol optische dikte te vertalen naar systeemparameters die
voor de MERIS spectrale banden de stralingsinteracties beschrijven in het ensemble atmosfeer-aarde. Een
test zal worden uitgevoerd met (opnieuw) de HYMAP waarnemingen van Jose Moreno, waarvoor zowel een
set ruwe data (op 4km hoogte) als atmosferisch gecorrigeerde grondwaarnemingen aanwezig is. De
vereenvoudigde atmosferische correctie zal hiermee worden vergeleken.

In 2001 zal met name de infrastruktuur worden opgezet en de MODTRAN4 simulaties worden
gegenereerd, en in 2002 zal de test worden uitgevoerd.

Alterra zal zich gaan toeleggen op praktische algoritmes voor de correctie van de thermische AATSR
waarnemingen.

Werkpakket 4: Emissivity

Dit is een erg klein werkpakket. Het oorspronkelijke plan om emissivity-modellen te maken voor ATSR
1 1&12p kanalen is theoretisch nauwelijks uitvoerbaar. Bob Su zal proberen om een set ASTER dataset te
bemachtigen waarmee een eenvoudige emissiviteits-relatie (bv als functie van vegetatie indices) kan worden
getest.

Werkpakket 5: Directionele temperatuurretrieval en validatie

Dit werk staat in relatie tot het promotiewerk van Li Jia. Kernactiviteit is het valideren van component
oppervlaktetemperaturen uit ATSR voor de IASIS en DAISEX campagnes. De bijdrage voor participatie in
veldcampagnes is gerechtvaardigd door Bob’s bemoeienissen met de plaatsing van scintillometers voor de
IASIS campagne. Verder heeft Jiemin Wang gevraagd om een periode op Alterra te komen werken. Indien
zijn werkzaamheden passen in het kader van dit projekt (bv. validatie van opp.temperaturen of fluxen) kan
ook dit worden gefinancierd uit het campagnegeld van Alterra.

Werkpakket 6: Sensible and latent heat fluxes
Voor 2001 is het noodzakelijk dat er flux-schattingen worden gemaakt aan de hand van de ATSR

beelden van Cabauw en Spanje (1998/1999) en worden gevalideerd met scintillometer-data (Spanje
1999) of fluxschattingen mbv operationele synops waarnemingen. Bart zal deze fluxschattingen aan Bob
sturen. De fluxen zullen worden gegenereerd met zowel het single component SEBS algoritme als met een
dual source model. Bob zal inhoudelijk aan deze fluxschattingen werken, en evt. assistentie krijgen van
studenten t.a.v. de validatie (Katja Sintonen en Han Rowerda). Li Jia kan evt. de begeleiding van de
studenten verzorgen, maar moet zoveel mogelijk worden ontzien met het oog op haar promotie.

Voor 2002 zullen verdere validaties met andere campagnes op de agenda worden gezet.

Werkpakket 7: Variationele assimilatie van fluxen en/of temperaturen

Het werk wat vorig jaar voor ESA/JECMWF is uitgevoerd zal worden verfijnd en uitgebreid met
assimilatie van de 1999 ATSR data voor Spanje. Hierbij worden twee onderwerpen behandeld:
» Directe assimilatie van component temperaturen in RACMO door ad hoc aanpassing kB
e Simulaties van kB dmv Bob’s model, en evaluatie van de resulterende oppervlaktetemperaturen

In 2001 zullen de aangepaste kB* waarden worden vergeleken met Bob’s model. Indien er enig succes
wordt geboekt bij deze vergelijking zal in 2002 een RACMO simulatie voor heel Europa voor een groot deel
van het seizoen worden uitgevoerd met deze kB parameterisatie.

Werkpakket 8: Validatie van RACMO fluxen
De resultaten van de runs uit het vorige werkpakket zullen waar mogelijk worden vergeleken met

beschikbare fluxdata (scintillometer Spanje, evt andere campagnes waarvoor nieuwe assimilatie runs
worden gedraaid).
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Report of progress meeting

NLR, 27 September 2001
Attending: Wout Verhoef, Massimo Menenti, Bart van den Hurk (chair/minutes), Li Jia, Gerbert Roerink,
Katja Sintonen, Bob Su, Han Rowerda

Agenda
= Progress reports per workpackage

*  Continuation in phase 3 (2002)
»  Other issues

Progress report per workpackage
WP 1 &2

Wout Verhoef has found a way to "interrogate" the complex MODTRAN 4 atmospheric radiative transfer
model in order to extract from its outputs six effective parameters for describing the interaction with the
earth's surface. For a given geometry and atmospheric state, this allows one to "forget" MODTRAN4 and
apply the six parameters instead, which can easily be done pixel by pixel and at high spectral resolution. The
six parameters will now be combined with surface reflectance outputs obtained from the combination
PROSPECT/SAIL in order to model the dependence of TOA radiances on vegetation parameters. The new
simulation set-up will be used to simulate the observation scenario's of albedo and LAI from AATSR and
MERIS. These simulations have not yet been carried out, but this will be done before the end of the year.
For WP2 (LAI retrieval) also simulations will possibly be carried out for the airborne sensor flown in IASIS,
at least, when the angular sampling of this sensor appears adequate to be simulated. Li Jia will contact the
IASIS study team to find out details on the angular sampling, and communicate these to Wout.

WP 3

Wout has prepared a nice and user-friendly tool to help prepare input control files for running
MODTRANY4. The tool is publicly available for free at http://remotesensing.nlr.nl. Bart pointed him at the
existence of the BCRS ACCE project, which focused on atmospheric corrections from synergistic ENVISAT
sensors. Wout will study the ACCE report and contact the study team to explore the possibilities of
continuing their work.

WP 4
No progress has been reported

WP 5

Li Jia gave a presentation on modeling work on directional temperature sampling over canopies with
varying densities. The analysis of DAISEX data (Barrax 1999), as proposed in the kick-off meeting, has not
yet been carried out. A straightforward analysis would be to retrieve canopy and soil temperatures directly
from the high resolution DAISEX image, by sampling representative bare/vegetated pixels. This will be
carried out during 2001.

WP 6

Han Rowerda analysed flux estimates from SEBI and SEBS using ATSR images for a forest site in the
Flevopolder and 4 sites spread over Spain. The flux estimates were compared to scintillometer and eddy
correlation data. The skill appeared to be very sensitive to aerodynamic effects (flux-profile relationships,
roughness formulations) and probably also to the lack of representativity of atmospheric profiles. Li Jia
presented results of a case study where RACMO atmospheric profiles were used, and her analysis of 5 days
in 1998 yielded rather good results.

WP7 &8

No progress made. Bob Su will present a note on how the (aerodynamic) calibration problems with
SEBS/SEBI should be anticipated in the data assimilation and verification experiments yet to be carried out
in RACMO. This will be prepared before 20 October.

Continuation in 2002
Massimo presented information that there is a fair chance that the next phase of the GO programme
will be approved as proposed by the earlier user consultation meetings. However, since the budget will not
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be approved in the Parliament before end December this year, the subsequent call for proposals and their
evaluation will not allow a continuation of the GO programme before mid 2002. Since our 3rd project
phase was planned to take place in 2002, this will cause a gap in the financial support of this project. The
current participants felt that this was not a major problem for the actual continuation of the project, since
no staff commitments were yet made.

Other issues

The project participants are asked to send their invoice and quarterly summary report soon to the project

coordinator.

LisT OF ACRONYMS

(A)ATSR
BCRS
BOA
BRDF
DAASCEES
ERS
IFOV
KNAW
LAI
LAS
LIDF
MERIS
NDVI
NWP
RACMO
RMSD
SASSSIS
SEBAL
SEBI
SEBS
SW
SWIR
TIR
TOA

(Advanced) Along-Track Scanning Radiometer
Begeleidings Commissie Remote Sensing

Bottom of Atmosphere

Bi-directional Reflectance Distribution Function

Data Assimilation and Scaling for the Earth Explorer Core Candidate Mission SPECTRA -
European Remote sensing Satellite

Instantaneous Field Of View

Koninklijke Nederlandse Academie van Wetenschappen
Leaf Area Index

Large Aperture Scintillometer _

Leaf Inclination Distribution-Function

Medium Resolution Imaging Spectrometer

Normalized Difference Vegetation Index

Numerical Weather Prediction

Regional Atmospheric Climate Model

Root Mean Square Difference

Spatial and Spectral Scales of Spaceborne Imaging Spectro-radiometers
Surface Energy Balance Algorithm for Land

Surface Energy Balance Index

Surface Energy Balance System

Split Window

Short Wave Infra-Red

Thermal Infrared Irradiance

Top Of Atmosphere
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conditional generation of weather variables / Jules |. Beersma and T. Adri Buishand

186-1V Rainfall generator for the Rhine Basin: multi-site generation of weather variables for the entire drainage area /
Rafal Wéjcik, Jules ). Beersma and T. Adri Buishand

186-V Rainfall generator for the Rhine Basin : description of 1000-year simulations / J.). Beersma

189 Aardbevingen in Noord-Nederland in 1998: met overzichten over de periode 1986-1998 / [Afdeling SO]

190 Seismisch netwerk Noord-Nederland / [afdeling Seismologie]

191 Het KNMI-programma HISKLIM (HIStorisch KLIMaat) / T. Brandsma, F. Koek, H. Wallbrink, G. Kénnen

192 Gang van zaken:'1940-48 rond de 20.000 zoekgeraakte scheepsjournalen / Hendrik Wallbrink en Frits Koek
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catchment / Rafal Wéjcik and T. Adri Buishand
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229  Evaluation of humidity and temperature measurements of Vaisala's HMP243 plus PT 100 with two reference
psychrometers / E.M.]. Meijer
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European sites / B.-R. Beckmann and T.A. Buishand

231 The Conveyor Belt in the OCCAM model: tracing water masses by a Lagrangian methodology / Trémeur
Balbous and Sybren Drijfhout

232 Analysis of the Rijkoort-Weibull model / llja Smits

233  Vectorization of the ECBilt model / X. Wang and R.J. Haarsma

234  Evaluation of a plant physiological canopy conductance model in the ECMWF land surface scheme / J. van de
Kassteele

235 Uncertainty in pyranometer and pyrheliometer measurements at KNMI in De Bilt / ).S. Henzing a.o.

236  Recalibration of GOME spectra for the purpose of ozone profile retrieval / Ronald van der A

237  Tracing water masses in the Atlantic / Yann Friocourt and Siebren Drijfhout

238  Klimaat voor Amsterdam Airport Schiphol / A. Smits

239  Seismische analyse van de aardbevingen bij Alkmaar op 9 en 10 september en Bergen aan Zee op 10 oktober
2001 [ H.W. Haak, B. Dost, F.H. Goutbeek

240  EBEX-2000 : the KNMI/WAU contribution / W. Kohsiek, E.W. Meijer, P.J.B. Versteeg, O.K. Hartogensis, a.o.

241  Ontwikkeling gidsvergelijkingen voor meerdaagse neerslagkansen / D. Vogelezang en K. Kok

242  On photosynthesis parameters for the A-gs surface scheme for high vegetation / G.). Steeneveld

243  Temperatuurvergelijkingen voor de Middellange Termijn Gids : ontwikkeling en verificatie over 2000 /
J.Wijngaard

244  Verification of clear-air turbulence forecasts / A. Overeem

245 A comprehensive description of the KNMI seismological instrumentation / B. Dost and H. Haak

246  Verandering van neerslagarakteristieken in Nederland gedurende de periode 1901-2001 / A.T.H. Bruin

WETENSCHAPPELIJK RAPPORT = SCIENTIFIC REPORT (WR)

01-01 Hail detection using single-polarization radar / Iwan Holleman

01-02 Comparison of modeled ozone distributions with ozonesonde observations in the tropics / Rob Put

01-03 Impact assessment of a doppler wind lidar in space on atmospheric analyses and numerical weather
prediction / G.). Marseille, A. Stoffelen, F. Bouttier, C. Cardinali, S. de Haan and D. Vasiljevic.

02-01 Quality control and wind retrieval for SeaWinds / M. Potabella and A. Stoffelen

02-02 Shortwave radiation and cloud parameterizations for intermediate complexity models / J.). Beersma, R. van
Dorland and |.D. Opsteeg

02-03 Sensitivity study of the residue method for the detection of aerosols from space-borne sensors / M. de Graaf

02-04 Assimilation of satellite derived surface heating rates in a Numerical Weather Prediction model / Bart van den
Hurk and Han The.
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02-06 ENVISAT Land Surface processes Phase 2 : final report / B.).].M. van den Hurk a.o.
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