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1. Introduction

The quality of an estimation of soil moisture content critically depends on the accuracy of the input data, in particular precipitation, radiation, and meteorological forcings. The variance in soil moisture may be separated into two components: the very small scale determined by soils, vegetation, topography and root structure and the large scale forced by the atmosphere (Entin et al., 2000). Atmospheric forcing of soil moisture depends largely on precipitation and evaporation and has as such a relatively large temporal (months) and spatial scale (> 100 km), whereas the land surface related scale is much smaller, i.e. of the order of days and ≈ 10 m (Vachaud et al., 1985). These different scales will be taken into account for the validation of the soil moisture product of ELDAS.

The validation of the estimates of soil moisture produced by ELDAS is a crucial step in assessing the relevance and validity of the product for applications. 

The objectives as originally stated in the description of work are:

· To validate the soil moisture product at global scale using GSWP validation data sets, GLDAS data sets and microwave products

· To validate the soil moisture product at regional scale using Rhone basin data sets

It should be stressed that the validation plan does neither provide a modelling investigation, nor a comparison with current operational practice. It merely aims to evaluate the ELDAS product quality “as  is”.
Some small changes are applied due to the availability of validation data. Instead of using the actual GSWP data other data sets for the year 2000 within Europe are used. As there are still new data sets coming available, this validation plan will be updated regularly during the duration of the project.

Output of the data assimilation system will be a daily gridded (0.20) analysis of soil moisture content, surface evaporation and runoff. These will be the main variables used for validation. The principal validation period will be 1 October 1999 – 31 December 2000.

2. Method

The main problem for validation is the difference in spatial and temporal scales between the model output and the validation data. To overcome this problem there are two main approaches:

1. Adjusting the model output such that it resembles as close as possible the (in situ) measurements; 

2. Scaling the measurements to the grid size and timestep used by the models. 

In either case up scaling in time or space provides an estimate of the uncertainty in the measured data, expressed as the standard deviation. 

2.1 In situ validation
The soil moisture content resulting from the data-assimilation scheme and vertical discretisation depends on the land surface parameterisation chosen. For this the number of data (for example depending on the number of soil compartments of the model) that may be used will vary for the different schemes. However, detailed numerical soil moisture models may be used to interpolate between soil depths and time steps if the appropriate data are available. Furthermore, all models may be set to produce a bulk number, that is, the total moisture content of the upper ~1 m. Most schemes use a tile approach among others for calculation of subgrid surface fluxes. To improve the comparison between the model output and the measurements, the models should output the different fields (such as soil moisture, latent and sensible heat flux) for each tile for selected grids. 

A number of output variables from each of the ELDAS land surface schemes will be evaluated. In view of the expected link to the SMOS satellite data there are two data types of interest: the soil moisture content of the top layer of approximately 3 cm thick and the soil moisture content in the root zone (or in the first one meter of the soil). Especially the water content of the top layer is of interest for hydrological applications, as this largely determines the infiltration capacity and thus the runoff. The accurate partitioning of the available energy and the precipitation by the land surface schemes is a good validation measure. To validate the partitioning of the available energy, the simulated sensible and latent heat flux will be compared with data from flux validation sites. A simple footprint model will be used to determine the main source (comparable to a tile of the grid cell) of the flux data. Evaluation will not only be carried out in terms of temporal averages, but also their trends. Furthermore, anomalies will be considered. This acknowledges the fact that some models may simulate the dynamics correctly, but display some offset. Special attention will be paid to the temporal evolution of soil moisture parameters affecting surface runoff and crop stress. 
The discharge of a catchment is a good integrator of the different land surface processes. A first order estimation of the runoff for agricultural areas may be obtained as a residual from the water budget P – E, where the annual evaporation E is constrained by the potential evaporation E0. Preferably this is done on a large scale both in time and space. As the selected validation period is not coinciding with the hydrological year, differences in soil moisture stores should be taken into account. Thus selected catchments will be used where besides the runoff and precipitation also soil moisture and snow depth data are available to estimate the change in stored water. A routing system will be used to transfer the simulated runoff of the different grid cells within the catchments to the outlets. For a good assessment of the land surface scheme it will be necessary to collect runoff, instantaneous soil moisture content and snow depth. The validation of the runoff will also give the opportunity to evaluate the representation of the rate of snowmelt.

2.2 Validation on the grid size scale of the models
Due to the selected grid size scale of ELDAS (≈ 20x20 km) a distinction may be made between the variability due to the atmospheric conditions and the land surface conditions for both the spatial and temporal scale. The variability caused by the land surface conditions may partly be accounted for by dividing the grid cells into tiles with different properties. The variability that still remains within the tile may then be considered as the uncertainty of the model estimate expressed by the standard deviation of the soil moisture. This is comparable to the in situ validation. In the same way an uncertainty in the measurements may be derived if the measurements are made at a shorter time interval than the ELDAS time step (in general 3 hours or daily). The in situ data may be scaled up to the grid size using the tile approach, especially using detailed information on the land use and soil type.

A first good approximation of the time scale of variability due to the atmospheric conditions is the ratio:
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where E0 denotes the potential evaporation rate, z the depth of the soil layer and θFC the soil moisture content at field capacity. This may be compared to the ratio of the difference between the simulated maximum and minimum soil moisture content and the latent heat fluxes. Muttiah and Wurbs (2002) showed that potential evaporation is not sensitive to the spatial scale. This also suggests a scale-conserved nature of the potential evaporation drivers, such as the global radiation. Using in situ global radiation data can thus directly be compared to gridded data at different scales. The quality of the precipitation data will be mainly evaluated within WP 2100 using independent measurements of precipitation.

Note that E0 is a poorly defined quantity, and different models use differing definitions. Therefore, components of the validation utilizing E0 will be will based on driving variables, such as atmospheric humidity deficit, from which one common definition of E0 will be constructed. In addition, important background processes and drivers such as advection and radiation will be analysed.​
The validation using the microwave derived soil moisture and the GLDAS products will be more or less straightforward, as the spatial and temporal scales are comparable to those of ELDAS. A more detailed description of the validation experiments is provided in the next paragraph.

3. Validation experiments

In this section an overview is given of the different validation experiments (see Table 1). Annex 1 gives more detailed information on the data used for the validation. Annex 2 gives the timetable for the different experiments.

Table 1: overview of validation experiments.

	Experiment
	Work-package
	Period
	Area
	Land surface scheme
	Forcing data sources
	Validation data sources

	GSWP validation
	4100
	various
	Various points and regions within Europe
	All
	Operational synops + precip/radiat/ satellite data
	Detailed physical model output

	Microwave soil moisture 
	4200
	1 annual cycle
	1 annual cycle
	Tessel
	Operational synops + precip/radiat/ satellite data
	SSM/I

	Comparison to GLDAS
	4300
	1 annual cycle
	US river basins
	Tessel
	GLDAS data
	GLDAS data

	Rhone basin climatology
	4400
	18 yr
	Rhone basin
	All
	Rhone climatology
	Rhone basin discharge


GSWP validation (WP 4100)

Objectives;

Using Global Soil Wetness Project (GSWP) methodology to validate ELDAS products, in particular:

· soil moisture and flux data in Europe

· river runoff

Methodology / work description; 

Validation in GSWP was executed at several scales, using point data of fluxes or soil moisture, or regional estimates using other models or observed runoff. ELDAS builds on this methodology by using existing validation tools developed under GSWP to assess the performance of the initial product.

Validation data for the period October 1999 until December 2000: 

The accuracy of the forcing data strongly influences the accuracy of the simulation results. The acceptance of the accuracy of the modelling results thus depends on the desired accuracy (here set to 4% volume percents of the soil moisture content). A distinction will be made for the accuracy needed for flood prediction purposes (< 4% volumetric moisture content of the top layer during a short period with flood probability) and drought situations (< 4% volumetric moisture content over the total soil profile during a long period with dry conditions). The uncertainty due to the forcing data can play a major role in the overall accuracy of the simulations.
The following main variables will be analyzed on a temporal scale (a complete list of the required model output is given in Annex 3):

· total soil moisture content

· total evaporation (E)

· Evaporative fraction (LE / (LE+H))

· Bowen ratio (H / LE)

· Evaporation energy ratio (LE / Rnet)

· Evaporation precipitation ratio (E : P)

· Relative soil storage capacity (
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The validation includes the evaluations of anomalies and trends, and special attention will be paid to “critical parameters”, i.e., parameters affecting surface runoff and crop stress.
To validate the spatial representation of the simulations the auto-correlation of soil moisture, precipitation and evaporation will be analyzed (Vinnikov et al., 1996).

Microwave soil moisture (WP4200)

Objectives;

· Validate soil moisture fields using microwave satellite observations for selected case studies

· Contribution to the validation strategy for ESA’s future SMOS sensor

Methodology / work description;

In the proposed work package the modelled surface temperature and soil moisture fields will be validated using a land surface microwave emission model and brightness temperatures measured from SSM/I. The microwave emission model is a well developed state of the art tool, which has been used in several studies (e.g. Kerr and Njoku, 1990; Drusch et al., 2000). A snow/frozen soil component will be implemented. It has successfully been coupled with SVAT models (Crow et al., 2000), and has been applied in the US LDAS project.

Soil moisture and surface temperature fields will be used to calculate the soil emissivity at frequencies ranging from 1 to 20 GHz. The top of the atmosphere (TOA) brightness temperatures at the spatial and temporal resolution of the numerical weather prediction (NWP) or SVAT model will then be obtained taking into account the effects of vegetation, atmospheric water vapour, and cloud liquid water. In order to simulate the instruments' specific brightness temperatures correctly, the modelled TOA brightness temperatures are aggregated to the instruments' footprint size using the corresponding antenna gain functions (Drusch et al., 1999) and the scan geometry. In order to validate the surface soil moisture and temperature fields calculated from the SVAT and NWP models, the simulated TOA brightness temperatures will be compared to the actual multi-frequency satellite measurements.

Actual knowledge on the development of vegetation is crucial to correlate SSM/I-measurements to soil moisture content. A fair degree of vegetation information is available on the annual time scale, covered by the annual case study explored in WP 5300. Therefore, the current workpackage will focus on a validation of microwave emissivities and derived soil moisture fields for this annual case study.

The inclusion of the microwave emission model is a major step forward in the future assimilation of microwave satellite data in the soil moisture system. To anticipate on assimilating microwave data from the AMSR and SMOS sensors, their antenna gain functions will also be implemented.

Within the framework of the proposed project the validation efforts are linked with ESA’s SMOS project. In the context of SMOS preparation activities, a field experiment is planned in south-western France. If this long-term experiment is actually realised, field data will be made available to the ELDAS community. During a special session at the first project workshop SMOS-related activities will be harmonised with ELDAS efforts.

GLDAS (WP 4300)

Objectives;

To compare ELDAS soil moisture fields to results from the US Global Land Data Assimilation System (GLDAS) for North-American basins.

Methodology / work description;

River-basin scale hydrologic budgets from the offline ELDAS will be compared with those from the GLDAS project and with those archived from the ECMWF 40-year Re-Analysis (ERA40), to assess runoff algorithms and their sensitivity to radiation and precipitation inputs, as well as the accuracy of estimates of surface evaporation and the derived fields of soil water. ELDAS soil moisture fields will be produced using GLDAS forcings. Budgets for one year will be compared for sub-basins of the Mississippi and MacKenzie rivers to compare behaviour at high and middle latitudes, broadly following the methodology in Betts et al. (1999) and Betts and Viterbo (2000).

Rhone basin climatology (WP 4400)

Objectives;

· To compare the ELDAS soil moisture climatology to observed discharge and snow cover in the Rhone basin

· To assess the spatial scale of soil moisture variability by varying processing resolution.

Methodology / work description;

In this workpackage, data from the Rhone basin (see below) will be used to run the suite of land surface schemes for obtaining a high resolution climatology of the water budget (soil moisture, evaporation, total runoff, snow) covering 18 years. A distributed hydrological model will be run with each surface scheme (table B1), allowing to evaluate simulated runoff (including snow melt in the Alps or heavy convective rainfall in the Cevennes region) against discharge observations. The Rhone data base will be also used to check the output of ELDAS when used at a coarser spatial resolution (mainly for precipitation and radiation fields). 

Description of the Rhone basin data base

A complete data base on low level atmospheric variables, surface properties, snow and riverflows has been assembled on the long term (1981 – 1998) in the French part of the Rhone basin (Etchevers et al., 2001). Briefly summarised the Rhone data base consists of 1471 8(8 km grid boxes for the observed atmospheric forcing: air temperature and specific humidity at 2 m, wind speed at 10 m, downwelling visible and longwave radiation, liquid and snow/ solid precipitation rates. The forcing was reconstructed from a dense surface network of stations (1800 rain gauges) in combination with ECMWF large scale analysis. A specific method was used for vertical interpolation of atmospheric quantities in the mountainous areas (Alps, Jura and Cevennes mountain ranges).  Soil and vegetation parameter data are available at the same spatial resolution. Monthly maps of vegetation were processed from Corine Land Cover and an annual archive of NDVI/AVHRR for the seasonal evolution of the vegetation  (Leaf Area Index, vegetation cover). Two sources of validation are available: observed daily discharges at 100 gauging stations, and snow depth at 24 stations within the French Alps. In addition to the data base, a coupled land surface– distributed hydrological model is implemented in the basin allowing to simulate the water and energy budgets at high resolution as well as the daily river flows and the water table evolution.

References

Entin, J.K., Robock, A., Vinnikov, K.Y., Hollinger, S.E., Liu, S. and Namkhia, A., 2000. Temporal and spatial scales of observed soil moisture variations in the extratropics. J. Geo. Res., 105, D9: 11865-11877.

Muttiah, R.S. and Wurbs, R.A., 2002. Scale-dependent soil and climate variability effects on watershed water balance of the SWAT model. J. Hydrol., 256: 264-285.

Vachaud, G., Passerat de Silans, A., Balabanis, P. and Vauclin, M., 1985. Temporal stability of spatially measured soil water probability density function. Soil Sci. Soc. Am. J., 49: 822-828.

Vinnikov, K.Y., A. Robock, N.A. Speranskaya, C.A. Schlosser, 1996. Scales of temporal and spatial variabillity of mid latitude soil moisture. J. Geo. Res., 101, D3: 7163-7174.

ANNEX 1: Available data

Table 1: overview of validation experiments.

	Area
	Period
	Validation variable
	Land surface scheme
	Remark

	
	Data available
	Validation
	Soil moisture
	Discharge
	Latent heat flux
	Radiation
	Snow depth
	
	

	Various sites CarboEuroflux network
	1996-2000
	2000
	
	
	X
	X
	
	All
	Loobos, Hesse, Tharandt, Hyytialla

	Flevopolder, Netherlands
	2000
	2000
	X
	
	
	
	
	All
	ESA data set

	Bari, Italy
	Jan, Apr,  2000
	Jan, Apr,  2000
	X
	
	
	
	
	All
	Exp. SC2 and SC3, 2 days each

	Seine, France
	2000
	2000
	
	X
	
	
	
	All
	CNRM

	Garonne, France
	2000
	2000
	
	X
	
	
	
	All
	CNRM

	Rhone, France
	1982-2000
	2000
	
	X
	
	
	X
	All
	RhoneAGG experiment

	Estonia
	1984-2000
	2000
	X
	
	
	
	X
	All
	BALTEX

	
	
	
	
	
	
	
	
	
	

	South Europe
	1986-2000
	Summer 2000
	X
	
	
	
	
	Tessel
	SSM/I brightness temperature, MIUB

	SGP97, US
	July 1997
	July 1997
	X
	
	
	
	
	Tessel
	MIUB

	Murex, France
	1994-1997
	
	X
	
	
	
	
	Tessel
	CNRM

	
	
	
	
	
	
	
	
	
	

	European basin
	?
	?
	
	X
	
	
	
	Tessel
	GLDAS, exact period will be decided in concordance with GLDAS-KNMI 

	SAFRAN forcing data
	?
	?
	
	
	
	
	
	All
	CNRM


Soil moisture data from Estonia (BALTEX)

Number of stations 

	PRIVATE
Layer (cm)
	0 – 20, 0 – 50, 0 - 100

	
	
	
	
	
	
	

	Year
	1995
	1996
	1997
	1998
	1999
	2000

	
	
	
	
	
	
	

	Jan
	
	
	
	
	
	

	Feb
	
	11
	2
	2
	3
	3

	Mar
	
	
	
	
	
	

	
	
	
	
	
	
	

	Apr
	
	11
	8
	10
	18
	16

	May
	
	11
	9
	11
	18
	18

	Jun
	
	11
	9
	11
	18
	17

	
	
	
	
	
	
	

	Jul
	
	
	10
	11
	17
	

	Aug
	11
	
	8
	9
	12
	

	Sep
	11
	
	10
	10
	18
	

	
	
	
	
	
	
	

	Oct
	11
	
	10
	12
	18
	

	Nov
	
	
	3
	4
	15
	

	Dec
	
	
	
	
	1
	

	
	
	
	
	
	
	

	Resolution

	Original Format
	10 days

	
	



Last update: November 2000

Soil moisture data from Italy

To establish ground truth for microwave remote sensing experiments, intensive soil moisture surface observing programs were carried out on different dates as indicated below. The experiments were carried out on two different days and for each day soil moisture measurements were taken. Measurements were also taken in different positions in the same area. 

These campaigns took place during radar data (SAR or scatterometer) acquisitions with the aim to relate the backscattering coefficients to soil moisture changes. Complete backscattering coefficients data sets (angular trends and different polarizations) for each experiment are also available. 

Experiment SC2 15-16/01/2000 and experiment SC3 08-09/04/2000.

Place: Bari, Italy;

Coordinates: 41° 03' N/ 16° 50' E (map of the zone available);

Vegetation: Bare soils;

Number of fields: 2;

Measurements: roughness properties, volumetric soil moisture for each field, soil temperature

Measurement method: gravimetric

Notes: soil properties available / soil moisture values regard the top five and ten centimeters of soil.


Contact: Dr. Claudia Notarnicola, Dip. Interateneo di Fisica, Via Amendola 173, I- 70126 Bari, ITALY, E-mail: notarnicola@ba.infn.it
ANNEX 2: Time table

Table 1: time table of the validation experiments.

	Area
	Period
	Data preparation
	Validation activities
	Remark

	
	Data available
	Validation
	
	Start
	End
	

	Various sites CarboEuroflux network
	1996-2000
	2000
	Jan 2002
	Oct 2003
	Nov 2004
	More sites will become available

	Flevopolder, Netherlands
	2000
	2000
	Jun 2002
	Oct 2003
	Nov 2004
	

	Bari, Italy
	Jan, Apr,  2000
	Jan, Apr,  2000
	Jun 2002
	Oct 2003
	Nov 2004
	

	Seine, France
	2000
	2000
	Jun 2002
	Oct 2003
	Nov 2004
	

	Garonne, France
	2000
	2000
	Jun 2002
	Oct 2003
	Nov 2004
	

	Rhone, France
	1982-2000
	2000
	Jan 2002
	Oct 2003
	Nov 2004
	Data are available

	Estonia
	1984-2000
	2000
	Jun 2002
	Oct 2003
	Nov 2004
	

	South Europe
	1986-2000
	Summer 2000
	Jul 2002
	Jan 2004
	Nov 2004
	

	SGP97, US
	July 1997
	July 1997
	Jan 2002
	Jul 2002
	Dec 2002
	

	Murex, France
	1994-1997
	?
	Jan 2002
	Jul 2002
	Dec 2002
	

	Europe
	?
	Oct 2000, Apr-Jun 2003
	
	Jan 2004
	Nov 2004
	Will be prepared by GLDAS, in concordance with KNMI


ANNEX 3

In the following a summary is given of the variables that will be used for the validation within the ELDAS project. 
The quality assessment will be based on the period October 1999 until the end of 2000. 

The temporal data should be provided for the pixel that represents the list of coordinates in Table 1 of this Annex and for all tiles within the pixel. Main interest is in mean, std deviation (over the requested time interval), analysis error, absolute error

Area dependent parameters

Vegetation type


PELCOM classification

Leaf Area Index

Albedo

Aerodynamic roughness (m)

Displacement height (m)

Soil type


FAO soil map

Rooting depth (m)
Volumetric soil moisture content at wilting point for each layer (m3/m3)

Volumetric soil moisture content at field capacity for each layer (m3/m3)

Vertical discretisation (m)

Temporal data

For specified validation sites: every model timestep (0.5-1 hour):

(Temporal averages will be created to match the observation data bases.)
Meteorological output fields (height-dependent values to be provided for the lowest model level [please, specify this height] ):
Net radiation (W m-2)

Global radiation (W m-2)

Shortwave outgoing radiation (W m-2)

Longwave incoming radiation (W m-2)

Longwave outgoing radiation (W m-2)

Latent heat flux (W m-2)

Sensible heat flux (W m-2)

Soil heat flux (W m-2)

Air temperature (K)

Specific humidity (g kg-1)

Windspeed (m s-1)

Surface resistance (s m-1)
Aerodynamic resistance (s m-1)
Hydrological output fields

Evaporation (mm)

Precipitation (mm)

Net precipitation (mm)

Runoff (mm)

Drainage (mm)

Water table depths (if available) (m)

Total soil moisture (mm)

Soil moisture in rooting zone (mm)

Volumetric soil moisture content at different depths (m3/ m3, max. 5 layers)

Soil temperature at different depths (K, max. 5 layers)

Moisture content of the upper metre (mm)
Spatial data covering the complete model domain (15 W, 38 E, 35 N, 72 N, output for each pixel and NOT for each tile in GRIB -format):

Every month:

Precipitation (mm)

Evaporation (mm)

Total soil moisture (mm)

Soil moisture in rooting zone (mm)

Soil moisture for the first layer (mm)

Soil moisture in the upper metre (mm)

Surface runoff (mm)

Drainage (mm) 

Table 1: ELDAS validation sites and their properties

	PRIVATE
Site name
	Lat./Long.
	Elevation
	Land use /Species

	Collelongo1
	41° 52' N 
13° 38' E
	1550
	Fagus sylvatica

	Castelporziano1
	41° 45' N 
12° 22' E
	3
	Quercus ilex

	Sarrebourg (Hesse) 1
	48° 40' N 
7° 50' E
	300
	Fagus sylvatica

	Bordeaux1
	44° 05' N 
0° 05' E
	60
	Pinus pinaster

	Soroe (Lille Boegeskoev) 1
	55° 29' N 
11° 39' E
	40
	Fagus sylvatica

	Flakaliden1
	64° 07' N 
19° 27' E
	225
	Picea abies

	Norunda1
	60° 05' N 
17° 28' E
	45
	Pinus sylvestris 
Picea abies

	Tharandt1
	50° 58' N 
13° 34' E
	380
	Picea abies

	Loobos1
	52° 10' N 
5° 44' E
	25
	Pinus sylvestris

	Vielsalm1
	50° 18' N 
6° 0' E
	450
	Fagus sylvatica, Pseudotsuga menziesii

	Brasschaat1
	51° 18' N 
4° 31' E
	16
	Pinus sylvestris, 
Quercus robur

	Hyytiala1
	61° 51' N 
24° 17' E
	170
	Pinus sylvestris

	El Saler1
	39°20' N

00°19' W
	3
	Pinus halepensis, Maquia

	Lleida2
	41°33' N

0°52 E
	
	Peaches, alfalfa

	Tomelloso2
	39°07' N

2°55 W
	
	Dry vineyard

	Badajoz2
	38°56' N

6°37 W
	
	Agricultural crops

	Tylstrup3
	57° 11' N

9° 58' E
	14
	Barley

	Jyndevad3
	54° 54' N

9° 07' E
	15
	Winter rye

	Silstrup3
	56° 56' N

8° 39' E
	37
	Fodder beet

	Estrup3
	55° 29' N

9° 04' E
	56
	Spring barley

	Faardrup3
	55° 19' N

11° 21' E
	28
	Winter wheat

	Slaeggerup3
	55° 41' N

12° 00' E
	21
	Grain

	Nigula4
	58° 58' N

23° 50' E
	
	Winter wheat

	PRIVATE
Site name
	Lat./Long.
	Elevation
	Land use /Species

	Saku4
	59° 18' N

24° 35' E
	
	Winter wheat

	Turi4
	58° 46' N

25° 26' E
	
	Winter wheat/Perennial clover

	Jogeva4
	58° 46' N

26° 26' E
	
	Winter rye/Perennial clover

	Vinni4
	59° 19' N

26° 31' E
	
	Seeded grassland

	Kuusiku4
	58° 58' N

24° 42' E
	
	Seeded grassland/Winter rye

	Parnu4
	58° 26' N

24° 29' E
	
	Seeded grassland/Winter wheat

	Viljandi4
	58° 20' N

25° 37' E
	
	Winter rye/Perennial clover

	Tartu4
	58° 20' N

26° 39' E
	
	Winter rye/Perennial clover

	Polva4
	58° 01' N

26° 59' E
	
	Winter wheat/Winter rye

	Voru4
	57° 54' N

26° 55' E
	
	Winter wheat/Perennial clover

	Valga4
	57° 49' N

26° 06' E
	
	Winter wheat/Seeded grassland

	Bari5
	41° 03' N

16° 50' E
	
	Bare soil

	Flevoland6
	52° 13' N

5° 15' E
	
	Agricultural crops



1 CarboEurope sites
2 Scintillometer experiments by Department of Meteorology and Air Quality, Wageningen University
3 Danish Pesticide Leaching Assessment Programma (PLAP)
4 BALTEX (BALTic sea EXperiment)
5 Dr. Claudia Notarnicola, Dip. Interateneo di Fisica, Via Amendola 173, I- 70126 Bari, ITALY
6 Maurice Borgeaud et al., 2002, ESA
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