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Abstract A soil moisture monitoring service for the region of the Southern African Development Community
(SADC) has been developed within the ESA TIGER Innovator project SHARE
(www.ipf.tuwien.ac.at/radar/share). This service addresses one of today's most severe obstacles in water
resource management which is the lack of availability of reliable soil moisture information on a dynamic
basis. The spatial resolution of the product is 1 km and data are available up to twice per week for southern
Africa since December 2004. In this paper the assessment of the new extensive soil moisture dataset is
presented. This includes the comparison with other remotely sensed products (precipitation) and ground
measurements. River runoff measurements reflect the hydrological state of the upstream basin. Thus, the
relationship of relative soil moisture and river runoff has been investigated. Correlations of >0.9 (R²) are
found for subtropical basins with respect to a catchment specific temporal offset. If knowledge is established
about this relationship and also the spatial patterns, flood risk assessments can be enhanced. Soil moisture
deficits can be identified once a sufficiently long time series becomes available.

1. INTRODUCTION
This document provides an overview of validation activities carried out within the framework of the ESA
TIGER Innovator project SHARE. SHARE aims at enabling an operational soil moisture monitoring service
for the region of the Southern African Development Community (SADC). The long-term vision of SHARE
is to supply soil moisture information for the entire African continent, at a resolution of 1 km, posted on the
web, freely accessible to all. Validation is a major prerequisite for such a service.
The soil moisture information system is based on the newest radar satellite technology. The service uses data
delivered by ENVISAT's ASAR sensor operated in global mode (GM) and the METOP scatterometer
sensors. The synergistic use of both systems allows frequent, medium resolution monitoring of regional soil
moisture dynamics.
SHARE provides access to three products: coarse resolution soil moisture, a scaling layer which allows
interpretation of the coarse resolution soil moisture product at 25 km resolution and a medium resolution soil
moisture product at 1km.
1. Medium Resolution Soil Moisture: The medium resolution soil moisture product is based on
ENVISAT ASAR Global Mode data. ENVISAT ASAR Global Mode data allows
monitoring of soil moisture for the entire Southern African Development Community
(SADC) region on a weekly basis at 1 km resolution, however with a higher noise level
compared to the coarse resolution soil moisture product. The ASAR global mode data
represent soil moisture in the upper most soil layer (<5 cm) and is developed for applications
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such as drought, yield, and flood forecasting or modelling (Figure 1) (Wagner et al., 2007;
Pathe, et al. in press; Bartsch et al., 2007).
2. Coarse Resolution Soil Moisture: Global, coarse-resolution soil moisture data (25-50 km)
are derived from backscatter measurements acquired with scatterometers on-board of the
satellites ERS-1 and ERS-2 (1991 to present) and the three METOP satellites (2006–2020,
in near real time via EUMETCast) (Figure 2) (e.g. Wagner et al., 2003; Bartalis et al., 2007).
3. Scaling layer: The scaling layer has been derived from ENVISAT ASAR Global Mode data.
The scaling layer allows the interpretation of coarse-resolution soil moisture information as
provided by the scatterometer data at 1 km resolution by identifying targets which have
similar backscatter characteristics as observed with the scatterometer. The soil moisture
variations of these local targets will follow the variations observed in the scatterometer
derived soil moisture (Wagner et al., 2008).

Figure 1 Example maps from the ENVISAT ASAR GM 1km database. Extreme soil moisture conditions in the
second decade of December 2007 in central Mozambique can be observed with the 1 km soil moisture
product from ENVISAT ASAR. Comparison with other mid-December ASAR GM acquisitions from 2004 and
2006 demonstrates the above-average soil moisture conditions in greater detail.

Figure 2 Example for the scatterometer soil moisture database. Above-average soil moisture conditions were
encountered over the entire region of southeastern Africa in December 2007. Soil moisture deviations
reached 30% above-average in central South Africa and Lesotho during the first decade of December. These
conditions extended further north during the second decade of December and caused soil moisture extremes
in northern South Africa, Mozambique, Botswana, and Zimbabwe. The soil moisture was still well aboveaverage in southeastern SADC in the third decade of December. However, a declining trend in soil moisture
deviations was apparent. Below-average soil moisture conditions were affecting regions of eastern
Tanzania, Kenya and Sudan in all three decades of December 2007.
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Here we present a summary of the assessment of (1) and (2). The quantitative assessment was based on (a)
Transfer of the approach to a different region with ground data availability, (b) Comparison with modelled
soil moisture in South Africa, and (c) River runoff comparison on catchment scale in Botswana/Angola.
Precipitation data have been used for a qualitative assessment of the 1 km soil moisture product.

2. COMPARISON WITH MODELLED AND IN-SITU SOIL MOISTURE
2.1 Model comparison
TOPKAPI is an acronym which stands for TOPographic Kinematic APproximation and Integration and is a
physically-based distributed rainfall-runoff model. TOPKAPI requires ground measurements which have
been available in the past in the South African catchment Liebenbergsvlei. Currently sufficient
measurements/stations are not available. This assessment approach can therefore only be used for the
scatterometer derived soil moisture product which is available from the ERS satellites for 1992-2000.
Hydrological modelling is a suitable framework for providing estimation of the soil moisture fields as an
alternative to soil moisture gauging. This approach provides contributions to (i) validation of remotely
sensed soil moisture fields on the basis of a physical representation of the hydrological processes, (ii)
possibilities for space and time disaggregation of the remotely sensed soil moisture field. In this work the
physically distributed hydrological model TOPKAPI (Liu and Todini, 2002) was implemented on a welldocumented regional catchment in South Africa (Liebenbergsvlei, 4825 km2). The Liebenbergsvlei
catchment (4825 km2) is located in the Free State province of South Africa. The climate is semi-arid,
characterized by a mean annual rainfall between 600 and 700 mm and a mean annual evapotranspiration
between 1400 and 1500 mm. A unique rain gauge network consisting of 45 tipping bucket rain gauges
provided 5 minute time step ground rainfall measurement for the period 1993-2002. Two flow gauges are
available at the outlet of the catchment and further upstream, with unequal data availability and quality
between 1993 and 2001 but both provide good quality data since 2002. External flows that arrive from
Lesotho via an inter-basin transfer since September 1997 are recorded at a third station.
The TOPKAPI model has been implemented on the Liebenbergsvlei catchment, South Africa. Because of its
physical basis, the model parameters (15 parameters) can be estimated a priori from the catchment
characteristics. The spatial resolution for the modelling was imposed by the desire to use a freely available
DEM at 1 km. Two seasons of 8 months each were selected during which the rainfall and flow data were
both continuous and of good quality. The first season (Season 1) between November 1993 and June 1994
was used to adjust the parameters of the TOPKAPI model. The second season (Season 2) between November
1999 and June 2000 is used further as a model validation period. Four parameters of the model and the
catchment initial soil moisture were calibrated during Season 1 in order to ensure that the simulated river
flows properly match the observed river flows. Over the two modeled seasons, the only remotely sensed soil
moisture estimations available come from the Soil Water Index provided within the ERS1/2 product. A
similar Soil Water Index can easily be defined for TOPKAPI by computing the soil saturation at each
catchment cell, for each time step of the simulation.
Since the resolution of the hydrological model and the resolution of the scatterometer grid differ
(respectively 1 km and 25 km), as a first comparison, (i) a mean modeled SWI was computed at catchment
scale by averaging over the catchment the SWI computed at each TOPKAPI cell, (ii) a mean remotely
sensed SWI was computed by averaging over the catchment the SWI computed at each scatterometer point
grid (average weighted according to Thiessen polygons).
The modeled and remotely sensed mean catchment SWI are compared for the two modeled seasons, at the
time step of ten days imposed by the ERS sampling period (Vischel et al. 2008). There is a very good
correspondence between the two SWI estimates that is illustrated by the coefficient of determination (R2) of
0.780 for the first season and 0.922 for the second season. According to the regression equation, a slight bias
is observed which seems to be independent of the season. But the order of magnitude of the remotely sensed
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and the modeled SWI is similar. As an interesting example, the value of the initial soil moisture, which has
been calibrated at 40% according to the river flows for Season 1 (independently of the remote sensing data),
could have been better estimated by using the remotely sensed value. This result is very encouraging since
the initialization of the hydrological models remains a constant problem in hydrology.
In order to evaluate the relationship between the remotely sensed and the modeled soil moisture at a smaller
scale, the SWI is computed at the footprint scale meaning at the original scale of the scatterometer. In order
to make a robust comparison, only the three footprints showing the largest covering over the catchment are
considered. Figure 3 shows respectively the remotely sensed and the modeled footprint SWI and the
associated scatter plots. The results show that the good correspondence already found at catchment scale is
retrieved at the smaller scale of the footprint. The correlations are still very good (greater than 0.7), while
according to the regression equations, the bias between the two SWI is relatively stable and independent of
season and location.

At catchment scale
Season 1

R2 = 0.759
y = 0.75x + 18.1

Season 2

R2 = 0.923
y = 0.84x + 19.0

Figure 3 Comparison of the modelled and remotely sensed Soil Water Index (SWI) at the scatterometer
footprint scale (from Vischel et al., 2008).

2.2 In-situ soil moisture measurements
A sufficiently large and representative ground measurement network is required when remotely sensed data
are compared to in-situ point data. Such a network has not been available for SADC; therefore this kind of
validation was carried out over Oklahoma, USA. The Oklahoma Mesonet is a statewide meteorological
measurement network operated by the Oklahoma Climatological Survey. Standard meteorological data (e.g.
air temperature, precipitation, humidity, etc.) are measured automatically every 5 minutes at 115 stations, at
least one in each of Oklahoma’s 77 counties. Amongst the sensors installed at each site, there are soil
moisture sensors at 4 depths (5 cm, 25 cm, 60 cm and 75 cm) utilizing the heat dissipation method for
indirectly measuring the soil matric potential. The soil matric potential is derived from the temperature
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difference before and after heating using a second-order polynomial. This conversion requires individual
calibration of the soil moisture sensors at each site. Data are collected at regular intervals and are transmitted
to a central processing site for archiving and further data analysis (Brock et al., 1995; Illston et al., 2004a;
McPherson et al., 2007). To handle the problem of comparability between measurement stations, a new
parameter has been developed based on the measurements of the heat dissipation sensors. This parameter is
called fractional water index (FWI) and is a normalized version of the actual measurements of the soil
moisture sensors. With the FWI a state-wide analysis of soil moisture conditions and comparisons between
individual measurement sites is possible. The FWI is a unitless measure ranging from 0 at dry conditions to 1
for saturated soils (Illston et al., 2004b).
Based on a comprehensive archive of ENVISAT ASAR Global Mode data, surface soil moisture values were
extracted using a multi-temporal change detection approach. Comparisons of the remotely sensed surface
soil moisture ms to in-situ soil moisture showed a good agreement between the two data sets. The ASAR GM
surface soil moisture ms follows temporal trends in the in-situ FWI soil moisture data. Extreme high and low
soil moisture conditions in the field are reflected in the remotely sensed data. Scatterplots of in-situ soil
moisture vs. remotely sensed soil moisture ms have been generated to characterize the relation between the
two data sets (Pathe et al., 2007).
As an example for the Mesonet stations, Figure 4 shows results for station “OKEM”. From the time-series
plot, it can be seen, that extreme high or low FWI values correspond to extreme high or low GM surface soil
moisture values ms. A linear relation between remotely sensed and in-situ soil moisture has been observed.
Pearson’s linear correlation coefficient R was used to characterize the relation between the ms and the FWI
data for all Mesonet stations. In the case of the station “OKEM”, a correlation coefficient of R=0.84 has been
calculated. Correlation coefficients R>0.6 were observed for 54% of the stations.

Figure 4 ASAR GM soil moisture ms (dashed line) and in-situ soil moisture FWI (solid line), time-series
(left), scatterplot (right).

3. COMPARISON WITH RUNOFF
River runoff is a point measurement integrating information on the hydrologic status of an entire catchment.
To get a representative indicator, soil moisture data can therefore be integrated over all grid points of the sub
basins to derive a “Basin Water Index” (BWI) from scatterometer derived Soil Water Index (SWI; Scipal et
al., 2005). The SWI is retrieved from temporally filtered near surface soil moisture in accordance with an
infiltration modelling approach (Wagner et al., 1999a and 1999b). This results in regular time intervals of 10
days. This cannot be applied to ENVISAT ASAR Global Mode due to the lower and irregular sampling rate.
Therefore monthly mean values of the near surface soil moisture have been used to derive the BWI from
ENVISAT data. All BWI values are compared to river runoff data which have also been averaged to 10-day
or 1-month periods respectively. Both, ERS scatterometer and ENVISAT ScanSAR derived BWI have been
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derived for the upper Okavango catchment in Angola and compared to discharge at Mohembo, the entrance
to the Okavango inland delta in Botswana. The contribution of Okavango River discharge is essential for the
maintenance of the complex wetland area which constitutes the delta. Depending on basin size a delay
between BWI and measured river runoff (source: Global Runoff data Centre - GRDC) can be observed.
Taking this offset into account a correlation between river runoff and BWI can be found. The relationship
can be described by a logarithmic function. Correlations are 0.88 (R²=0.77) for the entire upper active
Okavango River basin (Figure 5a).

Figure 5 Satellite data derived relative soil moisture integrated for catchment upstream from Mohembo (the
entrance of the Okavango river to the delta) in comparison with discharge measurements (a) Soil water
index (10 day intervals) from scatterometer (50 km). (b) Relative Surface Soil moisture (monthly mean) from
ENVISAT ASAR GM (1km).
Monthly averages have been derived from the 1 km ENVISAT ASAR Global Mode product for the years
2005 and 2006. Monthly discharge measurements at Mohembo have been provided by the Harry
Oppenheimer Okavango Research Centre, Botswana (HOORC) for these recent years. Furthermore, only the
mountain region within Angola is taken into account since the majority of input originates from this area.
The correlation between monthly means and river runoff at Mohembo is above 0.9 (Figure 5b). The offset in
case of the two monitored years is three months. This value is higher than for the scatterometer example (6070 days) which is based on data from nine consecutive years. This difference may result from one or several
of the following issues:
1. The scatterometer derived BWI is based on SWI values which result from a temporal filtering
approach. The ScanSAR derived BWI represents near surface soil moisture before infiltration.
2. The year 2006 was an anomalous year. Precipitation during the rainy season was above average. It
also shows a shorter offset in 2005 than in 2006.
3. The time steps differ. The 10 intervals allow capturing variation within single months. This is not
possible for ScanSAR (monthly averages).
4. Data coverage with GM varies within the catchment and thus the monthly average may represent
differing time periods from point to point.

4. COMPARISON WITH PRECIPITATION DATA
Surface soil moisture patterns reflect recent local precipitation events. Beside the utilization of gauges which
deliver point data, rain radar measurements are used in southern Africa. This offers the opportunity to
compare spatial patterns of the experimental soil moisture product with precipitation events. Precipitation is
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also available from satellite data through i.e. the Famine Early Warning System Network (FEWS NET).
These precipitation maps (10 km) are visually compared to the 1 km product on regional scale (monthly
means) and local scale (daily estimates).

4.1 Rain radar measurements
Three case studies are provided, which compare the spatial distribution of surface soil moisture with
observed rainfall over South Africa as measured by the SAWS rain gauge and weather radar networks. The
daily totals of the gauge network have been spatially interpolated using Kriging (Deyzel et al., 2004; Kroese,
2004; Pegram, 2004) and the radar totals are a composite from the SAWS weather radar network.
The case presented is for the wet season (January 2006) and shows a 3-day composite (Figure 6a) of surface
soil wetness. Figure 6b shows the observed rainfall from gauges and radar respectively for the two days prior
to the soil wetness composite. There is good correspondence between the spatial distribution of the rainfall
and the resulting soil wetness as would be expected since the surface soil layer must respond directly to
rainfall.

a)

b)
Figure 6 (a) 3-day composite of the 1km surface soil moisture product between 28 and 30 January 2006. The
most recent data has been overlaid on the older data. (b) Estimated 24 hour rainfall totals from interpolated
rain gauge and radar data for the 24 hour periods ending 06:00 GMT on the 27th and 28th of January 2006
respectively.

4.2 FEWS NET comparison
Rainfall estimates (RFE) available from the Famine Early Warning System Network (FEWS NET) were
compared to the ASAR Experimental Soil Moisture data. RFE are produced using the maximum likelihood
estimation method, which combines Meteosat and Global Telecommunication System (GTS) data together
with station rainfall data (Herman et al., 1997, http://earlywarning.usgs.gov/adds/RFEPaper.php). The newer
RFE technique combines latter methods with data from the Special Sensor Microwave/Imager (SSM/I) and
the Advanced Microwave Sounding Unit (AMSU) satellite. As of January 1, 2001, RFE version 2.0 has been
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implemented by NOAA's Climate Prediction Center. The rainfall estimates are made available in 10 km
resolution. Both, monthly and daily values have been examined. Monthly RFE are compared to the monthly
composites from ASAR. The spatial patterns of daily estimates are shown on local scale for two selected
provinces with frequent ASAR GM coverage. It can be shown that the ASAR GM soil moisture product
depicts short term as well as long term features at regional and local scales.
The selected example of monthly rainfall estimates shows the onset of the rainy season (November, Fig. 7).
The expanding southern limit of area affected by rainy season is clearly visible. A time lag between
precipitation and soil moisture increase can be seen in parts of Angola, Botswana, Zimbabwe and Zambia.
While mean precipitation values are increasing after the dry season, the mean monthly soil moisture either
stays still relatively low or GM acquisitions are not frequent enough to capture the first precipitation. The
storage period of water in the top soil is comparably short immediately after the dry season. This highlights
the actual difference between rainfall and soil moisture products. The ASAR GM near surface soil moisture
product already represents local conditions (climate and soil) which limit the eventually available water
within the top soil.

a) FEWS NET

c) day by day comparison FEWS NET – ASAR GM

b) ASAR GM
Figure 7: (a) Monthly rainfall estimates (RFE) from the Famine Early Warning System Network (FEWS
NET) and (b) monthly composites (mean) ASAR Global Mode Experimental Soil Moisture from TU Wien for
November 2006; (c) Rainfall estimates (RFE) from the Famine Early Warning System Network (FEWS NET)
(left) and ASAR Global Mode Experimental Soil Moisture from TU Wien (right) for four selected dates
during rainy season in Free State province, Eastern South Africa.
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5. SUMMARY
SHARE provides an operational service for hydrometeorological applications in the Southern African
Development Community region. Maps of soil moisture dynamics based on satellite data on local and
regional scale are made freely available on the internet. Both the coarse resolution product (scatterometer,
25-50 km) and the medium resolution product (ScanSAR, 1 km) have been compared to ground
measurements and other remotely sensed datasets for validation purposes. The results have been assessed by
comparison with modelled soil moisture and river runoff measurements. In case of the latter, Pearson
correlation was >0.9 for scatterometer as well as ScanSAR derived relative soil moisture. A basin specific
temporal offset can be observed which yields potential for river discharge forecasting. If knowledge is
established about this relationship and also the spatial patterns in gauged and un-gauged basins, flood risk
assessments could be enhanced.
There is a very good correspondence between the SWI estimates and modelled soil moisture fields (from
TOPKAPI) what is illustrated by the coefficients of determination (R²) between 0.78 and 0.922 in the
Liebenbergsvlei, RSA. As an interesting example, the value of the initial soil moisture, which has been
calibrated at 40%, could have been estimated by using the remotely sensed value (Vischel, et al. 2008). This
result is very encouraging since the initialization of the hydrological models remains a constant problem in
hydrology.
A comparison between monthly means of Fractional Water Index (FWI) and GM surface soil moisture has
been carried out. The FWI was derived from a station which is part of the Oklahoma Mesonet (USA). A
linear correlation coefficient of r=0.6 can be observed for more than 50% of the 115 stations. Visual
comparison between precipitation maps and relative near surface soil moisture maps highlighted the actual
difference between rainfall and soil moisture products. The remotely sensed near surface soil moisture
product represents also local ground conditions (climate and soil) which limit the actual water content within
the top soil.
The scatterometer based data provide long time series (since 1992) which are needed for detection of
deviations from mean conditions that may result in flooding and droughts. Here, the third SHARE product,
the scaling layer, becomes important. It can be used to transfer the gained knowledge from regional (25-50
km) to local (1 km) scale. The synergy of both datasets allows for advanced monitoring and forecasting on
continental scale.
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