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Land use and land cover change is the 
major driver of biodiversity loss in 
terrestrial ecosystems worldwide, making 
the management and governance of land 
systems a key parameter in conserving and 
sustaining biodiversity. This issue gathers 
16 contributions dealing with the relations 
between biodiversity and land systems 
from very diverse thematic and regional 
perspectives.
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strategies to cope with these changes and to 
improve the livelihoods of people in the region. 
As a joint initiative of Angola, Botswana, Namibia, 

South Africa, Zambia, and Germany, SASSCAL 

(Southern African Science Service Centre for 

Climate Change and Adaptive Land Management; 

www.sasscal.org) supports 88 research projects 

providing information and services allowing for 

a better understanding and assessment of the 

impact of climate and land management changes 

forestry and biodiversity.

Water related research in SASSCAL aims at 

providing i) reliable data, information and tools 

to analyse and assess present state conditions 

and global change impacts and ii) evidence-

based services and advice for decision-makers 

and stakeholders supporting sustainable water 

resources management in the SASSCAL region 

(Helmschrot & Jürgens 2015). As shown by 

monitoring, wetland inundation variability and 

groundwater recharge, spatio-temporal remote 

sensing applications can notably contribute to 

the assessment of water-related risks and their 

relevance for as well as dependencies from 

land cover change and biodiversity in Southern 

African landscapes.

Northern Namibia caused losses of life and 
disruption of agricultural and other economic 
activities (Tshilunga, 2014). The sudden 

Projected climate change and socio-economic 
pressures like population growth and agricultural 

water availability and quantity, land management 
practices and biodiversity in water stressed 
regions of Southern Africa. Thus, an improved 
understanding of the linkages between ecosystems 
and society as well as their drivers is needed as a 
precondition to develop sustainable management 

Given the ongoing population growth and 
changes in land management as well as 
projected climate scenarios, a key challenge in 
the African sub-Saharan countries is to secure 

the stability of ecosystems, with their functions 
and services and for human use. Changing 

pattern in southern Africa, for example in terms 

or change in  groundwater levels, which in turn 
will create even more pressure on existing 
land management pattern and biodiversity. 
To monitor and assess such interrelated 
phenomena in data scarce regions like southern 
Africa, innovative remote sensing data and 
techniques can be successfully applied. Three 

wetland inundation variability and groundwater 
recharge in the SASSCAL (Southern African 
Science Service Centre for Climate Change 
and Adaptive Land Management) region 
demonstrate the potential of optical and radar 
satellite products to assess water-related risks 
and associated impacts on land cover change 
and biodiversity in Southern African landscapes.
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recurrence intervals were associated with the 
impacts of climate change and variability. It is 
therefore expected that the frequency and 

to come. Land use and land cover changes due 

with an undesired frequency and magnitude, can 

ecosystems and cultivation, requiring a revision 

(Hazarika, 2015).

The Hydrological division of the Ministry of 

Agriculture, Water and Forestry (MAWF) is the 

and mitigation measures in Namibia. As the 

collection of ground data is often hampered by 

access to remote and inaccessible areas, Earth 

Observation data are used to provide area-wide 

information on extent and duration of major 

System (WOIS), covering selected water basins 

in Africa, was recently implemented in order to 

enable the MAWF and water authorities from 

other African countries to generate a wide-range 

of satellite earth observation based information 

products needed for Integrated Water Resource 

Management (IWRM) in the continent (Guzinski 

et al., 2014). Integrated case studies on wetland 

monitoring provide information on seasonal 

changes of wetland and permanent water 

establish suitable tools for the monitoring of 

impacts on wetland ecosystems.

monitoring system, combining two individual 

currently under development at the German 

Aerospace Center (DLR) (Martinis et al., 2013) 

and is foreseen to be an integral part of a local 

Cuvelai-Etosha basin, which straddles southern 

Angola and north-central Namibia. An extended 

system and covering the entire SASSCAL project 

area will be implemented in the near future. 

Major advantage of this service is the systematic 

acquisition strategy of the Sentinel-1 mission, 

allowing a utilization of SAR acquisitions for 

continuous monitoring purposes without the 

necessity of time-consuming and on demand 

acquisition planning. In Figure 1, an example 

in Malawi using radar remote sensing is shown. 

Area-wide and up-to-date remote sensing data 

feature a great potential for the assessment 

wetland ecosystems. Using comprehensive WOIS 

questions like the future importance of wetland 
agriculture for food security under climate change 
conditions (e.g. soil degradation, soil retention) 
and wetland hydrology with related impacts on 
water supply systems can be addressed on a large 
and detailed scale. 

The Barotse wetland, located in the upper 
Zambezi River Basin, is an annually inundated 
RAMSAR (RAMSAR, 2014) recognized ecosystem 
rich in biodiversity and supports a variety of 
livelihood streams for a large population in 

dependent on the annual inundation regimes 
which occur in the rainy season between October 
and April of a given hydrological year. However, 
current and projected climate scenarios coupled 
with unsustainable land use practices in and 
around the wetland, are already showing and 
predicting negative impact on biodiversity. 

This study was undertaken to answer to the paucity 
of data on the nature and potential implications of 
the variations in inundation regimes on biodiversity 

potential characterizing historical inundation 
regimes, land cover changes (within and around 

to hydrological variables and potential impacts 
on biodiversity. Using both optical (MODIS, 
Landsat) and radar (TerraSAR-X) remote sensing 
sensors, inundation extents in the wetland was 

from 2003 to 2013. Land cover changes have been 
analysed between 1984 and 2015. Results indicate 

the considered time space and show a strong 
correlation between inundated area and observed 

lead to negative implications on, for instance, 

and available water for crop production (after the 

particular forest cover changes, will most probably 
intensify the impact on wetland biodiversity due 
to noted downward trends in discharge and water 

provided evidence for increased sedimentation 
due to land cover change, resulting in negative 
impacts on both the quantity and quality of water 

Crucial precondition for tackling future 

challenges of the Barotse wetlands like resource 

and technical infrastructure (Fig. 3), land drainage, 

encroachment for agriculture, and interference 

with river hydrology for large-scale hydropower 

and irrigation schemes, is a foresighted wetland 
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management (Turpie et al., 1999). Large-scale and 
detailed observation for the long-term monitoring 
of wetland conditions can only be managed 

A new generation of high resolution optical and 
radar satellite systems (e.g. Sentinel 1,2) with high 
revisit times and free data access, will provide 
unique opportunities in the future to improve the 
quality of information on inundation regimes for 

the wetlands.

Human activity plays an important role concerning 
the quality and quantity of groundwater. 

but also can have a great impact on land use if 
one thinks about shallow groundwater layers 
and vegetation or land subsidence caused by 
groundwater withdrawal (Phien-wej, Giao, & 
Nutalaya, 2006). A sustainable management 
depending on reliable information of groundwater 
recharge is crucial. The estimation of recharge 
rates in the Cuvelai-Etosha-Basin (Angola/Namibia), 
especially the Eastern Sand Zone, is the major 
objective of this case study. It is hypothesized that 

parts of the groundwater found in the south of the 

Eastern Sand Zone have their origin in the Angolan 

highlands in the north. Directly on the transition 

of the Angolan low- and highlands, between 
Yonde and Caiundo, analysis showed that water 
accumulates in some areas during the rainy season. 
Vegetation indices derived from MODIS data 
give evidence that near surface water is available 
around these zones, especially in the supposed 
drain direction. No patterns indicating salinization, 
which can be caused by high evaporation rates, 
were found through Landsat and MODIS data 

Therefore, groundwater recharge is assumed to 
be the dominant process in these water rich areas. 
Due to poor accessibility, ground truthing was not 
possible so far. A further notable feature of this 
region is the direction of the drainage lines, which 

highlands and bend to the south west after passing 
them. This abrupt change in direction can be seen 

as an indicator of geological boundaries or faults. 

To support the theory of accumulated recharge 
in the mentioned areas, SAR (Synthetic Aperture 
Radar) Interferometry (InSAR) will be used in 
a further step for a pilot area. Studies have 
shown that InSAR can help to understand the 
hydrogeological behavior of a catchment (Lu & 
Danskin, 2001; Schmidt, 2003) by analysing land 
uplift and subsidence. As most of the rain in the 
study area falls between November to April, and 
nearly no rain occurs during the rest of the year, 

a periodic cycle of land uplift and subsidence 

is expected for regions with high groundwater 

Figure 1: Flood situation as of January 13, 2015 at the Shire River in the area of Bangula, Malawi, close to the Mozambique border. The 
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recharge rates (Bell et al., 2008). If the hypothesis 

of intense groundwater recharge can be proven, 

the method could be easily extended to other 

parts of the basin and contribute to a better 

general understanding of the whole natural 

system. Moreover, this study will create further 

knowledge about groundwater-dependent 

ecosystems and biodiversity conservation in 

complex drainage systems.

- we created multi-scale time series in various 
reference areas in Southern Africa, quantifying 
and assessing water-related risks and and its 
interdependencies with land cover change and 
biodiversity using remote sensing data. These 

other thematic areas within the SASSCAL project 
and beyond. 

- with this contribution we facilitated interdisciplinary 
research activities within SASSCAL and beyond, i.e. 
regarding cross-sectoral topics like land systems and 
biodiversity under climate change conditions. 

- a new generation of high- resolution optical and 
radar remote sensing sensors provide unique 
opportunities for biodiversity research and 
sustainable economic development in Southern 
Africa under global change conditions.  Many 

use for mapping and predicting regional or 
global changes in the distribution of biodiversity, 
something that is at the core of many national 
and international conservation agendas (Collen 
et al., 2013). Satellite remote sensing can make 

Figure 2: th

5TM using the Desert Flood Index (DFI)

way of deriving complete spatial coverage of 
environmental information for large or remote 
areas. The free and open access policy to data 
from the Sentinel satellites will be a breakthrough 
in the use of satellite data for specialised users, 
but also for the general public. Furthermore, 
the status of multi-scale and multi-temporal 
remote sensing data as an integrative element 
for  cross-sectoral and interdisciplinary research 
will increase enormously within the next years. 

Sensing for Biodiversity within the Committee on 
Earth Observation Satellites (CEOS) are enabling 
information transfer and network opportunities 
and will further emphasize synergies and common 
research topics between biodiversity and remote 
sensing research (Pettorelli et al., 2014). 
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of charge within the framework of the TerraSAR-X 
Science Proposal MTH2881. We also acknowledge 
all participating researchers and institutions, 
technical assistants and local collaborators for their 
valuable support. The present work was partially 
conducted within the framework of the Panta Rhei 
Research Initiative of the International Association 
of Hydrological Sciences (IAHS).
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Figure 3: Reconstruction of the bridge on the Mongu-Kalabo Road near Mongu Harbour. The road, linking the districts of Mongu and 
-

aged to be a gateway between Zambia and Angola for enhanced economic interaction between the two countries. Though the road 

pattern monitoring system  that will facilitate for disaster management preparedness as well as biodiversity monitoring in the wetland 
(Photograph: Helmschrot, 2015)
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