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‘Elephants’ someone called softly but with
urgency.
We all silently dropped to the ground so
that our silhouettes didn’t attract them and
we watched as they crossed the horizon off
in the distance. The moment they were out
of sight, four of the team rushed back to our
truck, shaking in fear. The rest of us calmly but
quickly finished collecting our ground control
data and then hurried back to the vehicle.
Normally when you work in the national
parks of southern Africa, you bring a team of
two park rangers armed with semi-automatic
rifles to protect you from elephants and the
myriad of other animals that will kill you
without hesitation. However, the two rangers
we normally worked with had been killed by
a group of elephants the week before - guns
blazing futilely as they died. We had decided
to come out and collect some data without
support because our time was passing quickly
as things were being re-organized, but the fear
became too great and so we were forced to
wait until a new guard team could be made
available to us.
Working in southern Africa can be harsh and
potentially deadly because it seems that a lot
of different things want to kill you. Malaria,
sleeping sickness, and other diseases are
a danger. Animals smell you and savor the
odor. Even the plants claw at you and burn
your skin as you try to force your way through.
Bridge crossings over crocodile-filled water are
nothing more than small logs lashed together
and they sag and bend as the water becomes
deeper around you.
Fieldwork in southern Africa is harsh. But
this beautiful continent is home to some of the
world’s friendliest people and the collection of
wildlife is so incredible that you often feel as if
you have accidentally stepped onto a movie
set; we watched a hippo try to hide from a
giraffe behind a narrow tree, his face hidden
but his huge rear-end sticking out for all to see.
However, the giraffe had no fear and stepped
over the confused hippo.
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geosPatial technologies anD
global environmental change in
southern africa
Africa since being initially introduced to the region through an
-

geospatial analyses of climatological and hydrologic data and
various remotely-sensed datasets to create measures of ecosystem variability and adaptability to natural and anthropogenic
ed at the center of the world’s newest and largest transfrontier
vast multi-nationally managed network of national parks, game
management areas, and communal lands that encompasses an
area of approximately 440,000 km
the cooperative management of shared resources, to increase the
area available for wildlife and plant populations, and to bring
ecotourism, changes in the health of the ecosystem translate
into largely unbuffered detrimental effects for the human sysvariable environments where people have been adapting to the
past and ongoing environmental changes and increased climatic
collaborative work in this region, which has now expanded to ingraduate students, is primarily focused on understanding how
different land management regimes and environmental variability create different ecosystem responses in a semi-arid savanna
and on determining what the most effective ways of measuring

expanded to studying human-environment interactions and adaptation strategies across political boundaries throughout the
saic of land uses, including protected areas, forest reserves, and

region and has one of the largest elephant populations in Africa
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lands in the basin (orgacommunity-based orgaused for subsistence agand photographic and
posed that understanding underlying biophysical drivers of change
by taking into account
different management
regimes in the two countries and establishing
the relative importance
gimes in driving vegetation dynamics represented an important
step in understanding
landscape-level change
using remote sensing to

Figure 1. Location of the study area in southern Africa (Source: Pricope 2013).

gimes across political boundaries, this research contributes to
enhancing our understanding of local adaptation mechanisms
to future environmental change in the context of increasing
temperatures, decreasing precipitation trends and increasing
frequencies and intensities of El Niño episodes in southern Afhave a series of strong impacts on other components in semi-arid ecosystems that will, in turn, affect their ecology, structure,
and function, making it imperative that we monitor and work

fire regimes changes in
africa’s largest transfrontier
conservation area

Fires are an intrinsic component of many ecosystems throughAfrica, they are one of the controlling factors in maintaining
the balance between grassy and woody vegetation (Bond and
change, atmospheric composition, and the global carbon cycle

The expressed purposes for the creation
of KAZA by the member countries were

grasslands, shrubs and woodlands of the savannas of
4
Southern Africa, which are among the most frequently burnt
-

tri-fold: to improve the cooperative
management of shared resources, to
increase the area available for wildlife and

result in changes in the annual extent of burned area in the

plant populations, and to bring economic

-

benefits to the local communities

-

adjacent to protected areas.
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management and to test whether there is an increasing trend
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Figure 2. Map of central Kavango-Zambezi Transfrontier Conservation Area (KAZA) showing the spatial extent of a fire recurrence index (FRI)
calculated using monthly MODIS Burned Area data from 2000 to 2010 for all land use categories in the region. The scores which make up the
FRI represent the number of years an area is burned aggregated from monthly spatial extents of burning (Source: Pricope and Binford, 2012).

-

using remote sensing to
unDerstanD the Dynamics of
flooDing in semi-ariD savannas

of these ecosystems burns on an annual basis, depending on the climatologic conditions, fuel load availability
we calculated shows that parts of the two protected areas in
and explained below, is mainly the result of geo-tectonic
-

presence of relatively active fault lines in the region, such

-

occurred in this region over the last thirty years, possibly
decreases in rainfall and river inundation extent, and

the changes documented can be attributed to climatic changes

of life are impacted by these changes and displacements of

arid environments play major roles in the regional and global
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Figure 3. The central Kavango-Zambezi Transfrontier Conservation Area (KAZA) in Southern Africa, showing the protected areas and other
land management categories as designated by the World Database on Protected Areas (Source: Pricope and Binford, 2012).

Understanding the role of fires in driving ecosystem dynamics through the influence of
fire on land cover change, atmospheric composition, and the global carbon cycle is a key
focus within the global change research community.

Figure 4. A) Photo showing an area of Mopane coleospermum woodland used for cattle grazing in the communal lands of eastern Zambezi
Region of Namibia still under inundation in May 2014 and B) Photo showing the Chobe River floodplain in northern Botswana, critical habitat for large herds of African elephants (Loxodonta africana).
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biogeochemical cycling of methane and carbon
dioxide, habitat diversity, hydrologic cycles and their

arid environments has been a subject of considerable

and how it interacts with other factors in modifying
vegetation structure and driving landscape dynamics
surface water resources using satellite imagery
is an increasingly important tool for prediction of

variables related to spatially and temporally variable
land productivity or vegetation biomass and have a
very distinct spectral signature for water as opposed

Figure 5. Training sample data collection during the most recent field season –
marking the edge of the flood in the Zambezi Region of Namibia; pictured, Dr.
Pricope and graduate student Jeri J. Burke (photo by Dr. Andrea Gaughan).

importance of different drivers of change in vegetation
dynamic, we asked what the intra-annual timing and
the distribution of regional precipitation and discharge in

questions, several techniques and remotely-sensed datasets

While the interaction between
precipitation, drought, fire, and grazing
other hydrologic, climatologic and ancillary geospatial

on arid environments has been a subject
of considerable research, less is known

hydrological analyses, have allowed us to establish the intra-

about the impact of flooding, or the lack
of flooding in flood-adapted ecosystems,
and how it interacts with other factors in
modifying vegetation structure and driving
landscape dynamics.
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vegetation Dynamics in a
transbounDary semi-ariD
savanna WatersheD
research directions being developed in collaboration
decades of research and improved change-detection
capabilities, monitoring vegetation dynamics using
long-term, repetitive satellite-derived data remains
measurement of vegetation dynamics is especially
important in marginal landscapes such as semicover is important not only to asses states and
trends, but particularly to improve the prediction
capabilities of climate models and enable them to
better capture vegetation variations induced by
large-scale climate teleconnections such as El Niño
warming trend across southern Africa over the last
several decades is consistent with the global rise

associated with large-scale droughts primarily

Figure 6. The spatial distribution of inundation in the Chobe-Zambezi-Mamili
system during 2009, with September and October missing due to low spatial
extent of flooding. Areas of blue indicate the distribution of flooded pixels, while
areas of green indicate mixed pixels (Source: Pricope 2013).

potential to impact savanna ecosystem functioning
and wind speeds combined with decreasing precipitation
and relative humidity might create warmer, drier conditions

changes in savanna landscapes through land-use decisions

that decompose the general trend in vegetation pattern for

overall meanNDVI
through by the overall s.d.NDVI

values track changes in the degree of wetness or dryness of
ground vegetation, so that negative values indicate below
normal vegetation conditions indicative of drought and vice

three and a seven-year moving average (based on work by

some interesting insights into the trend and directionality of

PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING

Nove m b er 2014

1011

normal deviate values show areas with lower vegetation

array of available geospatial technologies to provide support
for mitigating and adapting to these changes currently and in
at
on human-environment interactions in southern and eastern
prospective graduate students interested in working on human-

productivity in the seasonally-inundated parts of both the
also work collaboratively with the
, an integrated research effort that combines
remote sensing with extensive data-collection from a variety of
are in the communal lands of both countries and particularly

and we invite collaborators

the river where population densities are relatively high (see
are periodically sharing our work in diverse environments
Semi-arid regions in Africa will be among the most
impacted as climate variability and change continue to
introduce uncertainty in daily and seasonal decision-making
critical that we continue to monitor changes and employ a wide

Figure 7. Spatial patterns of growing season standardized NDVI values for CRB for four years of highest vegetation variability, in terms of
mean and standard deviation. (Source: Pricope et al., 2015)
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