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Abstract
The natural resources of the Okavango Delta, a large wetland in semi-arid Botswana, form the basis of livelihoods of the local
population and support economically important high-end tourism. The hydro-ecological system is dynamic at various time
scales, responding to climate variability, and both flood and drought conditions have in the past put pressure on the system’s
users. Human-induced climate change can potentially exacerbate the effects of existing climate variability. In this paper, we
present simulated future hydro-ecological conditions in the Okavango Delta generated by a step-wise modelling procedure.
The outputs of three different global climate models are used to drive a suite of hydrological models. Lastly, a rule-based
dynamic model relates hydroperiod conditions to vegetation assemblages. The simulated future conditions vary from much
drier to much wetter than those recorded in the past. Models indicate that climatic change would result in change in both extent
and distribution of the major ecotopes of the Okavango Delta. Importantly, the different ecotopes will be affected to varying
degrees. The projected changes will have consequences for the wildlife-based management of the system. They will affect,
for example, available grazing and migration/movement patterns of large herbivores, as well as fish. Such consequences can
have rapid up-trophic level effects, ultimately leading to potentially substantial impacts on the economy. The main conclusion
to be drawn is that management planning and land-use systems should be as flexible as possible.
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Introduction

Okavango Delta

The Okavango Delta is a large wetland located in semi-arid
north-western Botswana. It is a largely pristine ecosystem with
a very small anthropogenic footprint, and is recognised as a
Ramsar site. The system is naturally variable: dry and wet conditions of duration from a year to 30 to 40 years have been recorded
in the past (Mazvimavi and Wolski, 2006). Additionally, the system is subject to shifts in distribution of inundation resulting
from active geomorphological processes: channel aggradation
and avulsion, occurring at a variety of scales (McCarthy et al.,
1993; McCarthy et al., 1992; Wolski and Murray-Hudson, 2007).
Observations indicate that any change in the hydrological regime
within any part of the system brings about transformation of the
ecosystem. Vegetation change can be subtle, such as from sedgedominated floodplains to grass-dominated ones, or drastic: from
papyrus plains to dry-land. Changes in vegetation propagate up
trophic levels with the consequence of wildlife relocating to find
suitable vegetation and environmental conditions.
Greenhouse gas emission-driven climate change is widely
accepted as happening, and recognised as a factor of prominent
importance for the future well-being of the global environment
(IPCC, 2007). With the goal of stimulating thought and debate
about its implications for wetland management, this paper
presents preliminary results of modelling of the potential effects
of future climate change resulting from anthropogenic global
warming on the ecosystem of the Okavango Delta. It focuses
on linking the hydrological regime under changing climate with
ecosystem vegetation characteristics.

The Delta is a large, flood-pulsed wetland. Its hydrology has
been frequently described in the literature (e.g. Wolski et al.,
2006; McCarthy et al., 1998a; Dinçer et al., 1987), and therefore only the major characteristics are given here. The Delta is
subject to a discrete annual flood pulse. The flood is primarily
caused by the seasonal flood wave of the Okavango River, and
local rainfall plays a lesser role: flooding is asynchronous with
the local rainy season. As a result of inter-annual differences in
local and upstream rainfall, as well as longer-term effects of surface-groundwater interactions within the Delta, the area of inundation displays strong inter-annual variability: over the period
of record 1932-2000, annual minima varied between 3 500 and
6 000 km 2, while the annual maxima were recorded at 6 000 to
14 000 km 2 (McCarthy et al., 2004; Gumbricht et al., 2004). These
dynamics cause spatial differences in hydroperiod (frequency,
duration and depth of inundation), which are in turn associated
with vegetation assemblages adjusted to the prevalent hydrological conditions. This association is traditionally expressed by
distinguishing broad hydro-ecological units: permanent swamp,
seasonal regularly inundated floodplains, seasonal occasionally
inundated floodplains and dry-land (McCarthy et al., 2005).
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Previous work on modelling of ecological
consequences of climate change in the
Okavango Delta
Since the Delta is a wetland ecosystem in an arid environment,
it is clear that the ecological effects of climate change have to
be looked at through changes in hydrological regime, as caused
by rainfall and evaporation, rather than through changes in
temperature only. Hydrological change was assessed by Wolski et al. (2002), who expressed climate-change effects through
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