
Intl. J. River Basin Management Vol. 6, No. 1 (2008), pp. 51–61

© 2008 IAHR, INBO & IAHS

Hydrological modelling to assist water management in the Usangu wetlands,
Tanzania
M.P. MCCARTNEY, Researcher, International Water Management Institute, P.O. Box 5689, Addis Ababa, Ethiopia

J.J. KASHAIGILI, Lecturer, Sokoine University of Agriculture, P.O. Box 3003, Morogoro, Tanzania

B.A. LANKFORD, Senior Lecturer, School of Development Studies, University of East Anglia, Norwich NR4 7TJ,
United Kingdom

H. F. MAHOO, Team Leader of the Soil and Water Management Research Group, Sokoine University of Agriculture,
P.O. Box 3003, Morogoro, Tanzania

ABSTRACT
The Usangu wetlands, containing the Ihefu swamp, are one of the most valuable inland wetlands in Tanzania. Over the last decade, outflow from
the swamp has ceased for extended periods in the dry season. This has had severe consequences for downstream ecosystems, including the Ruaha
National Park. Results from a simple hydrological model developed for the Ihefu swamp indicate that, between 1958 and 2004, dry season inflows
declined by approximately 60% and the dry season area of the swamp decreased by approximately 40% (i.e. from 160 km2 to 93 km2). The model also
shows that to maintain minimum downstream environmental flows requires a minimum inflow of 7 m3s−1, which is approximately 65% greater than
occurs currently. There is significant potential for improving water use efficiency. However, given the socio-economic importance of current levels of
water withdrawal, this inflow may be difficult to achieve. Consequently consideration needs to be given to other options, including upstream storage
and water management within the wetland itself. This paper highlights that a simple model supplying relatively low-confidence, but indicative, results
can provide a useful basis for contemplating water management options.
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1 Introduction

The importance of ecological and hydrological functioning of
wetlands is recognised worldwide (Mitsch and Gosselink, 1993;
Barbier et al., 1996; Acreman, 2000). However, increases in
human population, coupled with river regulation and changes in
land-use, continue to add to the pressure on wetlands. The Inter-
national Convention on Wetlands (Ramsar, Iran, 1971) promotes
the sustainable utilisation of wetlands within a local context
and requires that adequate water be provided to maintain those
ecological functions, which benefit people. However, how to
determine a wetland’s water requirements, particularly in the
context of multiple competing needs, is not always clear. This
is particularly the case in data sparse regions of the world, such
as many places in Africa.

The dependence of wetlands on water means that alterations to
any part of the hydrological cycle can have significant impacts on
them. It is estimated that worldwide, conversion or drainage for
agricultural development has been the principal cause of inland
wetland loss (Millennium Ecosystem Assessment, 2005). How-
ever, many wetlands have also been degraded as a consequence
of the modification of flow regimes, resulting from upstream
agriculture, either through direct abstraction or through changes
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in runoff caused by land cover modification. In Nigeria, the
economic benefits of water diverted for irrigation of cereal crops
upstream of the Hadejia-Nguru wetlands has been found to be a
lot lower than if the water were allowed to continue to support
wetland derived natural resources, such as fisheries and pasture
for grazing (Barbier et al., 1991). In Senegal, re-flooding of parts
of some wetlands, desiccated as a consequence of upstream dams
constructed partly to supply irrigation water, is being attempted
to try and improve the livelihoods of people adversely affected
by loss of wetland natural resources (Duvail and Hamerlynck,
2003).

Hydrological models have a role to play both in extending our
understanding of wetland functions and as a tool to assist in the
sustainable management of resources. In recent years a number
of models have been developed for the simulation of hydrological
processes within wetland environments (e.g., Guertin et al., 1987;
Williams et al., 1995; Querner, 1997; Gasca-Tucker and Acre-
man, 2000; Armstrong, 2000). However, many of these models
have been developed for temperate climates and require signifi-
cant amounts of input data. Research has shown that even very
simple models can provide insight into hydrological fluxes and
wetland functioning (Sutcliffe and Parks, 1989).
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In the past there have been many case studies of African wet-
lands, in particular the larger wetlands, which have included
simulation of hydrological processes (e.g., Hollis et al., 1993;
Scudder et al., 1993). These models, which treat the wetland
as a lumped unit and consider only the overall water balance,
have been developed on an ad-hoc basis with just one wetland in
mind. Consequently they are site-specific and are not generally
applicable in other situations.

This paper describes a study undertaken to estimate water allo-
cation for the largest of the wetlands located on the Usangu Plains
in Tanzania. This wetland is located on the floodplain, close
to the headwaters of the Great Ruaha River, one of the most
important waterways in the country. Since 1993, the previously
perennial river has ceased flowing downstream of the wetland,
every dry season and in the early part of each wet season (i.e.
September to January). The drying up has been widely attributed
to human withdrawals from the rivers flowing into the wetland
(SMUWC, 2001a; Lankford et al., 2004; Kashaigili, 2006). The
study sought to improve understanding of the hydrology of the
Usangu wetlands and the impact of human abstractions. A simple
model was developed and used to estimate the amount of water
required to discharge into the wetland to maintain downstream
flows. Options for improved water management were considered.

2 Site description

The Usangu Plains are located within the Great Ruaha River
Catchment in the south west of Tanzania. Covering an area of
4,480 km2, they lie at an average elevation of 1,100 m above

Figure 1 Map of the study area. The inset map (top left) shows the Usangu catchment in relation to the Rufiji River and Tanzania.

mean sea level (amsl) and are surrounded by mountains, with
elevations up to 3,000 m amsl (Figure 1). Rainfall occurs predom-
inantly from December to June but is very variable. Mean annual
rainfall is strongly correlated with altitude, typically between
500 and 700 mm on the Plains and up to 1600 mm in the moun-
tains. Mean annual potential evapotranspiration is approximately
1900 mm and exceeds mean rainfall in all months of the year
(SMUWC, 2001a). There are no data on variation in actual
evapotranspiration across the Plains.

The geology of the Usangu Plains comprises unconsolidated
alluvial and lacustrine sediments eroded from the surrounding
highlands. These sediments overlie Precambrian Basement rocks
dominated by gneiss and granite. The alluvial deposits form fans
that have been deposited by rivers draining onto the plains. The
lacustrine sediments, mainly clays and silts, were deposited in
the past when the climate was wetter and a lake existed on the
Plains (SMUWC, 2001b). Soils on the fans range from sandy
loams to clays. The soils that have developed on the lacus-
trine deposits are primarily vertisols (i.e. cracking clays) (CFTC,
1978).

The Usangu wetlands, located on the Plains, are divided into
the Western and Eastern wetlands by slightly higher ground in the
centre of the Plains (Figure 1). The Western wetland comprises
seasonally flooded areas, which are not contiguous but broken
into a number of independent wetlands. The Eastern wetland
comprises seasonally flooded grassland and a perennial swamp,
called ‘Ihefu’. The swamp is shallow, with a maximum depth of
about 5 m. During the wet season it expands over the surround-
ing grassland areas which are extensive and very flat (Mtahiko
et al., 2006). Typically through the year, water levels vary by
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between 2 and 3 m and the wetland area varies by a factor of
approximately 12.

From a conservation standpoint, the wetlands are amongst
the most valuable freshwater wetlands in Tanzania. They are
home to over 400 different types of bird species and support
populations of hundreds of thousands of breeding water birds,
including the globally threatened wattled crane (Grus caruncu-
latus) (Kamukala and Crafter, 1993; Moyer, 2000). As a result,
the Usangu area has been designated an Important Bird Area by
Birdlife International (Mtahiko et al., 2006). The wetlands were
also important for local people, supporting extensive livestock
grazing, fisheries and other livelihood activities such as brick
making (Kashaigili and Mahoo, 2005). However, in 2000 much
of the Eastern wetland was incorporated into the Usangu Game
Reserve and these activities were effectively prohibited.

Over the past 30 years, there has been a rapid expansion in
cultivation in the catchment. Analysis of Landsat images shows
an increase in bare land and cultivated areas from 121 km2 to
847 km2 between 1973 and 2000 (Kashaigili et al., 2006a).
There has also been an increase in irrigation, particularly of
rice. Between 1970 and 2002, the irrigated area increased from
approximately 10,000 ha to about 44,000 ha, although the exact
area varies from year to year depending on rainfall (Kashaig-
ili et al., 2006b). Much of this irrigation, which comprises large
state-owned rice farms as well as formal and informal smallholder
plots, is located on fertile alluvial deposits immediately upslope
of the wetlands (Figure 1). Water is diverted from both perennial
and ephemeral rivers draining onto the Plains. Dry season irriga-
tion, estimated to be approximately 2,500 ha (SMUWC, 2001a),
uses much less water than in the wet season. However, within
irrigated areas large volumes of water continue to be diverted
throughout the dry season. Some of this water is used for domes-
tic supply and livestock watering, but large quantities are simply
discharged into non-productive farm plots, where it evaporates or
infiltrates to groundwater (Lankford et al., 2004). It is estimated
that if irrigation schemes reduced water use per hectare to the
current best achieved by some small holder farmers, total annual
withdrawals could be reduced by approximately 100 Mm3 (i.e.
12% of the current average annual abstractions for irrigation)
(McCartney et al., 2007).

The Usangu Plains are drained by the Great Ruaha River,
which connects the Western and Eastern wetland, at Nyaluhanga,
before flowing out of the Ihefu swamp at NG’iriama (Figure 1).
Historically, the Great Ruaha River was perennial with flow con-
tinuing throughout the dry season in all but exceptionally dry
years. The long term (1958–2003) mean annual flow at Msembe
Ferry, located 80 km downstream of NG’iriama, is 77.4 m3s−1

(i.e. 2,442 Mm3). Figure 2 presents the mean monthly flows and
illustrates the highly seasonal nature of flows in the river. In the
past, flows at the end of the dry season were typically about
1 m3s−1 (SMUWC, 2001a). However, since 1993 water levels in
the Ihefu swamp have dropped below the crest of a natural rock
outcrop at NG’iriama and consequently flows have ceased in the
dry season every year. Furthermore, once the rains commence it
takes time for water levels in the swamp to rise back above the
rock sill, so there is a delay in the commencement of flows at the
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Figure 2 Mean monthly flow (1958–2003) at Msembe Ferry.

start of the wet season. There is considerable inter-annual varia-
tion, but between 1993 and 2005 the mean number of zero flow
days at Msembe Ferry averaged 37, with a maximum of 98 in
1996/1997. Flow frequency analysis indicates that over the same
period the average number of days per year with flow less than
0.5 m3s−1 was 93 and less than 1 m3s−1 was 110.

The drying of the Great Ruaha River has resulted in social
conflicts between upstream and downstream users. In the dry
season, women and children have to spend much of their time
searching for water, with some walking up to 20 km to locate
sources (Kashaigili et al., 2005). The cessation of flow is also
having adverse impacts on the ecosystem of the Ruaha National
Park, located approximately 30 km downstream of NG’iriama.
The dry season drying of the river has considerably altered the
ecology of the Park near the river. It has directly caused the death
of many wild animals (e.g., hippopotami, fish and freshwater
invertebrates) and disrupted the lives of many others that depend
on the river for drinking water (Coppolillo et al., 2004; Mtahiko
et al., 2006). There is concern that the death of so many animals
and reduction in the aesthetic appeal of the river is reducing the
number of tourists visiting the Park (Fox, 2004).

As a result of concerns about the environment of the Usangu
wetlands and the Ruaha National Park, the Government of Tan-
zania is committed to ensuring that the Great Ruaha River has
“year-round flow by 2010” (former Prime Minister, Mr. Fred-
erick Sumaye, March 2001). This means ensuring enough water
flows into the Ihefu swamp to sustain downstream river flows. An
evaluation of environmental flow requirements indicates that to
sustain the absolute basic ecological condition of the river within
the Ruaha National Park requires a minimum flow of approxi-
mately 0.5 m3s−1 (Kashaigili et al., 2006b). This estimate was
derived using the desktop reserve model. This is a model devel-
oped to provide initial estimates of ecological flow requirements
for rivers where hydrological data are available but ecological
data are scarce (Hughes and Munster, 2000). The model is built
on the concepts of the building block method (King et al., 2000)
which is widely recognized as a scientifically legitimate approach
to setting environmental flow requirements (Hughes and Han-
nart, 2003). Although not previously used in Tanzania the model
has been used in other African countries including South Africa,
Swaziland, Zimbabwe and Mozambique (Hughes and Hannart,
2003). Further details of the application of the model to the Great
Ruaha River are given in Kashaigili et al. (2006b).
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The minimum ecological flow requirement of 0.5 m3s−1 was
confirmed by the ecologist of the Ruaha National park, based
on expert judgment (Kashaigili et al., 2006b). The key question
addressed by the research reported in this paper, was how much
water needs to flow into the Ihefu swamp to realize this objective
and how this might be achieved.

3 Method

The principal component of this study was the development of a
hydrological model to determine water fluxes and the water bud-
get of the Ihefu swamp. This model was used to assess seasonal
dynamics and to determine the magnitude of inflows required to
maintain specified downstream flows. Analyses were conducted
over three time periods: 1958–1973, 1974–1985 and 1986–2004.
These periods broadly correspond to different levels of human
intervention in the Usangu catchment (Table 1).

A simple spreadsheet model was developed to simulate the
water budget of the swamp. The model represented the swamp as
a reservoir (Figure 3) and computed the water budget, assuming
no groundwater outflow (Equation 1).

Qin = E + Qout − P ± �S (1)

where
� S is change in water stored within the swamp (m3)
Qin is the total inflow to the swamp, comprising contributions
from both surface water and groundwater (m3)
Qout is the total outflow from the swamp at the
NG’iriama exit (m3)
P is rainfall falling directly onto the swamp (m3)
E is evapotranspiration from the swamp (m3)

Although it is possible there is some groundwater outflow from
the catchment it is believed to be negligible. The Usangu Plains
are underlain by mixed clay and silt deposits that are increasingly

Table 1 Human interventions in the Usangu catchment.

Period Description

1958–1973 Human interventions in the catchment were relatively small. The first of the big rice schemes started in 1972+. At the end of this period,
the population in Usangu was approximately 90,000 and the irrigated area was approximately 12,000 ha.

1974–1985 Rapid increase in both population and irrigation. At the end of this period, the population was estimated to be 150,000 and the irrigated
area was approximately 26,000 ha.

1986–2003 Several large rice farms were developed and began irrigating with water from the Great Ruaha River. At the end of the period, the
population in Usangu was estimated to be 230,000 and the irrigated area was approximately 42,000 ha.

+Although the schemes commenced in 1972, significant water abstractions only began in 1974. Hence the separation of the first and second periods was taken as
1974. (based on Yawson, 2003)

Figure 3 Conceptualization of the Ihefu swamp as a simple reservoir.

fine grained in the vicinity of the wetlands. There is no evidence
of exit of deep groundwater. This assumption is supported by the
presence of hot springs and saline groundwater in parts of the
catchment (SMUWC, 2001a).

The model was run on a daily time step, but data were aggre-
gated to months for most analyses. A key assumption of the
model is that wetland storage, area and outflow are all a func-
tion of water level at the outlet (i.e. at the rock sill at NG’iriama).
Results from the previous SMUWC study were used to determine
water elevation-area and water elevation-storage relationships
(SMUWC, 2001a). In the SMUWC study the surface area of
the swamp was derived from analyses of aerial surveys and satel-
lite images obtained for a number of dates between 1973 and
2000. The elevation storage relationship was developed through a
topographic-leveling survey combined with hydrographic survey
of open water, conducted in June 1999 (SMUWC, 2001a). These
data were fitted with power functions to enable the swamp area
and the storage to be calculated from water levels at NG’iriama.
For each day of simulation the volume of rainfall into, and the
volume of evapotranspiration from, the swamp were computed,
based on the area of the swamp. Hence, the larger the surface
area of the wetland the larger these fluxes.

A rating equation (SMUWC, 2001a) was used to convert water
levels measured at the outlet to discharge (Equation 2):

Qout = 5.449(h − 4.3)3.375 (2)

where
Qout is out flow from the swamp (m3s−1)

h is the water level (m) measured to a local datum at the outlet.
On this scale the rock sill is at 4.30 m (= 1009.525 m amsl).
For water-levels lower than this there is no flow from the
wetland and all further depletion was assumed to be through
evapotranspiration only (i.e. no groundwater discharge).

This rating equation was developed from current meter discharge
measurements made over a flow range of 0.014 to 25.6 m3s−1.
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Water levels at NG’iriama were measured for the period
20/10/98 to 30/10/02. To extend the water level series, it was
assumed that, since there are no major abstractions or tributary
inflows between the two locations, flow at NG’iriama was the
same as that at Haussman’s Bridge, located 30 km downstream.
This assumes that there is no groundwater discharge into the river,
or transmission losses, between the two locations. No studies
have been conducted to either confirm or refute this assumption.

The flow at Haussman’s Bridge was extended using simple
regression relationships between this station and that at Msembe
Ferry, a further 50 km downstream. The intervening catchment
(4,200 km2) is predominantly forest. There are no major abstrac-
tions between the two sites, but tributaries contribute to the flow at
Msembe Ferry, particularly in the wet season. Using the period
when both stations were operating (i.e. 1968–1988) a simple
regression relationship was developed between the flows at the
two stations (SMUWC, 2001a).

QM(t) = A · QH(t − b) (3)

where
QM is the daily flow at Msembe Ferry (m3s−1)

QH is the daily flow at Haussman’s bridge (m3s−1)

A is a constant derived by linear regression
t is a time interval (day)
b is a lag time (days)

The regression was done separately for the dry and the wet season.
In both cases, the constant “b” was found to be zero. The constant
“A” was determined to be 0.9217 and 1.0046 in the dry and wet
season respectively (SMUWC, 2001a).

The extended flow series at Haussman’s Bridge was used to
extend the data series at NG’iriama. In this way a complete time
series of daily water level was derived for NG’iriama from 1958
to 2004 (Kashaigili et al., 2006b). This time series confirms the
decline in water levels and the increase in periods when, from
the 1990s onwards, they were below the level of the rock sill
(Figure 4).
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Figure 4 Water levels at NG’iriama for the period 1958 to 2004. Simulated water levels derived from the downstream flow measurements at
Haussman’s Bridge and Msembe Ferry (01st Jan 1958 to 19th October 1998 and 31st October 2002 to 31st December 2004). Observed water levels
derived from a gauge board installed at the site (20th October 1998 to 30th October 2002).

Rainfall over the swamp was assumed to be the same as the
rainfall over the Plains, and was determined from daily rainfall
measured in five gauges located on the Plains (Figure 1). Some
of the records were short and intermittent. Hence, rather than
spatial interpolation, a simple arithmetic mean was computed
using whatever data were available on each day. Although not
ideal, the relatively small variation in altitude over the Plains
means that the results are believed to be reasonable. For each
simulation time step, the volume of rain falling onto the wetland
was determined as the product of the rainfall and the area of the
wetland.

As noted above, there are no data on actual evapotranspiration
across the Plains or the swamp. After rainfall, evapotranspiration
is the largest component of the water budget of many wetlands
and can significantly deplete downstream river flows, particu-
larly in the tropics (e.g., Sharma, 1988; Scudder et al., 1993).
Some research indicates that, by increasing atmospheric turbu-
lence, evapotranspiration from an inundated surface covered with
vegetation may exceed the evaporation that would occur from a
free water surface under similar meteorological conditions (e.g.,
Gavin and Agnew, 2000). Evapotranspiration from wetlands
where the water table is below the surface, may be considerably
less than from wetlands where there is open water, and may be
strongly correlated with depth to the water table (Acreman et al.,
2003). However, the amount of information, and the ability to
draw consistent conclusions from it, is limited. The range of evap-
otranspiration from different species is not well understood and,
at present, the use of ratios of vegetation to potential evapotranspi-
ration is based on fragmentary evidence, with considerable vari-
ation between plant species and localities. Consequently, in the
current study, without additional information, evapotranspiration
from the swamp was assumed to be at potential rates in all months.

Daily potential evapotranspiration was estimated from climate
data obtained from the Dodoma meteorological station, using the
FAO Penman-Monteith method (Allen et al., 1998). Although
this station is located outside of the catchment, it is at a similar
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altitude to the swamp (1,100 m amsl) and it has a 45 year data
record. Close agreement was found between Dodoma and the
one station located on the Plains for which sufficient climate data
existed to make similar estimates (i.e. Madibira) (Yawson, 2003;
SMUWC, 2001a). However, the Dodoma station data were used
because the Madibira station has only eight years of available
data. Having estimated outflows, rainfall, evapotranspiration and
the change in storage within the swamp, the inflow was calculated
as the unknown term in the water budget (i.e. Equation 1).

4 Results

4.1 Comparison of simulated and observed wetland area

Wetland areas simulated by the model were compared to
“observed” estimates derived from a combination of satellite
images, aerial surveys and GPS ground measurements of the
wetland perimeter (SMUWC, 2001a). There are only a few
estimates of wetland area in the wet season because cloud cover

Table 2 Comparison of “observed” and simulated wetland area.

“Observed” wetland Model simulated Difference Percentage
Source Date area km2 area+ km2 km2 error

L 04th September 1973 120 202 +82 +68
L 15th June 1984 436 217 −219 −50
L 03rd September 1984 211 137 −74 −35
L 22nd August 1991 204 136 −68 −33
L 14th August 1994 188 154 −34 −18
S 21st November 1998 111 90 −21 −19
S 21st January 1999 64 79 −15 −23
S 02nd May 1999 611 436 −175 −29
S 12th May 1999 465 365 −100 −22
S 11th May 2000 217 267 +50 +23
S 26th May 2000 318 243 −75 −24
L 07th September 2000 79 108 +29 +37
S 07th November 2000 27 75 +48 +178

+data from daily model for exact date of the “observed” area.
S = SMUWC (2001a)—areal estimates derived from satellite observations, aerial photographs and GPS fixing of wetland perimeter.
L = Landsat images obtained for and analysed in the current study.
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Figure 5 Comparison of observed and simulated wetland area.

limits remote sensing options and prevents aerial photography.
Furthermore, there may be considerable error in the “observed”
areas determined by the different methods. Nonetheless, they are
indicative and so provide some check on the model performance.

The results, obtained from the model for the specific dates on
which the areas were observed, indicates that some of the simu-
lated areas are considerably different to the “observed” areas and
that the model simulates lower variability than occurs in reality
(Table 2; Figure 5). Overall the average error is 6%. Although
there are no “observed” wetland volumes for most of the dates,
an analysis of swamp volume derived from stage values com-
puted from the water-elevation area curve indicates that the error
in the simulated volumes is in the range −43% to 115%. It is
possible that the errors arise as a consequence of the assumption
that evapotranspiration was always at potential rates, or it may
be that the model is overestimating wet season outflow. The fact
that the area is very sensitive to small changes in depth is also
likely to be a contributing factor and possibly explains why the
largest percentage errors correspond to the smallest wetland areas
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(Table 2). However, overall there is reasonable correspondence
between observed and simulated values, particularly in the dry
season, which was of most concern to the current study.

No sensitivity analyses of the model parameters were con-
ducted. However, the model is likely to be conservative in the
sense that overestimating evapotranspiration and/or outflows will
result in greater simulated inflow requirements to meet specific
outflow needs. This is particularly true early in the wet season,
when the swamp levels are low and inflows are needed to fill the
swamp to the rock sill. The errors inherent in the model are the
same for each of the three simulation periods making comparative
analyses more acceptable.

4.2 Simulation of swamp hydrology

Comparison of the simulated mean monthly inflows and out-
flows from the swamp for the pre-1974 period (i.e. the most
natural period) illustrates the effect of wetland attenuation on
flows (Figure 6). As a consequence of evapotranspiration from
the swamp the difference between average annual inflow and out-
flow is approximately 835 Mm3. There is approximately a 4–6
week lag between inflows to, and outflows from, the swamp.

Evaluation of the model results for the three simulation periods
enables temporal changes in the swamp water budget (Table 3)
and its area, as well as inflows and outflows (Table 4) to be
assessed. The results show that the second period was a lot
drier (i.e. annual rainfall + inflow = 2,347 Mm3) than either
the first period (i.e. annual rainfall + inflow = 3,881 Mm3) or
the third period (i.e. annual rainfall + inflow = 3,239 Mm3).

Table 3 Simulated average annual water budget for the three time periods.

Period Rainfall onto the Inflow to the Outflow from the Evaporation from
swamp (Mm3) swamp (Mm3) swamp (Mm3) the swamp (Mm3)

1958–1973 491 3390 3045 835
1974–1985 251 2096 1731 608
1986–2004 319 2920 2531 720

Table 4 Simulated mean monthly swamp area, inflows and outflows for the three time periods.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
average

Swamp area (km2)
1958–1973 547 725 885 687 409 283 225 197 176 160 158 249 413.4
1974–1985 380 488 642 607 434 288 207 169 144 129 139 226 321.0
1986–2004 490 659 744 646 427 253 170 134 114 93 107 188 335.5

Inflows (Mm3)

1958–1973 626.1 685.8 849.6 536.1 158.4 67.7 50.9 48.4 36.8 32.1 31.7 102.8 3,390
1974–1985 234.1 359.0 605.2 433.0 212.8 63.1 26.2 24.5 18.8 18.6 26.0 74.5 2,096
1986–2004 542.5 741.2 761.8 485.4 197.4 45.6 20.0 12.2 11.8 9.2 22.3 78.7 2,920

Outflows (Mm3)

1958–1973 287.8 426.3 668.9 797.8 402.7 130.5 57.1 35.1 21.7 14.3 10.2 30.3 3,045
1974–1985 92.0 231.8 374.7 456.4 331.5 142.1 48.5 18.9 7.7 3.6 3.6 20.0 1,731
1986–2004 202.0 506.7 635.3 587.8 367.8 154.7 43.5 8.3 1.9 0.3 0.6 22.8 2,531

Consequently, during the second period both the average area
of the swamp and the mean annual outflow were lower than in
the post-1985 period. However, despite this, dry season (July to
November) outflows from the swamp did not cease during the sec-
ond period. This confirms that it is not declines in inflow per se,
but rather decreases in inflow in critical dry season months, which
has resulted in the cessation of outflows from the mid-1990s.

Between the pre-1974 and the 1974–1985 and then the
post-1985 periods, there was a progressive decrease in the
average minimum dry season flow into the Ihefu swamp. Aver-
age flow volume in October decreased from 32.1 Mm3 to
18.6 Mm3 to 9.2 Mm3 respectively. Similar percentage declines
occurred in August and September. The decrease in the total dry
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Figure 6 Simulated mean monthly inflow and outflow from the Ihefu
swamp (1958–1973).
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Figure 7 Summary of model output for the Ihefu swamp: (a) mean monthly inflow (Mm3); (b) mean monthly wetland area (km2); (c) mean monthly
outflow (Mm3). In each case the dry season is magnified.

season inflows of approximately 60% (i.e. from 200 Mm3 to
76 Mm3) (Table 4; Figure 7a) resulted in a decrease in the average
minimum area (in October) of the wetland of about 40%, from
about 160 km2 to 93 km2 (Table 4; Figure 7b). After 1985, min-
imum dry season outflows, which occur in October/November,
declined to between 0.3 and 0.6 Mm3, just 2–6% of the values
they were in pre-1974 period (Table 4; Figure 7c).

Finally, the wetland hydrological model was used to estimate
the inflows to the Ihefu swamp required to maintain the mininum
dry season environmental flow of 0.5 m3s−1. This analysis

indicated that the average dry season inflow required to ensure
this outflow is 7.0 m3s−1 (i.e. 92.5 Mm3 over the dry season).

5 Discussion

A simple spreadsheet model was developed to simulate the
hydrology of the Ihefu swamp. This model was based on a
number of assumptions and generalizations. The model is not
ideal; the results obtained are of low confidence and should be
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treated with caution. However, the lack of reliable data mean
that results obtained from more complex models, in which many
more assumptions would have to be made, are unlikely to be
better than those obtained in this study. Increased monitoring
and further research is needed to improve understanding of the
catchment hydrology. Nevertheless, although only indicative, the
results obtained in this study do provide a basis for contemplating
options for improved water management on the Usangu Plains
and in the surrounding catchment.

The results derived from the model indicate a 60% decrease
in the long-term dry season inflows to the Ihefu swamp. This
has resulted in a 40% shrinking in the minimum area of the
swamp, and a sharp decline in the dry season outflow. Although
dry season irrigation is not extensive and only relatively small
absolute volumes of water are being diverted, a significant pro-
portion of the dry season inflow is being withdrawn. Some of
the diverted water is required for domestic supply, livestock
watering and brick making. However, studies have revealed that
in recent years much water was “wasted” through evaporation
and infiltration on non-productive farm plots with only about
15%–20% actually required for reasonable livelihood needs
(RIPARWIN, 2006).

The current study has shown that, with only a 4–6 week lag
between inflows and outflows, maintenance of perennial river
flows through the dry season is critical to sustaining the flows
downstream of the swamp. To achieve the minimum ecologi-
cally acceptable flows downstream requires a substantial increase
in the dry season inflows to the wetland. To achieve the required
average inflow of 7 m3s−1, the flow in the perennial rivers dis-
charging into the wetlands would have to be apportioned so that
20% is used for anthropogenic purposes and the remaining 80%
is left to flow to the wetlands.

There is great potential for dry season water saving upstream
of the wetlands (McCartney et al., 2007). Currently demand
management is being implemented through a programme of gate
regulation on the large irrigation schemes. This programme com-
menced in 2001 and was extended in 2004 to additional schemes.
However, although there is some evidence that, in relation to
dry season flows, the situation is improving, this has not pre-
vented the drying up of the Great Ruaha River. Measurements at
Msembe Ferry show that in 2005, there was still zero low for 20
days. Consequently, it is important to consider other management
options.

Currently many of the villages on the Usangu Plains rely on
water from the irrigation canals for domestic supply. This means
that diversions have to be maintained, even at those locations
where there is no dry season irrigation. Since up to 85% of
the water diverted is lost through seepage and evaporation, sig-
nificant water saving might be possible if alternative options for
domestic water supply could be found. One possible option is
increased use of groundwater. No detailed survey of groundwa-
ter sources has been conducted, but it has been estimated that
annual groundwater inflow may be of the order of 29–36 Mm3

(SMUWC, 2001a). Careful consideration should be given to
installing boreholes and wells or piped supplies for domestic pro-
vision in villages. This would enable some irrigation in-takes to

be closed completely in the dry season. Another possible option
would be the construction of a dam upstream of the Usangu
Plain to store wet season flows. This has been considered in
the past, but at the time was deemed uneconomic (Halcrow and
Partners,1985).

Since the difference between the relatively large inflows and
small outflows from the swamp is due to evapotranspiration, there
is potential for active water management within the Ihefu swamp.
If flows through the wetland were increased so that inflowing
water reached the outlet more rapidly, evapotranspiration would
be reduced and downstream flows could be maintained. Cur-
rently, there is no defined channel extending all the way from
Nyaluhanga to NG’iriama and, within the swamp, water moves
as a sheet through reed beds, at all but the lowest flows. More
rapid flows could be achieved by ensuring that major pools within
the swamp are linked by channels and the major channels are kept
clear of reeds and other aquatic vegetation. Before it was annexed
into the Ruaha National Park, and they were expelled from the
wetland, the local fisherfolk were very effective at blocking and
unblocking channels. If they endorsed the plan and were allowed
to return to the reserve, they could be encouraged to keep the
channels open, especially if the practice resulted in improved
access to fisheries. Otherwise, mechanical removal of reeds, and
dredging of channels, could be considered.

In contemplating the different options, the ecological and
social impacts of each needs to be assessed through detailed envi-
ronmental impact assessments. The implications for fisheries and
grazing, as well as other livelihood activities in the area, need to
be evaluated. Careful consideration needs to be given to the trade-
offs in the benefits to be gained from the wetland versus those that
can be gained if the water is allowed to flow downstream to the
Ruaha National Park. Put simply this trade-off can be expressed
as one between the benefits arising from fisheries, biodiversity
and livestock gazing (if allowed) on the one hand and wildlife
conservation and tourism on the other. The choice is between a
large wetland evaporating all the incoming water or a somewhat
smaller wetland evaporating some of the inflow, but also allow-
ing some outflow to the National Park. Clearly, the participation
of local people in assessing this trade-off would be essential for
any intervention to be successful and sustainable.

6 Concluding remarks

In the Great Ruaha River catchment, the diversity of environmen-
tal functions provided by water affords a wide range of benefits
to a large number of people. Maintenance of functional diversity
must therefore be a key component of sustainable water resources
management in the catchment. Current cessation of flow in the
dry season is degrading the river ecosystem, causing social hard-
ship and has economic implications. The model developed in this
study provides results that are indicative of flow requirements
into the Ihefu swamp to maintain downstream flows. A number
of management options exist for obtaining these inflows. How-
ever, improved monitoring and more detailed studies are required
to assess the full ecological and social consequences of each.
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