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1  Introduction 
 
Floods are critical in the existence of wetland eco-
systems and maintain the fertility of soils by distri-
bution of nutrients and sediments. This ensures the 
growth of many plants and animals species and pro-
vides fertile lands for flood recession agriculture. 
The inter-dependency between wetland plants and 
animals is essentially influenced by availability and 
quantity of water. For this reason there has been a 
reduction in the size and biodiversity in many wet-
lands due to river regulation, climate change and 
poor management (Junk, 2002). The reduction 
mainly caused by economic development is due to 
regulating rivers for electricity generation, irrigation 
and drinking water supply. Consequently, flooding 
regimes which sustain many wetlands have been 
altered severely.  
 
The reduction and change in flood regimes have 
resulted in both economic and environmental losses 
in many floodplain communities worldwide. Plains 
that use to be dominated with grasslands have been 
encroached by bushes. Livestock farmers for in-
stance have lost quality grazing lands in many parts 
of Africa. Also since floods are no longer natural, 
the quantity of fish catch has reduced in many 
places. Some animal and bird species have disap-
peared with the loss of wetlands and the invasion by 
alien species. In response to these challenges, many 
approaches to wetland flood restoration have been 
developed. The schemes are aimed at re-establishing  

 
the natural flooding regimes by controlling water 
flow in rivers. Water releases from dams are man-
aged in a manner to achieve the objective of optimiz-
ing economic and environmental gains. These 
schemes have been tested in Africa in the Tiga and 
Challawa Gorge Dams in Nigeria, the Waza-Lagone 
floodplains in Cameroon (Scholte, 2005; Schelle and 
Pittock, 2006) and the Manantali Dam in Senegal. 
Results indicate successful restoration of flood re-
gimes and increased biodiversity. 
 
Furthermore, to be able to control flooding and re-
store wetlands, there is the need for information on 
the current and past flooding regimes. Maps showing 
the location and dynamics of floods are invaluable in 
this regard.  
 
Traditionally, mapping and monitoring floods was 
based on ground surveys and hydrological model-
ling. However, due to the dynamic nature of floods 
and the complexity of many wetland areas, ground-
based mapping and monitoring is limited to small 
areas. On the contrary, Satellite remote sensing has 
the capability to capture the spatial and temporal 
patterns of floods over large areas. Therefore, the 
constraint of spatial and temporal coverage associ-
ated with ground survey methods is reduced. Conse-
quently, satellite remote sensing has been used to 
map floods in a variety of landscapes for decades 
(Birkett, 2000; Sheng et al., 2001; Shaikh et al., 
2001; Hudson and Colditz, 2003;  
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Sandholt et al., 2003; Shamsedddin et al., 2006). 
Flood maps derived from satellite images can serve 
as validation tools for distributed hydrological mod-
els. In this regard, remote sensing has become one of 
the most important technologies for the production 
of spatially referenced base line environmental data 
needed for the protection of wetlands. 
 
The aim of this paper is to use satellite remote sens-
ing to map and analyse floods of Kafue Flats in or-
der to provide information to support effective water 
management.  
 
2 Methodology 
 

2.1 Study Area  
 

Kafue Flats is a large wetland in Southern Zambia 
located between longitude 26° - 28° E and latitude 
15° 20´ - 15° 55´ S (Fig. 1). Originally, the Flats 
were used for farming, animal grazing and small 
scale fishing. The Kafue Flats wetlands have been 
changed by the construction of the Kafue Gorge in 
1972 and the ltezhi-tezhi dam in 1978. The ltezhi-
tezhi dam located upstream was built to control flow 
of water into the Kafue Gorge downstream espe-
cially in the dry season (Mumba and Thompson 
2005). This has resulted in a change in the duration, 
timing and extent of floods. The effects include wet-
land vegetation succession, loss of fertile lands for 
farming and reduction in fish catch. Many studies 
have been undertaken since 1982 and the need to 
restore the natural state of the wetlands has been 
proposed (Minderhoud, 1982; Balasubrahmanyam 
and Abou-Zeid, 1982; Mumba and Thompson, 2005; 
Munyati, 2000; Alvar and Haugstetter, 2005).  
 

2.2 Data Acquisition 
 

Landsat images (Jensen, 2000; Campbell, 2002; 
Skidmore, 2002) were used for this study due to two 
main reasons: (1) previous flood mapping studies 
that used Landsat images in similar environments 
were largely successful (Toyra et al., 2002; Sandholt 
et. al., 2003) and (2) Landsat data were readily avail-
able and have relatively high spatial resolution. The 
data used are seven cloud-free time series images 
provided by Geovision Ltd, one of the partners of 
the Kafue Flats wetlands project. A subset of each 
image was created to cover part of the Flats most 
liable to flooding ( i.e from Nyimba village to Blue 
Lagoon National park, Fig. 1). Though these images 
capture snap shots of flood conditions, studies show 
that water flows through Kafue Flats in approxi-
mately two weeks (Mumba and Thompson, 2005). 
Hence satellite images with approximately monthly 
interval would adequately capture the floods within 
the wet season. Also these images were selected 
because floods in the Kafue Flats take time to recede 
due to the abundance of poorly drained soils, flat 
topography and abundance of small lakes and la-
goons. This is in contrast to other environments 
where flood durations range from few minutes to 
hours making it difficult to delineate floods with 
single images. Characteristics of the sensors and 
images used are presented in Table 1. In addition, 
hydrometric data for the Kafue River basin were 
obtained from the Zambia Electricity Supply Com-
pany (ZESCO). These included discharge and water 
levels at the Nyimba gauging station (Fig. 2) and 
rainfall at the Kafue Polder climate station (Fig. 3) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 A Map of the Study Area 
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Table 1 Landsat images for study 

 
 
2.3 Image Preprocessing  
 

2.3.1 Geo-referencing  
 

Topographic maps and the Shuttle Radar Topogra-
phy  Mission   Digital    Elevation   Model (SRTM 
DEM) of Kafue Flats were obtained from the Survey 
Department of Zambia and the United States Geo-

logical Surveys (USGS) website respectively. These 
were used for image geo-referencing and GIS analy-
sis. The topographic map was scanned and geo-
referenced to the Zambian Transverse Mercator Pro-
jection.  The Landsat7 ETM+ image of April 8th, 
2001 was then registered to the geo-referenced to-
pographic map. The rest of the images were co-
registered to this image with a precision of less than 
one Landsat pixel. The nearest neighbour re-
sampling algorithm was used.  
 
2.3.2 Field Data   

Fieldwork in the Kafue Flats was conducted in the 
dry season from September to October 2006. Train-
ing samples for image classification were collected 
in the area liable to flooding. The fieldwork con-

Fig. 2 Water Levels and Discharge at Nyimba Gauging Station between 2000 and 2006 
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sisted of: (1) visual identification of sample sites, 
their sizes and classes and (2) measurement of sam-
ple coordinates with a Garmin Etrex handheld GPS 
instrument. Conducting field work in the dry season 
made it possible to observe the flood gradient from 
the uplands to permanently flooded river banks. This 
is because during the rainy season the Kafue Flats is 
inaccessible (observation of Landsat images and 
personal communication from ZAWA park scouts) 
and difficult to collect ground data.  
 
2.4 Image Classification 
 

Prior to classification, field data and acquired local 
knowledge (Glasser and Reinartz, 2005) from field 
visits were used to create training data/signatures. 
The training signatures were created with at least 
100 pixels per land cover class (Campbell, 2002). 
Accordingly, all the seven Landsat images were 
classified into four using the maximum likelihood 
classification algorithm described by Campbell 
(2002) and Jenson (2000) and used by Sandholt et 
al. (2003). The classes are open water, flooded 
lands, grasslands, and woodland/shrubs. These 
classes were merged to flooded and non-flooded 
classes. Though the four classes are broad, they are 
adequate for water management. Also these classes 
are enough for validation of predicted flood maps 
from the Kafue basin hydrological model 
(KAFRIBA) and for the creation of a digital eleva-
tion model of the Flats. The flood map classes are 
also adequate as inputs to biogeochemical models 
for assessing methane emissions from the wetlands. 
Accuracy assessment of the derived maps was not 
conducted since ground truth data at the time of sat-
ellite over pass was not available. However an indi-
cation of the flood map accuracies was based on the 
relationship between computed flooded areas and 
water flows, a known relation in similar floodplains 
(Toyra and Peitroniro, 2005). 
 
    
2.5 GIS Analysis 
 

The flood maps produced were exported into Envi-
ronmental System Research Institutes’ (Esri) Ar-
cGIS9.1 and for each flood map its aerial extent was 
computed. The flood maps were reclassified and 
combined to generate a multi-date flood map. Fur-
thermore, regressions between flooded areas, dis-
charge and water levels at Nyimba gauging station 
were investigated. From this, a relation was devel-
oped and its significance tested. Finally, to under-
stand the major influencing factor(s) of flows in the 
Kafue River, regressions between water flows and 
rainfall were carried out. The regressions were exe-
cuted with the data analysis toolpark of Microsoft 
Excel. Therefore, the prediction equations developed 
through regression analysis were used to estimate 
flooded areas. The water level data used ranged from 
the year 1984 to 2000.  Also, since flooding is con-

trolled to some extent by terrain elevations; the multi
-temporal map was crossed with an SRTM DEM to 
relate terrain elevations to flood duration classes. 
This was executed by extracting several randomly 
distributed elevation points on the SRTM DEM and 
intersecting them with the multi-temporal floodmap. 
The generated point data included the flood duration 
classes and their elevations. 
 
3 Results  
 
Flood maps generated are presented in Figs. 4 and 5 
respectively. Also Table 2 shows the flooded areas 
for each flood map. The flooded areas increased 
from 279.051 km2 in January 2001 to a maximum of 
1893.338 km2 in April 2001 and started reducing in 
June 2001. In October 2001,  the beginning of the 
2002 hydrological year, the area flooded was 
200.416 km2, a value almost twice the permanent 
water areas (Table 3). This is an indication that in 
2001 the Flats received a higher volume of water 
than it does in a normal hydrological year (Table 4). 
Also the multi-date flood map, based on the monthly 
flood maps (Fig. 4) was used to generate flood dura-
tions for the wet season of 2001 (Fig. 5). Areas that 
flooded in all the months were assigned highest 
flood probability zones while those that did not flood 
were assigned as never flooded. The duration is cate-
gorised into eight classes representing zero to seven 
months.  
 

 
Fig. 4 Flood Maps of 2001 

January 10   August 30 

April 08 October 06 

June 03 December 20

July 13



                                    GMJGMJGMJ  Vol. 13, January, 2012 37 

 

The seventh class- area of permanent water - was 
approximately 4% of study area while the longest 
flood duration covered approximately an area of 2%. 
Furthermore, an area of approximately 45% re-
mained flooded from two to four months. Further-
more, the relation between terrain elevations and 
flood durations is presented in Table 3. It can be 
observed that as the terrain elevations decrease the 
flood durations increase indicating that the Kafue 
Flat is a concave floodplain. However, the average 
height of the permanent water bodies is slightly 
higher than those of the backswamps. This phe-
nomenon ensures that the backswamps are always 
flooded since they only receive water when the river 
overflows its banks and are disconnected at low wa-
ter levels. 
 
 

Fig. 5 Multi-date Flood Map of 2001 
 
 
Table 3 Flood Duration and Average SRTM 

DEM  Elevations 

 
Furthermore, linear regression analysis of flooded 
area and water flows at Nyimba gauging station pro-
duced significant results. The flooded area is signifi-
cantly related to water levels (F=100.39, R2=0.95, 
α=0.05, p<0.05, df=6) and discharge (F=102.56, 
R2=0.95, α=0.05, p<0.05, df=6). However, it was 
found that this relation fails when water levels are 
low. In addition, rainfall at Kafue Polder (near Ny-
imba gauging station) is not significantly related to 
flooded area (F=1.77, R2=0.26, α=0.05, p>0.05, 
df=6). Using the above  statistics the following pre-
diction equations were generated. 
 

                                                                                (1)                             
 
                                                                                (2) 
 
Where y = flooded area in square kilometres, D = 
discharge in cubic meters per second and WL = wa-
ter levels in   meters above mean sea level. 
 

Subsequently, flooded areas modelled with available 
water levels are presented in Table 4. It can be ob-
served that a high flooded area of 1275.616 km2 was 
recorded in March 1985; a value below the highest 
flooded area of 1893.338 km2 recorded in 2001. This 
indicates that in the period 1984 to 2001, flood lev-
els in 2001 were the highest. 
 
Table 4 Modelled Flooded Areas in km2* 
 
 
 
 
 
 
*calculated with available average monthly water levels at 
Nyimba gauging station 
 
 
4 Discussion 
 

The results of this study indicate that optical and 
infrared satellite images are suitable for flood map-
ping and monitoring in Kafue Flats, a confirmation 
of other studies in similar environments (Birkett, 
2000; Shaikh et al., 2001; Sheng et al., 2001; Sand-
holt et al., 2003; Hudson and Colditz, 2003). Satis-
factory flood mapping in this study is due to several 
factors. Firstly, the mapping was based on delinea-
tion of four broad land cover classes; open water, 
flooded land, grasslands and woodland/shrubs. In-
spection of the spectral signatures of these classes 
shows a wide separability (Fig. 6). From field obser-
vations only the areas (termitaria zone) around the 
woodlands have tall grasses ranging from 1 to 2 m. 
 

 Also, the areas close to the river banks have vegeta-
tion such as Typha and Papyrus up to about 2 m tall.  
However, these areas cover a small percentage of the 
study area (Munyati, 2000). The abundance of short 
and weak stemmed grasses is important because 
when water level rises the vegetation is mostly sub-
merged and appears spectrally differently from non-
flooded grasslands on optical images. The near-
infrared radiation is absorbed by the flooded surface 
while non-flooded surfaces emit it. Also the absence 
of dense woodlands and shrubs in the Flats im-
proved the accuracy of flood delineation. From field 
observations the vegetation is sparsely distributed 
making it possible to detect water beneath most of 
the canopies. Also, the successes in flood mapping 
indicate that maximum likelihood classification al-
gorithm have a potential operational use in Kafue 

Dy ×+= 889.8-1242.234

WLy ×+= 992.5558-971918.35
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Flats. This is because the algorithm takes the vari-
ability of the land cover into account (Campbell, 
2002; Toyra et al., 2002; Sandholt et al., 2003; Kerle 
et al., 2004). This study also shows that some field 
work is useful in acquiring local knowledge which is 
needed for accurate image interpretation. 
 
 

Fig. 6 Spectral Signature of Kafue Land Covers 
(ETM+ image 04 2001) 

 
 
The study has also shown that 2001 was exception-
ally wet hydrological year when approximately 31% 
of the study area was inundated. The flooded areas 
were very high such that even in October 2001, at 
the beginning of the 2002 hydrological year, about 
3% of the study area was still flooded. The mapped 
flooded areas are consistent with what was revealed 
through field observations and interviews. The study 
has also revealed that flooding is significantly re-
lated to water levels and discharge at the 95% confi-
dence level. The results of regression analysis are a 
reflection of the accuracy of the flood delineation, a 
relation that exists in many wetlands due to their flat 
topography and low infiltration capacity (Birkett, 
2000; Temimi et al., 2005; Toyra and Peitroniro, 
2005). However, the relation fails at low water 
flows.  At low water flows the main water bodies are 
disconnected from the flooded areas (Toyra and Pei-
troniro, 2005). The prediction equations are thus 
statistically significant and were applied on previ-
ously recorded water levels to estimate flooded ar-
eas.  
  
Furthermore, the Kafue Flats has zones that relate 
significantly to the flood frequency. The zones along 
the banks of the Kafue River have high elevations 
represented by both natural and artificial levees. 
Field observations and interviews showed that these 
zones do not flood. For instance the highest water 
levels and discharges recorded from 2001 to 2006 at 
Nyimba gauging station was on April 8 2001. The 
recorded values were above 981 m and 356 m3/s 
respectively. Incidentally, the satellite image coin-
ciding with this date (Landsat image of 8th April 
2001) recorded the largest flood extent in 2001. The 

flood duration for these areas is up to one month 
(Table 3). 
 
 Finally, majority of the flooding occurred within the 
first half of the year in Kafue Flats. Flooding starts 
in January after heavy rains in November and De-
cember and peaks around April-May. By June, flood 
recession begins as it does not normally rain from 
May to September. In August and September, the 
end of the hydrological year in Zambia, only perma-
nent open water bodies remain, a confirmation of 
observations made by Mumba and Thompson (2005) 
and Balasubrahmanyam and Abou-Zeid (1982). This 
further shows that there is a time-lag between rain-
fall and flooding (Figs. 2 and 3). The local rainfall 
moistens the soil after the dry season. Therefore 
when the river overflows its banks in January-May 
as water from the upper catchment reaches the Flats; 
there is rapid overland flooding given that the gener-
ally clayey soils are already wet. Therefore, the 
flooding in Kafue flats is mainly caused by high 
water flows in the Kafue River. The controlling fac-
tor to the changed flood regime is therefore the op-
eration of the two hydropower dams. This was ob-
served by Balasubrahmanyam and Abou-Zeid (1982) 
when hydrological data before and after the con-
struction of the two dams were analysed. 
  
The relationships between the hydrological variables 
obtained in this study and in situ measurements pro-
vide a useful insight into how water passes through 
Kafue Flats ecosystem over the course of one hydro-
logical year. These variables on the timing, extent, 
location and duration of floods vital for water man-
agement and wetland flood restoration activities 
have been provided.  
 
4.1 Potential Application for Environmental 

Management 
Flood maps generated by remote sensing image 
analysis in this study could be used for effective 
management of Kafue Flats. For instance it has been 
shown that the transition zones between grasslands 
and woodlands rarely flood. Also areas with low 
elevations adjacent to the levee system of the river 
system have long flood durations. The effect of these 
flood scenarios on the environment is evident. The 
areas with long flood durations are dominated by 
vegetation such as water reeds, Typha and Papyrus 
while those areas with short duration floods are 
dominated by grass species (Munyati, 2000). Also 
the flood maps can be used together with the water 
levels measured at the five gauging stations to de-
velop an accurate digital elevation model (DEM). 
The integration of flood extent, time of occurrence, 
duration, location and DEM with water management 
at the two dams, vegetation composition and results 
of studies on wildlife distribution should allow im-
portant relationships to be derived and studied. For 
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instance, it would be interesting to determine the 
relations between Kafue Lechwe, bird populations 
and flood extents. This could be used to assess the 
impact of flood extent when the new operational 
rules for the dams are finally implemented. Also, the 
flood maps could be used in validating the results of 
the KAFRIBA model. In this way the necessary un-
derstanding of the hydro-ecological functioning of 
the Kafue Flats would be generated to allow sustain-
able utilisation of the natural resources.  
 
5 Conclusion 
 

This study has demonstrated that satellite remote 
sensing is suitable for operational flood mapping 
and monitoring of Kafue Flats. The study has shown 
that there exist flood durations of one to six months 
in the study area and statistically significant rela-
tions exist between flooded areas, water levels and 
discharge respectively. Also the spatial and temporal 
distribution of floods is such that floods start around 
January when the river channel threshold of about 
170 m3/s is exceeded. The floods peak in April and 
May. In June flood recession starts and during the 
period August to October only permanent water 
bodies remain. Also the flood maps from this study 
can be used to generate DEM of Kafue Flats.  
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