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1. Introduction

Purpose of the Report

◦

Method

Structure of Report

Key risks predicted for the Zambezi River
Basin over the next century:

• The basin is expected to experience a significant
warming trend of 0.3–0.6°C. 

• Increases in temperatures across the basin will
result in an increase in open­water evaporation.

• Multiple studies cited by IPCC estimate that
rainfall across the basin will decrease by 10–15%.

• Significant changes in the seasonal pattern of
rainfall across the basin are predicted, including
delayed onsets, as well as shorter and more
intense rainfall events.

• All Zambezi Basin countries will experience a
significant reduction in average annual stream
flow.

• Multiple studies estimate that Zambezi runoff will
decrease by 26–40% by 2050.

• Increasing water stress is a serious concern in the
semi­arid parts of the Zambezi Basin.     

(Beilfuss 2010)      
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2. What are Floods and Droughts

Floods

Seasonal Floods

Cyclone Flood

Droughts

Intense flooding in Caprivi Strip during 2009
The 2009 rain season saw thousands of families affected by flooding in the Eastern Caprivi strip of Namibia. The top image shows the
Caprivi during the dry season in 2002, the bottom image shows intense flooding during March 2009. (NASA­EOS 2009)

Cyclone Favio
Despite a late start to the season, most of southern Africa received heavy rains from
December 2011 into 2012, resulting in flooding in several countries.
Tropical Cyclone Favio came ashore on the coast of Mozambique on the morning of
February 22, 2007 as it travelled further inland towards the Zambezi River valley; the
storm brought heavy rains to Zimbabwe. (SANF 2012; NASA­EO 2007)
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3.  Elements Essential to Mapping Floods and Droughts

3.1 Population

Meteorological drought 
Refers to a reduction in rainfall supply compared with the average over a specified period.

Hydrological drought 
Refers to the impact of a reduction in precipitation on natural and artificial surface and substance water resources. It
occurs when there is a substantial deficit in surface runoff below normal conditions or when there is a depletion of
groundwater supplies. Hydrological drought reduces the supply of water for irrigation and hydroelectric power
generation.

Agricultural drought 
Refers to a reduction in water availability below the optimal level required by a crop during its different growth stages,
resulting in impaired growth and reduced yields. Agricultural drought relates to an imbalance in the water content of the
soil during growing season, which although influenced by other variables such as the crop water requirement, the soil
water­holding capacity and degree of evaporation, is also largely dependent upon rainfall amount and distribution.

(Source: SARDC & UNEP 2009)

Drought Conditions in the Lower Zambezi Basin
Following the SARCOF prediction of normal to below normal rainfall for the 2004/5 season, many Southern African countries
faced food shortages in 2005, with Zimbabwe, Malawi and Botswana declaring a state of disaster. 
The satellite taken on 6 March 2005 shows stressed vegetation levels in rain fed areas compared to the image on 3 March 2004
showing slightly better conditions.    (NASA­EO 2005; SADC Today 2005)

Rural community 
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3.2 Land Cover and Land Use

Figure 3. 1 Population Density per District Administrative Area Figure 3. 3 Population Growth per District Administrative Area 

Figure 3. 2 Total Population per District Administrative Area

Population share of basin sates as a
percentage of the total number of
people in the basin based on latest
census numbers. (Note that there is no
data for Angola)
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Figure 3. 4 Land Cover and Land Use in the Zambezi basin 

3.3  Soils

Wetlands

Closed Forests                               

Grassland

Cropland and Vegetation Mosaic
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Soil Properties

Figure 3.6 a The extent of Gleysols (dark blue) and Fuvisols (light blue).

Figure 3.6 b Satellite image of the “swollen”  Zambezi
Floodplains under flooding 

Gleysols and Fuvisols coincide with major floodplains and wetlands that influence flooding patterns in the Zambezi River Basin

The underlying Gleysols attribute to the floodplain’s existence
(NASA­EO 2011, acquired April 2010). 
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Figure 3.7 a Silt Content

Figure 3.7 b Clay Content

The average proportion  of silt partcles (2 to 50 μm)in the first 100cm of the soil

The average proportion  of clay particles ( less than 2 μm)in the first 100cm of the soil.

Figure 3.7 c Sand Content

The average proportion of sand particles ( less than 50 to 2000 μm)in the first 100cm of the soil

Figure 3. 8  General soil texture for the first 100cm soil depth

The average proportion  of clay particles ( less than 2 μm)in the first 100cm of the soil.
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3.4  Topography and Hydrology

Country Physical Feature Altitude (m)

Malawi Mt Mulanje 3002

Mozambique Zambezi River Delta At sea level

Zambia Kalene Hills 1585

Zimbabwe Mt. Inyangani 2592

Muzarabani 400

Table 3. 1 Topographical features in the
Zambezi River Basin

Figure 3. 9  Soil Bulk Density

The average proportion  of clay particles ( less than 2 μm)in the first 100cm of the soil.

The Zambezi Delta
The Zambezi Delta formed from the accumulation of sediments and alluvium transported downstream by the Zambezi
River over several thousand years. It is characterised by a mosaics of various clays, clay loams, organic silts and gleyed soils.
The soils in the delta swell during the rainy season and form a hard crust during the dry season, encouraging extensive
flooding when the first rains arrive.  
Over the past century, flooding patterns in the delta have been affected by the operation of Kariba and especially Cahora
Bassa Dam, the construction of embankments along the main stem Zambezi, upper delta floodplains, and coastal plains,
and the down­cutting of the main Zambezi channel. (NASA­EO 2013a; Beilfuss 2005b)

Lake Malawi/Niassa/Nyasa
The geomorphology of the Lower Zambezi

Basin is dominated by the Great East African
Rift Valley with Lake Malawi/Niassa/Nyasa

occupying the greater part of the rift valley
trough. It is the only and largest natural lake

in the basin. With a surface area of
29,9500km2 and a volume of 7,775km3 the

water stored in the reservoir is important for
many social, economic and environmental
activities in the Lower Zambezi. (Bootmsa

and Jorgensen 2006; Chenje 2000) 
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Hydrology Upper Zambezi/ Headwaters

Figure 3. 10  Topography and Water in the Zambezi River Basin Figure 3. 11  Major sub­Basins of the Zambezi River Basin

Sub­basin Area (km2) %

Kabompo 69301 5.03

Upper Zambezi 90359 6.55

Lungue Bungo 46482 3.37

Luanginga 33931 2.46

Barotse 118994 8.63

Cuando / Chobe 151465 10.99

Kafue 157629 11.43

Kariba 163202 11.84

Luangwa 148286 10.76

Mupata 19552 1.42

Tete 197816 14.35

Shire River / Lake Malawi 158043 11.46

Zambezi Delta 23653 1.72

1378713 100.00
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Kuomboka, meaning “moving out of the water” is an annual ceremony where thousands gather to
dance, feast and watch the royal barge rowed by dozens of oarsmen beneath a giant replica elephant
signifying the start of the flooding season (SARDC and HBS 2010).

Fish captured from the Chobe River by two men in a rural 
community in Salambala Conservancy, Caprivi Strip, Namibia.

Flooding in the Eastern Caprivi Floodplains
Heavy rains upstream resulted in near­record breaking flooding in the Eastern Caprivi Region. It was reported that
authorities evacuated more than 1000 residents late January 2011. The bottom image shows the extent of inundation in
February 2011 compared to the previous flood season at the same time in 2010. (NASA­EO 2011a)

Flooding in Zambezi Floodplains (Angola/Zambia)
Flooding in the Zambezi Floodplain area generally occurs in the immediate aftermath of the annual rain season. People
living in the Zambezi floodplain area have long relied on nutrient­rich silt brought in by the floods. 
The bottom Image shows increased inundated areas in April 2011, the top image shows the same area in April 2010 taken
from Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA’s Terra satellite. This flood plain is generally
flooded from late December into June. Inundation is prevalent in both years, but more prominent in 2011. (SARDC and HBS
2010; NASA­EO 2011b)
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The Middle Zambezi Catchment

The Lower Zambezi Catchment and Zambezi Delta

Dam River Live Storage 

(km3)

Cahora Bassa Zambezi 51.7

Itezhi Tezhi Kafue 5

Kafue Gorge Kafue 0.9

Kariba Zambezi 64.8

(Source: SADC 2011)

Table 3. 2  Major Dams and water reservoirs
in the Middle Zambezi Catchment

Luangwa River Floods
Following short intense heavy rains in January 2007 the Zambezi spilled its banks in many locations leading to flooding
exacerbated by the filling Cahora Bassa. Backflows reached as far back as Luangwa River (marked increased flooding) by
February 2007. On February 8, 2007, the government of Mozambique ordered the evacuation of 2,500 people as water levels
rose (NASA­EO 2007). Images were taken from MODIS on NASA’s 
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4.  Climate Change and Variability

Temperature

The Topography of the Zambezi Delta
The topography of the delta depicts the triangular shape with higher elevations occurring in north west and north east
directions. Leveés along the Zambezi River and its minor tributaries and old channels together with derelict beaches have
created elevated areas. Near the coast are higher lying dunes, which are most prominent in the Northern part of the delta
(indicated in shades of yellows and oranges).
(Chenje 2000) [data source: NASA SRTM]

Figure 4. 1 El Nino and La Nina effects in Southern Africa

(Source: GRID­Arendal and UNEP 2014) 

Figure 4. 2  Average Temperature for July and December 

(Source: SADC/SARDC and others 2012)
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Rainfall

Figure 4. 3  ITCZ and Rain in Africa

(Source: INGC, UEM and FEWS NET­MIND 2003).

Figure 4. 4 Average rainfall pattern

(Source: SADC/SARDC and others 2012)

Figure 4.5  Average rainfall pattern for Major sub­basins 

Table 4. 1  Rainfall and evaporation for basin states  

(Source: ZRA & SADC 2007)

Rainfall Range Average Rainfall PET range Total Surface 

(mm) (mm) (mm) run­off (mm)

Angola 25­1600 800 1300­2600 104

Botswana 250­650 400 2600­3700 0.6

Malawi 700­2800 1000 1800­2000 60

Mozambique 350­2000 1100 1100­2000 275

Namibia 10­700 250 2600­3700 1.5

Zambia 700­1200 800 2000­2500 133

Zimbabwe 350­1000 700 2000­2600 34

(Source: Hirji and others 2002).

Seasonal transformation in the Caprivi Strip
Rainfall and subsequent run­off in the Caprivi wetlands area on the Namibia/Zambia border during the 2013 rainy season
transformed the Zambezi River and its surrounding floodplain area. The top image shows the area before the rains during
the dry season and the bottom image shows the same location after the rains during the wet season. Images were taken
from the Advanced Land Imager (ALI) on NASA’s Earth Observing­1 (EO­1) satellite (NASA­EO 2013b).
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5.  Determining Drought Prone Areas

Drought Prone Areas

2012­2013 Following poor performance in November, good rains were received 
in the first 10 days of December but dry conditions resumed late 
January throughout to May in the southern parts of the basin.

2004­2005 Many parts of the basin experience below normal rainfall during 
agricultural season. 
Several riparian declared state of natural disasters

2001­2003 Severe Drought in the SADC Region
1994 – 1995 Many countries in the SADC were hit by a severe drought, 

surpassing the impact of the 1991 – 1992 droughts.
1991 – 1992 Worst drought in living memory at the time experienced in 

southern Africa, excluding Namibia.
1986 – 1987 Drought conditions returned to the region.
1983 This year saw a particularly severe drought for the entire African 

continent.
1982 Most of sub­tropical Africa experienced drought.
1981 – 1982 Severe drought occurred in most parts of southern Africa.
1967 – 1973 This six­year period was dry across the entire region. 

Some records show a severe drought

Table 5. 1 Occurrence of extensive dry periods in Southern Africa

Figure 5. 1 Agricultural calendar in a typical year in Southern Africa

(Source: FEWS NET 2012).

Figure 5. 2 Gauging Stations in the Zambezi River Basins 

Data source: Adopted from ZAMWIS (2007).
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Figure 5. 3 Drought Index (1995 to 2013). Figure 5.4 a Occurrence of Severe dry periods during the OND period over 18 years (1995 to 2013).

Figure 5.4 b Occurrence of Severe dry periods during the JFM period over 18 years (1995 to 2013).

Data Source: African Rainfall Estimate 2.0 (RFE 2.0).

The Drought Index is a Standardised Precipitation Index (SPI) which is calculated as: 
([3­Month Mean] ­ [Long­Term Mean])/ [Long Term Mean Standard Deviation].
This equation measures how much the mean deviates away from the long term mean and gives it a score between ­3 and
+3. This departure from 0 is a probability indication of the intensity of wetness or dryness (Guttman 1998). Scores ranging
from ­0.9 to +0.9 indicate the condition is near normal, values less than ­1.5 values or greater than +1.5 denoting extremely
dry or wet periods (Tirivarombo and Hughes 2011). The Long term mean data is derived from interpolated gauge recordings
from 1920 to 1980, which is collated and disseminated by FEWS NET.
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The 2012­2013 agricultural season

Figure 5. 5 Rainfall average per month for 2012/2013 Agricultural Season 

Data source: RFE 2.0

Figure 5.6 a Rainfall average October to November 2012

Figure 5.6 b Rainfall average January to March 2013



22

Vegetation Condition

Figure 5. 7 Vegetation Condition per month for 2012/2013 Agricultural Season

Date source: eMODIS NDVI 

Figure 5.8 a Vegetation condition for OND 2012 compared to long term average

Figure 5.8 b Vegetation condition for JFM 2013 compared to long term average.

Date source: AMESD SADC THEMA (a)

The vegetation condition is determined by the Normalised Difference Vegetation Index (NDVI). NDVI uses spectral
bands from satellite images that detect photosynthesis activity. The higher the NDVI the healthier the vegetation (shown in
dark green), stressed vegetation is showed by lighter greens to dark browns.
NDVI was calculated from images taken from the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite and
compiled into the eMODIS NDVI dataset and disseminated by FEWS NET. The MODIS images used are at a 250km spatial
resolution and are compiled into 10 day averages (dekads) per month (FEWS NET 2013)
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Soil Moisture

Dryness in the Eastern Kafue floodplain, during the October planting season
The Kafue Flats are a broad alluvial plain extending for a distance of about 250 km,  60 km wide and covers about 650 000
hectares. This wetland area is a source of potable water for 40% of Zambia and a major water source for its capital city of
Lusaka. It supports livelihoods as it used for fishing, tourism, grazing and is important maintaining the diverse ecosystem in
the region which promotes biodiversity. 

The Ila, Tonga and the Twa have populated the Kafue Flats area for centuries relying on the floodplain for fishing and
agriculture. Participation of locals in recent developments has helped secure the integrity of the floodplain. However long
periods of dryness caused by late onset of the rains puts more pressure on the water resource while delaying planting due to
little soil moisture. The top 2­week mosaic image shows the floodplain after the rains in April 2013 and the bottom 2­week
mosaic shows dry conditions in the mid October 2013. (source: NASA­Landsat8; SADC/SARDC (2012); Mujwahuzi (2002))

Soil Moisture is determined by the Soil Moisture Index (SMI). SMI was developed to assess suitability for cropping there­
fore it based on a simple supply/demand ratio, which is calculated as:
([Precipitation + Available Soil Water]/Potential Evapotranspiration) * 100
SMI relies on rainfall to determine the available soil water therefore does not fully capture those areas that are constantly
wet before the rains. This makes it more useful to determine moisture for cropping than determining soil moisture in gen­
eral, therefore SMI is more suited to show agricultural drought.  (AMESD SADC 2014)

Data source AMESD SADC THEMA (b)

Figure 5.9 b Soil Moisture average JFM for every 10 days (dekad)

Figure 5.9 a Soil Moisture average OND for every 10 days (dekad).
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6. Flooding Hazard Areas

Table 6. 1 Flooding Trends in the Zambezi River basin

1997

2000

2001 to 2002

2003

2006

2007

2008 – 2009

Location

Lower Shire 
River Valley 

Most of the
Zambezi Basin

Provinces in Zambia,
Zimbabwe, Malawi and
Mozambique located in
the Middle to Lower
Zambezi basin

Villages near
Lake Malawi

Lower Shire
valley

Mozambique and parts
of Zimbabwe.

Angola,
Botswana, Malawi,
Namibia and Zambia

Description

Flash floods

Prolonged and exceptionally
heavy rains compounded by
cyclone Eline caused flooding
throughout Southern Africa.
Mozambique was the most affected.

Southern Africa experiences
abnormally high rainfall and
disastrous floods causing damage to
infrastucture and loss of lives and
property

Rising water levels in Lake Malawi
submerged nearby villages

Heavy rains caused flooding

Cyclone Favio­induced floods from
torrential rains

Heavy rains caused flooding

Socio­Economic Impacts

Extensive damage to roads,
bridges, houses as well as crops
and livestock. 4 people
drowned.
400,000 people affected

Loss of lives, extensive damage
to roads, bridges, crops, and
communication lines. Outbreak
of diseases. More than 200,000
people affected.

Houses collapsed. 107 families
displaced

Destruction of houses and
outbreak of diseases (cholera).
37,431 households were
affected. 1,794 houses
destroyed

Destruction of villages and
many residents forced to moved

The basin experienced flooding,
affecting and displacing
thousands of people

Source: SADC 2011; SARDC and HBS 2010

Data source: AMESD SADC THEMA (b)

Figure 5. 10 Occurrence of Dry dekads from November to March

(Source: SADC and ZRA 2007) 

Figure 6. 1 Historical Flooding Events
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7. Community Views about Floods and Droughts

Introduction

Eastern Caprivi Strip, Namibia

Ngoma Settlement Area in Eastern Caprivi 

Figure 7. 1 Study Sites Visited in the Zambezi Basin

Figure 7. 2 Mean monthly flows in the Cuando/Chobe sub­basin

Source: Beilfuss 2012

Figure 7. 3 Communities visited in Kazungula and Katima Mulilo

Source: Beilfuss 2012
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Nakabolelwa Settlement Recommendations from Communities in Eastern Caprivi

Kazungula, Zambia

Recommendations from Communities in Kazungula

A dug-out well that provides household water use Small plots of crops scattered around the household. These are
planted behind the tall grass reeds that are used to fence off
homesteads. 

One of the many boreholes and water tanks located throughout
the Eastern Caprivi that provide safe water
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Muzarabani, Zimbabwe Recommendations from Communities

Indigenous Knowledge Systems 

Zunde raMambo Concept

Birds as indicators of rain or floods occurrence
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8.Conclusions

Key findings from the study

Policy options in relation to floods and drought 
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