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Introduction and Background
• The Zambezi is the fourth longest river in Africa and is the largest in Southern Africa.

• The Zambezi Basin has a total drainage area of   approximately 1.4 million Sq. Km (Beilfuss, 2012). 

• The mainstream originates from Kalene Hills in the North-western Province of Zambia and has a total 
length of 2,574 km. 

• The river plays a central role in the economies of eight riparian countries namely Angola, Botswana, 
Malawi, Mozambique, Namibia, Tanzania, Zambia, and Zimbabwe.

• The basin waters meets the basic needs of app. 30 million people and sustains a rich and diverse natural 
environment.

• The key economic activities in the basin are agriculture, fisheries, mining, tourism, and manufacturing. 

• Industry is dependent on hydroelectric power, which is the main source of energy 

• Other sources of energy are primarily coal and oil.



Study Area

• Rainfall varies in the basin but 
is generally higher in the 
northern regions (500-
1400mm)

• Basin is highly sensitive to 
climate variability

• Population is unevenly 
distributed



The Problem

• The Zambezi Basin is poorly gauged and is  comprised of several competing water users.

• The basin is home to over 30 million people (Beilfuss, 2012)  with a rapidly growing population which 
ensures increased demand for water resources and the various ecosystem services they provide

• No clear definition of stress for sub-basins despite a number of competing water users and a fast-
growing population

• Few instances of water accounting based on the SEEAW and these were done at national level for 
Botswana (MMEWR, 2016) and Zambia (MWDSEP, 2020)

• Requirements are often unavailable or based on long term and expensive monitoring activities (Karimi, 
2013; MWDSEP, 2020)

• Current water accounts have no link to LULC



Objectives

1. Quantify water available changes in Zambezi river basin and establish a baseline conditions (2003-
2021) and future scenarios (2027-2045) using remote sensing observations and water accounting 
plus (WA+) framework. 

2. Using the WA outputs, quantify indicators of water availability and change for baseline and future 
scenarios.

3. Generate water availability layers that will be used as inputs into ASSIST-WE4F.



Determination of Hotspots and Stressed Sub-catchments – Past and 

Future

• Use of time-series WA+ information for each sub-catchment.

• Use of blue and green ET data to understand irrigation water use. 

• Use of different GCM to produce future WA+ sheets.

• Determine future stress points.



Sustainability 

Framework, Analysis 

and Results



Sustainability Framework

• Sustainability framework analysed surface water and ground water availability

• Wet and dry season analyses

• Considered different crops and their water requirements

• Assessed possible expansions of innovations



Sustainability Framework - Chart
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End-User (crop) Water Use (Zambia)

Country Innovation type Crop water use (m3/ha)

Zambia Solar Dryer

Zambia Battery stick kit/ULVA+ sprayer 319.5 m3/ha

Zambia Soil restoration for food 
conservation and market

Soybeans - 400-500 (rainfed)
Soybeans - 500-600 (humid)

Groundnuts – 400-500 (rainfed)
Groundnuts – 500-600 (humid)
Gliricidia – 300-500



End-User (Crop) Water Use (Zimbabwe)

Country Innovation type Crop water use (m3/ha)

Zimbabwe Logistics/Information/Marketpl
ace

NA

Biodigester ??

Solar Water Pump 20-25??



Potential Crop Types and Water Requirements

No Vegetable

Water requirement
Water requirement 

categorymm/season mm/day

1 Cabbage 500-800 3-5 High

2 Chicory 466-600 2-4 Medium 

3 Lettuce 400-600 2-4 Medium 

4 Leek 400-600 2-4 Medium 

5 Carrot 400-600 2-4 Medium 

6 Onion 400-600 2-4 Medium 

7 Garlic 400-600 2-4 Medium 

8 Pea 300-500 2-4 Low

9 Tomato 400-600 2-4 Medium 

10 Bean 400-600 2-4 Medium 

11 Chilli 300-500 2-3 Low

12 Cucumber 500-700 3-5 High

13 Eggplant 500-800 3-5 High

14 Okra 500-700 3-4 Medium

15 Pumpkin 500-800 3-5 High

16 Groundnuts 400-600 3-5 Medium

17 Soybeans 400-700 4-5 High

18 Maize 500-800 6-9 High

19 Potatoes 500-700 4-5 Medium

20 Sweet Potato 500-1000 8-12 High



Surface Water Availability

Wet Season P (mm/season) (Nov –Apr)

Dry season P (mm/year) (May–Oct)

Wet Season P-ET (mm/season) (Nov –Apr)

Dry Season P-ET (mm/season)(May –Oct)



Utilizable Groundwater

Utilizable groundwater = safe yield – current gw use



Sustainable Groundwater Use – 400 mm

Wet Season

No water SW SW+GW

Crop Water Requirement of 400 mm ( plus 52% of losses added)



Sustainable Groundwater Use – 500 mm

Crop Water Requirement of 500 mm ( plus 52% of losses added)

Wet Season

No water SW SW+GW



Sustainable Groundwater Limits – 600 mm

Crop Water Requirement of 600 mm ( plus 52% of losses added)

Wet Season

No water SW SW+GW



Sustainable Groundwater Limits – 800 mm

Crop Water Requirement of 800 mm ( plus 52% of losses added)

Wet Season

No water SW SW+GW



Sustainable Groundwater Limits – 1000 mm

Crop Water Requirement of 1000 mm ( plus 52% of losses added)

Wet Season

No water SW SW+GW



Sustainable Groundwater Limits – 1200 mm

Crop Water Requirement of 1200 mm ( plus 52% of losses added)

Wet Season

No water SW SW+GW



Zambezi Basin 

WA Dashboard



Dashboard Overview



Basin Overview



Basin Overview – Description

• Provides a brief synopsis of the 
dashboard. 

• Brief account of the basin hydrology
• Highlights important hydrologic 

challenges in the basin.



Basin Overview – Annual Rainfall Distribution

• Provides a choropleth map of the average 
annual rainfall distribution

• Map is interactive.

• Millimetres per year.



Basin Overview – Land usage

• Provides the distribution of land use classes across 

the basin. These are provided in a pie chart. The 

different 

• The Utilized land represents natural landscapes that 

are utilized in their natural forms, without 

modifying or altering water and land resources. 

• The Modified land represents area where land is 

modified for human use. For example, the natural 

landscapes are cleared/modified to grow crops 

under rainfed conditions. 4) Protected land use 

defines the area that is classified as protected such 

as national parks or other preserved areas

• The Managed water class represents areas that are 

managed for agriculture where water is highly 

managed, such as irrigation. 



Basin Overview – Insights

• Provides basic information on basin insights 

• Provides basin area, population, per-capita 
water availability, average environmental 
water stress and water availability for future 
use. 

• Interactive and provided for each country in 
the basin



Basin Overview – Basin Map

• Interactive map of the river basin

• Users can zoom in and out of the basin 
area overlaid on the world map using the 
+ and – symbols

•  The home icon on the map will reset the 
map to the full extent of the basin

• The triangle icon offers additional features 
for interacting with the map



Basin Overview – Water Balance

• Shows modeled estimates of key water balance 
terms

• P represents the total volumetric average annual 
precipitation received in the basin

• Total ET represents average total volumetric 
evapotranspiration

• Blue ET is the portion of total ET occurring from the 
blue water sources (surface water bodies, river, lakes 
or shallow groundwater aquifers)

• Rainfall ET or Green ET is the  portion of total ET 
occurring from the green water sources (soil moisture 
replenished by the rainfall). 

• Basin outflow is the volume of water that leaves the 
basin through the mouth of the river

• Storage change denote the changes in the basin 
storage due to either groundwater abstraction (+ve 
value) or groundwater recharge (-ve value).



Innovators Page

The innovators page provides information on the innovators found within the basin. The page provides interactive analysis layers. The page 

provides an interactive choropleth base map that gives the average annual surface water yield per district. The page provides the locations of 

different innovators located within the basin, and the innovations that are adopted.



Innovators with Water Availability for Crops

• Sustainability framework 
analysis results available for 
the wet and dry seasons

• Sustainability framework 
results available for 400mm, 
500mm, 600mm, 800mm, 
1000mm and 1200mm



Innovators

• The tab provides a pie chart 
that gives the percentages of 
IW, SW and SWGW

• The tab also provides a bar 
chart showing the crop water 
availability as well as the total 
area and no crop area



Water Balance Chart



Water Balance

• Shows inflows on the left, and outflows on the right

• Depletion accounting is used to estimate how much of water is consumed over different landscapes. 

• Summarized under four broad categories of land cover/land use – 
• Protected- conservation areas with minimal changes in land and/or water management;
• Utilized- are areas with limited human influence and can include forest, natural pastures, savannahs 

and deserts; 
• Modified- areas that are significantly modified by human activities usually for rainfed agriculture; and 
• Managed water use- are land use classes that are significantly modified for agriculture and include 

water purposefully withdrawn from the surface or groundwater sources for use. 

• The flow accounting derives a number of parameters such as exploitable water, available water, managed 
water use, utilizable flows, non-utilizable outflows, reserved outflows, and non-consumed water. 



Water Balance – Indicators
No Flux/Indicators Description Equation

1 P advection Precipitation received in the basin, aggregated over the hydrologic year

෍

𝑖=1

12

𝑃

2 Basin inflow (interbasin transfer) Surface water or groundwater diverted into the basin 𝑄𝑖𝑛
𝑠𝑤 and 𝑄𝑖𝑛

𝑔𝑤
 (Measured estimates)

3 Gross Inflow, GI Total inflow from all sources 𝑃 +  𝑄𝑖𝑛
𝑠𝑤 + 𝑄𝑖𝑛

𝑔𝑤

4 Change in the soil moisture, ΔSM See equation 2. See equation 2.

5 Net Inflow,              NI The gross inflow plus the change in soil moisture 𝐺𝐼 ± ∆𝑆𝑀

6 ET rainfall,          ETrain ETa that occurs from effective precipitation and canopy interception, summarized for all land cover 

classes (1 to n classes). ෍

𝑖=1

𝑛

𝐸𝑇𝑟𝑎𝑖𝑛

7 ET incremental,   ETincr ETa that occurs from other sources except effective precipitation and interception. Includes ET from 

irrigation water, groundwater abstraction, open water sources, summarized for all land cover classes (1 

to n classes).

෍

𝑖=1

𝑛

𝐸𝑇𝑖𝑛𝑐𝑟

8 Landscape ET,   ETaland ETa from natural landscapes (protected, utilized and modified land use classes); not due to water 

management.

𝐸𝑇𝑟𝑎𝑖𝑛  + 𝐸𝑇𝑖𝑛𝑐𝑟

9 Consumed water, Cwater Total ETa that occurs from all landscapes over all months 

෍

𝑖=1

12

𝐸𝑇𝑎

10 Utilized flow, Uzedflow ETa from managed water use (irrigated crops, managed reservoirs). 𝐸𝑇𝑖𝑛𝑐𝑟 from the managed water use class

11 Exploitable water, EXwater The exploitable water is the amount of water that can potentially be used within the basin 𝑁𝐼 − 𝐸𝑇𝑙𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒

12 Available water, AW The water that is left after meeting ET and reserve flow requirements 𝐺𝐼 − 𝐸𝑇𝑎𝑙𝑎𝑛𝑑 − 𝑅𝑒𝑠𝑒𝑟𝑣𝑒 𝐹𝑙𝑜𝑤𝑠

13 Utilizable outflow, Uzbleflow The water that can be reallocated for further uses after accounting for reserved flows and utilized flows. 𝐸𝑋𝑤𝑎𝑡𝑒𝑟 − 𝐸𝑅𝑓𝑙𝑜𝑤 − 𝑈𝑧𝑒𝑑𝑓𝑙𝑜𝑤

14 Qsw outlet The river outflow at the outlet of the basin 𝑄𝑜𝑢𝑡𝑙𝑒𝑡
𝑠𝑤

15 Basin outflow (interbasin transfer) Surface water or groundwater diverted to areas outside the basin 𝑄𝑜𝑢𝑡
𝑠𝑤  and 𝑄𝑜𝑢𝑡

𝑔𝑤

16 Non-consumed water, NCwater Total outflow 𝑄𝑜𝑢𝑡𝑙𝑒𝑡
𝑠𝑤 + 𝑄𝑜𝑢𝑡

𝑠𝑤 + 𝑄𝑜𝑢𝑡
𝑔𝑤



Water Availability



Water Availability - Graphs
• Rainfall – measured in 

millimetres and is provided as 
an annual average of the 
basin or a selected district. 

• ET mean – an outflow and is 
also measured in millimetres 
and it is the actual water lost 
to the atmosphere from plant 
and other surfaces. 

• Storage change – provides 
information on water that is 
lost or gained to ground 
water. It is measured in 
million cubic metres (MCM).   



Water Indicators Page



Water Indicators

• Rainfall ET – ET of green water. A fraction 
of actual total ET that is due to 
precipitation

• Incremental ET – ET of blue water. A 
fraction of total ET that is not due to 
rainfall

• Net inflow – summation of gross inflow 
(precipitation plus any other inflows from 
surface or ground water that originate 
from outside the basin) and storage 
change. 

• Utilizable outflow – water available for 
further water resources development after 
meeting all the basin demands of nature 
via lands cape evapotranspiration, rainfed 
agriculture, domestic and industrial 
demand and irrigated water use.



Future Climate Scenarios Page



Future Climate Scenarios
• Shows the comparison of 

future rainfall, ET, Outflow 
and Water availability against 
the baseline period. 

• The first bucket on the right 
represents the baseline 
period

• The two buckets on the left 
represent the near future 
(2030s) and the future 
(2040s)



Future Climate Scenarios - Charts
• ET – an outflow measured in 

millimetres, and it is the actual 

water lost to the atmosphere from 

plant and other surfaces. 

• Rainfall – measured in millimetres 

and is provided as an annual 

average of the basin or a selected 

district. 

• Outflow – measures in km2 and is 

the water that flows out at the 

mouth of the river. For the 

Zambezi, this is where the 

Zambezi flows into the Indian 

Ocean.

• Water availability – available water 

for use within the basin after the 

non-utilizable water and the 

environmental water requirements 

have been removed. 
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