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Background to the Gerald Lacey Memorial Lecture

Gerald Lacey was the Professor of Civil Engineering
(1915-17, 1928-32, and 1945) and the last British Principal (1945-46) of the University of Roorkee near Delhi. He
earned worldwide recognition for his `regime theory' used for the design of major irrigation canals, and made rich
contributions to the field of Stable Channel Flow. For this, he was awarded the Kennedy gold medal in 1930 and the
Telford gold medal in 1958. Every year, IWF (formerly ICID-UK) holds a prestigious lecture at the ICE, Westminster
by a world authority in the irrigation and drainage development sector.
This lecture commemorates the contribution to irrigation development made by Gerald Lacey, who, through the
development of his sediment regime theory, provided the insight and technical guidance that lay behind the successful
development of the major irrigation systems throughout the Indian sub-continent.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Gerald Lacey Memorial Lecture 2019
This year's lecture was given by Professor Declan Conway, Professorial Research Fellow, Grantham Research Institute
on Climate Change and the Environment, London School of Economics and Political Science. High levels of rainfall
variability are magnified in the response of river discharges and lake levels, creating major challenges for ongoing
activities to achieve water security in sub-Saharan Africa. In many cases climate change is likely to exacerbate these
challenges, particularly in the context of rapid socio-economic development that is driving greater use of water
resources.
**********************

Synopsis
This lecture, part of the ICE’s Water Knowledge Programme, links to the United Nations’ Sustainable Development
Goals 6 and 13, and;
- Explores key aspects of water resources distribution and
variability across sub-Saharan Africa (SSA) and introduces
two examples of climate-induced pressures on water
resources management,
-

Examines the linkages between spatial patterns of rainfall
variability and the river basin areas that provide runoff used
to generate hydropower,

-

Traces the hydrological impact pathways associated with
drought during the 2015/16 El Niño that contributed to
disruption of public water supply in Gaborone and
widespread electricity outages in Lusaka,

-

Explores the effects of service disruption on businesses and shows critical linkages between climate events and
economic activities in urban areas, and

-

Highlights what continued climate change might mean for achieving water security.

A. Water Security
A definition of Water Security has been given by Grey and Sadoff (2007):
The availability of an acceptable quantity and quality of water for health, livelihoods, ecosystems and
production, coupled with an acceptable level of water-related risks to people, environments and economies.
The figure below illustrates the natural physical processes which contribute to this 'acceptable quantity and quality of
water', as defined above.
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B. Climate and Water Resources Variability
The four main international basins of SSA - West, East, Central and Southern Africa - cover about 30% of land area, as
shown below.

Examples are shown here of the spatial-temporal dimensions of rainfall and river flow variability in some river basins
across Africa.
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West Africa - Annual Rainfall and River Flow at Koulikoro (Niger River)
Variation: 1931-60 vs 1961-90; -11% rainfall, -21% river flow
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Central Africa - Annual Rainfall and River Flow
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Blue Nile River Flows at Sudan Border
Variation: 1931-60 vs 1961-90; -6% rainfall, -11% river flow
Rainfall
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Key findings
•

High levels of inter-annual and decadal variability;

•

Inter and intra-regional differences;

•

River flows dominated by large scale rainfall variability;
•

Influences of Atlantic, Indian and Pacific Oceans,

•

Key drivers – Sahelian desiccation, ENSO Southern Africa, ENSO/IOD East Africa,

•

Overall, no emerging patterns for SSA,

•

Significant management challenges from variability.

C. Hydropower: Exposure to Climate Variability is high – and growing
1. Drought-induced reductions in electricity production
•

Drought impact in Kariba Dam 1991/92,
Kenya during 2000, Tanzania in 2003 ..…;

•

But – these examples are poorly
documented, having a weak evidence base;

•

There have been no systematic attempts to
understand the significance of the problem
and response;

•

Effects of the recent El Niño 2015/16.

2. Drought: Multi-Basin Scale Impacts
Recent Hydropower Lake Levels in Southern Africa

Lake Kariba,
Zambezi river

Mtera reservoir,
Rufiji (Tanzania)

Lake Malawi,
Shire river
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3. El Niño 2015/16; Zambia and Load-Shedding
•

In Zambia in May 2015, water levels at Kariba Dam were
the lowest in 20 years;

•

Strategies were insufficient to avoid load-shedding;

•

ZESCO cut supplies by 1/3;

•

Minister of Finance reduced growth forecast by 1.2%, in
part due to power rationing.

D. Hydropower Plans increase Spatial Interdependency
in Eastern and Southern Africa
Hydropower in Africa is experiencing a renewed phase of
expansion:
• Eastern Africa
10 to 34 GW
27 new dams
• Southern Africa
7 to 15 GW
13 new dams

E. Hydropower becomes increasingly concentrated
Nile basin in Eastern Africa (82%)
Zambezi basin in Southern Africa (85%)

F. Future Climate Change ..…
Climate Risk Assessment - Approaches
Small scale
Short-lived
Simple screening

Large scale
Long-term
Risk assessment

Check against long-term Check against long-term variability
variability
Recent trends
Recent trends
Stress test performance
Extrapolate current situation
(Climate scenarios /
sensitivity analysis)
Assess in context of other infrastructure /
basin development plans
Consider economic and other metrics

Level of detail of risk assessment
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UMFULA - Rufiji River Basin Planning under Climate Change
Rufiji River Basin Development Plans

+
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Key Questions
- How will climate change affect water resources?
- Impact of climate change on water availability for WEF.
- Decision: Rufiji Basin dam being built; but what impacts do
upstream irrigation and new dams have?
- Decision: Future food security in the Rufiji basin: stress testing
agricultural corridors.
- Decision: Impacts of water resources management on
environmental flows.

Developing a hydrological model of the whole basin…….

Siderius et al. (2018) Going local; regionalizing and evaluating a global hydrological model to simulate river flows in a
medium-sized East African basin. Journal of Hydrology; Regional Studies.
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Information on Future Climate Change Projections for Tanzania

Summary of Changes in Extremes for the 2040s

Will it be Wetter or Drier?
Slightly more models suggest the climate will be wetter,
but many show less than 5% change by the 2040s.
Because of the high uncertainties with projections,
‘Decision-making under Uncertainty Approaches’ is the
most appropriate policy to follow.

Proposed Developments and Existing Uses – Rufiji Basin
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These proposed developments are the result of simulating trade-offs in;
• energy production,
• irrigation expansion, and
• ecosystem services
in the Rufiji Basin, across all climate projections – wet and dry, using the following multiple performance metrics:
• Average annual energy generation from hydropower dams,
• Average firm (reliable) monthly energy from all reservoirs,
• Ecosystem services metric at specific points in the catchment, and
• Irrigation expansion (area and reliability of supply).

Comparing Performance of Various Designs

Good

Bad
Conclusions
Water security and climate change;
Already facing high levels of variability…..
• Emerging issues … urban water supply/floods,
• Water-energy-food nexus,
• Focus on improved management of variability and extremes, and
• Stress-test approach to major investments.

Climate Change and
Water Security:

The availability of an acceptable
quantity and quality of water for
health, livelihoods, ecosystems
and production..’
Multiple stressors, development
drivers key to 2050s

‘…..acceptable level of waterrelated risks to people,
environments and economies’
Multiple stressors, but CC
increasingly important
Figure source – Falkenmark and Rockström, 2004

Reported by Martin Donaldson
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