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Overview
• Research project ‘UMFULA’
• ‘Future Climate For Africa’

• Rufiji River Basin 
• Problem-framing
• Stress testing development 

pathways; WEF-E
• Political economy……

• Conclusions

UMFULA
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Climate change -
Rufiji River Basin case study….

high stakes decisions?



Climate risk to major infrastructure
Siderius, C. et al. (2021) Climate variability impacts water-energy-food infrastructure performance in Eastern 

Africa. One Earth 4, 1-13.



Rufiji River Basin development plans

+

Hydropower dams

+

Wetlands and 
environmental flowsIrrigation expansion

Modelling system

Climate risk+



To what extent will 
climate change 

compromise 
development 
objectives?



Includes: 
• existing (4) and 

all planned dams 
(7)

• 2 wetlands
• 2 national parks
• Formal (4) and 

informal 
irrigation offtakes 
(9)

Water resources simulation modelGeressu, R. et al. (2020) Assessing river 
basin development given water-
energy-food-environment 
interdependencies. Earth’s Future, 7.



Irrigation expansion
up to 400,000ha

Abstractions up 
to 6.2BCM

New hydropower plants JNHPP

Development plans – trade-offs and co-benefits across the 
Water-Energy-Food-Environment sectors

Image source; http://aquate.com/



Identify most important concerns of 
managers / stakeholders



Irrigation
reliability of meeting 

irrigation water demand

Ecosystem services
peak flow frequency 

downstream of JNHPP
flow disruption metric

Hydropower production
reliability of annual and monthly

total annual production

Performance indicators

Image source; http://aquate.com/



Runoff enhances risk 
of drying

Wet and dry 
projections…

% change in 
future rainfall

Rainfall – 5 dry models 
out of 28
Runoff – 12 dry models

% change in 
future runoff



Impacts of historical variability 
What if JNHPP had been built in 1900?

Reservoir 
buffers dry 
years

But - multi-
year droughts 
stress system 

Siderius, C. et al. (2021) Climate variability impacts water-energy-food infrastructure performance in Eastern 
Africa. One Earth 4, 1-13.



• Three performance 
indicators

• Stress test under 
range of climate 
projections + JNHPP + 
irrigation

• Positive and negative 
impacts – different 
between indicators

Failure rates (%) to meet 
performance objectives 
under 24 GCM scenarios

Siderius, C. et al. (2021) Climate variability 
impacts water-energy-food 

infrastructure performance in Eastern 
Africa. One Earth 4, 1-13.



Multi-objective optimization – Rufiji Basin

• Infrastructure 
options

• Multi-year 
drought risk

• Contingency 
plans

Geressu, R. et al. (2020) Assessing river 
basin development given water-
energy-food-environment 
interdependencies. Earth’s Future, 7.



The role of governance / political economy

1. Sufficient water but multi-year drought and trade-offs 
need consideration

2. Management / governance crucial (effectiveness and 
capacity of delivery systems)

3. Political economy factors underpin decisions and 
outcomes (big decisions, ministerial responsibilities)
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