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Main Questions
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1) What is the impact of climate and environmental change	

   -> Scenarios for water demand and supply in the  	

       Zambezi River Basin (ZRB) in the future	

   -> Simulations for hydrology, climate, demand	


!
!

2) Power and conflict in international river basins	

   -> Power distribution in the Zambezi River Basin	

       (ZRB)	

   -> Game Theoretic Models

http://www.hydrosolutions.ch


Zambezi River Basin (ZRB) Overview
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Water Demand and Supply in the ZRB

⇒ Analysis and results are established by means of a coupled dynamic  
 water demand – supply simulation model. 

Eight riparian countries (Angola, Botswana, Malawi, Mozambique, 
Namibia, Tanzania, Zambia, Zimbabwe)	


!
Water abundant basin across all countries. Currently approx 15 % 

of water used.	

!

High projected growth in agriculture leading to externalities in 
other countries.	


!
Construction of 30 new dams mainly as RoR power plants.	


!
Environmental change
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Country Level Scenarios Overview

Figure: Per capita water availability [m3/year] in the!
eight ZRB countries (not only ZRB).!
.!
The blue line marks a threshold of 1700 m3/year, which is commonly regarded as a threshold!
for water scarcity.!
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Simulation Model Assumptions
Hydrological (rainfall-runoff) model of the ZRB, calibrated on the best 

available runoff data => water supply by nature 
!
Changes in water demand until 2050 

Agriculture (irrigation) 
New reservoirs/dams (evaporation) 
Household demand 
Industrial demand 
!

Climate scenarios (IPCC 2007) -> worst case 
!
Implications studied at different scales and locations 

Subbasin  
Specific locations 
Country level 
!

Results tell us how sensitive the ZRB is, at specific locations, to particular 
changes in climate and water demand 
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Scenarios
§ Scenario (1): Status quo 

§ Minor population growth and urbanization 
§ No expansion of irrigated agriculture 
§ No new hydro-power dams 
§ No water transfer projects 
§ No climate change 

§ Scenario (2): Moderate 
§ Moderate population growth and urbanization 
§ 3% of arable land irrigated 
§ Some new dams built 
§ Some minor water transfer projects implemented 
§ Moderate changes in climate 

§ Scenario (3): Strong 
§ High population growth and urbanization 
§ 8% of arable land irrigated 
§ All hydro-power dams implemented 
§ All water transfer projects implemented 
§ Strong change in climate
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Precipitation Change until 2050A.4 Water supply and demand scenarios for the ZRB, 2050 143

slower than in the other SRES storylines1.

January February March April

May June July August

September October November December

Figure A.6: Changes in precipitation in 2050, relative to the year 2000. No data is available for
a small part of Botswana [27]

1http://cera-www.dkrz.de/WDCC/ui/Entry.jsp?acronym=ENSEMBLES MPEH5 SRA2 3 MM

IPCC, 2007

Precipitation change in mm/month

15 October 2014                      Lucas Beck                                www.hydrosolutions.ch

http://www.hydrosolutions.ch


FAO, 2005

Scenarios - Agriculture
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Model Results I - Subbasins
Sub–basin Year 2000 scenario (1) scenario (2) scenario (3)
1. Delta 2126 1964 1542 462
2. Tete 1457 1397 1069 105
3. Shire 279 181 110 0
4. Mupata 996 873 514 0
5. Luangwa 87 82 0 0
6. Kariba 748 687 405 0
7. Kafue 159 131 61 30
8. Cuando Chobe 26 24 0 0
9. Barotse 204 198 0 0
10. Luanginga 15 14 0 0
11. Lungue Bungo 124 123 84 28
12. Upper 34 33 0 0
13. Kabompo 3 2 0 0

Table 2: Mean minimum flows [m3/s] in the dry season, projected for 2050 (October).
Precipitation hydrographs for the 13 sub–basins are included in the Companion Material
C at < webpage >.

Figure 7 shows the e�ects on electricity production at the three largest445

production sites in the ZRB: Cahora Bassa, Kariba, and Kafue Gorge. In-446

terestingly, the second scenario (2) has only a small e�ect on hydroelectric447

power production, especially at Kafue Gorge and Cahora Bassa, compared448

to reductions at Kariba. We interpret this result in the sense that reduced449

river flows over the year can be compensated through a better storage of450

peak flows. Peak flows are currently passing mainly through the spillways of451

Kafue and Cahora Bassa (i.e. they are not stored and then used for power452

production) or are lost through evaporation in the large inundated flood–453

plains21.454

However, in the third scenario (3) two of the three hydropower production455

sites experience dramatic losses. At Cahora Bassa the loss is 65%, at Kariba456

it is total. The Kafue hydroelectric power plant could nearly maintain its457

21Data for the year 2006 (Zesco, 2008; DNA, 2008), for example, shows that water flows
at Kafue Gorge between March and August of that year consisted on average of 650 m3/s
discharged over the spillway and 970 m3/s of turbinated water. At Cahora Bassa the
corresponding shares in the same time–period were 342 m3/s and 1493 m3/s. At Kariba
all water can currently be turbinated, except at times of very large runo� (floods).

20

Mean minimum flows [m3/s] in the dry season, projected for 2050 (October).  
           Source: Beck, Bernauer 2011  
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Water Availability at Victoria Falls in 2050

min 400m3/s

Status quo ~ scenario (1)

Scenario (2)

Scenario (3)
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Impact on Hydro Power Production
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Figure 7: Hydropower scenarios (1): white, (2): grey, and (3): black

it makes more sense to examine the sub–basin level, rather than specific470

locations. As discussed above, the Zambezi Delta could experience flow re-471

ductions in the order of 5% (scenario (1)) to 17% (scenario (2)) to 47%472

(scenario (3)). In the Kafue sub–basin, these reductions could be 9%, 31%473

and 77% respectively. In the Barotse sub–basin, reductions of 1%, 29% and474

85% respectively could occur.475

476

Figure 8 indicates some striking di�erences in flow reductions across the477

three main wetlands in the ZRB. In the Barotse sub–basin the lack of hy-478

draulic infrastructure for river regulation results in complete drying up in479

some months even in the second scenario. In the Kafue sub–basin peak flow480

is reduced but minimum flows can be kept at a higher level due to releases481

from the Itezhi–Tezhi reservoir. Flows in the Zambezi Delta are generated482

by a combination of regulated flows from the Cahora Bassa reservoir and483

unregulated flows from Lake Malawi. Due to a seasonal shift of rainfall and484

increasing runo� resulting from climate change our model predicts a chang-485

22

scenario 1

scenario 2

scenario 3
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Impact of Climate Change
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Figure 8: Mean annual flows in the Barotse Plains (before confluence with the Chobe),
Kafue Flats (before confluence with the Zambezi River), and discharge into the Indian
ocean in the Zambezi Delta. Scenario (1): dashed, (2): solid line, (3): dots. The grey
shaded areas indicate the range of uncertainties associated with climate change in each of
the three scenarios. That is, they indicate the range of mean flows that result when we
implement a given water demand scenario while varying climate change projections from
the most optimistic to the most pessimistic.

to the extent that a country is contiguous to or downstream of other coun-518

tries, a�ected by changes in water demand and climatic conditions in those519

countries. This dynamic process generates changes in water availability in520

absolute terms (runo� in a country in one of the three scenarios compared521

to the year 2000) and in relative terms (that is, relative to changes in runo�522

in other countries). We assume that from the perspective of national policy–523

makers both types of changes are important.524

Table 3 shows the average annual runo� in the eight ZRB countries in525

the year 2000 and under the three scenarios. On average, runo� decreases526

24

Anthropogenic impact: biggest 
expected change. 

!
Climate: less impact than might 

be expected. 
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Externalities in water use  
could trigger conflict - Comparison of water 

availability 2000-2050.
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Figure 9: Changes in availability (runo�) and demand under scenarios two (2) and three
(3). Note the scale di�erences between the two scenarios

production, agriculture, and tourism, as well as international political e�ects571

associated with large shifts in relative national shares in total ZRB runo�572

and water demand of the eight countries. Moreover, our model predictions573

are for “average years”, implying that the implications of our water demand574

and climate change scenarios could be much worse in drier than average years575

and locations.576

Currently existing international institutions governing water use in the577

ZRB are very weak. Most notably, it remains uncertain whether the ZAM-578

COM agreement, the only legally binding international water agreement for579

the entire ZRB, will enter into force. Even if ZAMCOM became operational580

the constraints it would impose on the water policies of the individual ZRB581

countries would be very modest. Considering what we know about chal-582

lenges of water governance in other international river basins a�ected by583

water scarcity and flow variability (Drieschova et al , 2008) we think that584

the current institutional setting in the ZRB is probably not going to be able585

to weather changes in ZRB runo� in the order predicted by our model. A586

better system for allocating the Zambezi’s water resources is urgently needed587

before distributional conflicts arise. Our results suggest that the most likely588

such conflict is going to occur between Mozambique, Zambia, and Zimbabwe,589

with Mozambique and Zimbabwe challenging Zambia if the latter expands590

its consumptive water use along the lines assumed in the second and third591

scenario.592

The (cautiously) good news emerging from our results is that changes in593

water demand are likely to have a much bigger e�ect on water availability594

27
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So what?
§ Even in a “middle-of-the-road” scenario (2) severe water 

shortages at least in some parts of the ZRB are likely. 
§ Our scenarios are for “average years”, water shortages in 

low-precipitation years could be much worse. 
§ Strong changes in relative water demand and availability of 

ZRB countries could become a source of international 
conflict. 

§ In absence of effective international cooperation on water 
allocation issues, very important transboundary impacts are 
very likely in future  

§ Allocation rules should be set up within the next few years 
before serious international conflicts over sharing the 
Zambezi waters arise. 

§ Climate impact much less important than demand scenarios 
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