THE NILE BASIN
ICE Westminster
Friday 9 November 2018
The Nile River, with its estimated length of over 6,800 km, is the world’s longest river, and covers an area of
around 3 million km2. The Nile flows through ten countries, four of which are already water scarce. The Nile
basin is currently home to approximately 160 million people, but it is estimated that in 25 years, the population in
the basin will be 600 million. Adding to the potential water stress, many large dams for hydropower and irrigation
are being built or considered in countries upstream, with consequences for countries downstream that are highly
dependent on the Nile for their water supply. These competing demands, combined with the potential impacts of
climate change leading to changes in timing and availability of water and sea level rise, could send the region’s
water resources into crisis.
This meeting explores the threats, challenges and opportunities facing the management of this major transboundary
basin. We will hear from a range of experts working at a national and multi-country level on the current state of
the basin, its future development and the crucial need for cooperation among the riparian states.
******

1. Nile basin – Transboundary Water Management in the Nile Basin
Professor Eelco van Beek, Water Resources Specialist, Deltares / University of Twente

1. The Nile Basin
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Sudd Swamp
Up to about two thirds of the water in the Sudd swamp evaporates, as shown here.

Eastern Nile
•

•
•

Flow in MCM/day into Lake Nasser

The main source of Egypt’s water:
– Blue Nile (Abbay).
– Atbara.
Very seasonal flow.
– flood protection is an issue.
Lake Nasser can accommodate this variation (including
over-year storage).

2. Egypt – the main player in transboundary issues
Egypt comprises the Delta, the Nile Valley and some Oases
(depressions) and is characterised by:
• Only 7% of the total area is inhabited.
• There is hardly any rainfall.
• Fully dependent on Nile discharge (+ storage in Lake Nasser).
• Actual population in 2018 was nearly 100 million.
• No fresh water now reaches the Mediterranean - only drainage.

Horizontal expansion (achieved by 2000, under
implementation and planned until 2017):
•
•
•

Increase irrigated agricultural area by 35%.
But, supply remains the same (55.5 BCM).
Water availability per area (1 feddan = 0.42 ha)
will decrease.
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3. Main Agreements on the Nile
•

1929: Egypt and Great Britain (repr. Sudan, Kenya, Tanzania and Uganda)
– no works to be undertaken on the Nile, tributaries and lakes which would reduce the volume of the
Nile water reaching Egypt.
– Egypt has the right of inspecting the implementation of projects.

•

1959: Egypt and Sudan
– construction of High Aswan Dam (HAD - Lake Nasser) and Roseiras Dam (Sudan).
– allocation: 55.5 BCM to Egypt and 18.5 BCM to Sudan.
– additional water (by projects, climate change, etc.) to be shared equally between the two countries.

Nile Basin Initiative (NBI)
This Initiative was launched in February 1999 by the water ministers of nine countries
that share the river: Egypt, Sudan, Ethiopia, Uganda, Kenya, Tanzania, Burundi,
Rwanda, and the Democratic Republic of Congo. It was strongly supported by the
World Bank and other Donors. Its Objectives were:
•
•
•
•
•

To develop the water resources of the Nile Basin in a sustainable and equitable
way to ensure prosperity, security and peace for all its peoples.
To ensure efficient water management and the optimal use of the resources.
To ensure cooperation and joint action between the riparian countries, seeking
win-win gains.
To target poverty eradication and promote economic integration.
To ensure that the program results in a move from planning to action.

4. Potential Upstream Developments
There are three possible upstream developments: Jonglei Canal, Gambela Dam on the Baro River, and the
Great Ethiopian Renaissance Dam (GERD).

•
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Projects will prevent/reduce flooding of wetlands:
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– wetlands are important for livelihood local population
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(Dinka, Nuer and Shillluk).
– restrict movements of people, cattle and wildlife across the
canal (WWF: empty canal is a wild trap).
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Much research has been done:
– most research is rather outdated (and assumed the construction of the Jonglei canal as starting
condition).
– main physical issue (hydrological performance of Sudd) is not well understood.
– global thinking about this kind of project has changed.
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Jonglei Canal
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– advantage: less evaporation.
– disadvantage: reduced ecosystem performance.
Very-very rough calculation:
– yearly evaporation Sudd: 2,000 mm/yr; rainfall = 700 mm
– area: 30,000 km2
– total ‘loss’ in Sudd is 39 BCM/yr (30 x 1.3)
– each 1 BCM/yr drainage will reduce the wetlands by 2.5%
Jonglei canal (4 BCM/yr)
– according to above calculation: reduction of Sudd by 10%
– according to other sources: reduction by 30%
– actual amount depends on definition of wetland

Position of Egypt on Jonglei Canal
•
•

•

Formal governmental position not clear.
Informal MWRI position is that they want to complete the project; their arguments:
– small reduction of swamp.
– prior to 1960 the swamp was much smaller.
– wildlife more threatened by poachers than by decreasing area.
– Egypt has no alternative / what is more important: people or birds?
Jonglei Canal is not included in NWRP.
– however, additional horizontal expansion area (in Sinai) has been labeled for development in case
Jonglei will be completed.

Gambela Dam
•
•
•

Will smooth the flood wave of the Baro and by that reduce the flooding of the Machar wetlands.
The remaining flooding can be ‘prevented’ by digging a by-pass.
Result: complete disappearance of this wetland.

5. Grand Ethiopian Renaissance Dam
•
•
•

•
•

Construction started in 2010 (when Egypt was in political turmoil).
Designed and build by Salini Impregilo.
Storage 74 BCM.
– about 1.5 times average yearly inflow.
– HAD 162 BCM.
Hydropower capacity 6,350 MW.
– HAD 2,100 MW.
Issue: impact on Egypt (and Sudan).
– during normal operation.
– during filling.

Impact of GERD on Egypt
GERD will influence flow in the Eastern Nile system, potentially resulting in shortages (< 55.5 BCM/yr) at Aswan.
The main impacts will be:
• less water available for the agricultural sector in Egypt:
– reduction in agricultural production value.
– irrigation area to be taken out of production.
– people losing (part of) their income (employment).
– increased import of food.
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•
•
•

less hydropower produced at HAD.
navigation restrictions (Aswan-Luxor).
increased salinization in Delta.

Alternative Filling Strategies

Cooperative &
adaptive

Not
cooperative

1. Filing GERD in fixed period of time (number of years).
- this is what Ethiopia informed the other countries they will do, with one year more
or less when the conditions are dry or wet.
- we analyzed 5, 6, 7, 8, 9 and 10 years.
2. Filing GERD with percentage of inflow.
3. Filling GERD while maintaining a minimum outflow.
4. Filling GERD while maintaining a minimum level in Lake Nasser.
- e.g. 155 m and 160 m, with combinations of strategies 1 till 3.
5. Reducing the full supply level of GERD.
- e.g. 630 m and 620 m, with combinations of strategies 1 till 3.
To be evaluated for:
o Average conditions.
o Dry conditions (the 1980s drought).
o Wet conditions.
o Synthetic time series.

Some Findings on Alternative Filling Strategies
If filling takes place in a
• wet period: no major problems.
• average period: no release shortages at Aswan due to filling.
- but hydropower production at HAD will be less.
• dry period: major impacts for Egypt.
- damage to Egypt will be bigger than hydropower benefits of GERD.
Following a cooperative filling strategy during average and dry periods will result in:
• much less damage to Egypt.
• at relative small reduction in hydropower benefits at GERD.

Cooperation between Ethiopia-Sudan-Egypt on GERD
• GERD discussion has been placed outside NBI.
• Egypt strongly opposed unilateral decision of Ethiopia to
construct GERD.
• Discussions take place at 3 levels:
- TNC (Tri-partite National Committee) 3 x 5 members, since 2014. 18+ meetings.
- Ministerial level (Water, FA, Security).
- Heads of State level.
• 2012-2013 – Independent Panel of Experts (IPoE),
recommending:
- Modelling Study and Transboundary Impact Study.
• Studies to be carried out by 2 French consultants (BRLi and
Artelia) – supervised by TNC:
- started in February 2017.
- Inception report not approved yet – studies stalled.
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• March 2015 – Declaration of Principles on GERD.
• 2018: Independent Committee on Filling (3 x 5 members).
- No agreement yet.

Conclusions of Impacts of Upstream Developments on Egypt
Distinction to be made to between consumptive use and hydropower.
Consumptive use (e.g. irrigation) will have a direct impact on availability of water for Egypt.
• main issue: what will Sudan do? Comply with their share of 18.5 BCM/yr?
Hydropower
• reservoirs will lead to additional evaporation losses.
• at the same time, more storage can be used in periods of prolonged drought.
• however, re-filling the reservoirs after such period of prolonged drought is an additional risk for Egypt.
Cooperation between riparian states is essential to avoid conflicts and improve the overall system performance.
• in case of full cooperation: Egypt can benefit from upstream developments.
******

2. Lake Victoria - The Challenge of Water Resource Management under a Variable
and Changeable Climate
Helen Houghton-Carr, Senior Hydrologist / Project
Manager at NERC Centre for Ecology & Hydrology, CEH

Lake Victoria Basin
• Largest tropical lake in world with large & rapidly
growing population.
• Lake important for domestic, agricultural &
industrial water supply, fisheries, navigation,
transport & power generation.
• Inadequate contemporary hydrometric monitoring
& increasing water quality challenges.
• Need to account for possible impacts of climate &
socio-economic changes on water resources in longterm decisions being made now.

Effect of Lake Level Variations 1965 - 2006
• Increased pumping costs & treatment costs for water supply & sewage operators.
• Increased pumping costs for irrigation from lake for
farmers.
• Smaller fish catches, inaccessible landing sites & ‘muddy
access’ to boats for fishing sector.
• Ships on lake operating partially loaded & some propeller
damage.
• Pollution worse because of low lake levels.
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Lake Water Balance
Input variables
Direct rainfall on lake
+ Tributary inflow

Output variables
Evaporation
+ Outflow
+ Change in storage

Estimated variables
Measured variables
Direct rainfall on lake
Outflow
- Evaporation
= +Change in storage
+ Tributary inflow

Water balance is dominated by on-lake rain and lake evaporation.
On-lake rainfall contributes ~85% of the input.
Tributary inflows contribute ~15% of the input.
Evaporation from the lake is the largest output.

NBS is calculated from records of
outflow & change in storage (level)
from 1896.

Outflow Calculated by Agreed (Rating) Curve
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Past Lake Levels

Note that very heavy rainfall during the early 1960s pushed up the lake level by some 2 metres, as shown on the
above chart.

Abstractions in Lake Victoria Basin (2012)
•
•
•

2010 estimate of total existing abstraction of 1,235 MCM/yr. Approx. 67% drinking, 33% agriculture.
Equivalent to 4.6% of long-term “input” (NBS).
Equivalent to reduction in lake level of 0.02 m/yr.

Modelling Future Lake Levels
•
•
•

•

Validated lake water balance (WB) model & validated stochastic model of lake NBS, both approaches
using Agreed Curve.
Rainfall & evaporation or NBS from current climate are perturbed by change factors from CMIP5 climate
models (raw values from climate models have large biases, so only changes are used).
Representation of the lake itself varies between models:
➢ Lake: there is water in the model where Lake Victoria is.
➢ Soggy Soil: there is a permanently saturated soil.
➢ No Lake: there is grassland or other land type.
➢ Unknown: no information available on the type of land use.
36 CMIP5 models used in WB modelling & subset (red) in stochastic modelling. There is a wide spread in
possible change, consistent with other analysis of possible climate change for East Africa, showing rainfall
may increase or decrease.

Comparison of Model Outcomes: Levels
•
•
•
•

Generally results are similar with the majority of results within the historical range of 10.5-13.5 m (JJG).
Potential maximum from stochastic model (~17 m) higher than from WB model (~16 m).
Potential minimum from stochastic model (9.6 m) similar to WB model (9.8 m).
More extreme high and low levels from stochastic model from events with tiny probabilities (0.0001).
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Comparison of Model Outcomes: Outflows
•
•
•

Generally, results are similar with the majority of model results within historical range of 345-1,722 m3/s.
Potential maximum from stochastic model (~5000 m3/s) higher than from WB model (~4000 m3/s).
Potential minimum from stochastic model (129 m3/s) similar to WB model (174 m3/s).

Implications for Management
•
•
•
•
•
•
•

Understand behaviour of hydrological systems.
Understand impacts of pressures on hydrological systems (climate, population, land use, economic activity)
Assess water resources.
Generate evidence to inform management & policy decisions.
Mediate between competing demands to achieve equitable & sustainable water use for all.
Enable adaptation to reduce vulnerability to future change.
Contribute to economic development & poverty alleviation.

Possible Lake Level Futures
•
•

•

Similar to past (i.e. variable).
Persistently drier than past: lake levels are considered “too low” by water-sector stakeholders, reduced
outflow for hydropower & users downstream, & increased tension between the needs of different
stakeholders.
Persistently wetter than past: levels are considered “too high” by stakeholders, with potential for enforced
excessive releases at the outlet, flooding downstream, & increased tension between stakeholders.

Abstractions as a Dynamic Water Use?
Should abstractions be regarded as a dynamic water use & responsive to the level of the lake (like hydropower
releases)?
• Any reduction in abstractions would have to be borne primarily by irrigated agriculture (not water supply).
• Any need for constraint is likely during dry years, which will also coincide with higher irrigation demands.
• Whilst upstream stakeholders might contribute to lake level stability by curtailing abstractions, they would
not benefit from increased lake level stability (so need some form of compensation).
• There is no regional agreement on water rights across the basin – policy must apply to all countries equally.

Factors influencing Lake Level: Outflows
Is the Agreed Curve the optimum release policy?
• The Agreed Curve is theoretical at levels >13.5 m and at levels <10.5 m.
• Uncertainties regarding the water volumes that the dams at Jinja can physically release and consequent
implications for HEP generation.
• Old rock bar of Ripon Falls provides a physical lower limit to outflows - but level unknown (9-10 m JJG?)

Lake Victoria as a Regulating Reservoir?
•

Hydropower operators may like to operate the lake as a regulating reservoir, storing water in wet years in
order to sustain releases (and hence power generation) in drier years, which should also minimise sluice
spills that cannot be used for power generation.
➢

•

Outflows would be more stable but lake levels would be more variable (~6 m)

Riparian stakeholders may like lake level variation to be reduced.
➢

Lake levels would be more stable but outflows would be more variable - to the disbenefit of power
generation – with increased spills in wet years & lower releases during extended periods of dry years,
having an adverse effects on populations downstream.
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Developing Alternative Release Policies
•
•
•

•
•

Different stakeholder groups – including downstream stakeholders - have different aspirations for lake
levels & lake outflows.
Any water release policy has to achieve a delicate balance between stability/variability in lake levels & in
lake outflows.
Over a period of several years, outflow (releases plus spill) from the lake must match net input (net rainfall
plus tributary inflow) to the lake - it is not possible to depart from the Agreed Curve for long without
upsetting the balance.
Lake Victoria basin lies in a region of high climatic variability with consequently high natural variation in
basin rainfall & tributary inflows.
There is no information that the future hydrology will be similar to the past – there is a wide range of
possible futures even without climate change.

Stochastic Model: Exploring Alternative Policies
•
•

•
•

The performance of any proposed new water release policy can be compared to the performance of the
Agreed Curve.
A large number of future sequences of possible NBS (1,000 possible 30-year series can be generated by
sampling with replacement the historic NBS series) and run through the stochastic model using a defined
release policy.
By progressively changing the release policy parameter set it is possible to evaluate different policies.
Feasible potential policies may be assessed in terms of their impacts (relative to the Agreed Curve) so that
an optimum water release policy may be identified.

Recommended Policy (2012)
• Recommended policy is a modification of
the Agreed Curve with 7 lake level zones,
with a constant outflow from each zone.
➢ Lake level range 2.87 m in 5
intermediate zones.
➢ 1% of time in upper zone.
➢ 5% of time in lower zone.
• Policy is undergoing Strategic
Environmental Assessment…..

Concluding Remarks
•

The CMIP5 model ensemble does not provide a probabilistic prediction of change – rather it provides a
range of plausible future levels.
➢ Not discounting the outliers because all models are plausible.

•

CMIP5 models may not include the actual future change, even within their large spread of change – hence,
sensitivity analysis.
➢ In most of tropics, changes in rainfall are to be expected with climate change.

•

Climate models struggle to capture many salient features of East African climate.
➢ Models tend to show increased rainfall for the “long rains” of March, April & May - recent
decades have shown a drying (East African climate paradox).
******

10

3. Evolving Approaches to Water Policy and Projects and the Impact on Conflict in
Rural Sudan
Brendan Bromwich, Researcher, Food Water & Society Group, King’s College London

Conflict in Sudan - Environmental Governance Fails

Technical Challenges in the Humanitarian Programme
Reduction in water table
levels is a serious problem for
refugee camps.

Reforming and Rebuilding Darfur’s Institutions
Formal Peace agreement: “Developing policies and conducting necessary studies
for putting an end to environmental degradation”.
Local level agreements: e.g. timing of migrations, water a common good.
Some extracts from Darfuri consultation vision statements:
• “Community based approaches that make increased use of local
institutions such as Village Development Committees”
• “Water resources managed along catchment boundaries"
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National dialogue – Sudan Integrated Environment Project (SIEP 2007-2011)
•
•
•
•
•
•

Request of Minister for a national programme.
Speech in parliament – December 2011.
2 workshops.
5 working groups.
Groups established in December 2011.
Change of minister, so no final document, but process had an impact.

DFID Aqua 4, East /Darfur
•
•
•
•
•
•

Catchment based.
Joint committees, tours and planning.
Key moment when problems are collective rather than
competing.
Addresses conflict by creating shared approach to
problems rather than competition.
A new normal for community WASH in drylands?
Water-spreading weirs introduced (photo right).

Wadi El Ku (WEK): 2012-2017
•
•
•
•
•
•

Science as a broker between conflicting
parties.
Science for building trust.
Bridging the gap between formal science and
community science in the WEK Forum.
Institutional bricolage.
WEK recognized at national level.
WEK upscaling from subcatchment to whole
catchment.

WEK 2: 2018-2022
•
•
•
•
•
•

Whole catchment perspective.
Bringing institutional crafting to a higher level
of organisations.
Interstate dimensions included.
Citizen science elevated; barefoot hydrologists.
Establishing State wide water policy process.
Operationalisation of water licensing system for wadi
bed land use.

Zero Thirst National Campaign brings Communities
on board 2015-2030
• The Dams
Implementation Unit
– a journey with
increasing social
engagement.
• Designing community based management guidelines.
• Target for universal access as contribution to SDGs.
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IWRM Net Sudan
•
•
•
•
•
•

Headed by the UNESCO Water Chair.
Membership of all water related science centres, government
departments, state representation.
Aims to create water national research agenda.
Formulate the contribution of university research aligned to national
research agenda.
Coordinate open data drive.
Create platforms for advancing water science and decision makers dialogues.

Conclusions: Lessons for Institutional Bricolage
Note: 'Bricolage' is a French word, meaning the construction of things from the materials at hand - in this case
using already established local institutions.

******
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4. Blue Nile - The Grand Ethiopian Renaissance Dam: The Nile’s Greatest
Opportunity or Risk?
Kevin Wheeler, Research Associate at the Environmental Change Institute, University of Oxford

Treaty of 1902 between the United Kingdom
and Ethiopia
Colonial Independence
1959 Agreement between the Republic of the Sudan
and the United Arab Republic [Egypt] for the full utilization of the Nile waters:
• 55.5 Billion Cubic Metres to Egypt
• 18.5 Billion Cubic Metres to Sudan

Modern Historical Development
Egypt
• Aswan Dam (1902)
• High Aswan Dam (1960-70)
Sudan
• Sennar Dam (1925)
• Jebel Aulia Dam (1937)
• Khashm El Girba (1964)
• Rosaries Dam (1967)
• Merowe Dam (2009)
• Upper Atbara/Setit (2015)

1902
1970

Ethiopia
• Tekeze Dam (2009)
• Tana Beles HP (2009)
• GERD

50,000
Relocated
2009

GERD Flows & Storage
•
•
•
•

Average Annual Inflow = 48 bcm
Total Storage = 74 bcm
Active Storage = 59 bcm
Active Storage/Average Annual
Inflow = 1.2
1937

For 100% inflow to Egypt's Lake
Nasser
• 13% - from Atbara River
• 57% - from Blue Nile
• 30% - from White Nile

1964

1925

2015
2009
1967

GERD

For the 57% inflow from Blue Nile
• 53% is above GERD
• 4% is below GERD
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POTENTIAL EFFECTS OF THE GERD TO SUDAN
• Potential Benefits
+ Increased Irrigation Potential
+ Improved Flood Risk Management
+ Decreased Sediment
+ Improved Hydropower Generation (Uplift)
• Potential Risks
- Loss of Flood Agriculture
- Loss of Nutrient Transport
- Unknown Alteration of Ecosystems

POTENTIAL EFFECTS OF THE GERD TO EGYPT
• Potential Benefits
+ Increased Upstream Storage
> Increased Water Security
+ Decreased Sediment
• Potential Risks
- Decreased Control of Flows
>Decreased Water Security
- Decreased Hydropower Generation

Dam Operations becomes the
Negotiation Space

GERD - DEVELOPMENT SEQUENCE
▪ 1964 Ethiopia requested the USA to Conduct a Study.
▪ March 2011 – “Project X” was announced.
- $4.8 Billion - 10% of GDP.
- Design and impact assessments not released to the public.
▪ 2012-2013 - International Panel of Experts (IPoE) convened.
▪ March 2015 - “Declaration of Principles” agreement signed.
▪ Sept 2016 - European consultants contracted to begin social and environmental impact analysis.
▪ Nov 2017 – Technical talks have failed – NO BASELINE.
▪ July 2018 – Independent Scientific Committee Convened.
2018 - PROJECT STALLS WITH 65% COMPLETION
▪ New Prime Minister Abiy Ahmed.
- Ends Protracted war with Eritrea.
- Encourages re-engagement of Ethiopian diaspora.
- Publically announces severe GERD project delays.
▪ Project Engineer Simegnew Bekele found deceased.
▪ METEC required to subcontract electromechanical works.

FILLING BEGINS IN 2019 ???
KEY QUESTIONS TO ADDRESS
1.
2.
3.
4.

How should the reservoir be initially filled?
How might the reservoir operate after it is filled?
How should the downstream reservoirs adapt?
What agreements are needed to accomplish this?
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RECENT STATE OF THE HIGH ASWAN DAM (HAD)

Annual
Flood Space
Requirement
175 m

HAD Drought Management Plan
5% Reduction
10% Reduction
15% Reduction
ABRUPT AND
UNPLANNED
REDUCTIONS

AVERAGE ENERGY GENERATION IMPACTS

Short Term = Average of initial 10 years after filling begins
Medium Term = Average of 11-30 years after filling begins
Units are 1000 GWH

TWO KEY FILLING QUESTIONS
1. Would Egypt use the High Aswan Dam drought management plan during the filling period?
2. Would Ethiopia be willing to use the GERD to protect the High Aswan Dam if it falls to critical levels?

DEFINE ‘NO SIGNIFICANT HARM’
• Sudan
• Average annual energy generation will not decrease.
• Average annual shortages to water users will not increase.
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• Egypt
• Average annual energy generation will not decrease.
• Average annual shortages to water users will not increase.
• Probability of HAD reaching MOL will not increase.

Energy Compromise by
Egypt

Continuous Coordination Scenarios
causing ‘No significant harm’

Energy Compromise by
Ethiopia

CONCLUSIONS
•
•
•
•
•
•

Ethiopia believes that energy production is their key to development.
Sudan's agriculture is going to benefit greatly from the GERD.
Egypt fears that upstream development will reduce their already stressed water supplies.
GERD filling can be done safely if there is continuous coordination.
GERD-HAD Safeguard policy would allow the HAD to be operated at a lower elevation.
Cooperation will be critical during multi-year droughts.

******
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5. Predicting East African Rainfall from Days to Decades
John Marsham, Associate Professor with Water, University of Leeds and
National Centre for Atmospheric Science

General Comments
East Africa is the main domain that we are interested in, but in particular we
will be concentrating on Lake Victoria.
Lake Victoria is the world’s second largest freshwater lake and is located at
the intersection of Kenya, Uganda and Tanzania. The lake is surrounded by
mountains and is greater than 250 km in length, which is large enough to
have a significant effect on regional weather.
The lake is a hotspot for convective storms that occur, on average, 175 days per year. The vigorous up and
downdraughts within the core of the storms produce very high wind speeds at the surface, which drive large waves
on the lake.

Motivation for Study
•
•
•
•
•
•

Rapidly growing (urban) population.
Relatively arid – water availability is a growing issue.
Suffers regular droughts (e.g. 2011 on right) & floods.
Has high inter-annual variability in rainfall.
Vulnerable to climate change.
Predictions are valuable across all time-scales.

Intra-annual Rainfall Variations
There are large variations in average seasonal cycle over small spatial scales in East Africa.
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The Biannual Rainfall Region
Rainfall in East Africa can
be divided into the Long
and Short Rains.
The pattern of monthly
rainfall variations shows
some correlation with
monthly sea surface
temperatures (SST).
Computer Modelling
“Long
rains”
The computer models used
for data processing were
based on a 100 km grid
box, with many clouds
within a grid box.
• Model errors are
similar in climate runs & weather forecasts.
• “Fast physics” (e.g. clouds & convection) cause many errors in climate models.

“Short
rains”

Parameterised:
•
Δx ~ 100km, many clouds in a grid cell
•
Assume:
1) All up and down draughts occur within the grid-box.
2) Updraughts occupy a small area of the grid-box.
3) Quasi-equilbrium
• Parameterised convection has no memory beyond impacts of
the parameterised convection on the profile.
Permitting convection on grid-scale improves diurnal cycle,
• No representation of self-organisation.

Explicit:
•
•

Δx ~ 1km.
Many cells for each cloud.

storm propagation, cold pool outflows, storm organisation,
rainfall intensities , and can affect the entire continental-scale
flow (e.g. Marsham et al, 2013 for West Africa)

Much detailed graphical output was presented of a variety of computer model simulations, taking into
account the estimated effects of "climate change", and the convective processes dominating the East
African tropical climate. These results are not discussed here in detail due to the technical complexities
involved, but the output is summarised in the Conclusions below.
Conclusions
▪
▪
▪
▪
▪
▪
▪
▪

East Africa has a diverse and poorly understood climate.
Opportunities to use models across time-scales to understand processes and reliability of predictions.
Convection-permitting NWP has some limited benefits.
OND rainfall is predictable on a seasonal time-scale, from SSTs, MAM rainfall is not.
Combining models & statistics give best predictions.
No easy links from performance of climate models in current climate and narrowing spread of projections
so far.
Spread of climate model projections controlled by uncertain response to uniform component of ocean
warming (as well as pattern) and regional dynamics (but not necessarily over East Africa).
Convection-permitting climate models offer new tools for understanding, but must account for global scale
uncertainty.

******
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6. Egypt – Support to the National Water Resources Plan
Caroline Bäcker, Portfolio Manager International Water and Climate Change, Mott MacDonald

NWRP History
• NWRP 2017 Water for the Future, started in 2005.
• NWRP Coordination Project from 2009 to 2013.
• Support to the NWRP 2037, from 2014 to 2017.

NWRP 2037: Egypt Water Footprint
•
•
•
•
•

Total water demand → 114 BCM/year.
Imported virtual water → 34 BCM/year.
Available water resources → 59 BCM/year.
The remaining water gap → 21.00 BCM/year.
To close the gap → reuse of water (drainage water reuse and reuse of shallow groundwater).

NWRP 2037 – Main Objectives (and also for Water Strategy 2050)
•
•
•
•

Enhance availability of fresh water resources.
Improve the water quality.
Enhance the efficiency of water use.
Improve enabling environment for IWRM, planning and implementation.

NWRP Objective 1: Improve the Enabling Environment
•
•
•
•

Raise awareness about water issues.
Enhance institutional and human resources capacity (at both national and local levels).
Enhance and improve legal framework.
Enhance and improve institutional framework (inter-agency coordination platform for NWRP).

NWRP Objective 2: Availability of Fresh Water Resources
•
•
•
•

Desalination.
Sustainable use of groundwater.
Use of brackish groundwater.
Rain water and flash flood harvesting.

NWRP Objective 3: Improve Water Quality
• More wastewater treatment plants.
• Low cost drainage water treatment (e.g. in-stream / off-stream
wetlands).
• Solid waste management.

NWRP Objective 4: Efficiency of Water Use
•
•
•
•
•
•

Reduce cultivated areas of water consuming crops.
Promote low water consuming crops.
Apply modern irrigation techniques.
Reuse of drainage water and treated wastewater.
Decrease losses in municipal water network.
Maintain, rehabilitate and improve irrigation and
drainage infrastructure.

Decentralized Water Resources Planning
•
•
•
•

Forming/updating the GWRC and the GWRU.
Sharing the guidelines on developing GWRPs.
Initiating data and information collection.
Drafting a water current situation analysis for each
Governorate.
• Formulating water resources plans in each Governorate.
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NWRP Outcomes and Measures:
Objective 1: 4 Outcomes and 22 Measures.
Objective 2: 4 Outcomes and 4 Measures.
Objective 3: 4 Outcomes and 9 Measures.
Objective 4: 7 Outcomes and 27 Measures.
All Objectives have Indicators / Baselines / Targets:

• Outcome Indicators
• Outputs / Progress Indicators

Outcomes and Measures of Objectives (1)
Outcomes of Objectives (2, 3 & 4)
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******
Reported by

Martin Donaldson
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