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Abstract

When the Grand Ethiopian Renaissance Dam (GERD) is completed, it will join
Egypt’s High Aswan Dam (HAD) as part of the world’s only river basin with two
megadams—each with no agreed-upon, coordinated operation and no coordination
among the riparian countries through which the transboundary river flows. The GERD,
once filled, is a prime area where coordination could prove invaluable, but where
divergent interests challenge that prospect. For example, Ethiopia could benefit from a
rapid fill of the GERD reservoir, upholding its right to equal access to the shared water
resource, while generating electricity and boosting its economy. In contrast, Egypt fears
an expedited fill, arguing its right not to be significantly harmed by its neighbor’s use of
the same river.

I postulate that these opposing interests can be minimized to produce mutual
benefit by employing mathematical models and collecting certain data. In order to gauge
what impacts different fill rates could have on development in the basin across the water-
food-energy nexus, I propose that the United Nations 2030 Agenda for Sustainable
Development be used as an analytical lens to assess the intersecting economic, social, and
environmental impacts that the GERD might have on each nation. Second, once these
impacts are identified, the UN 2030 Agenda’s three Sustainable Development Goals
(SDGs) that pertain to the water-food-energy nexus can be modeled using a mathematical
river basin simulation model to simulate the range of possible outcomes across five fill

scenarios: unconstrained, three years, five years, ten years, and no GERD. Finally, I



postulate that the Water Diplomacy Framework (WDF) could then be used to facilitate a
mutually agreeable solution by treating these multi-dimensional costs and benefits as
fluid currencies within a shared river basin, in contrast to the current zero-sum paradigm
over the singular resource of water.

Ultimately, I arrive at three conclusions:

1. The UN 2030 Agenda is a powerful lens through which integration of
development priorities can be understood, but national strategy plays an equally
important role in customizing those goals.

2. Simulation models can provide a valuable source of objective and testable data to
measure potential impacts of the GERD on riparian countries.

3. The WDF can be used to harmonize national priorities between basin-states to
enable the GERD’s developmental potential without significant harm downstream

that would likely occur in the absence of coordination.
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Chapter I

Introduction

The Grand Ethiopian Renaissance Dam (GERD) is one of the most contentious
infrastructure development projects in the world. Currently under construction, the
forthcoming largest hydroelectric dam in Africa promises to revolutionize Ethiopia’s
energy and economic future." The GERD approaches its estimated 2017 completion
despite political resistance by downstream riparian neighbor Egypt as well as ongoing
threats of warfare. While Ethiopia expects to gain tremendous benefit from the project,
Egypt continuously opposes its progression, fearing significant reductions to its
hydrological lifeline stemming primarily from Ethiopia’s Blue Nile tributary.”

Once the Blue Nile is dammed and its reservoir begins to fill, Egypt will feel the
pinch of water scarcity during the filling period in one of the driest regions of the world.
Ethiopia downplays this risk and stresses the importance of the project as a tenet of its
national sovereignty,” a necessity for its rapidly growing economy and population, and a
marker of its emerging geopolitical influence on the African continent. In turn, Egypt

sees its own national and hydrological security in crisis, its historically Nile-dependent

! William Davidson, “Ethiopia’s Largest Hydro Plant to Produce Power This Year,” Bloomberg
Business, March 18, 2015. Available from: <http://www.bloomberg.com/news/articles/2015-03-
18/ethiopia-s-largest-hydro-plant-to-produce-electricity-this-year>. Accessed February 21, 2016.

2 Temesgen T. Deressa, and John Mukum Mbaku, “While Egypt Struggles, Ethiopia Builds over the
Blue Nile: Controversies and the Way Forward,” Brookings Institution, July 25, 2013. Available from:
<http://www.brookings.edu/blogs/up-front/posts/2013/07/23-ethiopia-hydroelectric-power-plant-mbaku>.
Accessed February 21, 2016.

3 Nizar Manek, “Water Politics along the Nile,” Le Monde Diplomatique, May 2014. Available from:
<http://mondediplo.com/2014/05/09egypt>. Accessed February 21, 2016.



economy at risk, and its hard-powered dominance of the world’s largest river basin at a
pivotal turn toward submission. Sitting between these two countries, intermediary Sudan
is caught between historic ties to co-defend its shared claim to riparian dominance with
Egypt, and previously unanticipated economic prospects from Ethiopia’s dam that could
compel its conversion to support it. Despite high-profile gestures by the national leaders
of all three countries to defuse heightening tension, the cascading economic,
environmental, and social effects coming from the largest infrastructure project in Africa
point to historic and lingering potential for conflict in the face of dissent.”

For years, the legal dimension of this water “cold war” placed Egypt and Ethiopia
at odds over the extent to which Ethiopia could utilize its domestic water resources at the
expense of causing downstream harm. While this context is explored more fully in
Chapter III on the “History of the Nile,” a 2015 agreement between both nations and
Sudan agreed on a “Principle Not to Cause Significant Harm.”” In contrast to causing “no
harm,” this compromise by Egypt allows Ethiopia to utilize its riparian water resources
even if it creates a degree of damage downstream. A similar “Declaration of Principles,”
signed in Khartoum, also speaks to the potential need to alleviate significant harms
should they occur, and to compensate harmed parties.® With construction of the dam

currently underway and the realization that its presence will be felt in some manner

* Hassan Hussein, “Egypt and Ethiopia Spar over the Nile,” Aljazeera America, February 6, 2014.
<http://america.aljazeera.com/opinions/2014/2/egypt-disputes-ethiopiarenaissancedam.html>. Accessed
February 21, 2016.

> «Full Text of ‘Declaration of Principles’ signed by Egypt, Sudan and Ethiopia,” Ahram Online,
March 23, 2015. Available from: <http://english.ahram.org.eg/News/125941.aspx>. Accessed March 23,
2015.

6 . .. .
Declaration of Principles.



downstream, whether significantly or otherwise, strategies to encourage further

cooperation must be thoroughly examined.

Current Challenges
The GERD creates two kinds of challenges for Egypt, Sudan, and Ethiopia. These
problems emerge from the unique nature of the water basin: two of the largest mega-
dams in the world will be operated by two different countries with no meaningful

cooperation in place to administrate their usage.

Challenge One

The first challenge—Ethiopia’s aggressive filling of the GERD’s reservoir—
could limit flow downstream, thereby stressing the water supply for Egypt and Sudan.
The amount of time elapsed before Ethiopia could generate maximum energy because the
dam is filled to capacity is uncertain; it may be a short to medium challenge or it could
take up to 10 years. While Egypt has up to two years’ worth of water stored in Lake
Nasser behind the High Aswan Dam (HAD), Egypt’s concern is that that amount would
not be nearly sufficient to cover the time needed to fill the GERD’s reservoir. A rapid
filling rate, coupled with drier than average years in the Nile River Basin, could lead to
dangerous deficits for Egypt that would impact the country’s agriculture, food security,
hydroelectricity production, and jobs associated with all of the foregoing vulnerabilities.
It would adversely affect agricultural jobs first and hardest by restricting crop selection in
the face of water shortage, and inadequately distributed safety nets could accentuate

inequalities in downstream Egypt and Sudan.



Water must be viewed as one currency of several to resolve problems. For
example, water-stressed agricultural unproductivity could create a national food shortage.
However, financial resources could go toward importing food to meet demands. This
money could come from Egypt’s national budget which stands to save on energy costs
due to subsidies on Ethiopian hydropower from the GERD once completed, if a
transmission line connecting the GERD with the Egyptian grid is constructed. Currently,
there are no such plans in development. Thus, while a domestic water shortage is the
surface problem, a current inability to optimize resource allocation in the Nile River
Basin is the core issue that needs to be resolved. Capitalism has a role to play in
appropriating supply to meet demand, but amenable policies are needed to dissolve such

hurdles via the gateways of diplomacy and negotiation.

Challenge Two

The second challenge disproportionately hinders Egypt in the medium to long
term, and ironically emerges from the same legal context that gave Egypt the lion’s share
of Nile waters for decades. The 1959 Agreement between Egypt and Sudan for utilization
of the Nile waters was a bilateral foreign policy proclamation that allotted to Egypt 55.5
billion cubic meters (bcm) of the river’s annual 84 bem (as measured at Aswan), and 18.5
bem to Sudan, leaving 10 bem for anticipated evaporation from Lake Nasser behind the

HAD, and none to the other riparian states.’” Despite Egypt’s overwhelming allotment, its

7 Mwangi S. Kimenyi, and John Mukum Mbaku, Governing the Nile River Basin: The Search for a
New Legal Regime (Washington, D.C.: Brookings Institution Press, 2015), 33-45.



allotment has grown to more than 60 bem.® This occurs due to Sudan’s lack of a reservoir
storage site, which means Sudan can use only 13.5 to 16 bem’—significantly less than
was allotted in 1959. The remainder flows downstream and is added to Egypt’s share.'
Egypt also benefitted from the basin’s higher-than-average flow in the past century:
inflow to Aswan averaged 91 bem rather than 84."

An upstream hydroelectric dam in Ethiopia, built to constantly generate
electricity, would require regular release of its stored water throughout the year rather
than the seasonal flow that occurs on the Nile each summer. By receiving water from
Ethiopia regularly throughout the year (rather than as a lump amount that cannot be
stored and is too large to use at once), Sudan is able to harness its full entitlement of 18.5
bem of the Nile’s annual estimated supply, thereby utilizing the surplus that in the past
went to Egypt. The additional supply to Sudan could also help its irrigation and
agriculture, and incentivize the country to support Ethiopia’s GERD despite Egypt’s
resistance. In contrast, diminished water supply challenges Egypt in the same ways filling
the GERD reservoir would in the short term, only now it would continue indefinitely.
Long-term, lower-water supplies cause risks to hydropower generation, agricultural

production, and saltwater intrusion into Egypt’s delta.

8 “The Grand Ethiopian Renaissance Dam: An Opportunity for Collaboration and Shared Benefits in
the Eastern Nile Basin: An Amicus Brief to the Riparian Nations of Ethiopia, Sudan and Egypt from the
International, Non-partisan Eastern Nile Working Group.” Available from: <http://jwafs.mit.edu/sites/
default/files/documents/GERD 2014 Full Report.pdf>. Accessed February 22, 2016.

? The exact amounts are hard to determine and it has increased in the last decade.

10 Kevin G. Wheeler, Gamal M. Abdo, Mohammed Basheer, Sami O. Eltoum, Zelalem T. Mekonnen,
Azeb Mersha, et al., “Cooperative Filling Approaches for the Grand Ethiopian Renaissance Dam,”
International Water, 2016.

" «Grand Ethiopian Renaissance Dam: An Opportunity,” 9.



These two categories of challenges and their impacts on downstream states have
yet been comprehensively contextualized against mutually agreeable parameters to all
involved nations. While other specific risks exist and have been studied in considerable
depth, their impacts generally fall into the same broad categories I have outlined.

Water shortage in the short or long term affects more than just agriculture; it
cascades to other areas of development as well. For example, while Egypt has some of
the highest agricultural yields in the world per hectare and per unit of water expended,
these accolades come at a cost.'> Tremendous recycling of water, which is uncommon in
less water-scarce countries, is what enables high returns. But the Nile’s water quality in
Egypt causes a range of health problems, including one of the highest rates of kidney
failure anywhere in the world, causing 3% of all deaths and still rising." This speaks to
the interdependence of water quantity with water quality, and the impact of both on
public health as well as the need for holistic, multi-dimensional solutions.

This is also an example of the reality that Ethiopian decisions that affect Nile
administration could have cascading developmental effects downstream, many of which
are entirely unintended. Therefore, a river basin administered by multiple countries, each
with opposing water interests, needs to look beyond water for the solution to its
problems.

Tensions between nations regarding the allocation and utilization of water cause

many academics to fear the possibility of wars over water in some parts of the world. The

12 Lester R. Brown, Full Planet, Empty Plates: The New Geopolitics of Food Scarcity (New York:
Earth Policy Institute, 2012).

13 “Egypt: WHO Statistical Profile,” World Health Organization. Available from:
<http://www.who.int/gho/countries/egy.pdf?ua=1>. Accessed June 16, 2015.



study of solutions to existing and evolving transboundary tensions underscores the urgent
need for an approach to negotiation that emphasizes mutual gains rather than zero-sum
exchange. To attain that, an agreeable diversification of bartering currency is needed to
broaden the scope of impacts and prospects beyond volumetric and energy units.'*

In the Nile River Basin where two of the largest hydroelectric dams in the world
will soon operate without a cooperative agreement or protocol, the absence of
harmonized administration could create risks that affect millions of people. During
negotiation, involved parties therefore should seek agreement on (a) coordination of both
dams’ operations, (b) outstanding technical concerns in the GERD’s design, (c) sale of

the GERD’s hydropower, and (d) possible downstream impacts to Egypt and Sudan."

Potential Solutions

Ratification of the UN 2030 Agenda for Sustainable Development is a recent
phenomenon in the history of Eastern Nile politics. While developmental intersections
were ignored or disagreed upon earlier, they are now enshrined in this international
agreement. The 2030 Agenda’s negotiation process was exhaustive in creating agreed-
upon common ground, and has the added benefit that none of what was adopted is
disagreed upon. Therefore, its pre-established consensus, multidimensionality, and
intersectionality could position it to dissolve the previous stalemate in regional

diplomacy, and simplify the Eastern Nile river basin from a complex watershed to a

14 Shafiqul Islam, and Lawrence E. Susskind, Water Diplomacy: A Negotiated Approach to Managing
Complex Water Networks (New York: RFF Press, 2013).

' International Non-Partisan Eastern Nile Working Group, “The Grand Ethiopian Renaissance Dam:
An Opportunity for Collaboration and Shared Benefits in Eastern Nile Basin”, MIT Abdul Latif Jameel
World Water and Food Security Lab, 2014.



“problem shed” whose effective cooperative management may be complicated, yet
achievable.

The UN 2030 Agenda—an international agreement that encompasses sustainable
development goals (SDGs) as well as the Financing for Development (FfD) initiative that
was negotiated in parallel—was ratified by consensus across the international community
after an exhaustive and inclusive negotiation process. Thus, it already contains a mutually
agreeable framework that identifies where developmental priorities intersect with water.
The Agenda approaches development multidimensionally by holistically addressing
economic, environmental, and social necessities. Its goals encompass a wide range of
developmental objectives, such as increasing the prevalence of renewable energy, and
improving access to clean drinking water and sanitation. Its initiatives are as tangible as
increasing green spaces in cities and as principled as eliminating practices of gender
discrimination.

However, while parts of the Agenda relate more obviously to the construction of a
hydroelectric dam than others, each state is ultimately responsible for devising its own
national prioritization of goals. The advantage in viewing water flexibly within the
context of these SDGs is that the interrelationships and interdependencies of water use
are agreed to and thus the applications of water can be more readily negotiated. These
applications, such as agricultural yields and energy production, serve as exchangeable
currencies. In addition, the UN 2030 Agenda is intersectional in that it encourages policy
design while considering those different necessities together, weighing them against

national circumstances and priorities and giving a voice to myriad stakeholders from civil



society, to the private sector, to various levels of government.'® Together, these qualities
identify the most relevant components within development that could be affected within
each country, beyond just water. By diversifying bartering currencies in a way that both
countries have already agreed upon, current impediments toward cooperation could be
lifted, and mutual gains in related but similarly important areas could be sought and
optimized.

The Water Diplomacy Framework (WDF), designed by Shafiqul Islam and
Lawrence Susskind, is an approach to transboundary water conflict resolution that
addresses water challenges by considering their unique qualities within complex systems
and integrating the natural, scientific, and political domains in which they exist. The
WDF role in joint fact-finding was to clarify for the parties the information that could be

agreed upon, and highlight the reasons for disagreement about certain portions of it."”

Propositions
To critically assess the potential of the UN 2030 Agenda and the WDF as they
pertain to resolving transboundary water conflicts like those in the Nile river basin, |
postulate three propositions. I briefly explain each proposition below, then analyze each

one in more detail in the Methods chapter.

16 “Transforming Our World: The 2030 Agenda for Sustainable Development,” Sustainable
Development Knowledge Platform. <https://sustainabledevelopment.un.org/post2015/
transformingourworld>. Accessed February 21, 2016.

17 Islam and Susskind, Water Diplomacy, 200.
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Proposition One

I propose that SDGs like those proposed in the UN 2030 Agenda can be used as
analytic lenses to help simplify the Eastern Nile basin into a “problem shed” in order to
identify mutually recognized economic, social, and environmental challenges and to
specify a range of exchangeable currencies to advance cooperative sustainable
development.

Currently, the fill rate of a major hydroelectric dam has inverted incentives for
upstream and downstream countries. Filling the GERD too quickly in order to harness its
hydropower sooner would benefit Ethiopia but could harm Egypt by forcing the latter to
deplete its own water reserves stored in Lake Nasser. This would adversely impact
Egypt’s agricultural potential and hydroelectric capacity. Filling the GERD too slowly
would mitigate the damage to Egypt’s resources but only at a financial opportunity cost
to Ethiopia. Therefore, if both nations cooperate to fill at a compromised rate, that may
enable Ethiopia to capture healthy returns from generating and selling hydropower while
giving Egypt the ability to adapt to the river basin’s new water regime. However, the
losses each incurs by compromising from their “best alternative to a negotiated
agreement” (BATNA)—their most desirable outcome if they were to simply choose
without negotiating—could be ameliorated by mutual gains in other co-negotiated areas. |
will focus on this dimension in greater detail in my third proposition.

The nature of this compromise deserves more attention than just splitting the
difference in water availability between each country’s BATNA. The WDF stresses the
complexity involved in many transboundary water issues, which cannot always be solved

by meeting at a nominal midpoint. Water is inherently a critical resource because it rests
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at the nexus of virtually all other facets of life, society, and sustainable development. It is
therefore crucial to view water as spanning a variety of development challenges that will
vary regionally, nationally, and locally, rather than as a singular currency.'® Once the
economic, environmental, and social interdependencies of water are recognized as
inseparable, so too is the need to consider negotiable solutions that include compromise
and exchange among the widest viable range of currencies to achieve an optimal outcome
for each party. This is possible because bartering over water is a proxy for what that
water is used for. If those needs themselves, spanning the water-food-energy nexus, but
also including social demands, could be included in negotiations between Egypt and
Ethiopia and exchanged directly, greater opportunity is created for these needs to be

creatively fulfilled without relying on water as the only answer.

Proposition Two

I propose that river basin modeling could aid in joint fact-finding of future
environmental and policy conditions, thereby informing the design of policies aimed at
achieving the SDGs at the water-food-energy nexus. Hydrological modeling is used
internationally to simulate segments of the water cycle, and is relied upon among water
resource managers in river basins.'” Hydrological models have helped stakeholders

identify the most significant challenges in managing river basins while highlighting

'® [slam and Susskind, Water Diplomacy.

19 Robyn Johnston, and Vladimir Smakhtin, “Hydrological Modeling of Large River Basins: How
Much Is Enough?”, Water Resources Management 28, no. 10 (August 2014): 2695-2730.
<http://link.springer.com/article/10.1007/s11269-014-0637-8>. Accessed June 5, 2016.



12

interrelationships and interdependencies within them.? Not only have they shown a
greater likelihood of recognizing mutually beneficial solutions to water conflicts, but they

have been shown to expedite the rates at which such solutions are found.*!

Proposition Three

The WDF could facilitate an agreement by expanding the conversation from zero-
sum water accounting to jointly resolving multiple issues, optimized for each nation
according to the priority that each assigns to issues identified among the SDGs and
further explored with modeling. This could be achieved by identifying means of
administrative cooperation to attain greater distributable benefits across the basin, taking
into account each country’s BATNA. The goals of such basin-wide efficiency are that
Ethiopia could optimize the rate of its hydropower generation while irrigation,

hydropower, and water flow could be maximized for Egypt.

20 H. Assaf, E. van Beek, C. Borden, P. Gijsbers, A. Jolma, S. Kaden, et al., “Generic Simulation
Models for Facilitating Stakeholder Involvement in Water Resources Planning and Management: A
Comparison, Evaluation, and Identification of Future Needs,” Environmental Modeling, Software and
Decision Support Developments in Integrated Environmental Assessment 3 (September 11, 2008): 229-
246. Accessed June 11, 2016.

! Ellen Czaika, and Kenneth Strzepek, “Proposed Model Use in Negotiations about Water Usage on
the Blue Nile,” United Nations University Wider Institute Draft Paper, December 14, 2015.



Chapter I1

Methods

At its core, this study is primarily a qualitative examination of (1) how an
international agreement on development could facilitate cooperation, (2) whether
hydrological modeling using historic data based on parameters within that agreement
could inform policy design, and (3), whether addressing multiple issues together could
create better basin-wide outcomes than gains achieved by an uncompromised outcome.
While modeling is crucial to this study, I cannot fully test my propositions by relying on
quantitative data alone. Therefore, I will begin my investigation with hydrological
simulation, followed by qualitative assessments of how findings from the simulation
reflect on my three propositions.

My second proposition explores whether modeling with historic climate data
could inform riparian administrative decisions as they affect achievement of the SDGs at
the water-food-energy nexus. To assess this possibility, I used the Nile Basin Initiative’s
Nile Basin Simulation Model developed in the Mike Hydro Basin hydrological
simulation model created by the Danish Hydraulics Institute.

Since the 2030 Agenda SDGs will be in effect from 2016 until 2030, and the
GERD will not complete construction until 2017, this presents two challenges. The first
challenge—measuring how Nile administrative strategies could affect Egypt’s and
Ethiopia’s progress toward the SDGs—rests in our inability to predict the future, and

later on, the uncertainty of comparing history with the counterfactual. Without a baseline
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that defines alternative outcomes to the policies that will actually emerge in the basin, the
success of these policies could not be determined relative to alternatives. Without
knowing how an aggressive fill rate would impact specific indicators within the SDGs
compared to more moderate fill rates, the source of eventual success or harm could not be
ascertained. Therefore, I propose that by modeling different fill rates with data from both
a historic dry decade, and a historic wet decade for comparison, one could forecast how
such decisions will impact national development in the areas of water, food, and energy,
as captured in the SDGs.

The second challenge is mapping the model’s outputs to the adopted SDGs.
Fortunately, the 2030 Agenda was designed to include specific targets and indicators to
each thematic “goal.” Table 1 captures the three SDGs at the water-food-energy nexus,
along with their corresponding targets and indicators. While each SDG encompasses an
expansive theme, such as “End hunger, achieve food security and improved nutrition and
promote sustainable agriculture,” its targets are specific, nested objectives that together
make each goal comprehensive. The indicators are quantitative measurements that
correlate to each target; they inform surveyors of the progress made in each country
relative to a nationally determined plan. Together, goals, targets, and indicators make up
the SDGs.

To test if progress toward the SDGs could be improved with historic data-driven
modeling, it is necessary to map output data from the model to the goals being studied.
Table 1 includes the water, food, and energy-focused SDGs, their most pertinent targets
and finalized indicators, as well as addendum indicators that I use as region-specific

proxy indicators. These proxies will be discussed later in this section.
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Table 1. Select SDGs, targets, indicators, and proxy indicators used for this study.

Goal 2. End hunger, achieve food security and improved nutrition
and promote sustainable agriculture

Target
2.1 — By 2030, end hunger and ensure access by all people, in
particular the poor and people in vulnerable situations, including
infants, to safe, nutritious and sufficient food all year round

2.3 — By 2030, double the agricultural productivity and incomes
of small-scale food producers, in particular women, indigenous
peoples, family farmers, pastoralists and fishers, including
through secure and equal access to land, other productive
resources and inputs, knowledge, financial services, markets and
opportunities for value addition and non-farm employment

2.4 - By 2030, ensure sustainable food production systems and
implement resilient agricultural practices that increase
productivity and production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate change, extreme
weather, drought, flooding and other disasters and that
progressively improve land and soil quality

Indicator
2.1.2 - Prevalence of moderate or
severe food insecurity in the
population, based on the Food
Insecurity Experience Scale (FIES)

2.3.1 - Volume of production per
labour unit by classes of
farming/pastoral/forestry enterprise size

2.4.2 - Proportion of agricultural area
under productive and sustainable
agriculture

Goal 2 Proxy Indicator: Relative Irrigation Deficit

Goal 6. Ensure availability and sustainable management of water and sanitation for all

Target
6.1 - By 2030, achieve universal and equitable access to safe and
affordable drinking water for all

6.2 - By 2030, achieve access to adequate and equitable sanitation
and hygiene for all and end open defecation, paying special
attention to the needs of women and girls and those in vulnerable
situations

6.4 - By 2030, substantially increase water-use efficiency across
all sectors and ensure sustainable withdrawals and supply of
freshwater to address water scarcity and substantially reduce the
number of people suffering from water scarcity

6.5 - By 2030, implement integrated water resources management
at all levels, including through transboundary cooperation as
appropriate

6.6 - By 2020, protect and restore water-related ecosystems,
including mountains, forests, wetlands, rivers, aquifers and lakes

Indicator
6.1.1 - Percentage of population using
safely managed drinking water services

6.2.1 - Percentage of population using
safely managed sanitation services,
including a hand-washing facility with
soap and water

6.4.1 - Change in water-use efficiency
over time

6.4.2 - Level of water stress: freshwater
withdrawal as a proportion of available
freshwater resources

6.5.2 - Proportion of transboundary
basin area with an operational
arrangement for water cooperation

6.6.1 - Percentage of change in the
extent of water-related ecosystems over
time




6.a - By 2030, expand international cooperation and capacity-
building support to developing countries in water- and sanitation-
related activities and programs, including water harvesting,
desalination, water efficiency, wastewater treatment, recycling
and reuse technologies

6.b - Support and strengthen the participation of local
communities in improving water and sanitation management
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6.a.1 - Amount of water- and
sanitation-related official development
assistance that is part of a government
coordinated plan

6.b.1 - Percentage of local
administrative units with established
and operational policies and procedures
for participation of local communities
in water and sanitation management

Goal 6 Proxy Indicator: HAD Release

Goal 7. Ensure access to affordable, reliable, sustainable, and modern energy for all

Target
7.1 - By 2030, ensure universal access to affordable, reliable and
modern energy services

Indicator
7.1.2 - Proportion of population with
primary reliance on clean fuels and
technology

Goal 7 Proxy Indicator: Hydropower

Sources: “Transforming Our World: The 2030 Agenda for Sustainable Development,” and “Report of the
Inter-Agency Group on Sustainable Development Goal Indicators, United Nations.”

While the global indicators have already been finalized by the Inter-Agency and

Expert Group on Sustainable Development Goal Indicators (IAEG-SDG),** the 2030

Agenda leaves room for national and regional addenda.”® Such additions will be devised

by Member States of the UN, and must consider the “global level of ambition but [take]

into account national circumstances.”>*

Therefore, as a part of follow-up and review of

the SDG implementations, nations are asked to develop their own indicators for

2 Report of the Inter-Agency Group on Sustainable Development Goal Indicators, Economic and
Social Council, United Nations, February 19, 2016. Available from: <http://unstats.un.org/unsd/
statcom/47th-session/documents/2016-2-SDGs-Rev1-E.pdf>. Accessed June 25, 2016.

2 “Transforming Our World.”

2 “Transforming Our World.”




17

measuring progress toward targets, complementarily to those universally agreed to within
the Agenda.

I modeled for the impact on each of three SDGs with one Nile river basin-specific
proxy indicator. Such addenda are intended to address nation- and region-specific
challenges. I describe below why each one necessarily complements the global indicators
drafted by the IAEG-SDG. Each proxy is also an output from Mike Hydro Basin.

First, Goal 2 aims to achieve food security. To measure it, I use relative irrigation
deficit (“relative deficit” or “RD”) as my proxy indicator. Relative deficit refers to the
difference in availability of irrigation water between supply and demand. It is calculated
with the formula:

RD = (Total Demand — Actual Supply) / Total Demand.
Global indicators for Goal 2 are too detached from the immediacy, and therefore the
measurability, of policy decisions on the Nile. While an indicator like “2.3.1 - Volume of
production per labor unit by classes of farming/pastoral/forestry enterprise size” may be
informative elsewhere, it is not the most efficient correlative measure of the GERD’s
impact on agriculture or food security. In contrast, the degree of relative deficit directly
reflects shortage of irrigation water needed to grow crops, easily mapping from policy to
impact on Goal 2.

Second, Goal 6 aims to ensure sustainable water and sanitation for all. I measure
this only as an impact on Egypt, since Ethiopia has stated that it will not divert water
from the Nile for such purposes, and Sudan is beyond the focus of this study. Therefore, I
measure the simulated release of water at the High Aswan Dam (“HAD release”) as the

proxy indicator for Goal 6.
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As described earlier, water quantity already has tremendous impacts on water
quality, and Egypt illustrates this relationship well. The more water that flows into Egypt
from the HAD, the less will need to be recycled, and the more that can be distributed to
achieve this Goal’s targets. Hence, like relative deficit, HAD release is a more
streamlined metric to map filling strategy to downstream impacts affecting water
quantity.

Third, to quantify gains in renewable energy under Goal 7, I used the most
pertinent form of renewable energy as my proxy indicator: hydropower generation.
Ethiopian hydropower is simulated and measured exclusively for the GERD, while data
is collected from Egypt’s HAD. While the global indicators are intended to measure
proportions of the population with access to electricity (indicator 7.1.1), or with
renewable energy in particular (indicator 7.2.1), they effectively bypass the steps in the
policy design process where nations decide how to allocate the hydropower they generate
in order to create those desired increases in access to energy. For instance, Ethiopia will
likely export a large portion of the GERD’s electricity to raise capital because the country
does not currently have the domestic infrastructure capacity to distribute that electricity
locally; by selling it, they are better positioned to spend on such developments.

In contrast to measuring the percentage of its population with electricity,
measuring the amount of hydropower is more informative for Ethiopian policymakers
who need to decide where to allocate their new source of hydropower, and how to use it
to achieve multiple national-specific development priorities. It is for these nation- and

region-specific circumstances that the 2030 Agenda left room for Member States to
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complement the global indicators with their own, to reflect the national realities of their
challenges, capabilities, and policy determinations.

In order to simulate a variety of options regarding how quickly the GERD
reservoir could be filled, I modeled according to five filling scenarios:

e unconstrained (BATNA for Ethiopia)—simulates completely devoting the

Blue Nile tributary to filling the dam, leaving Egypt reliant solely on the
White Nile and Atbara tributaries and its reserves in Lake Nasser.

e three-year fill

e five-year fill

e ten-year fill

e no GERD (BATNA for Egypt)—simulates how the proxy indicators would be

affected in the complete absence of the GERD.
The three, five, and ten-year fills simulate conditions in the Nile River Basin if Ethiopia
fills the GERD reservoir at a rate that will fill it within those respective timeframes.
These three scenarios serve as possible midpoints where a fill rate compromise between
the parties could be found.

Finally, in order to measure the greatest possible range of climate-based rainfall
fluctuation, and thus the impacts they cause for each filling rate, the model simulates
impacts on the three proxy indicators by sourcing rainfall data from two historic decades:
the wettest decade in the past century (1954-1963), and the driest (1977-1986).” By

using hydrological models to simulate future outcomes on proxy indicators simulating

2 “MIKE Hydro Basin: River Basin Management and Planning.” Available from:
<https://www.mikepoweredbydhi.com/products/mike-hydro-basin>. Accessed February 22, 2016.
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multiple fill rates and using historic climate data, an understanding could be gained of

both policy impacts as well as environmental ones.

Burdens

In testing my first Proposition, I look to the outcomes of the simulation to ask if
there is evidence to suggest that the debate between riparian states is more “manageable”
and therefore more representative of a “problem shed” than a watershed because of its
use of the SDGs as a step in preliminary joint fact-finding (JFF). In testing my second
Proposition, I examine if there is evidence supporting a better understanding of policy
options affecting the SDGs, having simulated ten scenarios (five fill rates and two climate
extremes). Lastly, in testing my third Proposition, I question if evidence from the
modeling outcomes suggests that greater basin-wide net gains could be achieved or
discovered by adhering to the WDF and solving multiple issues simultaneously using

water as a flexible currency.

Research Limitations
One of the ways the SDGs may lack agreeability between states for this
application is that adjudication by weighing the impacts of its tenets may be too
unstructured to be practical. None of the Nile Basin states chose to sign the 1997
Convention on the Law of the Non-Navigational Uses of International Watercourses.
Ethiopia listed as one of its reasons that Article 6 presents an array of “factors and

circumstances [that] have no given weight, and thus it may be difficult to reach
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agreement on what combinations of factors constitutes equal utilization.”*® This study
does not seek to determine equality in utilization or in policy outcomes. It also avoids
recommending any specific policies that each nation has not adopted on its own. In fact,
the notion that the riparian states all adopted the 2030 Agenda reflects an appreciation
that issue-linking as presented in the SDGs is a step forward in their own paths to
development.

Another limitation of the study is the exclusion of Sudan from analysis. While
Sudan plays an important role and represents one of three countries directly affected by
the GERD, extending this examination to include it was not possible given the time
constraints of this writing. However, the methods put forward herein could be replicated
in a future study that includes impacts on Sudan as well.

A third limitation is the difficulty of its replication. Mike Hydro Basin and other
hydrological models can be inaccessible to many researchers due to pricing as well as a
learning curve in understanding how to use them. While Mike Hydro Basin was designed
to simplify the modeling experience for non-experts, future products may continue this
trend. Also, the designers of this class of software are often well aware of the cost
prohibitions they place on researchers, and may be able to offer student, institutional, or
other researcher-friendly pricing options. Those should be explored with one’s research

institutions and software developers directly.

%M Carroll, “Past and Future Legal Framework of the Nile River Basin,” Georgetown
International Law Review 12, no. 1 (1999): 269-304.
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