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Toward an Integrated Methodology for Measuring Indicators
and Modelling Alternative Scenarios of SDGs 2030 - The Case of EGYPT

Abstract:

The implementation of sustainable development goals (SDGs) - as a complex
system consisting of a set of interlinked goals and targets - at the national level calls on
each country to carefully balance between economic, social and environmental priorities
and choose the right mix of policy options. This requires a better understanding of the
nature of Interrelationships between goals of SDGs. Policymakers also need a tool to
assess the impact of economic, social and environmental policies on each sustainable
development goal; which may be positive for some objectives and negative for others. To
help policymakers meet these challenges, determine priorities, study alternative scenarios
and measure progress towards achievement of goals, there is an urgent need to develop
guantitative tools.

Study Objectives: The main objective of this study is to provide decision makers with
the methodologies and quantitative tools needed to support the implementation of SDGs
for the situation of Egypt with regard to:

1. Measuring indicators of SDGs.

2. Analyzing the interlinkages between different goals / targets of sustainable
development.

3. Propose a conceptual framework for modelling alternative scenarios to achieve SDGs.

Study Contents: This study is divided into three main chapters. In the 1st chapter, we
reviewed the previous attempts to estimate indicators of SDGs for Egypt, and then the
remainder of this chapter focused on presenting the efforts done by members of the
research team concerning measuring indicators of goals SDG1, SDG3, SDG4, SDG7,
SDGS8, SDG11 by applying quantitative methods of the metadata on the available data for
Egypt. In the 2nd chapter, we used two different approaches - network analysis and
system dynamics — to understand the interlinkages between different goals /targets of
SDGs. While the 3rd chapter of the study reviews the international efforts to modelling
the SDGs with a focus on selected models that can be used in Egypt; and the last section
of this chapter proposes a conceptual framework for the needed outputs from models
to study the alternative scenarios to achieve SDGs. Finally, the study concludes with the
most important findings and recommendations.

Keywords: Agenda 2030, Sustainable Development Goals (SDGs) , Measuring
Indicators of Sustainable Development, Indicators of SDGs for Egypt, interlinkages of
SDGs , Modelling of SDGs Scenarios.
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List of Acronyms and Abbreviations

AEZ
CAPMAS
CGE
CLEWS
ENVISAGE
ESCWA
IAEA

IEA

IFs

IGEM

ILO
IRENA
IEEM
IGEM
IMPACT
iISDG
IHASA
IWMI
LEAP
MAED
MAGNET
MDGs
MESSAGE
MIRAGE
OECD
0SeMOSYS
PAGE
PODIUM
SAM
SEEA
SDGs

SEI
UNDESA
UNESCO
UNDP
UNSD
WCED
WEAP
WHO

Agro-Ecological Zoning

Central Agency for Public Mobilization and Statistics

Computable General Equilibrium Model

Climate, Land-use, Energy and Water Systems

Environmental Impact and Sustainability Applied General Equilibrium Model
Economic and Social Commission for Western Asia

International Atomic Energy Agency

International Energy Agency

International Futures Model

International Renewable Energy Agency

International Labour Organization

International Renewable Energy Agency

Integrated Economic-Environmental Model

Integrated Green Economy Modelling

International Model for Policy Analysis of Agricultural Commodities and Trade
Integrated Sustainable Development Goals

International Institute for Applied System Analysis

International Water Management

Long-range Energy Alternatives Planning tool
Model for Analysis of Energy Demand

Modular Applied GeNeral Equilibrium Tool

Millennium Development Goals

Energy Supply Strategy Alternatives and their General Environmental Impact
Modelling International Relationships in Applied General Equilibrium
Organization for Economic Cooperation and Development

Open Source Energy Modelling System

Partnership for Action on Green Economy

Global Policy Dialogue Model

Social Accounting Matrix

System of Economic-Environmental Accounting

Sustainable Development Goals

Stockholm Environment Institute

United Nations Department of Economic and Social Affairs

United Nations Educational, Scientific and Cultural Organization
United Nations Development Programme

United Nations Statistics Division

World Commission on Environment and Development

Water Evaluation and Planning tool

World Health Organization
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can be applied.
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.( https://seea.un.org/ 4 salall gisdl ) Laady oY) £) (5 aTs sasiall syl

Lpesill liluall alai e 4iilgy (SEEA) dlalSial) dobaidly Lill Laulaal) alai el =iy
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Environment Economy
Goods Production
Mineral and Energy Resources - - >
(inputs for production) .
Firms
Services ™
Land — >
(conditions that affect development) employment
products
Soil Resources :
Consumption
2 Waste and Emissions Households

Timber Resources

Environmental Investments

Aquatic Resources

Water Resources

Banerjee et al. (2016) : joaxll

Nexus models clablial) zilad ¢-Y-V

el LU L@Vl o Lal) Aauddl agle Al 358 e nexus leplie Al andi
lsall Jlae 3 850 I3 mellaaall 13 aladin) o5 28 3adeiey ddlide LS oy Jaglg )l Jsliy 3l
e)2all AlalSia Jola ) 2o aliy 585 Energy-Food Nexus (lgie i YAAY ale A& dapball
A8la) oo = Al o lally #1301 (0 ALl Auhal el lel 8 adpdas & (opual) @lld i, A3l
e guall laplus 1) Nexus J) st Caagiy .o lall s Jie gl Llad o )V Jie yfsall iy
caag b sacluall ai€ey WS L JalSiall Slall Masly Jadadill Jagsy Lol ye Sl e
apall L \gdde 3l dpaiill il acd Jal (e Andlinall claliaV) (s 3lsall Ganaddl Jud) Juaidl
Aboelnga, et al. (2018); Stephan, et al. ) : ) g5l Sy GlaPl e Glaglaall (1
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—Y) ady JSE) sy SDGS Aped! Aaliidl) dpauill CalanY dually; .((2018); Spataru (2017
.(Liu, et al. (2018)) le Lalall ciladlial) dad 1) Al (V

oo Aadaill meie A a5 dpaY) Aaldivsal) Apanill Colaal dadal Jalad) aal o clePlidl z il
sl ssiunall o lapdliall z ke el (e Aol il sae G dapll & i e ) Jadd
a1 aladindy oludl 5 Bl Z3la (e desene G JolSH Ay Ledy CLEWS 1) 23l a
JSE) sy 5 o(Y=T) ady saall daiasall (Open source lgaliae ol Lle) alaaiud) dails
on JelSs a5 CLEWS analysis 1l lealadind oS ) dadall @l Jie (A-T) &)
Lagie DA e oal ¥ Aot ) ae zLexVl ¢ LEAP 48l =350 (WEAP  oliall =35
.(Howells et. al. (2013)) #luall sl dibiae cila syl ae ((AEZ) dansl sy dae )3 shalidl)

FAO, IAEA, IIASA, SEI-US, UNDESA, and ) ads cladaie bac o dljidia g5 5ie 2ag
Climate, Land, (CLEWS) olully Z8lhlly (Vs #lall claiilivd g8 camy (UNIDO
Yl i clindally aluhall (e aaell slaely W@ (Energy and Water Strategies
Gudiayse e IASA  olail) Jsal Vol sgadd) Lihaly ol Ay clepliall z3lal 4l
alasin) aaas & ol alasiy Zilalls oLl 23l med &3 L o(Fischer, et.al. (2013))
L3l (a5 olually AaUal) Calaaly ol gl Aadipall CadSally (gyhall Gulial) e cililasls 3))sal
AEZ o)V z) Jadass 51405 LEAP 48Ual) z3sais ¢WEAP sliall z3sal (3uakii 5 ¢yl 1gly
Slifidly sl = lall 4g5al5 dphal Ciglall Jl 8 Jaalaall 4edle (1) yasil 4Ll 3yl
bl s Aleall Ll e () gl 25850 ALY Jaaladl) Jualae CUISY) (&) cadsial
Q] algias dgmye olad) dgalse (A obudl e A4S Dlalas) Glaal ulss (3) 5 cdualadl
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Nexus example

Food-energy—-water nexus™?
Water—food-energy—climate nexus™*®
Food-energy nexus™

Food-water nexus™°

Energy—water nexus’™
Energy—-economic growth-CO. nexus™~
Water— energy-land nexus*®”’
Energy—water—food-education nexus™
Water—-energy-people nexus™="
Women-water nexus™=

Energy—poverty—climate nexus™*

Food, energy, water, and health nexus™~
Tourism growth—-water security nexus™*®
Food-biodiversity nexus™~
Mining—-water nexus™®

Nexus between financial autonomy,
service provision, stakeholder
participation and the resultant
allocation of water™

Nexus of climate change, water and
food security, energy and social
justice™~

Nexus between water service provision
and property development™=

Renewable energy consumption—
economic growth™#

Urban—-water—energy—climate nexus™=

Each example has indirect linkages with many other SDGs as illustrated by food-energy—water
nexus” linkages with all SDGs in Fig. 1. Credit (symbols): United Nations.

Source: Liu etal. (2018)
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SEI 230l algeSi) agra opyoaly pli ¢ Fliall i
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0Sys.org KTH &l seSin) La o) 5l Sl agaall y, 0y ol
.Royal Institute of Technology
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oSV Ao e Agilae A
hitps://www- e 20 LLELT B Te Ll ol 23500 5 MAED
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S/IAEABOOks/74 | axski o Al sedlls Aol i€l dpalaiiil
30/Model-for- IAEA. 4,3l d3Uall 400 45,0
Analysis-of-
Energy-Demand-
MAED-2
https://www.weap | Akl 2] sall JalSiall Lpladll] 3 addin 73 9ad 5 WEAP
21.org SEI d5,ll Al 6] gza oy ghaly o8
http://www.iwmi. | %30 O= ¢3S TWMI obiall 3 )1aY  Joall 2gaall ola PODIUM
cgiar.org/resource | 35« - PODIUM skl (703 Gudlal) ool & 3
Lol sl zasaills V434 e 8 o) J\P
s/models-and- . i
f / d J;.\.wd\ (D ).1}.\.\.45 L;s ale.d\
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https://www-pub.iaea.org/books/IAEABooks/7430/Model-for-Analysis-of-Energy-Demand-MAED-2
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https://www-pub.iaea.org/books/IAEABooks/7430/Model-for-Analysis-of-Energy-Demand-MAED-2
https://www.weap21.org/
https://www.weap21.org/
http://www.iwmi.cgiar.org/resources/models-and-software/podiumsim/
http://www.iwmi.cgiar.org/resources/models-and-software/podiumsim/
http://www.iwmi.cgiar.org/resources/models-and-software/podiumsim/
http://www.iwmi.cgiar.org/resources/models-and-software/podiumsim/
http://www.iwmi.cgiar.org/resources/models-and-software/podiumsim/

254l haahaddl) agaa - (1"~V) QJML’.E:\M‘ Ll Al

(A-¥) Jsa
sLaall WEAP gl c&BUall LEAP g lgai ¢ Jalsy CLEWS g igail )

N aladily AEZ zisad g

I"’—flér'marg'_n,r for water
processing and treatment
-Energy for water pumping
-Energy for desalination
-Water available for hydropower
-Water for power plant cooling
-Water for (bic-)fuel processing

-Energy for fertilizer
production

-Energy required for field
preparation and harvest

-Biomass for biofusl

production and other
ENergy uses

Water model
(WEAFP)

Viater for biofuel crops
{rain-fed and irrigated)
“Water needs for food, fibre
and fodder crops

(rain-fed and irrigated)

CLEW
GHG, energy, water and cost balances

Howells et. al. (2013) : jaadl)
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125 (Earth3 saw o il 13
Scenario 1) Same: how far will business as usual take the world to 20507
Scenario 2) Faster: will accelerating economic growth help?
Scenario 3) Harder: what if both governments and industry tries even harder to
deliver on SDGS?
Scenario 4) Smarter: what if governments and industry actually choose
transformational actions?

o A3Eall ALy il syl ol axdil ( (ke ) 5)LaY) 5 ) IFs allal) Jiiss zsei —
JETREE SIS

1- IfsBase, 2-Markets First, 3- Policy First, 4- Security First, 5- Sustainability
First
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Model Model Sectoral Brief Description Citations
Name Purpose Coverage
GEM-E3 Scenario and | Socio-economic A recursive dynamic CGE model designed to provide details on the macro-economy and its Capros,
Model policy (GDP, empl, interactions with the environment and energy system. Mainly used for simulating effects of et. al.
analysis over | balance of market-based instruments for energy-related policy on key economic and environmental (2013).
medium- to payments, labour, | indicators. Can be used in single- or multi-country versions. Covers socioeconomic
long-termat | capital, income), | development and energy. The results of GEM-E3 include projections of full input-output tables
national, energy (use, by country, employment, and capital flows, balance of payments, public finance and revenues,
regional or supply), household consumption, energy use and supply, and atmospheric emissions.
global evel emissions, public
finance /revenues,
R&D, trade.
ENVISAGE | Global CGE Socioeconomic The World Bank’s ENVISAGE Model is designed to analyse a variety of issues related to the | Van Der
Model model (GDP, empl, economics of climate change, including emissions of GHGs, impacts of climate change on the | Mensbrug
focusing on labour. capital economy, adaptation by economic agents to climate change, GHG mitigation policies, role of | ghe
the etc.), energy, cc land use in future emissions, and distributional consequences. Core database is the GTAP 7, | (2010).
economics of | impacts (food, ag, | which divides the world into 113 countries and regions and 57 sectors, with extensive details for
climate land, SLR), GHG, | agriculture , food and energy.
change. trade.
MIRAGE Medium- to Socio economic The MIRAGE model is a multi-country, multi-sector dynamic CGE model, developed initially | Bouét,
Model long-term (GDP, empl, at the Centre d'Etudes Prospectives et d'Informations Internationales (CEPII) in Paris. The | et.al.
trade policy | labour capital MIRAGE model has been developed primarily to study trade policy scenarios and has been | (2010)
scenario etc.), FDI, trade, intensively used to assess bilateral and multilateral agreements. As a global CGE, it provides a
analysis, ag commodities. rich set of indicators for each region that allows measuring the impact of any policy changes.
global model | Env module Such indicators include: changes in production, production factor uses, real wages, value added
with regional- | under by sector, real GDP, real income, exports, imports, terms of trade. It has more recently been
scale analysis | development. applied to long-term growth and environmental issues. The CEPII is also developing an updated
version of the model, called MIRAGE-e, which includes a more detailed description of energy
consumption and GHG emissions.
MAGNET/ Socio economic The MAGNET, is a global CGE model. The main aim of MAGNET is to offer a global applied | Philippidis
LEITAP (GDP, empl, general equilibrium modelling framework which can be easily tailored to specific research et. al.
Model labour, capital questions and regions and products of interest. It is the successor of the LEITAP model which (2018)

etc.), land use,
food/nutrition,

has been used extensively in policy analysis. Both are based on the standard GTAP model,
however include adaptations and extensions that cover land use, labor in agricultural sectors,

y¢4




saa Ala ¥ r .y dalaieal) 4adill Sanial) aa¥l Gilaaf giadt AL cilagylisad) Andall JalSia ) gualy ciydisall Gabll dagia gad

Model Model Sectoral Brief Description Citations
Name Purpose Coverage

biofuels, trade biofuels, nutrition, food security indicators etc. It covers 134 regions and countries.

investment,

MARKAL/ | TIMES - E3 Energy supply The MARKAL/TIMES family are energy/economic/ environmental models supporting a rich | Connolly,
TIMES scenario (technologies), technology detail. TIMES is the integrated MARKAL-EFOM system model generator | et.al.
Model analysis & energy demand, developed by the International Energy Agency. It combines two different, but complementary, | (2010)

policy energy efficiency, | systematic approaches to modelling energy: a technical engineering approach and an economic
evaluation costs, GHG approach. TIMES is a technology rich, bottom-up model generator, which uses linear-
MARKAL - emissions, programming to produce a least-cost energy system, optimized according to a number of user
Detailed economic constraints, over medium to long-term time horizons. TIMES is used for the exploration of
modelling of | instruments, possible energy futures based on contrasted scenarios. MARKAL and TIMES generate
energy sector | investment, technical-economic models of global, regional, national and local energy systems. These models
at global, financing needs, evaluate energy plans, environmental policies, climate mitigation scenarios and new
regional, MACCs. technologies in trade-off modes. It is generally applied at the country level. MARKAL/TIMES
national is used in 70 countries by 250 institutions. The source code is distributed free-of-charge by
levels. signing a Letter of Agreement. However, the code is written in GAMS.

MESSAGE | Long-term Energy supply Optimization model used for long-term energy system planning, energy policy analysis and | Keppo and
Model energy (technologies), scenario development. Provides a framework for representing an energy system, can analyse | Strubegge

system energy demand, green technologies and look at diffusion across countries as well as trade flows in energy | I

planning, emissions, costs, products. Used to model energy supply systems. Covers socio-economic development and (2010)
energy policy | investment. Often | energy. It is developed and maintained by the 1HASA and was used in the Global Energy

analysis and linked to Assessment, along with the IMAGE/TIMER Model. MESSAGE is designed to formulate and

scenario MAGICC, evaluate alternative energy supply strategies consonant with user-defined constraints (such as

development | MACRO, limits on new investment, fuel availability and trade, environmental regulations and market

at national/ GLOBIOM, penetration rates for new technologies). In this methodology the performance of a particular

global levels. | GAINS. technology is compared with its alternatives on a life cycle analysis basis under different

national or local conditions.

OSeMOSYS | Analysis of Energy supply, 0SeMOSYS is an optimization model for long-run energy planning. Unlike long established | Howells,

Model energy energy demand, (partial equilibrium) energy systems models (such as MARKAL/TIMES, MESSAGE), | et.al.
systems over | costs, investment | OSeMOSYS requires a shorter learning curve and time commitment to build and operate. This | (2011)
the medium- is achieved via a simple (5 page open-source code) and a modular structure that allows more
to long-term sophisticated model elements to be bolted in place. Additionally, by not using proprietary
at national software or commercial programming languages and solvers, OSeMOSY'S requires no upfront
level. financial investment. OSeMOSYS is capable of powerful energy systems analysis and

prototyping new energy model formulations. It is used by experienced modellers as an
exploratory tool, by developing country modellers where data limitations are an issue, and as a
teaching tool. It has been used to develop other modelling frameworks such as CLEWD and

A
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Model Model Sectoral Brief Description Citations
Name Purpose Coverage
GLUCOSE (the global CLEWD model.
MAED-2 Medium- to Energy demand MAED model evaluates future energy demand based on medium- to long—term scenarios of | IAEA
Model long-term across industry socio—economic, technological and demographic developments. The expected future trends for | (2006).
energy sectors & these determining factors, which constitute “scenarios”, are exogenously introduced. The
demand transport based model focuses exclusively on energy demand, and even more specifically on demand for
scenario on socioeconomic | specified energy services. It models final energy demand, electricity demand, hourly load and
modelling at and technology duration curves. The International Atomic Energy Agency provides training on the use of this
local or parameters. model to local professionals upon request from interested Member States. MAED has already
national level been distributed to over 60 Member States.
IMPACT Medium- to Crop production, The IMPACT model is designed to examine alternative futures for global food supply, demand, | Robinson,
Model long—-term livestock, food trade, prices, and food security. The IMPACT model provides both fundamental, global | et.al.
scenario demand, baseline projections of agricultural commodity supply, demand, trade, prices and malnutrition | (2015).
analysis of feed/fertilizer, outcomes along with cutting—edge research results on quickly evolving topics such as
water and trade/prices; bioenergy, climate change, changing diet/food preferences, and many other themes. Can be
food security | water supply, and | combined with the IMPACT Water Simulation Model (IWSM) to estimate interactions between
at national, demand; water supply and demand and food supply, demand and trade. IMPACT serves as the basis
regional and population; for research examining the linkage between the production of key food commodities and food
global levels. | income; GDP; demand and security at the national level in the context of scenarios of future change. It has
trade; food been used for scenario-based work on the future of food supply and demand, including
security, CC Sustainable Food Security for All by 2020. Used for several global assessments — MEA 2005;
impacts. GEO 2012; WDR 2008 and Food Security 2050.
International | Global Population , A global integrated assessment model designed to help in thinking strategically and | Hughes
Futures (IFs) | integrated agriculture, systematically about key global systems (economic, demographic, education, health, | (2015)
Model assessment energy , environment, technology, domestic governance, infrastructure, agriculture, energy and
model for infrastructure, environment) housed at the Frederick S. Pardee Center for International Futures. The model
medium- to transport, incorporates dynamically linked sub—models. They include: population, economic, agricultural,
longterm educational, educational, energy, socio—political, international political, environmental, health, infrastructure
integrated economic , and technology. IFs is a uniqgue modelling tool because it endogenizes the impact of such a
assessment sociopolitical, wide range of global systems for 183 countries. IFs has three main functions, all connected to
to international its conceptual treatment of integrated assessment forecasts: data analysis, scenario analysis,
2050 or political, and display. IFs has been utilized in the National Intelligence Council's Global Trends 2020,
2100, at environmental, Global Trends 2025, and Global Trends 2030 report. IFs model has also contributed to the
global and infrastructure and | United Nations Human Development Report and the Global Environmental Outlook, and the
regional technology, African Futures Project (including Sth Africa development plan). Model is free and open source
levels. governance, and available for public download.

R&D, trade
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Model Model Sectoral Brief Description Citations
Name Purpose Coverage
Threshold21 | Scenario Economy The Threshold21 (T21) is a systems dynamic-based model that has been designed as a | Collste, et.
/iSDG analysis and (production, support tool for national development planning. Its purpose is to support the overall process of | al. (2017)
Model development | investment, tech, | development planning by facilitating information collection and organization and analysis of
policy trade, capital, alternative development strategies. The model can be used to simulate trajectories over time
evaluation households, for a 20-25 year time horizon. The model extends CGE model concepts to a broader range of
at  national, | govt); Society dynamic linkages and policy issues, direct connection between model outcomes and indicator
regional or | (pop, health, variables used by development agencies, and has the ability to undertake ‘causal tracing’ that
global infra, poverty, allows the user to see what causes a specific result for any variable. The model has had
level over | educ, labour, widespread application at national level in both developing and developed countries for
20-25 year | income); national development planning, in particular for energy and green economy planning. It was
time Env (land, used by UNEP for its global Green Economy report. Also used in GEOS for global analysis of
horizon. water,emissions, sustainability scenarios. The model comprises several interacting core modules: an economic
sustainability, core CGE model; a technology core; a social core; a resource core; an environmental core;
minerals, energy); | and a rest of the world core. The latest version of the model (iSDG) simulates the fundamental
MDGs, HDI, trends for SDGs until 2030 under a business—as—usual scenario, and supports the analysis of
Gender. relevant alternative scenarios. The model also traces the trends beyond the SDGs’ time span
to 2050.
LEAP historical Energy (demand, | A widely used software tool for energy policy analysis and climate change mitigation
Model database supply, balance, assessment. It is a flexible modeling environment that supports various geographical levels | Heaps
showing technologies, (cities, state, country, region or global). The model uses an accounting framework to generate | (2016)

the evolution
of the energy
system and a
forward-
looking
scenario—
based
over
medium-  to
long—-term
used at

local,
national,
regional and
global levels

tool

policies), GHG,
other emissions,
costs/
investment;
demographics
(population,
urbanisation,
age);

economic (GDP,
income)

a consistent view of energy demand (and supply) based on the physical description of the
energy system. It also relies on the scenario approach to develop a consistent storyline of the
possible paths of energy system evolution. Thus, for demand forecasting, the model analyses
the implications of possible alternative market shares on the demand. The supply side of the
model uses accounting and simulation approaches to provide answers to “what-if’ analysis
under alternative possible development scenarios. This spreadsheet like tool is flexible enough
to consider various data requirements and supports some econometric and simulation features
in addition to basic energy accounting framework. LEAP has been adopted by thousands of
organizations in more than 190 countries worldwide, including government agencies,
academics, non—governmental organizations, consulting companies and energy utilities. It can
be used at a wide range of scales, from cities and states to national, regional and even global
applications. Most studies use a forecast period of 20-50 years. It is a tool that can create
models of different energy systems, and can integrate different models. Policymakers can use
LEAP to assess the marginal impact of an individual policy as well as the interactions that
occur when multiple policies and measures are combined.
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