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1 Overview of Methods
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UNDERSTANDING SIMULATION MODELS

I A model is a simplification of reality.
I It includes variables and equations and uses data.

I There are three main methods for solving equations:

@ optimization ‘é econometrics 7| simulation

o)

I The method used influences the type of data inputs required and the approach to policy analysis.

Module 3, Section 1: Overview of Methods
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REFLECTION POINT

Module 3, Section 1: Overview of Methods

O

o

Have you used models
before?

What type of model,
and for what type
of analysis?
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&) METHODOLOGIES: OPTIMIZATION

Solves model equations by finding an optimal solution based on an “objective function”.
nl]ﬂﬂ %
—|
One or more “constraints” can be considered in the formulation of the objective function. — 7;
—0O
O
D(‘ A
Optimization can lead to a snapshot (next optimal level), or a sequence of stages, @ %
with explicit time and a semi-continuous approach. W

Module 3, Section 1: Overview of Methods
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POLL

«—| What stage of the policymaking process can profit the
2| most from the use of optimization models?

7

A. Issue identification
8. Policy formulation

C. Policy assessment

Module 3, Section 1: Overview of Methods
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@ METHODOLOGIES: ECONOMETRICS

Estimates the correlation between one or more variables in the system.
nl]ﬂﬂ %

Uses historical trends to forecast possible future changes. .Q.g . .
—e
—0

Assumes that the drivers of change of the past remain relevant (but not the only —

ones) for the future.

Allows the analysis to be extended to capture more indicators, if data is available.

Module 3, Section 1: Overview of Methods
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POLL

«__| What stage of the policymaking process can profit the most from
: the use of econometric models?

I

A. Issue identification
B. Policy formulation

C. Policy assessment

Module 3, Section 1: Overview of Methods
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METHODOLOGIES: SIMULATION

Focuses on “causal-descriptive” relations.
Represents drivers of change of the past, as well as possible emerging ones for the future.

Can be top-down, such as System Dynamics, or bottom-up, such as Agent-Based
Modelling.

Emphasizes how structure drives behavior (feedback loops) and shifts dominance of
drivers of change.

Module 3, Section 1: Overview of Methods

10
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POLL

«—_| What stage of the policymaking process can profit the most from
== the use of simulation models?

A. Issue identification
B. Policy formulation

C. Policy assessment

Module 3, Section 1: Overview of Methods

11
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SUMMARY OF METHODOLOGIES

METHODOLOGY MODEL TIME HORIZON ANALYSIS TYPE OF

FORMULATIONS APPROACH SIMULATION

Obtimization Constraints, Snapshot, Bottom up (sectoral), Target based,
P objective function short term Top-down (macro) backward looking
Econometrics Correlations, causal Shor_t Elie Top-down Forward looking

medium term

Short, medium Top-down,

and long-term Bottom-up Forward looking

Simulation Causal, descriptive

Module 3, Section 1: Overview of Methods 12
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TYPES OF ASSESSMENT
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' assessment
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Module 3, Section 1: Overview of Methods
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ECONOMIC ASSESSMENT

Designed to support the analysis of
policies, projects and investments
with respect to their expected
economic outcome.

An example of this type of framework

is the methodology for conducting
feasibility studies.

Module 3, Section 1: Overview of Methods

Macroeconomic Indicators
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South Africa Malaysia Brazil Turkey

GDP Growth Rate

Rule of Law Index

gulatory Quality Index /

Regulatory Quality Index

/

GDP Growth Rate
Rule of Law Index/ Inflation
\ Inflation

Labour Force
Participation Rate (%)

FD' o = Gr--- p S P B SO
FDI Net Inflow\ / Gross Capital Formation
L. Trade GI"Gross Domestic Savings

Source: ILO, 2016
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SOCIAL ASSESSMENT

Provides guidance on how to evaluate
policy impacts on different social
groups, and review and monitor key
governance indicators.

An example is Poverty and Social
Impact Analysis (PSIA), which facilitates
the assessment of policy inclusiveness
and pro-poor orientation.

Module 3, Section 1: Overview of Methods

Social Element Indicators

=i SoUth Africa wip=Brazil

@ Malaysia === Turkey

Education Index (2013)

Global Entrepreneurship
Index (2015)

Private expenditure on health
(% of Gov expenditure) (2013)

. Labour Force Participation
Rate (2013)

Gender Inequality Index
(Gll) (2013)

Public expenditure on
education (% of GNI) (2013)

GINI Coefficient
(2003-2012)

Quality of Maths and
Science Education (2015) -~ N

Palma Ratio (2003-2012)
Source: ILO, 2016

15



N\ PAGE PArersir ros Action
L ) A ON GREEN ECONOMY

N

ENVIRONMENTAL ASSESSMENT

Includes frameworks that combine tools

for the evaluation of the environmental
impacts of development strategies, policies,
projects and investments.

Examples include:

(1) Strategic Environmental Assessment (SEA)
(2) Environmental Impact Assessments (EIA)

Module 3, Section 1: Overview of Methods

Environment Performance
Index Comparatives

=== South Africa =-ll=Malaysia @ Brazil ==d=Turkey

Climate and Energy
_ Score (EPI, 2014)
Water and Sanitation

(Access to sanitation /\ Bio Diversity and

and drinking water...) Habitat (EPI, 2014)

Air Quality

(EPI, 2014) I8 Fisheries (EPI, 2014)

/ Forests (Change in
forest coverage)

h * (EPI, 2014)
~—————————Agriculture (EPI, 2014)

Water resources
(Waste water
treatment) (EPI, 2014)

Health Impacts (child
mortality) (EPI, 2014)

Source: ILO, 2016
16
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GOVERNANCE ASSESSMENT Foundations for green growth planning and co-ordination

|IGE policies require efficient and Effective green growth
planning and co-ordination

transparent institutional frameworks
and processes at both the national
and local levels.

There are six key principles: participation,
fairness, decency, accountability,
transparency and efficiency.

OBJECTIVES AND MANDATE
v/ Clear and well-articulated green growth objectives
v Formal green growth mandate(s) with high-level support

LEADERSHIP

v Have a high level champion
v/ Link long-term national goals to green growth

v/ Build winning coalitions

Module 3, Section 1: Overview of Methods Source: GGBP, 2014 17
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INTEGRATED ASSESSMENT

An assessment that estimates policy
outcomes for various sectors, economic
actors and dimensions of development,
as well as over time.

As an example, Decision Support
Systems (DSS) provide valuable
guidance to decision makers for the
integrated evaluation of IGE policies.

Module 3, Section 1: Overview of Methods

The structure of the integrated green economy modelling framework

SOCIETY

IGEM

ECONOMY

ECONOMY SOCIETY

ENVIRONMENT

Source: UNEP, 2017
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OVERVIEW OF MODELS

Many models are available to support the assessment of the
outcomes of IGE investments.

Some capture few, some many of the characteristics of the IGE.

Both qualitative and quantitative models can be used
for IGE assessments.

Module 3, Section 2: Overview of Models
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OVERVIEW OF MODELLING APPROACHES

Refer to the underlying mathematical theories and frameworks
that can be used to create and simulate (or solve) quantitative
simulation models.

Usefulness of models depends on their match to the definition
of a green economy, which depends on the local context, the
quantitative outputs they generate to effectively inform

decision-making, and how easy they are to customise and use.

Module 3, Section 2: Overview of Models
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MODELLING USEFULNESS DEPENDS ON THEIR
SUPPORT OF THE POLICYMAKING PROCESS

Ex-ante modelling can generate “what if” projections on scenarios
with no action, as well as the potential impact of proposed policies. D[II]H

—o| Tx '
Ex-post modelling can support impact evaluation. :g /;

O
:>(| A

Improvements to the model and updated projections /\
enhance policy decision making. @ /— \

Module 3, Section 2: Overview of Models 22
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- The Delphi method consists of a
multi-round survey to converge towards a
common solution or view.

- At every round following the first one, the
participants are given the results of the
previous rounds.

- Thus, they are asked to reconsider their
judgements based on the opinions of
others.

- This helps them converge towards a
common solution or view.

Module 3, Section 2: Overview of Models

QUALITATIVE MODEL.: Delphi Analysis

The Delphi Method

Questionnaire
IwitaV// \\\
\

ki H#':/! =
Round X \ /
(n>=2) Answers
y

Analysis

(tags, focets, charts, &

Answers need to be:
- anonymous
- only visible by the moderator

After the first round,
participants evaluate if they
agree to the reformulation
and/or want to clarify their
view.

Consensus

or
Saturation

Dissensus Analysis and reformulation
is done by a moderator

Reformulation
of

Questions

Source: Riviere, 2018

23
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EXAMPLE

EurEnDel is the largest energy Delphi study that
was ever conducted in Europe, with around 3,000
experts participating over a time frame of 30 years .

It aims to describe trends in the development of

energy technologies, and to identify research and
development needs in the energy sector.

Module 3, Section 2: Overview of Models
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DELPHI ANALYSIS

Data source(s)
+ Expert practitioners and researchers

Data Availability

* Delphi is a data collection method, which
requires thorough analysis of the current
situation before execution

Accessibility and Typical Users
 Highly accessible
* Results are an overview of expert opinions
on specific questions or topics

Module 3, Section 2: Overview of Models

Questionnaire Design

!

Expert Selection

}

Open Questionnaires

!

Collecting and
Modifying
Questionnaires

[

Changing the Questionnaire
Design

|

Conducting Question
Surveys

|

Collecting Questionnaires and
Performing Statistical Analysis

Reaching
Consensus

Obtaining KPIs

Source: Cheng et al., 2011

25
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REFLECTION POINT

Module 3, Section 2: Overview of Models

O

o

What do you think is

the core contribution
of qualitative models
in the context of an
IGE assessment?

26
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\ QUALITATIVE MODEL.: Causal Loop Diagram (CLD)

A CLD consists of variables connected by arrows denoting the causal influences
among the variables. Feedback loops are also identified in the diagram.

CLDs support the identification of policy outcomes using a systemic approach.

Module 3, Section 2: Overview of Models

27
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CAUSAL LOOP
DIAGRAMS ot it

Module 3, Section 2: Overview of Models

low carbon
energy

degraded land
restoration

R&D investment
acological

agriculture
practices

tmber and paim oil certification

energy
efficiency

investment in watershed and
freshwater management

vakse chain
development

waler trealment

Source: Van Paddenburg et. al. 2012
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lllustrative Causal Loop Diagram of a generic eco-agri-food system (Source: Zhang et al. 2018)

EXAMPLE and distributional impacts
—— positive
--- :egative
CLDs have been used
extensively to carry out
qualitative assessments of
policy impacts. /
TEEB developed a CLD to b ears
explain the dynamics existing S
in the eco-agri-food system. 4

<deforestation>

Module 3, Section 2: Overview of Models impacts,
equity Source: TEEB, 2018
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REFLECTION POINT

Module 3, Section 2: Overview of Models

O

o

What was your experience
working with CLDs?

What do you think are the
main strengths and
weaknesses of CLDs?

30
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QUANTITATIVE MODEL: Sectoral
NS Input-Output (I-O) Tables

- Represent inputs and outputs of several
economic activities, physical and/or monetary.

- An input-output model replaces the data in an
input-output table with equations.

- |-O models can be descriptive and prescriptive.

Module 3, Section 2: Overview of Models

I-O table in symbols

Total domestic purchases of inputs

g _—
5 s - £ 5 s
g g 3 £ s sgE=§ B
= 5 5§ ¢ 3 F8EE R &
£3 d s § I8 EEGE I o
g 3 Agriculture 0“ 011 013 C, l] G) EX; X;
=
orird
2 g Manufactur- 0y 0, (0J%) C I, G, EX; X,
£o g ing
3 ‘!_g a Services 031 031 o;n C; |3 G; EX; X3
2o 3
E Imports M, M; M; Mc M| MG M
O
- Q.
g 2
3 Taxesminus Ty . T T
S subsidy |
E § Wagesand =~ Wy W, W, w
S ¥ salaries : —
g gg Profit! Profit, mﬂt, Pcoﬁt, Profit
o_o 8%
- X X; X3 C | G EX
2t
Z E
3 >
L8
Employment by industry E, E; E;
€02 emissions by industry C02, CO2, CO2;

Source: 1LO,2017
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EXAMPLE

Cruz (2002) applied the I-O methodology to analyze energy flows and CO2 emissions in the Portuguese economy.

The I-O model distinguishes between energy demand by final consumers and direct and indirect energy

requirements from industries.

Corresponding to A Corresponding to a Cormresponding to A Corresponding to ] Corresponding to
Table 1 Direct Production demand Indirect Production demand Total Production demand Direct Consumption Demand Final Demand
Primary Energy Intensities . ‘ e Wz
c C(A*A’+..) C(1-A)° P s Intensities'
ergy Intensity “Ranking"
unit: toe / million PTE (1) coal (2)oil (3) ceal (4) ail (5) coal (6) oil (7) coal (8) ol (9) coal (10) oil coal oil

T Agniculture, hunting and related service activit. 0.00 0.37 0.11 0.48 | 0.11 0.8 | 0.00 0.00 0.11 0.85 20 14
02 Forestry, logging and related service activities 0.00 0.23 0.02 0.09 0.02 0.32 0.00 0.00 0.02 0.32 36 26
03 Fishing and related service activities 0.00 1.05 0.03 0.28 0.03 1.34 0.00 0.00 0.03 1.34 34 9
04 Mining and manufacture of coal by-products 8.87 0.18 0.31 0.57 9.18 0.76 102.42 0.00 111.60 0.76 1 15
05 Extr. crude petroleum ..., and manuf. refined petroleum products 0.00 2.52 0.08 0.51 0.08 3.03 0.00 52.26 0.08 55.29 24 1
6A Fossil fuel electricity generation 9.13 12.60 0.07 0.24 9.20 12.85 0.00 0.00 9.20 12.85 2 2
6B Hydroelectricity 0.00 0.00 0.01 0.04 0.01 0.04 0.00 0.00 0.01 0.04 38 38
6C Electricity Distribution 0.00 0.00 4.16 5.82 4.16 5.82 0.00 0.00 4.16 5.82 3 5
07 Gas production and distribution 0.00 4.63 0.49 2.53 0.49 7.15 0.00 0.00 0.49 7.15 7 4
08 Water supply 0.00 0.00 0.73 1.04 0.73 1.04 0.00 0.00 0.73 1.04 6 12
09 Extraction and manuf. of ferrous and non-ferrous ores and metals 1.10 0.32 0.84 1.01 1.93 1.33 0.00 0.00 1.93 1.33 4 10
10 Extraction and manuf. of non-metallic minerals 0.96 0.78 0.47 0.95 1.43 1.73 0.00 0.00 1.43 1.73 5 8
11 Manuf. of chemicals and chemical products 0.02 1.95 0.18 0.61 0.20 2.55 0.00 0.00 0.20 2.55 13 6
12 Manufacture of fabricated metal products 0.00 0.06 0.32 0.58 0.32 0.64 0.00 0.00 0.32 0.64 9 20

Module 3, Section 2: Overview of Models

Source: Cruz, 2002

32
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REFLECTION POINT

Module 3, Section 2: Overview of Models

O

o

What do you think is the
most useful application
of I-O models?

Sectoral level (e.g. for
industries) or
macroeconomic?

33
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QUANTITATIVE MODEL: Computable General

Ny Equilibrium (CGE)

Models supply and demand
behaviour across all markets in
an economy.

Widely used to analyse the
aggregate welfare and

distributional impacts of policies.

Optimize the benefits for various
economic actors.

Module 3, Section 2: Overview of Models

ﬁum o

Source: Banerjee, Onil, 2019.

34
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EXAMPLE

The ENV-Linkages model is a multi-sectoral
and multi-regional dynamic CGE model,
based on microeconomic foundations.

Population and demographics Capital supply Natural resources

Economic growth

It is used to generate the results for the OECD
Environment Outlook to 2050.

Energy

Bioenergy

Local air pollution issi Deforestation
(under construction)

It uses the Global Trade Analysis Project
(GTAP) as data input.

7p]
(<))
o7
©
-
=
=
=
=
(FH ]
Y—
(@]
=
©
=
o
(@)

Health Climate Water stress
& environment change & water quality

Biodiversity

Source: OECD, 2012.

Module 3, Section 2: Overview of Models 35
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REFLECTION POINT

Module 3, Section 2: Overview of Models

O

o

The concept of equilibrium
is frequently debated.

To what extent do you see
it as a realistic assumption
for economic models?

36
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QUANTITATIVE MODEL: Q/\
\ System Dynamics human capitel [ @ o~ e By L :egng

humgigfﬁip"a' ;Zwagesi‘// e jobcreaion L PP | retremert
. \ SN edwaion S public + j
- Integrated quantitative approach (causal @ ) trammgt;”"expenmure @

r . rivale sical capita :%. &
descriptive) utilized to understand R . - Pryee eI | sepreciion
situations for complex issues. /pdeucv /\

consumphon
- Methodology that allows the integration o
of social, economic and environmental i den::r;gjgzwa] @
indicators.
greengdp
Q#’ naturel capitel .
- The pillars are feedback, delays and R e

1 I natural capitel .
nOn-llnearlty depletic?n \‘*- <human capital

+  nalural capital growi>
reductions

- Models can be top-down or bottom-up.

natusal capitel additions

Module 3, Section 2: Overview of Models

Source: Bassi, 2015
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EXAMPLE

- The model developed for the Green Economy
Report is a System Dynamics model that largely
draws upon the Threshold 21 family of models.

- It integrates variables and data at the macro
level, while allowing for sectoral disaggregation.

- Simulates the main short-, medium- and

longer-term impacts of investing in a green
economy.

Module 3, Section 2: Overview of Models

UNEP Green Economy Report

Towards a R
GREEN £CONOMy

Pathways to Sustainable Development
and Poverty Eradication

A Synthesis for Policy Makers

Source: UNEP, 2011
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GLOBAL GREEN ECONOMY MODELLING
WITH SYSTEM DYNAMICS

An attempt to shed light on the benefits of

Green Economy interventions at the global
level.

First modelling exercise of this kind, using a
systems approach in a GE context.

Module 3, Section 2: Overview of Models

UNEP Global Green Investment Scenarios

GREEN = InOmMy

Modelling sssess
g investiment scenarios

Source: UNEP, 2012

39
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POLL

a— | System Dynamics has been used very often for IGE, Circular Economy
¥~ and Climate Adaptation assessments. Why?

A. Highly standardized approach and model.

8. Strong stakeholder engagement to conceptualize and create the
model, creating local ownership.

C. Useful method for “knowledge integration”, which allows to better
represent the IGE concept in a model.

Module 3, Section 2: Overview of Models

40
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COMPLEMENTARITY IS CRITICAL FOR MODELLING USEFULNESS

A transition to an Inclusive Green Economy
requires a combination of policy interventions
with crosscutting impacts.

Complementarity strengthens the analysis and
addresses some of the weaknesses of each
methodology with inputs from others.

Module 3, Section 2: Overview of Models
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3 Interpretation of
Model Results
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REFLECTION POINT: How the underlying method influences model results

Module 3, Section 3: Interpretation of Model Results

O

o

Do you remember what
the three methods were?

How do you think they
influence the results of a
model?

43
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HOW THE UNDERLYING METHOD INFLUENCES MODEL RESULTS

Dynamic models

* Tend to overestimate * Tend to underestimate « Capture short-term
policy impacts (lack of policy impacts (when impacts (otherwise seen
feedback). producing a snapshot). as possible overestimate).
» These include I-O (e.g. + These include CGE « Capture medium to
SAM) and linear models. models, energy longer term impacts
optimization models. (otherwise seen as

possible underestimate).

Module 3, Section 3: Interpretation of Model Results 44
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EXAMPLE: MODELLING THE IMPACTS OF SUBSIDY REFORM

Problem statement: Fossil fuel subsidies in Thailand: trends, impacts, and reforms.
Is keeping subsidies inefficient and ' '
costs too much?

1. Fossil fuel subsidy removal
increases energy prices.

FOSSIL FUEL SUBSIDIES

IN THAILAND
TRENDS, IMPACTS, AND REFORMS

FOSSIL FUEL SUBSIDIES _

IN INDONESIA
TRENDS, IMPACTS, AND REFORMS

2. 100% reallocation of subsidy
savings improves all key indicators
relative to business as usual (BAU),
but it does not reduce public deficit.

ASAN DEVILOPMWEINT RANK

Source: ADB, 2015

Module 3, Section 3: Interpretation of Model Results
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EXAMPLE: MODELLING THE IMPACTS OF SUBSIDY REFORM

Problem statement:
Who will be impacted if we remove subsidies?

3. No compensation has negative impacts on all households, but it reduces
emissions and lowers public deficit.

Problem statement:
What are the impacts of providing compensation?

4, Reallocation to all households shows generally better impacts than
compensating only the bottom 40%, but it is not as effective in lowering public
deficit.

Module 3, Section 3: Interpretation of Model Results

46
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MODELLING APPROACH

Three groups of models used:

Social Accounting Matrix (SAM) for short-term economic impacts
(static assessment), including detailed distributions analysis;

CGE and macroeconometric model for assessing macroeconomic
impacts, short, medium and longer term;

MARKAL models for assessing impacts for the energy sector.

Module 3, Section 3: Interpretation of Model Results

47
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Sectoral and geographically disaggregated impact analysis for
households (e.g., savings). Economic flows across the

key actors of the economy.
Reallocation of funding. Distributional effects and opportunities.

SAM

Social Accounting Matrix

Energy sector analysis.
Optimization of energy
supply, at least cost.

Module 3, Section 3: Interpretation of Model Results

Macroeconomic assessment.
Economic impact of energy prices.

48
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DIRECT IMPACTS

Economic flows across the
key actors of the economy.

SAM

Producer and

Social Accounting Matrix consumer subsidies

Energy sector analysis.
Optimization of energy
supply, at least cost.

Macroeconomic assessment.
Economic impact of energy prices.

Producer subsidies (primarily)

Module 3, Section 3: Interpretation of Model Results 49
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INDIRECT IMPACTS

Economic flows across the
key actors of the economy.

Estimated using the SAM,
possibly also assuming a
futu re growth rate for the Social Accounting Matrix
main financial flows.

Producer subsidies (primarily)

Module 3, Section 3: Interpretation of Model Results 50

SAM

Producer and
consumer subsidies

Energy sector analysis.
Optimization of energy
supply, at least cost.

Macroeconomic assessment.
Economic impact of energy prices.
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INDUCED IMPACTS

Economic flows across the
key actors of the economy.

Estimated using the SAM,
possibly also assuming a
futu re growth rate for the Social Accounting Matrix
main financial flows.

SAM

Producer and
consumer subsidies

Energy sector analysis.
Optimization of energy
supply, at least cost.

Macroeconomic assessment.
Economic impact of energy prices.

=)
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\\ S

S—

Sectoral and geographically disaggregated impact analysis for
households (e.g., savings). Economic flows across the

key actors of the economy.

Reallocation of funding. Distributional effects and opportunities.

Household income,

consumption, savings ane SAM

. - .
Investment Social Accounting Matrix Disposable

income
3 )

\ Gross Domestic

—— Energy

(NN

Energy
costs
\ M a c ro Macroeconomic assessment.

Economic impact of ener rices.
Model g P
Energy /

. Ener
production ——= et g};'ces
Module 3, Section 3: Interpretation of Model Results costs ( ) pri

Energy sector analysis.
Optimization of energy
supply, at least cost.
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MAIN CHARACTERISTICS OF THE MODELS CHOSEN - INDIA EXAMPLE

Household and sectoral Impacts Reallocation

Base year ! ! Energy sources .
y disaggregation 9y modelled assumptions
India
Compensation to
2007-08 S rural and 4 urban Direct and households and
SAM with subsidy (employment-based) household Oil, gas, coal and electricity. - .
: : indirect reallocation to
adjustment groups; 78 economic sectors.
government budget
Rural and urban households;
MARKAL 2011 r_e3|dent|al, .comm_erc;lal, mdustngl Detailed primary and secondary Direct No compensa.tlon
(with energy-intensive manufacturing energy supply. and reallocation
sectors) and transport.
42 economic sectors, 5 rural Primary and secondary energy isz:hnjzgoanngo
E3MG 2011 and 4 urban (employment-based) supply (22 different users of 12 Direct -
: budget/deficit
household groups different fuel types). reduction
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MAIN CHARACTERISTICS OF THE MODELS CHOSEN
o] Beseyer | Household st csggrgeton | Enegy sowoss | inpacts ool | Reslocaton sssumpons

India
2007-08 5 rural and 4 urban (employment-based) household groups; 78
SAM . ) . .
with subsidy adjustment economic sectors.
MARKAL 2011 Rurgl and urbap hou§eholds; reS|dgnt|aI, commercial, industrial
(with energy-intensive manufacturing sectors) and transport.
E3MG 2011 42 economic sectors, 5 rural and 4 urban (employment-based)
household groups
Indonesia
2008 4 rural and 4 urban (employment-based) household groups; 25
SAM . . . .
with subsidy adjustment economic sectors.

Agriculture, construction, households;, commercial, industrial (with
MARKAL 2010 energy-intensive manufacturing sectors) and transport — with four
"regions” reflecting Java, Kalimantan, Sumatra, and other islands.

42 economic sectors, 5 rural and 4 urban (employment-based)

E3MG 2011 household groups
Thailand
Agriculture and non-agriculture, household groups by decile;
SAM 2010 .
10 employment groups; 79 economic sectors.
MARKAL 2007 Rural and urban households; residential, commercial, industrial
with subsidy adjustment (with energy-intensive manufacturing sectors) and transport.
2007 65 economic sectors (24 agricultural and 41 non-agricultural), 200
CGE . . . .
with subsidy adjustment household income groups

Oil, gas, coal and electricity.

Detailed primary and secondary
energy supply.
Primary and secondary energy
supply (22 different users of 12
different fuel types).

LPG, NGV, gasoline, diesel,
kerosene and electricity.

Detailed primary and secondary
energy supply.

Primary and secondary energy
supply (22 different users of 12
different fuel types).

18 sectors, including diesel,
natural gas and electricity

Detailed primary and secondary
energy supply.

Petroleum (gasoline, diesel and
natural gas).

Direct and indirect

Direct

Direct

Direct and indirect

Direct

Direct

Direct and indirect

Direct

Direct

Compensation to households and
reallocation to government budget

No compensation and reallocation

Compensation to households and
budget/deficit reduction

Compensation to households and
reallocation to government budget

No reallocation

Compensation to households and
budget/deficit reduction

Compensation to households and
reallocation to government budget

No reallocation

Compensation to households and
budget/deficit reduction

Module 3, Section 3: Interpretation of Model Results
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N
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Comparative assessment of results

SAM: Short-term (2012),
full compensation to all HH, GDP -0.4 -1.3 2.02
remainder to gov. expenditure

Macro: Long-term (2020), GDP 0.04 -0.09 -1
compensation to all HH,

remainder to gov. deficit “% change in CPI 0.58 3.15 -1

Module 3, Section 3: Interpretation of Model Results 55
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N
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Comparative assessment of results

VSN G P E G 0 GHG emissions
(% change)

-1. -5.1% -2.8%

GHG emissions
(% change)

E3MG long-term ~2030

-1.3 -9.3% n/a

Module 3, Section 3: Interpretation of Model Results
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REFLECTION POINT

Module 3, Section 3: Interpretation of Model Results

O

o

When asked to perform a
policy assessment, do you

begin with:

1. What model can | use?

2. How can | adapt
my model?

57
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4 In depth review:
Integrated Green Economy
Modelling (IGEM) framework
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BACKGROUND

Since the launch of the Green
Economy Report (GER) in 2011,
UNEP has supported countries in
developing Green Economy
Policy Assessments (GEPAS).

GEPAs have been carried out in
South Africa, Kenya, Rwanda,
Senegal, Burkina Faso, Uruguay,
Ghana, Mauritius, Mozambique,
Peru, and Mongolia.

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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WHAT IS THE IGEM FRAMEWORK?

The Integrated Green Economy Modelling (IGEM) was designed to:

Support countries with solid quantitative tools to inform the

@ Answer increasingly complex requests from governments;
gg design and implementation of green economy policies;

—= Advance the process of implementing and monitoring some

—0o of the Sustainable Development Goals (SDGs).

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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DIAGRAM OF THE IGEM FRAMEWORK SHOWING THE LINKAGES BETWEEN
THE SD, CGE AND I-O SAM MODELS

IGEM Green 10-SAM

ECONOMY
Green CGE

Q SOCIETY

ENVIRONMENT

Source: PAGE, 2017

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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STEP 1: CREATE AN EXPANDED (OR GREEN) I-O

Disaggregating an I-O table with a green sector

PURCHASING SECTORS

FINAL DEMAND

TOTAL
OUTPUTS

SECTORS

PRODUCING

VALUE-ADDED (v')

IMPORTS (m)

TOTAL INPUTS (X)

i Xil X X'in X'in+1 | Ci L gi €; Xi
n Xy X5 X' mn X'anel | €'n it g’ e, X
X' ns1l X' naly X netn X' netn+1|C' pa LY g'n+i €nil | X'pai
V) Vv Vi Vier | Ve Vi Ve Ve V
m; m; m', m'y. | me m; mg M
X; X X Xl C I/ G E

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework

Source: PAGE, 2017
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STEP 2: CREATE AN EXPANDED (OR GREEN) SAM

INPUTS
1 Greensector 2 Coststructure 3 Marketprice 4 Major 5 Total output
definition and (production downstream share in the =
classification recipe) of green use corresponding ff,
sector convention sector,
etc. :i
=
=
—
=
=
=
o
. COLUMN/
Diagram on how to prepare a i
green SAM based on a green
Column/row ratios
Source: PAGE, 2017 Convention 10 table 3| Expanded groon 10 3| for green SAM 3
table and balancing :
expansion
W
GREEN 10-SAM
ECONOMY SOCIETY ENVIRONMENT
Disaggregation into green and Disaggregated labour markets (oy GHG
conventional sectors income groups, gender and urban
and rural, etc.) Other pollutants/wastes

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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GREEN CGE AND GREEN I-O SAM

ECONOMY
Base year calibration and data : i
for Green production functions Disaggregation into green

and conventional sectors
Diagram of the linkages between the _

CGE model and the I-O SAM model
SOCIETY

Disaggregation of labor
Source: PAGE, 2017 markets (by income groups,
gender, urban and rural, etc.)

Iterative results for updating 10s

Results on energy, resource and
material flows

ENVIRONMENT

GHG, Other pollutants/
wastes

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework 64
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DIAGRAM OF IGEM FRAMEWORK INFORMATION STRUCTURE

SD IGEM GREEN 10-SAM

€ = e e e e e - = = - = = -

Results on energy, resource and material flows

N C A GREENCGE

economic sectors
ECONOMY
Land Bal?: Y‘:i“" " Disaggregation
. Energy demand i calibration an into green and
Diagram of the IGEM framework Water:demand SNEROS, TeaonCe (e o rein cotiionsl
. . Water supply production sectors
information structure Eneior iurry functions
Emissions
Iterati It ) A
erative results
. Population, for updating 10s Disaggregation of
Source: PAGE, 2017 e adilication: fob5e vriarkiats (B
infrastructure income groups,
gender, urban and
rural, etc.)
Poverty
Infrastructure '"°°'|“° andt Results on energy,
Educizt?‘tlon ;L"v';:’:""::t v resource and ENVIRONMENT
Hea ; material flows
Fertility & expenditures GHG, Other
mona"ty pdlmams,wastes
Population

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework

€ = = = e - - - -

Results on energy, resource and material flows
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TARGETS VERSUS INVESTMENT DRIVEN

The IGEM can be applied in two ways to analyse green economy policies:

following a following an

investment-driven
approach.

target-driven
approach;

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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TARGET-DRIVEN APPROACH

GREEN SYSTEM DYNAMICS

2) Translate emission target into an
“Avoided cost of pollution” (e.g. estimated

price or shadow price of an avoided metric (1) 1) Target: Reduction in CO, emissions
tonne of CO,) _
4a) Look at impacts in other sectors of the
3) Calculate different tax rates to be applied SD model following the implementation
to the energy sector, using extensions to the of the carbon tax (redistribution of tax
(2) revenues, impact on physical units, e.g. on

model from |0 and SAM
ﬁ emissions and health)

4b) Look at impacts in other sectors of the
CGE model following the implementation
of the carbon tax (redistribution of tax
revenues, production, trade, employment

effects, etc.)

Source: PAGE, 2017
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INVESTMENT- (OR PRICE-) DRIVEN APPROACH

 GREENGGE GREEN SYSTEM DYNAMICS

1) Calibrate the model to include the tax
rate of Y USD/tonne on CO, emissions

(1)
2) Calculate economic impacts following _
the implementation of the carbon tax

(redistribution of tax revenues, production,
trade, employment effects, etc.) @)

5) Use SD simulation results to estimate é

productivity impacts in the CGE

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework

3) Insert variables predicted by the CGE

in SD to evaluate impact on SD sectors
following the implementation of the carbon
tax (redistribution of tax revenues, impact
on physical units)

4) In particular, calculate how many CO,
emissions will be reduced and what are the
health impacts

Source: PAGE, 2017
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CARBON TAX SCENARIOS TESTED BY THE IGEM FRAMEWORK

SCENARIO

Scenario 1 - Feebate scenario
with low tax rate (FBL)

TAX RATE

3.5 USD/tCO,eq (current carbon
tax rate in Mexico)

Scenario 2 - Feebate scenario
with high tax rate (FBH)

25 USD/tCO,eq®

The two feebate scenarios will be

compared to:

Rebate scenario (lump sum) with
high (RH) and low (RL) tax rates

3.5 and 25 USD/tCO,eq

Business-as-usual scenario
(BAU)

No carbon tax*

CGE

1) Estimate the economic effects
of feebate scenarios compared
to a revenue neutral carbon tax
(lump-sum) and a business-as-
usual scenario

3) Use results from the SD to
estimate effects of increased
longevity on productivity

SYSTEM DYNAMICS

2) Estimate the social and
environmental impacts resulting
from the CGE simulation (health
and emissions)

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework

Source: PAGE, 2017
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CONCLUSIONS - on Greening

The IGEM framework shows:

QQ The CGE can be greened through the inclusion of additional sectors
<> and/or by using a green |-O SAM as input;

@)
'ﬁ' The SD model can be greened by disaggregating a particular sector to
address environmental and social questions of interest to policymakers.

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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CONCLUSIONS - on Coupling

- The IGEM framework identifies the main entry points
between the models and how this linkage can be
reinforced following different rounds of integration.

- In Mexico, GDP growth is enhanced when the effect
of lower emissions on longevity and, later, on labor
productivity is taken into account. Linkages go in both
directions (CGE¢==) SD)

Module 3, Section 4: Integrated Green Economy Modelling (IGEM) framework
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End of Module 3.

7

Thank you for your attention!
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Annex A
Additional Information About
Different Models
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DELPHI ANALYSIS

Resources required

* Approximately 45 days; each round of questionnaires (four in total) has to be carefully

prepared and analysed.

Potential for integration with other methods and tools

+ Can be used in combination with other methods (receiving and providing inputs).
 Provides inputs to the formulation of scenarios and identification of suitable methods.

« Supports the validation of model results.

Module 3, Annex A: Additional Information About Different Models
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DELPHI ANALYSIS

I Strengths

» Supports the identification of adequate quantitative methods..
- Data needs are fairly low.

- Complementary with many different analysis methods.

I Weaknesses

« The emergence of new knowledge might be hampered by the process itself.

+ Delphi investigators need to be cognisant and exercise caution.

» Narrow focus on experts with knowledge about technologies/policies.

« The quality of results is ultimately dependent on the participation of experts in the

process of knowledge elicitation.

Module 3, Annex A: Additional Information About Different Models
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\ QUALITATIVE MODEL: Decision Tree (DT)

- A decision support tool that uses a binary tree-like graph or model to identify and
map the relationship between inputs and outputs.

DT explicitly maps the structure of a system and related intervention options.

Starting from the indicator that is affected by the policy to be analysed, each
branch corresponds to a possible outcome.

DT diagrams can be qualitative and quantitative.

Module 3, Annex A: Additional Information About Different Models
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DECISION TREE e 102 L
(EXAMPLE)

Decision tree diagram
for choosing a cooking
fuel strategy in acute
emergencies

Source: IASC, 2009

COMMON FUEUENERGY
TECHNOLOGY OPTIONS

liquefied petroleun gas {(LAG); ethanck; solar; kevosene; fuel-efficent
stowes (FES - ol models); charcouk, Sreweod, briquettes

blogas (raw materials); mudicley FES; chancoal; firewood; briquettes

LPG: Bicagas {Sgeaten): sclar; metal FES

Sew mrven tineanirk ong of accompanyng fash drive for more nlormation

(Note: as used in both Diagrama, “fuel” encompasses any and all possible
coclng fi gy logies. See the gy section, ing
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DECISION TREE

I Data source(s)

» Expert elicitation or case study review.

I Data Availability

 Data is generally available from other studies or historical databases.

* Depending on the size of the DT, additional research may be required to carry out validation.

I Accessibility and Typical Users

* Qualitative DT are easily accessible by a wide range of audiences.
» They concern key questions or trade-offs, and typical users are policy makers and stakeholders that

are involved in the decision-making process.

Module 3, Annex A: Additional Information About Different Models
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DECISION TREE

Resources required

- Simple decision trees are usually created within days through a multi-stakeholder workshop.
» The validation of the DT takes, depending on its size, approximately one month. Most of the

work can be done in-house.
Potential for integration with other methods and tools

« Can be used in combination with various other methods, using inputs from other modelling

exercises and providing inputs for the identification of suitable methods and models.

Module 3, Annex A: Additional Information About Different Models

79



N\ Pﬁ G E PARTNERSHIP FOR ACTION
\ / ON GREEN ECONOMY

DECISION TREE

I Strengths

* ldentifies and maps the relationship among key indicators of performance.
« Data needs for small DT are typically low, only increasing as the tree grows.
* Time requirement to develop a DT and conduct a (light) validation in a workshop

setting can be as low as 1-2 days.

I Weaknesses

* It often results in the creation of very complex diagrams.
* The number of nodes and output indicators grows exponentially.

« The DT diagram does not capture (feedback) loops.

Module 3, Annex A: Additional Information About Different Models
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EXAMPLE

- The Inter-Agency Standing Committee
(IASC) developed a decision tree diagram
for fuel strategies in humanitarian settings.

- The goal is to identify and map a range of
fuel-related issues, and to illustrate that
different local contexts require different
(socio-) technological solutions.

- The tree provides guidance on strategic

approaches (long- and short-term) that can
be deployed to tackle the issues at hand.

Module 3, Annex A: Additional Information About Different Models

Unattractive investments

T hEs

Low returns

/\ High risks

High costs Low revenues

Project costs System costs .
m e -

Demand Resource

Installed  6em  Resource Financing

v
Link to finance
decision tree

Source: Pueyo, 2017
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CAUSAL LOOP DIAGRAMS (CLD)

I Data source(s)

+ Data for causal loop diagrams can be obtained from literature and from experts, or during group

model building exercises.

I Data Availability

- Data for model development, such as information on the local context, is generally available.

- Both qualitative and quantitative data can be used for developing a CLD.

I Accessibility and Typical Users

 Highly accessible; results consist of a system map and underlying feedback loops.

» Typical users range from researchers to decision makers.

Module 3, Annex A: Additional Information About Different Models
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CAUSAL LOOP DIAGRAMS

Resources required

* Very low time requirement.
* A CLD can be created in three hours (or up to 2 days) with a group of 20 — 30 stakeholders.
- Depending on the context, a whiteboard and markers, or a laptop with projector and

modelling software are sufficient.
Potential for integration with other methods and tools

 Can directly support several other methods (formulate scenarios, identify policy impacts,

explore the dynamics of the system and select appropriate quantitative methods).

Module 3, Annex A: Additional Information About Different Models
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CAUSAL LOOP DIAGRAMS

I Strengths

* ldentifies and represents the interconnections between indicators in the sector.
» Supports the identification of policy packages using a systemic approach.

* Highly compatible and complementary with other methods.

I Weaknesses

 Quality related to the knowledge used to develop the diagram.

» The selection of experts for creating the CLD is critical.

* To avoid biased policy assessments, both systemic boundaries and relationships between
variables must be captured correctly.

» The estimation of causal relations cannot be performed as the causal diagram is qualitative.

Module 3, Annex A: Additional Information About Different Models
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QUANTITATIVE MODEL: Household Income &
N\ Expenditure Survey (HIES)

A statistical survey to study the economic behaviour of households.

This survey is the primary data source for the creation of Input-Output
tables and the Social Accounting Matrix.

It is carried out with a frequency of between one and five years, and
includes the following information:

o Household characteristics, income, consumption and saving, wealth in terms of real
estate, financial assets and liabilities.

Module 3, Annex A: Additional Information About Different Models
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HOUSEHOLD INCOME AND EXPENDITURE SURVEY

I Data source(s)

* Primary survey

I Data Availability

- Data is generally available through respondents.

* Quality and accuracy depends on the clarity of the survey and the participants targeted.

I Accessibility and Typical Users

- HIES are generally accessible, and typically developed and maintained by national
government departments, such as the ministry of finance and the ministry of social

development.

Module 3, Annex A: Additional Information About Different Models
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HOUSEHOLD INCOME AND EXPENDITURE SURVEY

Resources required

 Creating a new survey, its dissemination and collection of results takes, on average,

between six and 12 months.

Potential for integration with other methods and tools

* It is the primary data source for household assessments, to estimate impacts on
consumption, expenditure and income.

» Qutcomes can be used to customize and calibrate several models.

Module 3, Annex A: Additional Information About Different Models
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HOUSEHOLD INCOME AND EXPENDITURE SURVEY

Strengths

* Primary data source for studies assessing policy impacts on
consumption, income and expenditure.

» Time required: between six and 12 months.
Weaknesses

* The design stage is crucial, regarding the quality of the
survey and the pool for respondents.

* Requires a large number of households surveyed and
comprehensive geographical coverage, along with a good
representation across income classes.

* Not possible to customize an existing HIES database; any

customization requires preparing a new survey.

Module 3, Annex A: Additional Information About Different Models

Household Income and Expenditure Survey
2016

For the 43t ime 18

e & Main message Updated poverty rates
Lasgladesh, quarterty poverty
fates show Bhe flschustion of Bangiadesh 5 costinuing Ity Impressive progress is poverty reGuction at the district level
poverty within 3 year prodoced irectly from Ihe MES
Poverty rate for 2016: 24.3%

201617 Ouarterly poverty rates L LT L L)

Extreme poverty rate for 2016: 12.9% R RN -

16:13.8%

What are the annual poverty estimates?

@WORLDBANKGROUP Percectage of people hviag below the naticnal upper sad lower poverty ines
Poverty b Loy maasured for the ypear Apell 2096-March 2017,

11 Octaber 2017 20! 9 Aunthang Poasr Py

Source: World Bank, 2017
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SECTORAL INPUT-OUTPUT (1-O) TABLES

I Data source(s)

* National and sectoral statistics.

I Data Availability

- Data from national statistics (at the country level) is generally available.

 Sectoral data on material and energy flows may be lacking.

I Accessibility and Typical Users

* |-O tables are accessible, and developed and maintained by the Ministry of Finance, the Central Bank or
the National Statistical Office (for economic |-O tables), sectoral ministries (for biophysical I-O tables)

and universities (for integrated and multi-country 1-O tables).

Module 3, Annex A: Additional Information About Different Models
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SECTORAL INPUT-OUTPUT (1-O) TABLES

Resources required

* Building a new |-O table is a labour- and resource- intensive process.
» The time required to develop a new model depends on the number of sectors considered

and can take between two months and a year.

Potential for integration with other methods and tools

» Can be used to parameterise and initialise other quantitative models.
* Provides an indication of ripple effects across sectors for possible short-term policy

impacts.

Module 3, Annex A: Additional Information About Different Models
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SECTORAL INPUT-OUTPUT (1-O) TABLES

Strengths

* |I-O models capture ripple effects (upstream and downstream) across the value chain.

» Used as input for more complex and sophisticated national and/or sectoral models.

Weaknesses

* The effort required to create an I-O table can be regarded as a limitation.
+ Strong focus on the interdependence between industries but lack of other
interdependences.

* Generally assumes fixed prices and fixed [-O multipliers (or ratios).

Module 3, Annex A: Additional Information About Different Models
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\ QUANTITATIVE MODEL: Social Accounting Matrix (SAM)

A comprehensive, economy-wide input-output table with details of all transactions
that have taken place between economic agents in an economy.

A SAM displays the macro- and meso-economic accounts of a socio-economic
system in a square matrix, ensuring that all inflows equal the sum of the outflows.

The SAM can be regarded as an extension of an I-O table.

Module 3, Annex A: Additional Information About Different Models
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EXAMPLE

- SAM analysis for evaluating
renewable energy initiatives

in Egypt.

- The analysis aimed at
examining what initiatives
would yield the highest
benefits for Egypt, for GDP
and household income.

Module 3, Annex A: Additional Information About Different Models

Type of Multiplier of base Multipliers of 1% Multipliers of 2®¢ scenario | Multipliers of 3rd scenario
Multiplier scenario (current scenario (secure local demand of (government plan till 2020)
level of investment) | (DESERTEC plan) electricity from CSP)
GDP 1.62 2:12 1.67 1.72
multiplier
Income 2.15 2.19 2.04 2.16
multiplier
Output 4.04 432 446 421
Multiplier

Source: Farag and Komendantova, 2014
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SOCIAL ACCOUNTING MATRIX (SAM)

I Data source(s)

* Input-output tables, System of National Accounts (SNA), industrial statistics, consumption

expenditure surveys and foreign trade statistics.

I Data Availability

» High data requirements but data is generally available (e.g. GTAP database).

» Multipliers need to be derived ad hoc.

I Accessibility and Typical Users

* Access is generally constrained to trained personnel but most SAMs are developed in Excel, which reduces barriers.

- Commonly used for analysing how policy impacts are distributed over economic actors.
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SOCIAL ACCOUNTING MATRIX (SAM)

Social accounting matrix structure in symbols

Resources required 6. Gross 2
9 1.Goodand| 2 Gen:;'aﬂon H::se t:t?u':; 5. fixed 7. | 8.RoW | 9.RoW '§
- Creating a simple SAM from the SNA may take SIUCE. | PONEOR0! (ohincama || ol ||k 7| SRRETL. COPIZ || BIeos | Somnt | cope E
a month, a detailed SAM up to a year. = Soaland BX cy f q
* Modifications can be performed in the range of
2. Production Da x
two to four months.
:'ie"r:raﬁonof Wz v
Potential for integration with ool Yo 8 y
4.b Other son
other methods and tools Instutions | roses Sk e | | iy S
« Can be used to parameterise and initialise other pleg B <], Sy Sorrowing ol
. . |6. Gross fixed ?:::
quantitative models. capital formation capital
formation
* Provides an indication of ripple effects across 7. Finance Lending M vac
RowW
sectors for possible short-term policy impacts. l8. Rowcurrent | 'mPersof Transfers | Transfers
9. RoW Capital f:::::l
Total ' ' ' ! s
expenditure q X v y
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SOCIAL ACCOUNTING MATRIX (SAM)

Strengths

 Extension of an I-O table, with an emphasis on private households and their
socioeconomic relations.

* Large degree of flexibility regarding the disaggregation of the displayed information.

Weaknesses

» Might miss important policy outcomes due to a lack of data for the base year.
* Not suitable for investigating the medium- and long-term impacts of policy implementation.

* SAMs typically do not include physical flows.

Module 3, Annex A: Additional Information About Different Models
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\ QUANTITATIVE MODEL.: Partial Equilibrium models

- Afamily of models that covers a
single sector, generally at a high-
level of detail.

- PE models typically use a
“bottom-up” approach, placing
emphasis on individual
technologies.

- PE models primarily use
optimization and simulation.

Module 3, Annex A: Additional Information About Different Models

Energy prices, Resource availability
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Coal processing
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PARTIAL EQUILIBRIUM MODELS

Data source(s)

« Sectoral data, databases with technology parameters, such as

cost, lifetime and efficiency, and potential adoption rates.

Data Availability

« Available from national and international databases.

Accessibility and Typical Users

« Specialised users, with depth of knowledge of the sector.
« Commonly used in sectoral analysis (country and regional).
* Typically developed and maintained by line ministries

and academia.
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Demographics

Macro-
Economics

Environmental

(Pollutant
Emissions)

Y

Demand
Analysis

v

Statistical
Differences

v

Transformation
Analysis

Loadings | ——

v

Stock
Changes

v

Resource
Analysis

Non-Energy Sector
Emissions Analysis

Source: SEl, 2019

Environmental
Externalities

L

Integrated
Cost-Benefit
Analysis
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PARTIAL EQUILIBRIUM MODELS

Resources required

- Building and calibrating a new PE model requires two to six

months, depending on the level of detail represented.
Potential for integration with other methods and tools

« Can be used in combination with macroeconomic models, to

provide more realism using a bottom-up approach.

Module 3, Annex A: Additional Information About Different Models



O \ P G E PARTNERSHIP FOR ACTION
\ / A ON GREEN ECONOMY

PARTIAL EQUILIBRIUM MODELS

Strengths

» Typically uses a “bottom-up” approach, placing emphasis on individual
technologies.

* Provides a realistic representation of the impact of adopting various technologies.

Weaknesses

 Reliance on sectoral boundaries leads to lack of dynamics (and feedback loops).
+ Limited coverage of social, economic and environmental indicators.
* Focus on short-term impacts, given that longer term impacts are reflected in

general equilibrium effects.
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EXAMPLE

- PRIMES is a partial equilibrium model of

the energy market (E3MLab/ICCS, 2014).

- It finds a price at which consumer and
producer surplus are maximized, and at
which supply equals demand.

- Policy instruments examined include:
emission and/or renewables targets,
price-based policies, regulations,
infrastructure policies and Emissions
Trading Schemes.

Module 3, Annex A: Additional Information About Different Models

Framework
assumptions

Macro—economlc data
Internatlonal fuel prices PRIMES-TAPEM
............................ v....................... Transport activity
2 modelling
Directly or through PRIMES to all other models:

v Transp. Activity

Energy (incl.

transport)

and PRIMES-
processes s : TREMOVE

.
Transport sector specific model |

Agriculture

Land use :
changeand :.
forestry

Non-CO2

emissions,
pollutants

Source: European Commission, 2020
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COMPUTABLE GENERAL EQUILIBRIUM (CGE)

Data source(s)

* Input-output table and/or Social Accounting Matrix.

Data Availability

» Use data from SAMs and/or input-output tables, so data is often dated.

- Additional data disaggregation may be required.

Accessibility and Typical Users
* Highly specialised.
« Generally very limited number of operational CGEs in a country.

* Developed and maintained by Ministry of Finance, Central Bank, academia, Multilateral Development Banks.

Module 3, Annex A: Additional Information About Different Models 102



,(/”'“"" P GE PARTNERSHIP FOR ACTION
N\ /7 A ON GREEN ECONOMY

COMPUTABLE GENERAL EQUILIBRIUM (CGE)

Resources required

* Building and calibrating a new CGE takes about 12 months.
* Using an existing model is likely to require some changes. An experienced user

would need, on average, three to four months.

Potential for integration with other methods and tools

* Uses a SAM as input.
« Can be coupled with sectoral models, such as energy, for the addition of a

bottom-up analysis, such as on technology.
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COMPUTABLE GENERAL EQUILIBRIUM (CGE)

Strengths

- Widely used to analyse aggregate welfare and distributional impacts of policies.
- Estimates first-, second- and third-order effects.

« Allows for indicators on a full set of impacts across an economy.

Weaknesses

* Assumption that optimisation is possible.
* Normally works under the assumption of full employment.
- Typical versions of the model do not incorporate social and human capital as a key

factor of production.

Module 3, Annex A: Additional Information About Different Models 104



 \ P A G E PARTNERSHIP FOR ACTION
\ 7/ ON GREEN ECONOMY

Uses economic theory and statistical
techniques to determine how a
change in one variable is correlated
with changes in others.

- Top-down models used to analyse
policy outcomes primarily on

economic variables.

- Used to assess similar questions to
those evaluated by CGE models.
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QUANTITATIVE MODEL: Macroeconometrics

* Environmental policy

. Z Energy use
Emissions trading scheme f »
Eri | e.g. industrial
nvironmental taxes emissions of SF6

Economy Energy

Unit: Tonnes of oil

Unit: Euros
equivalent

i * Economic policies \ Economic activity & * Global oil price

' * Demographic change \ general prices * Energy policies
4
) v -

Energy use, prices & taxes

Source: Cambridge Econometrics, 2019.
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MACROECONOMETRICS

I Data source(s)

* Historical time series from the System of National Accounts, input-output table and/or Social Accounting Matrix.

I Data Availability

» National data available from various sources.

+ SAMs and/or input-output tables can also be used for model relationships.

I Accessibility and Typical Users
 Highly specialised.
* Limited number of operational macroeconometric models in a country.

+ Often developed by international organisations, universities and the Ministry of Finance.
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MACROECONOMETRICS

Resources required

 Building a new macroeconometric model requires at least four to six months.
« Using an existing model is likely to require some changes, which an experienced user

could complete in one to two months.

Potential for integration with other methods and tools

» Can be used in combination with a SAM, especially for short-term assessments and
for adding detail, such as disaggregation by income classes.
« Can also be coupled with sectoral models, such as energy, for the addition of a

bottom-up analysis, such as on technology.
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MACROECONOMETRICS

I Strengths

- Measures how an economy has evolved based on actual (historical) data.
* Well-defined links between economic sectors.

- Assessment of impacts of response measures.

I Weaknesses

+ Top-down modelling with heavy reliance on historical data.
« Assumes that future behavior will be similar to past behaviour.
 Quality of outputs related to quality of data.

« Typical macroeconometric models do not link well to microeconomic theories.
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EXAMPLE

- The E3ME is a model of the economy, energy
systems and environmental emissions
developed by Cambridge Econometrics.

- The E3ME consists of 22 estimated sets of
equations, each disaggregated by sector and
by country.

- The economic module contains 42 economic

sectors, all linked by input-output
relationships.
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CO,; -induced climate change

Climate oona eq;ne'm Emissions
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Source: Cambridge Econometrics, 2020.
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SYSTEM DYNAMICS

Data source(s)

- Historical data obtained from national and international databases, or parameters that

can be obtained through econometrics or from other models.

Data Avalilability

- National level generally available.

» Can also use qualitative information.

Accessibility and Typical Users

* Developed to analyse a specific problem or policy.

* Generally defined “white boxes”.
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SYSTEM DYNAMICS

Resources required

* Building and validating a new System Dynamics simulation model takes, on average,
between one and six months.
» Depends on the size of the model and the extent to which stakeholders are actively

involved in model development.

Potential for integration with other methods and tools

* It complements other approaches with a more systemic analysis.
* Can be used in combination with I-O, macroeconometric and CGE models.
* In a multi-method approach, it is suited for providing strategic directions and

identifying the emergence of possible side effects.

Module 3, Annex A: Additional Information About Different Models
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SYSTEM DYNAMICS

I Strengths

* Flexible methodology that allows the integration of social, economic and environmental indicators.
 High customisation potential.
- Captures impacts of feedbacks, delays and non-linearities over time.

« Supports policy formulation with “what if” scenarios.

I Weaknesses

- Requires experience and practice to correctly estimate the underlying feedback structure of the system.
* Requires a substantial amount of interdisciplinary knowledge.

- Typical model tends to oversimplify economic behavioural relationships and resources constraints.
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GLOBAL GREEN ECONOMY MODELLING

-Integrated, cross-sectoral global model.

-Simulates from 1970 to 2050.

- Based on three pillars: causal loops

(feedbacks), non-linearity and delays. GREEN nomy

Pathways io Su:tdncbb Davolopmonl and Poverly Eradication

-Integrates state of the art sectoral models.

- Replicates existing scenarios within
one framework.

Source: UNEP, 2012
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COMPARISON OF SCENARIOS FOR SELECTED SECTORS AND ACTIONS

Sector

Agriculture:
Yield increase

Energy:
Expansion of power
generating capacity

Fisheries:
Increase production

Forestry:
Increase production

Water:
Manage supply and
demand

BAU Scenarios®
Higher utilization of chemical

fertilizers

Thermal generation (fossil fuels)

Expansion of the vessel fleet,
pushing catch in the short term

Increase deforestation

Increase water supply through higher
withdrawal

Green Scenarios
Expansion of conservation
agriculture, using organic fertilizers,
among others

Renewable energy power generation

Reduction of the vessel fleet,
mvesting in stock management to
increase catch in the medium and
longer term

Curb deforestation and invest in
reforestation (expanding planted
forests)

Invest in water efficiency measures,
water management (including
ecosystem services) and desalination

* Refers to BAU1 and BAU2 with additional investments allocated to match existing patterns.

Module 3, Annex A: Additional Information About Different Models
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RESULTS: Growth and Sustainability

Outcomes over time

* Short-term: Brown scenarios perform best, then Green and BAU.

* Medium-/long-term: Green scenarios perform best, then Brown and BAU.

Overall

* Higher longer-term resilience in Green scenarios.
 Clear cross sector synergies allow a positive ROl for Green cases (3:1) to

be reached, higher than Brown in the medium- and long-term.
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RESULTS: IN A NUTSHELL (GREEN VS. BROWN) - VARIOUS INDICATORS

0 0 .1 0 0 1 6 2 4 15 27 5 .13 .38

Real GDP Employment % Poverty Nutrition Water stress Footprint/
biocapacity

#2015 ®2030 ®2050

Source: UNEP, 2011
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RESULTS: IN A NUTSHELL (GREEN VS. BROWN) - GDP GROWTH

Growth rate
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RESULTS: IN A NUTSHELL (GREEN VS. BROWN) — NATURAL RESOURCE
STOCKS AND THE ECONOMY

1.4+ -3.5%

1.2- -3.0%

1.0+ -2.5%

0.8+ +2.0%
0.6 -1.5%

0.4+ -1.0%

Annual GDP growth rate

0.2+ -0.5%

0.0-

Natural resources, relative to 1970

~0.0%

W Relative fish stock
W Relative forest area
w Relative oi_I_resgrvgs: )

Source: UNEP, 2011
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RESULTS: IN A NUTSHELL (GREEN VS. BROWN) - CO2 EMISSIONS

20% -
12%
10% - _ | '
- o -

0% - 13% -27%

-10%-

-20%- WBAU1
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Source: UNEP, 2011
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RESULTS: IN A NUTSHELL (GREEN VS. BROWN) - ECOLOGICAL
FOOTPRINT (INDEX: 2010 =1)

6.09 =25

Relative to 1970
ones fAyededolq-jundiooy |e2160j033

0.0
BAU BAU2 G2
! Cropland ! Grazing land I Forest
I Fishing ground I Carbon I Built-up land
O Footprint/biocapacity ratio

Source: UNEP, 2011
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RESULTS FROM THE CGE -
SCENARIO 1 (LEFT) AND 2 (RIGHT)

Aggregate and sectoral effects of a revenue-neutral
carbon tax, in 2036.

Source: PAGE, 2017
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COLUMN 1 COLUMN 2

Aggregate results FBL vs. BAU (%) | FBL vs. RL (%)
GDP -0.1670 0.2652%
Investment 0.4514 1.0984
Government* -0.2072 -0.0125
Capital Stock -0.3253% 0.0078
Welfare

Agent 1 (20% poorest) -0.1174 -0.0364
Agent 2 (3-5 deciles) -0.1119 0.0097
Agent 3 (6-8 deciles) -0.1192 0.0167
Agent 4 (20% richest) -0.1407 0.0321
Aggregate welfare agents 1-4 -0.1279 0.0078*
Government welfare 0.0000 0.0000
Selected sectors

Agriculture -0.7599 -0.3504
Manufacturing -1.0087 -0.3915
Qil -5.1713 -1.5797
Natural gas -4.7644 -1.3594
Mining -6.2312 0.2144
Refining -4.1215 -1.1295
Electricity 5.6699 6.2579
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RESULTS FROM THE SD - BAU SIMULATION

Share of renewables in electricity generation Per capita GHG emissions

1 A. BAU 5 B. BAU
1

&
n

0.75

i

0.25

Ton/(Year*Person)

b
o

1990 2000 2010 2020 2030 2040 2050 1990 2000 2010 2020 2030 2050

1 Oil 1 BAU
2 Coal
3 Gas
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Source: PAGE, 2017
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RESULTS FROM THE SD -
FEEBATE SCENARIO

Module 3, Annex B: Additional information about IGEM
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EVOLUTION OF THE SHARE OF RENEWABLE ENERGY CAPACITY
FOLLOWING BAU, FBL, RL, FBH AND RH SCENARIOS

Share of renewables in electricity generation

Share of renewables in electricity generation
LI A. With low tax rate of USD 3.5 LI B. With high tax rate of USD 25
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3RH

3RL
Source: PAGE, 2017
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EXAMPLE OF RESULTS FROM THE IGEM

The IGEM simulated the dynamic CGE model in conjunction with the SD model,
and used output gathered from the SD model to supplement and adjust the
CGE input parameters.

It is estimated that a carbon tax would have positive impacts on the health of the
population and labor productivity.

As a result, IGEM considers any increase in longevity equal to an increase
in productivity.
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RESULTS FROM THE IGEM

Aggregate and sectoral effects of a revenue-neutral
carbon tax and a feebate scenarios, in 2036.

Source: PAGE, 2017

Module 3, Annex B: Additional information about IGEM

COLUMN 1 COLUMN 2 COLUMN 3
RH with RH with Ioggem‘vs
'0"99‘"(%"3 L I!%"g?]‘ggfg E':) RH with no
longevity (%)
GDP -2.5608 0.3332 1.2949
Investment -2.7583 0.7796 3.8981
Government®’ -1.3718 0.1916 0.3705
Capital Stock -2.0615 0.2945 1.7113
Welfare
Agent 1 (20% poorest) -0.6612 0.0614 0.0709
Agent 2 (3-5 deciles) -0.8088 0.0585 0.0938
Agent 3 (6-8 deciles) 0.0525 0.0525 0.1438
Agent 4 (20% richest) -1.1663 0.0533 0.2468
Aggregate welfare agents 1-4 -0.9912 0.0545 0.1786
Government welfare 0.0583 0.0542 0.0471
Selected sectors
Agriculture -2.2540 0.5032 0.4238
Manufacturing -3.3250 0.7797 0.5180
Qil -19.4086 0.3080 -1.4591
Natural gas -18.6950 0.3195 -1.2141
Mining -48.2412 0.2921 0.0974
Refining -16.7771 0.3899 -0.1950
Electricity -b.8425 0.4676 23.7461
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SUMMARY OF RESULTS
FROM THE IGEM

Module 3, Annex B: Additional information about IGEM

SCENARIO

— Scenario 1 — Feebate
scenario with low tax rate

(FBL)

— Scenario 2 — Fegbate
scenario with high tax rate

(FBH)

The two feebate scenarios
will be compared to:

— Rebate scenario (lump
sum) with high (RH) and low
(RL) tax rates

— Business-as-usual
scenario (BAU) = no carbon
tax

MAIN RESULTS FROM CGE

SIMULATION

Scenario 1: FBL-BAU

— Introducing a carbon tax
on emissions of fossil fuels
will entail small losses with
regards to consumer welfare,
GDP, and the size of the
capital stock.

Scenario 2: FBH-RH

— Feebate scenario will
result in higher values for
aggregate indicators (e.g.
GOP, Investment, etc.) up to
2036 than rebate scenario.

Both scenarios

A carbon tax paired with
“green” investment will

have positive environmental
impacts, while improving the
energy mix by increasing the
share of renewables with
minimal impact on overall
production (GDP).

MAIN RESULTS FROM SD
SIMULATION

Scenario 1: FBL-BAU/RL

— Low tax levels are of
limited capacity in inducing
a transformation of the
electricity generation mix.

Scenario 2: FBH-BAU/RH

— Feebate policy, with
the high carbon tax on full
emissions, achieves the
greatest carbon emission
reduction.

MAIN RESULTS FROM IGEM
SIMULATION (SD-CGE)

—GDP grows up to 1.3
percentage points (0.33
percentage points) when the
effect of lower emissions

on longevity and later on
labour productivity is taken
into account in the feebate
(rebate) scenario.

— The gains are more or
less evenly distributed over
all consumers, with a slight
bias towards the richest
agents in the economy.

— Government revenues
also increase.

Source: PAGE, 2017



