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HIGHLIGHTS 
 ▪ Computer-based models are valuable tools for inves-

tigating scenarios for aligning near-term actions and 
policies with long-term goals. 

 ▪ Nonexperts who contribute to climate mitigation 
decision-making need to be able to evaluate these 
models and recognize that there is no “best” model 
that answers all policy questions. We suggest that 
nonexperts assess seven dimensions—primary 
goals, the scope, the modeling framework, scenarios 
and data inputs, uncertainty, results, and process 
aspects—and determine if the studies are transparent 
about the assumptions and key inputs they use. 

EXECUTIVE SUMMARY
Computer-based models are valuable tools for 
investigating scenarios for aligning near-term 
actions and policies with long-term goals. This 
issue brief provides guidance to nonexperts on what to 
look for in reading and evaluating studies that model 
climate mitigation. It describes seven dimensions to con-
sider when reading modeling studies: 

 ▪ Primary goals. Primary goals provide the general 
framing of a report and its objectives. Examples 
include achieving a given target for emissions levels, 
investigating the impacts of a carbon tax, or modeling 
specific policies and actions. 

 ▪ Scope. The scope of modeling studies varies in 
terms of the time horizon covered, the geography 
considered (region, country, subnational entity), and 
the sectors and gases covered. 



Decoding Climate Mitigation Modeling Studies

ISSUE BRIEF  | October 2020  |  3

 ▪ Modeling framework. A wide variety of models are 
available, each with a different level of complexity, 
strengths, and focus areas. For example, models 
can focus on energy, on emissions, or both. More 
complex models may include feedback loops and 
internal linkages between sectors. An explanation 
of the modeling framework should be provided and 
the workings of the model made transparent. Even 
in proprietary models, which cannot be made public, 
modelers can explain how the model works and 
what it does so that independent experts are able to 
understand how the study arrived at its results.

 ▪ Scenarios and data inputs. Studies provide reference 
scenarios that project the evolution of the system 
without new policies or interventions. They then 
compare that scenario with scenarios that include 
policies and interventions to investigate their 
impacts. Many assumptions and inputs go into 
scenarios, including population and gross domestic 
product projections, policies, rates of technological 
change, energy prices, trade, emissions factors, 
discount rates, and price elasticities. These 
assumptions affect the results. The integrity and 
trustworthiness of the data inputs are therefore of 
critical importance. 

 ▪ Uncertainty. Modeling is inherently uncertain because 
the relationships assumed in the model are necessarily 
simplifications of reality, and the future developments 
of key inputs of the scenarios are not known. Modeling 
studies can address uncertainty by providing a range 
of results based on different input assumptions and/or 
using a variety of model specifications. 

 ▪ Results. The main results of climate mitigation 
studies typically concern the emissions or energy 
use of the modeled system under different scenarios. 
For policy and planning, detailed results on the 
underlying energy and electricity system are also 
important; in some cases, it can be helpful to provide 
more detailed results on other sectors, such as 
transportation, buildings, industry, agriculture, and 
waste. When considering results for the buildings 
sector, for instance, it is important to distinguish 
between direct emissions (from burning gas for 
heating, for example) and indirect emissions (from 
electricity consumption). Some studies highlight the 
financial implications of different scenarios (costs 
and required investments). Modeling studies may 

also consider the cobenefits of reducing emissions, 
such as reduced air pollution, and the equity impacts 
of the required transitions, such as lost jobs in 
declining industries. 

 ▪ Process aspects. Process aspects—including who 
wrote the report, who commissioned it, and what 
the author’s motivation was—can affect how the 
findings of a study should be interpreted. Another 
important consideration is whether and to what 
degree stakeholders were involved in the creation 
and framing of scenarios. Stakeholder involvement 
can help increase ownership and uptake of the 
results, bring in relevant knowledge from different 
stakeholders, and build capacity in participating 
organizations. However, heavy involvement of 
political stakeholders can result in watered-down 
results because governments may present findings in 
a positive light or minimize commitments. Finally, 
there should be an indication of whether a lack of 
data, time, or other resources prevented a thorough 
treatment of the area studied.

An overarching element permeating these dimen-
sions is transparency. Studies should identify their 
focus, inputs, assumptions, and sensitivities to key 
parameters (among others). Technical information and 
supplementary data should be provided in a technical 
appendix or online. 

Transparency on data inputs is necessary for 
building trust in a study. Data inputs and the choice 
of parameters and other assumptions drive the results of 
modeling exercises. It is therefore important to verify that 
the data are reliable and can be traced to their sources.

INTRODUCTION
The need for clear and strong action to avoid disastrous 
consequences from climate change is more than evident. 
Countries are taking a range of different actions to reduce 
greenhouse gas (GHG) emissions covering both the short 
and long terms. For instance, the Paris Agreement invites 
all Parties to submit their GHG emissions reduction 
objectives through nationally determined contributions 
(NDCs) and to update or submit new NDCs by 2020 to 
raise the ambition of national climate mitigation efforts. 
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The use of computer models helps to address these chal-
lenges and to analyze quantitatively the climate policy 
and actions needed for that. Many groups have developed 
these computer models to explore potential scenarios. 
These scenarios can identify a range of options for reach-
ing long-term climate mitigation targets and indicate 
what kinds of investments, actions, and policies can 
enable this transition. Table 1 presents the definitions of 
the main concepts (model, scenario, and prediction) used 
in this issue brief. 

The ability to look at a wide range of objectives and 
assumptions makes computer models ideal tools for 
assisting with short-, medium-, and long-term planning. 
Yet because no standard framing for modeling studies 
of this type exists, it can be difficult for decision-makers 
to make sense of the plethora of studies. The objectives 
investigated vary widely across studies—and even the 
same given set of objectives are investigated in many 
ways. The assumptions modelers make about socioeco-
nomic development, policies, technologies, and economic 
indicators can also differ widely.

These challenges are the motivation for this issue brief. 
The intended target audience includes policy decision-
makers as well as researchers at nongovernmental organi-
zations (NGOs), think tanks, consulting groups, and uni-
versities who seek to understand the results of modeling 
to make informed decisions to address climate change. 

Readers interested in the results of modeling studies may 
want to

 ▪ clearly define their own goals about what insights 
they wish to glean from modeling;

 ▪ look for studies whose goals and scope align with 
their interests and use this issue brief as guidance for 
points to look for; and

 ▪ use this issue brief as a guide for what to look for 
when reviewing a study or asking modelers to 
commission one. METHODOLOGY AND APPROACH 

This issue brief draws on modeling studies in four coun-
tries— Colombia, India, Indonesia, and South Africa—
which are part of the Tracking and Strengthening Climate 
Action (TASCA) project of the World Resources Institute 
(WRI).¹ Across these countries, 20 studies met the fol-
lowing criteria: they are directed to policymakers, they 
focus on national analyses (though some also included 
subnational analysis), and they include emissions path-
ways from human activities.

Term Definition
Model Models are analytical representations (often 

constructed as spreadsheets or computer 
programs) of human activity sectors, such as 
the electricity system, transport, buildings, 
and industry, and their greenhouse gas emis-
sions. They may include the resource needs and 
interactions of different sectors with each other 
and environmental systems, such as the climate 
system. They can be used to investigate the effects 
of climate mitigation policies and actions and, in 
some cases, development issues such as energy 
access and economic prosperity. Models can vary 
widely in their scope, computational approach, and 
purpose. They define various scenarios based on 
input assumptions.

Scenario/
pathway

A scenario is “a plausible description of how the 
future may develop based on a coherent and 
internally consistent set of assumptions about key 
driving forces (for example, the rate of technolog-
ical change, prices) and relationships.”a Modeling 
studies often produce reference (or baseline) 
scenarios, which are developed to forecast what 
would happen in the absence of further interven-
tions. They provide a basis against which policy 
and intervention scenarios are compared.

Prediction/
forecast 

A prediction (or forecast) is an estimate of the 
future state of the system under investigation. 
Scenarios are meant to showcase the impacts of 
different policy choices and interventions rather 
than serve as predictions of the actual evolution 
of a system. The main difference is that a scenario 
is one of the many alternative states of the future; 
thus, it may contain information from a projection 
together with framing information.  

DEFINITIONS OF TERMS USED

TA
BL

E  
1 

Source: a. IPCC 2013.compilation.
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The studies surveyed included academic literature, think 
tank publications, government reports, and several inter-
national studies, including studies by the U.S. Energy 
Information Administration (EIA 2018), the Potsdam 
Institute for Climate Impact Research (Schmid and Knopf 
2012), and the International Panel on Climate Change 
(IPCC 2013).

Review of these studies led to the identification of seven 
dimensions that are critical for understanding modeling 
studies. This issue brief explains what they are and why 
they are important, and it provides examples from some 
of the studies identified. The set of dimensions is neither 
exhaustive nor definite; it could have been grouped differ-
ently, but it reflects many common features of modeling 
reports. This list could be further refined by additional 
stakeholder and expert consultations.

The issue brief also draws on modeling results from a 
module of the Climate Watch Pathways, a database of 
models and scenarios intended to provide users with 
modeling study results to identify opportunities for deliv-
ering on a country’s climate goals.2 

WHY MODELING?
Policymakers concerned with planning over different time 
horizons need a way to provide an idea of future policy 
outcomes, formulate targets for the desired end state, and 
identify transition pathways to achieve those end states. 
They need to know whether their policies and actions 
will deliver their expected reductions and how they can 
achieve their mitigation targets.

Computer-based models are ideally suited to tackle these 
challenges. They provide insights that are anchored in 
data, reveal the trade-offs and synergies between different 
policy and investment options, and provide decision-
makers with a quick overview of their likely impacts. 

Another benefit of creating scenarios is that the process of 
doing so can help stakeholders forge a unified vision and 
agree on a harmonized set of base-year assumptions that 
can be used by different stakeholders and agencies as a 
common framework.

We suggest that nonexperts assess seven dimensions—pri-
mary goals, the scope, the modeling framework, scenarios 
and data inputs, uncertainty, results, and process aspects—
and recognize along them whether the studies are transpar-
ent about the assumptions and key inputs they use. 

THE SEVEN DIMENSIONS OF MODELING 
STUDIES FOR CLIMATE MITIGATION
Modeling studies for climate mitigation can be compared 
across seven dimensions: 

1. Primary goals

2. Scope

3. Model framework

4. Scenarios and data inputs

5. Uncertainty

6. Results

7. Process aspects 

Not all studies include comprehensive information on all 
of these dimensions. Some focus on one or more dimen-
sions and treat others only in passing or indirectly. If a 
study does not include information on a dimension, it 
should provide an explanation of why it was omitted. In the 
appendix, we suggest a list of elements that, at minimum, 
modelers should report in their analyses.

The most useful studies are transparent about what is 
included within these dimensions. It should be possible 
for an independent expert to look at a study and determine 
what the underlying assumptions are and what drives the 
results. Input assumptions and an explanation of how the 
model works should be available—presented in a technical 
appendix or by making the source code of the model openly 
available and documenting it well. Even if the model is 
proprietary and the source code cannot be made available, 
modelers can increase transparency by providing details on 
how the model works. 

Primary Goals and the Framing of the Study
When reading a report, first look for its main goals. They 
should be clearly identified because they are the guidepost 
for assessing and understanding the report. They also influ-
ence many other important aspects of the report, such as 
the scope, the modeling framework, the choice of scenarios, 
and the process. 

The goals of modeling studies can vary widely. This issue 
brief considers only studies concerned with climate miti-
gation aspects. Many modeling studies have been devel-
oped on related topics, such as adaptation and readiness 
for climate change and its impact on poverty, income, and 
energy access (Dittrich et al. 2016; Balint et al. 2017).
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Even among studies considering only climate mitigation, 
the range of goals is wide (Box 1). Goals can be economy 
wide (such as achieving a certain level of emissions reduc-
tion for the economy) or sectoral (such as achieving a 
specific level of penetration of renewable energy in the 
electricity sector or a given number of electric vehicles 
in the transport sector). The type of goal considered will 
affect the choice of model. Many studies also consider 
related impacts, such as spillover effects across sectors, 
financial implications, cobenefits, and impacts related to 
equity and distributional aspects. 

Scope of the Report
Another important distinction between studies concerns 
their scope—the economic sectors, time frame, geography, 
and important output variables, such as different types 
of GHGs. The scope depends on the purpose of the study 
(see Table 2). For long-term decarbonization planning, 
for example, it is important to check that the report pro-
vides results through at least 2050. For complete decar-
bonization of the economy, it is necessary to look at all 
major emitting sectors and GHGs, not just carbon dioxide 
(CO₂) or the electricity sector. 

The main considerations for scope include the following:

 ▪ Sectoral coverage. Does the report consider all 
economic sectors or only sectors like electricity 
or energy? Does it include land use, forestry, and 
agriculture?

 ▪ Time frame. What is the time horizon of the analysis? 
What is the start year? At which time step are results 
available (monthly, 1 year, 5 years, 10 years)? 

 ▪ Geographical coverage. Does the study focus on a 
single country, or is it part of a multicountry study? 
Does it include subnational or regional detail? Does 
it include trade and other types of exchange with the 
rest of the world? 

 ▪ GHGs and other pollutants. Which GHGs are 
included? Are emissions measured in CO₂ equivalent 
(CO₂e) or CO₂ only? (If the findings are reported 
in CO₂ only, they probably reflect only CO₂; if 
they are reported in CO₂e, they probably include 
at least methane, which, in most cases, accounts 
for the largest share of non-CO₂ emissions. Are 
other gases covered by the Kyoto Protocol—nitrous 
oxide, hydrofluorocarbons, perfluorocarbons, and 
sulfur hexafluoride—modeled? Does the report 
consider other emissions and climate forcers, such 
as particulate matter, ozone, and black carbon? Does 
the report distinguish between direct emissions and 
indirect emissions (for example, emissions associated 
with electricity use by buildings)?

 ▪ Costs, savings, and prices. Does the model include 
information on the costs of policies and investments, 
such as the savings achieved under different policies? 
Does it include projections of fuel prices? 

 ▪ Other impacts. Does the report address other 
nonemissions impacts, such as jobs created, energy 
access, and other environmental impacts (such as on 
soil or water)?

The Modeling Framework and Justification of Model 
Choice
Models can be classified under two sets of characteristics 
(Rich et al. 2014):³

1. Top-down, bottom-up, and hybrid models. Top-
down models project overall economic output 
and emissions intensity based on projections of 
intersectoral relationships, considering the impact 
on GDP, consumption, and investment. They include 
the Organisation for Economic Co-operation and 
Development’s ENV-Linkages model, the Model 
for the Assessment of Greenhouse Gas Induced 
Climate Change (MAGICC), and the Global Change 
Assessment Model (GCAM).  
 

EXAMPLES OF THE PRIMARY GOALS 
OF MODELING STUDIES

BO
X 1

Studies set various primary goals:

 ▪ A study of Colombia analyzes the effects of implementing a price on 
carbon (e.g., carbon taxes) and emissions reductions on gross domes-
tic product, consumption, and the energy sector.a 

 ▪ A study of Indonesia assesses the technical feasibility of a pathway to 
the deep decarbonization of the energy system.b  

 ▪ A study of South Africa  explores deep decarbonization pathways 
that focus on development challenges, such as ways to decrease 
unemployment.c

 
Sources: a. Calderón et al. 2016; b. Siagian et al. 2015; c. Altieri et al. 2015.
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Bottom-up models project energy use by type and 
sector, based on disaggregated data on specific 
technologies. Bottom-up accounting models work 
from exogenous assumptions regarding structural 
and policy developments in each sector. Bottom-up 
optimization models reflect a least-cost allocation of 
technology choices or maximize energy production. 
Bottom-up models include the Long-Range Energy 
Alternatives Planning (LEAP) system, the Model for 
Analysis of Energy Demand (MAED), Market and 
Allocation (MARKAL), the Model for Long-Term 
Energy Demand Evaluation (MEDEE), and the 

Prospective Outlook on Long-term Energy Systems 
(POLES).  
 
Hybrid models combine the two approaches. They 
include the Energy Policy Simulator (EPS), MARKAL-
Macro, and National Energy Modeling System (NEMS). 

2. Jurisdiction-specific versus generic models. 
Jurisdiction-driven models—such as the NEMS 
model for the United States, the Energy-Economy 
Environment Model for Canada (E3MC), and the 
Dynamic Dispatch Model (DDM) for the United 

Country/Study Sectors Gases Time Horizon Geographic 
Coverage

Indiaa Economic sectors, with 
detailed electricity model 
and detail on buildings and 
transport

CO2 emissions from energy 
sector 

2050 for detailed analysis, 
2100 for long-term implica-
tions analysis; base year is 
2015

National; modeling 
includes interactions 
with rest of world 
because the model is 
global, with 32 world 
regions

Indonesiab Building, transportation, 
industry, and electricity 

CO2 only 2050, with 10-year time steps 
from the base year (2010)

National; interactions 
with rest of world are not 
explicitly discussed

South Africac Detailed sectoral and 
subsectoral breakdown; 
industry sector disaggre-
gated to metals, minerals, 
chemicals production, 
mining, and buildings; 
transport sector disag-
gregated by road, rail, and 
aviation

Aggregated (CO2e) 2050, in 10-year time steps for 
most results; base year is 2010

National; international 
trade is not explicitly 
included

South Africad All major economic sectors, 
with subsectoral detail 
for industry (nonferrous 
metals, iron and steel, 
nonmetallic minerals, 
chemicals, pulp and paper, 
other, food and beverage, 
and mining), buildings 
(commercial and resi-
dential), and transport 
(personal and freight)

 CO2 only National; international trade is 
not explicitly included

National; international 
trade is used to produce 
model results and is 
explicitly mentioned as 
a driver in the economic 
structure scenario but 
is not included in the 
presentation of results

EXAMPLES OF REPORT SCOPE

TA
BL

E 2

Notes: CO2 = carbon dioxide; CO2e = carbon dioxide equivalent.
Sources: a. Chaturvedi et al. 2018; b. Siagian et al. 2015; c. DEA 2014; d. Altieri et al. 2015.
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Kingdom—are developed for specific countries 
or other jurisdictions to reflect their unique 
circumstances. They are tailored to capture the 
complexities of the jurisdiction’s economic and 
energy systems.  
 
Generic models, which are designed to meet the 
needs of multiple users, can be customized to fit a 
user’s specific needs. For users with limited capacity, 
generic models can provide a more detailed focus than 
jurisdiction-driven models for sectors like electricity 
generation, cement, and iron and steel. For other 
sectors with characteristics that vary widely across 
countries (such as transport), generic models are not 
typically available. Therefore, jurisdiction-driven or 
customized generic models may be required. 

One important aspect that is common to all model types 
is the level of detail at which systems are represented. 
Models run along a spectrum from highly detailed to 
highly aggregated. They can include underlying details 
for one sector but consider other sectors in an aggregated 
fashion. For example, electricity models often model only 
the future electricity mix. They may be highly detailed in 
their representation of the electric power supply and grid 
but take aggregate demand from other sectors as fixed 
and not responding to changes in prices. Power system 
models may offer detailed seasonal daily load curves 
(i.e., the daily variation in consumer energy demand) 
and dispatch of different energy carriers rather than just 
an average fixed output. Models for the building sector 
may provide outputs such as floor space estimations for 
urban and rural residential and commercial buildings and 
building energy end use for cooling, heating, appliances, 
and lighting. An even more detailed representation might 
include the location, energy use, age, and ownership of 
specific buildings in a city. Transport models can assess 
the automobile fleet by freight/passenger and engine 
type and include a list of every licensed car and its make, 
age, and fuel efficiency. Corresponding highly aggregated 
quantities for these variables would be the total energy 
demand and emissions of buildings and transport.

Many different modeling frameworks can be chosen to 
investigate a given set of primary goals. It is important 
to understand why the modeling framework was used 
and why it is suited to investigate the stated objectives of 

the study. It is also important to acknowledge potential 
weaknesses and limitations. For complete transparency, 
a detailed explanation of the modeling framework should 
be available in a technical appendix or online. Table 3 
provides examples of modeling frameworks and how they 
were used to address the primary goals of studies. 

Scenarios and Data Inputs
A scenario is an internally consistent set of assump-
tions and relationships. Ideally, it will describe both the 
numbers that reflect the assumptions, goals, and results 
of a modeling exercise and a qualitative narrative, which 
describes the ideas and story lines for the future behind 
those numbers and assumptions. For instance, Figure 1 
shows a reference case and a conditional NDC scenario 
(Flores et al. 2019). The reference case scenario presents 
Mexico’s current emissions trajectory with no interfer-
ence from additional policies and abatement actions. The 
conditional NDC scenario shows the emissions trajec-
tory to achieve Mexico’s 2030 conditional NDC target 
of 36 percent GHG abatement versus the reference case. 
Moreover, the conditional NDC scenario includes (among 
other policies) a US$50 per metric ton of CO₂e carbon 
tax, increased distributed solar photovoltaic generation 
capacity, improved forest management actions, and more 
stringent light-duty and heavy-duty vehicle fuel economy 
standards.

Scenarios are a central concept in modeling studies. 
They showcase different sets of assumptions and results 
and measure the impact of different choices of inputs 
and policies on the attainment of goals. Comparing dif-
ferent scenarios reveals the trade-offs associated with 
different choices. 

Scenario analysis is often confused with forecasting. 
Many scenarios are not meant to be a precise description 
of the future state of a system. Rather, they are meant 
to highlight the implications of different actions and 
assumptions. Reference (or baseline) scenarios are often 
developed as a counterfactual of the likely evolution of 
the system in the absence of further actions. They are 
created to reveal the impact of policies and actions. The 
takeaways of modeling studies are often the differences 
between the reference scenario and the policy scenarios.
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Country/Study Models Used Primary Objectives Additional Objectives
Colombiaa  ▪ Global Change Assessment Model 

(GCAM) ▪ TIMES Integrated Assessment 
Model of the Energy Research 
Centre of the Netherlands (TIAM-
ECN) ▪ Phoenix model ▪ MEG4C model

Model the substitutions required 
between different energy sources 
and changes in the electricity system

Estimate the impacts of an economy-
wide carbon tax

Indiab  ▪ GCAM Integrated Assessment 
Model ▪ Indian Institute of Management 
Ahmedabad version

Investigate the impacts of different 
price trajectories for energy fuels 
and the costs of integrating variable 
renewable energy in the end uses of 
energy (e.g., buildings and transport)

Assess energy access issues for 
urban/rural households 

Indiac   ▪ Market and Allocation (MARKAL) 
model 

Assess least-cost options for energy 
systems

Analyze the impacts of new tech-
nologies and priorities for research, 
development, and investment

South Africad  ▪ South African TIMES Electricity 
(SATIM-E) supply model  ▪ Energy Extended South African 
General Equilibrium (e-SAGE)

Analyze power sector and electricity 
demand, production, and prices

n/a

EXAMPLES OF ADDRESSING OBJECTIVES IN MODELING STUDIES

TA
BL

E 3

Note: n/a = not applicable.  
Sources: a. Calderón et al. 2016; b. Chaturvedi et al. 2018; c. Das et al. 2013; d. Altieri et al. 2015.
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Variable Explanation Questions to Ask about the Assumption
Population Changes in population drive the need for new buildings, 

transportation, industrial activity, and food production, 
among others. 

 ▪ Are the population projections clearly stated? What 
source was used to generate them (externally sup-
plied or within the model)?  ▪ Do the projections include subnational details?  ▪ Are they broken down by working age, urban/rural, 
educational attainment, or income level? 

Gross domestic 
product (GDP) and 
economic growth

Aggregate economic activity, quantified as GDP, depends 
on population, productivity, and factors of production such 
as labor, land, and industrial machinery. When economic 
activity is an exogenously provided parameter, it is a driver 
of model results. For some models, it can also be an output.

 ▪ Are the GDP projections clearly stated?  ▪ What source was used to generate them (externally 
supplied or within the model)?  ▪ Is GDP provided at the subnational and sectoral level?  ▪ If the model provides GDP estimates, how were these 
projected?  ▪ Are growth rate assumptions disaggregated by sector?

Policies and actions Existing policies and actions may be explicitly represented 
in the model. Sometimes studies explicitly include only poli-
cies and actions implemented before a certain cutoff year. 
Studies should clarify what assumptions are used for poli-
cies and how they are translated into the model framework.

 ▪ Which policies and actions were included in the 
baseline scenario?  ▪ Are any policies excluded from the report? If so, 
explain why they were excluded? ▪ What is the policy cutoff year (the last year for which 
existing policies were considered)? ▪ How are the impacts of existing policies estimated 
and represented in the model?

Availability and build 
rates of new technolo-
gies (the rate at which 
these technologies can 
be built)

Assumptions on constraints (such as land-use constraints) 
and build rates of new technologies (such as renewable 
energy sources and carbon capture and storage [CCS]) 
may be included in the model. They are useful for assessing 
whether enough of these resources can be deployed in time 
or enough space is available for multiple competing land 
uses (for example, for bioenergy and food crops).

 ▪ Does the model provide information on the price and 
price variation over time of technologies such as wind, 
solar, and hydropower; biomass; electric vehicles; 
batteries; and CCS?  ▪ Is the information disaggregated by region?  ▪ Are there explicit assumptions about build rates (in 
gigawatts or carbon mitigated per year)? 

Technological learning 
rates

The learning curve usually leads technology prices to taper 
over time.

 ▪ What learning rates are assumed for technologies 
such as solar, wind, batteries, and CCS?

KEY MODELING ASSUMPTIONS

TA
BL

E 4

Reference Scenario Assumptions
Reference scenarios provide a counterfactual of what is 
most likely to happen in the absence of any further inter-
vention. These scenarios are often also called business-as-
usual or baseline scenarios. 

Many assumptions go into the construction of the refer-
ence scenario. It is important to be aware of them—espe-
cially when comparing two studies based on different 
models—because the choice of assumptions can have a 
greater effect on the outcome than the choice of modeling 

methodology. Ideally, each assumption in a model 
should be justified by adequate backing studies or expert 
opinions. Table 4 provides examples of some important 
assumptions. 

Policies and Interventions Used in Scenarios 
Scenarios are often constructed around goals—for decar-
bonization of the economy, inclusive growth, or sustain-
able development, for example. Policies and interventions 
affect the achievement of these goals. 
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Variable Explanation Questions to Ask about the Assumption
Energy and fuel 
prices

Prices for fuels such as oil, gas, and coal determine many model 
results. Sometimes electricity prices are also supplied exogenously, 
although in many cases they are computed as an output by the 
model. High fuel prices can lead to faster adoption of energy effi-
ciency measures; high prices of carbon-intensive energy carriers 
can lead to a shift to more renewable energy.

 ▪ What are current and future prices of oil, gas, coal, electric-
ity, and any other fuels used?  ▪ Are they expressed in a clear currency, and are they in real 
or current terms? ▪ Are fuel prices responsive to demand for fuels?

Trade A country’s consumption depends partly on international trade.  ▪ Is trade included in the analysis? ▪ For which commodities and with which other regions is it 
modeled?  ▪ Are electricity imports and exports included?

Emissions factors Emissions factors indicate the extent to which emissions are 
embedded in each unit of emissions-producing activity or emis-
sions per unit of fuel. The choice of emissions factors affects a 
study’s results. 

 ▪ What emissions factors are assumed for different elec-
tricity-generation technologies, industries, transport, and 
agriculture?  ▪ What is the source of the emissions factors?  ▪ Are the factors country specific or regional/global?

Discount rate A social discount rate is typically used to reduce (“discount”) the 
value of costs and benefits occurring in the future. It reflects the 
fact that people tend to value the future less than the present. The 
value of this parameter can be highly subjective and controversial. 
It can have strong effects on the results of models and the implica-
tions drawn from them. This choice can affect whether to make an 
investment. In addition to the social discount rate, which affects 
the analysis of costs and benefits for society, there are also private 
and corporate discount rates for private citizens and companies.

 ▪ What are the assumptions about social, household, and 
corporate discount rates?

Price elasticities 
and elasticities of 
substitution

The higher an elasticity, the stronger the response to price change. 
For example, a high gasoline price elasticity means that consumers 
will use much less gasoline if the price increases. They might 
switch to other fuels (such as biofuels), change the activity that 
requires gasoline (use public transport instead of a car), or cease 
engaging in an activity altogether. Price elasticities of substitution 
characterize the change in consumption of alternatives to a good 
when the price of that good changes (e.g., switching from a coal-
based power supply to natural gas or renewable energy sources). 
Tuning parameters like these can give modelers power over the 
study’s outcomes. This information should therefore be transparent 
and the assumptions justified by empirical studies.

 ▪ What are price elasticities for commodities such as gaso-
line, oil, natural gas, and coal?  ▪ Does the model provide information about whether con-
sumers switch fuels based on prices? If so, at which price 
does the switch occur?  ▪ Do consumers choose more efficient technologies (for 
cars and appliances, for example) in response to fuel and 
electricity price increases?  ▪ Do consumers consume less in response to fuel and 
electricity prices (driving less or using less electricity, for 
example)?

Exchange rates and 
year of currency 
value

Exchange rates between currencies can fluctuate significantly. 
In order to compare studies from different times, it is important to 
account for these differences.

 ▪ What year is used for currency values?  ▪ What exchange rates between currencies are assumed for 
trade?

Other These are variables that more specialized models use to reflect 
more refined sectoral or behavioral analysis.

 ▪ Are there any changes in land-use practices?  ▪ Do weather conditions affect model parameters (e.g., heat-
ing and cooling degree days)?

Source: WRI authors.

KEY MODELING ASSUMPTIONS (CONTINUED)
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It is important to understand how policies have been 
translated to the modeling framework, how their impacts 
are measured, and how they interact with one another. 
Sequencing can influence the effects of different policies. 
For instance, is smart grid development before or after 
the renewable energy plans are designed? This may influ-
ence the final costs of the energy produced. The reader 
should check that the report clearly explains key items for 
scenarios, including the following:

 ▪ Constraints on the value of an indicator. 
Models can constrain certain relevant parameters 
(e.g., overall level of emissions, a particular 
percentage of renewable energy in the energy mix) 
for attaining a specific target such as reaching 
net-zero emissions in 2050 or reaching NDC goals 
by 2030. Some models can automatically allocate 
emissions reductions based on economic (e.g., cost 
efficiency) or other criteria (e.g., social acceptance). 
Scenarios based on costs or acceptance criteria can 
be helpful in showcasing possible pathways to reach 
the specified targets. They may not directly show 
the instruments and policies required to achieve 
these targets, however. Models can demonstrate 
what a given narrative implies for a country or 
what a given constraint entails in terms of sectoral 
transformations. They can showcase pathways that 
are feasible and cost-effective. Implementing these 
solutions in the real world requires targeted policies 
and actions that may be outside the scope of the 
modeling study. When encountering a constraint-
based scenario, readers are encouraged to think 
about what it would take to implement the required 
transformation. 

 ▪ Specific policies and actions. Policies and actions 
can be modeled explicitly. Policies such as vehicle fuel 
efficiency standards, building codes, and industrial 
efficiency standards or policy packages, such as 
the U.S. Clean Power Plan, can be represented in 
many ways. They can be constraints on the values 
of particular indicators (e.g., the percentage of 
electric vehicles in the total vehicle fleet), command 
and control (for example, fuel efficiency of cars or 
efficiency of electric appliances), or market based, 
taking the form of price incentives, taxes, or support 
for research and development, which reduces the 
costs of new technologies.

 ▪ Scenario sets. Scenarios often bundle policies and 
actions, especially when the number of scenarios 
would become too large if every possible policy 
combination were modeled separately. Some models 
solve this problem through interfaces that allow users 
to explore the impact of different policy packages for 
themselves,⁴ but this solution comes at the expense 
of simplifying the model enough for public users to be 
able to use them. 

 ▪ Changes of input parameters based on the 
scenario narrative. Sometimes authors of a 
report develop a narrative for change that alters the 
assumptions for specific input parameters to the 
model (such as those presented in Table 4 above). 
Table 5 compares baseline scenarios with policy 
scenarios in various modeling efforts. 

Uncertainty
Uncertainty is inherent to modeling. It can be divided into 
two types (Heal and Millner 2014). The first type is uncer-
tainty about the development of key input indicators. 
Many inputs in modeling exercises have strong impacts 
on the results (examples include population, the prices 
of energy carriers, and technological learning rates). The 
future level of these inputs is inherently uncertain. For 
building trust in the results of a modeling study, it is 
critical to use reputable input sources and be transparent 
about the choices of inputs and assumptions. The second 
type is uncertainty about the model itself. Uncertainty 
also stems from the structure, parameters, and assumed 
relationships in the model and the way policy implemen-
tation is translated to the modeling framework. Models 
are always a simplified representation of real-world 
systems. Thus, even if future inputs were known with cer-
tainty, the effects would likely be different than the model 
assumes. This type of uncertainty is known as parametric 
and structural uncertainty.

Uncertainty can be accounted for in modeling studies in 
several ways (Box 2). Uncertainty regarding input indica-
tors can be addressed by including a sensitivity analysis 
of the key inputs for the scenarios modeled (including 
different assumptions for single key scenario inputs and 
seeing how the results change) and conducting Monte 
Carlo analysis on a range of inputs. In this technique, 
modelers specify the ranges in which key inputs will likely 
fall. A random number generator then draws a value out of 
these ranges for each input, and the model is run with the 
selected input values. This process is repeated many times, 
which results in a distribution of possible outcomes.
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Country/Report Scenario
Baseline With Policies/Interventions

Colombiaa The business-as-usual scenario includes 
climate and energy policies passed before 
2010.

 ▪ The high CO2 price scenario considers a carbon tax of US$50/
tCO2e in 2020 that increases by 4% a year to reach $162/tCO2e in 
2050.  ▪ The 50% abatement scenario reduces greenhouse gas emissions 
(excluding land-use changes) by 12.5% by 2020, linearly increasing 
to a 50% reduction by 2050. ▪ The 50% fossil fuel and industrial abatement scenario reduces 
fossil fuel and industrial CO2 emissions by 12.5% by 2020, linearly 
increasing to a 50% reduction by 2050.

Indiab The reference scenario assumes medium 
economic growth, medium cost trajectory for 
solar and wind, low cost trajectory for coal 
and nuclear, and high cost trajectory for gas.

 ▪ The paper generates 216 scenarios resulting from combina-
tions of different cost pathways for coal, gas, nuclear, solar, and 
wind-based energy generation and 3 different economic growth 
pathways.

Indiac The reference energy scenario considers only 
current trends and policies as of the publica-
tion date (2013).

 ▪ The renewable energy scenario assumes that fossil fuels and 
nuclear-based technologies are phased out and replaced, when 
feasible, with renewable options.

Indiad The business-as-usual scenario considers 
that policy strategies ongoing at the time are 
implemented.

 ▪ The policy scenario assumes stronger policy actions with sustain-
ability objectives (energy security, inclusivity, and cleaner air) in 
the power, industry, transport, agriculture, and buildings sectors.

Indonesiae n/a  ▪ The economic structure scenario assumes a transition to a low-
carbon economy accompanied by an adjustment in world prices 
for some products and import/export elasticities of domestic 
producers, meant to simulate an increase in trade openness. ▪ The high-skills scenario assumes that the transition is combined 
with an increase in the supply of highly skilled labor, which drives 
an increase in employment and demand in the model.  ▪ Both scenarios are subject to a carbon constraint of 14 gigatonnes 
of cumulative emissions until 2050.

South Africaf n/a  ▪ The policy scenario assumes stronger policy actions with sustain-
ability objectives (energy security, inclusivity, and cleaner air) in 
the power, industry, transport, agriculture, and buildings sectors.

South Africag The “without-measures” scenario assumes 
economic growth without any carbon 
constraint.

 ▪ The “with-existing-measures” scenario includes policies and inter-
ventions as specified by South Africa’s current development plan. ▪ The “with-additional-measures” scenario assumes different miti-
gation scenarios in order of increasing ambition.

United Statesh The reference case projection assumes 
improvement in the further development 
of known technologies and economic and 
demographic tendencies following leading 
assumptions from forecasts. The scenario 
leaves out the potential impacts of unenacted 
legislation, regulations, and standards.

 ▪ The side cases assume variation in parameters, such as high and 
low oil prices, high and low advances in oil and gas technology, 
and high and low economic growth, among others.

SCENARIOS INCLUDED IN REPORTS ON MITIGATING CLIMATE CHANGE 

TA
BL

E 5

Notes: CO2 = carbon dioxide; n/a = not applicable; tCO2e = metric tons of carbon dioxide equivalent.
Sources: a. Calderón et al. 2016; b. Chaturvedi et al. 2018; c. Das et al. 2013; d. Byravan et al. 2017; e. Siagian et al. 2015; f. Altieri et al. 2015; g. DEA 2014; h. EIA 2018.
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Model uncertainty can be mitigated by examining a 
range of models, as often done in the model comparison 
exercises of the integrated assessment modeling com-
munity.⁵ Another (rarely used) way to account for this 
type of uncertainty would be to run a model with different 
parameters or structural specifications.

Looking at results under a range of inputs and modeling 
assumptions can make the implications for policy more 
robust. If a policy portfolio performs well under a wide 
range of assumptions, it may be preferred over one that 
performs very well under certain assumptions but poorly 
under others.

Results
This section considers the results of modeling exercises. It 
distinguishes between results related to emissions, energy 
and end-use sectors, financial implications, cobenefits, 
and equity-related impacts. Some results may fit into sev-
eral categories.

Results on emissions, energy, and end-use sectors are 
often the most directly related to the primary objectives 
of climate mitigation modeling studies. Emissions trajec-
tories for reference and policy scenarios show how far the 
decarbonization of the economy progresses in the mod-
eled scenarios and if targets such as those of the NDCs or 
long-term strategies are reached. Emissions can also be 
broken down by economic sector, end use, fuel source, 
and GHG or pollutant. Information on the energy system 
can include the capacity and generation breakdown of the 
electricity system, capacity additions and retirements, 

and energy use by resource (coal, gas, oil, biofuels, and 
variable renewables) and by sector (fuel switches in the 
transportation sector and the profile and level of energy 
consumption in the industrial sector). Models may be able 
to show detailed results for end-use sectors, such as travel 
demand by vehicle type, the composition of the vehicle 
fleet, and industrial and agricultural outputs.

Financial and Economic Indicators 
Costs and returns on investments play a crucial role in 
planning. Firms need to understand the investments 
needed for a low-carbon economy and to be aware of 
any potential risks. Policymakers need to be aware of 
the potential costs or revenues of policies and regula-
tions for the government. They may find it desirable to 
align financial incentives for businesses with low-carbon 
and development goals. The Paris Agreement explicitly 
recognizes the need to shift investments in order to make 
financial flows consistent with long-term temperature 
goals. Investments in sustainable infrastructure and busi-
ness ideas are drivers of the transition to a low-carbon 
economy (Global Commission on the Economy and Cli-
mate 2018). 

Financial and economic indicators include investments, 
cash flow, costs, and savings (see Box 3). Model results 
may indicate the following:

 ▪ The size and timing of investments required in the 
energy system, infrastructure, the building stock, and 
energy efficiency

 ▪ Cash flows for governments, consumers, and firms 
(including government revenues from a carbon tax 
or costs for subsidies, consumer costs for increased 
energy prices, and gains or losses to firms from 
policies)

 ▪ Cost assumptions of different energy and electricity 
sources or integrating variable renewable energy into 
the electricity grid 

 ▪ Savings associated with climate-friendly policies 
such as from efficiency increases or better transport 
management; models may also include savings from 
avoided damages from climate change mitigation.

EXAMPLES OF UNCERTAINTY 
ANALYSES USED IN MODELING 
STUDIES

BO
X 2

Studies deal with uncertainty in various ways:

 ▪ A study of Colombia compares four models to reduce structural 
uncertainties.a ▪ A study of India combines different cost pathways for coal, gas, 
nuclear, solar, and wind-based energy generation and three 
economic growth pathways, leading to a total of 216 scenarios.b ▪ A study of South Africa conducts a sensitivity analysis of results 
for different economic growth rates.c 

 
Sources: a. Calderón et al. 2016; b. Chaturvedi et al. 2018; c. DEA 2014.
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Cobenefits
Climate experts are increasingly recognizing that to reach 
climate targets, it is not enough to just focus on GHG 
emissions. Instead, it is useful to frame decarbonization 
from a sustainable development perspective as well as to 
reflect improvements in quality of life and to assemble 
broad stakeholder coalitions around these notions (Araya 
2018). Models therefore investigate cobenefits and reduc-
tion in potential unintended consequences on segments of 
the population (Box 4). 

Examples of cobenefits include health benefits associated 
with a reduction in air pollution because of a shift away 
from fossil fuels, increases in energy access and improve-
ments in service, reductions in water use (in water-
stressed areas) for thermal power plants by switching to 
wind- and solar-powered electricity, and net job creation 
in new technology sectors.

Equity-Related Impacts and Impacts on Vulnerable 
Populations 
Poor and vulnerable segments of the population gener-
ally bear the brunt of the pollution burden because 
wealthier residents can afford to move out of polluted 
areas. Modeling studies may be helpful to assess changes 
such as energy transitions and how these are likely to 
affect some populations positively and others negatively. 
These changes should be measured to evaluate the equity 
impacts of policies.

The transition to cleaner energy may leave some segments 
of the population worse off, particularly by reducing the 
number of jobs in coal mining, oil and gas drilling, and 
fossil fuel–based power plants. There is a need to design 
measures to protect these vulnerable populations. Actions 
are necessary to ensure a “just transition” (Newell and 
Mulvaney 2013; Healy and Barry 2017; Heffron and 
McCauley 2018).

EXAMPLES OF FINANCIAL 
AND ECONOMIC INFORMATION 
INCLUDED IN MODELING STUDIES

BO
X 3

Studies include financial information in their modeling in 
various ways:

 ▪ A study of India provides detailed analysis of the costs to the 
government and energy producers to include variable renewable 
energy sources in the energy mix under different policy assump-
tions and analyzes the implications of different cost trajectories 
for all major energy carriers.a  ▪ Another study of India analyzes the required investments in 
energy supply, the value of energy imports under different sce-
narios, the social value of carbon, and the associated revenues 
from avoided carbon dioxide emissions.b  ▪ A study of Indonesia identifies the investments required for 
renewable energy, new vehicle types, biorefineries, and fossil 
power plants.c  ▪ A study of South Africa includes a multicriteria analysis that 
incorporates socioeconomic indicators, including jobs and 
gross value added.d It also considers environmental impacts 
not related to greenhouse gases and examines the costs and 
economic impacts for each of 172 identified mitigation measures. 
It provides marginal abatement cost curves for each mitigation 
measure (based on capital investment costs as well as operation 
and maintenance costs and energy cost savings) and estimates 
aggregate impacts on sectoral gross domestic product. 

 
Sources: a. Chaturvedi et al. 2018; b. Shuklaa et al. 2015; c. Siagian et al. 2015; d. 
DEA 2014.

EXAMPLES OF INCORPORATING 
COBENEFITS INTO MODELING 
STUDIES

BO
X 4

Studies incorporate cobenefits in the following ways:

 ▪ A study of India looks at income, jobs, electricity access, electric-
ity cost, water, and land impacts.a ▪ Another study of India analyzes the reduced import dependency 
on fossil energy carriers and the energy savings associated with 
increased energy efficiency.b  ▪ Another study of India incorporates energy access, energy 
security, water access, air and water quality, sanitation, 
housing access, food security, livelihoods, health quality, and 
biodiversity.c ▪ A study of Indonesia examines savings related to energy 
efficiency improvements and diversification toward a more 
service-oriented economy.d ▪ A study of South Africa models cobenefits as part of its multicri-
teria analysis.e It includes economic, social, and environmental 
impacts not related to greenhouse gases; changes in gross 
value added; job creation, the proportion of low-skilled jobs, and 
nonmonetary social impact; and water, solid and hazardous 
waste, and land impacts.

 
Sources: a. Chaturvedi et al. 2018; b. Das et al. 2013; c. Byravan et al. 2017; d. 
Siagian et al. 2015; e. DEA 2014.
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Models can highlight impacts like these and show ways to 
mitigate the burden of the transition on vulnerable popu-
lations. Readers of a modeling report should look for the 
following:

 ▪ Does the report examine the impacts on jobs in 
affected sectors (e.g., coal mining and coal power 
plants)?

 ▪ Does the report identify groups that would be worse 
off in the proposed pathways? Are they vulnerable 
segments of the population? 

 ▪ Does the report identify alternative employment 
opportunities, retraining opportunities, or other 
ways to offset negative impacts?

Process Aspects
The overall process from the initial discussions and 
design can shape the framing and outcomes of a study. 
Elements like contextual information and stakeholder 
involvement are key to understanding the overall framing 
of a study.

Contextual Information
To understand the context within which a report was 
produced—and identify potential biases—it is helpful to 
identify the following:

 ▪ Who wrote the study?

 ▪ Who commissioned it?

 ▪ What was the mandate and motivation for producing 
the report?

 ▪ Was the report peer-reviewed?

For example, a report produced by an environmental 
NGO is likely to be framed very differently from one pro-
duced by a major oil producer. As a result, the outcomes 
may differ substantially. It can be helpful to consult stud-
ies from a variety of backgrounds. 

Peer review strengthens the academic integrity of a study. 
The peer-review process takes time, however. For this 
reason, many think tanks and research organizations pub-
lish studies outside of peer-reviewed academic journals. 
Readers should consider how transparent these studies 
are about their inputs and modeling assumptions.

The Stakeholder Involvement Process
Involving stakeholders in the development of scenarios 
can strengthen studies in several ways (Box 5). This can 
ensure that the views of all affected parties are reflected in 
the objectives of a modeling exercise. Doing so increases 
co-ownership and acceptance of the results and their 
implications. For scenarios related to climate change 
mitigation, for example, codevelopment can lead to 
better mainstreaming of climate plans into the plans of 
sectoral ministries, better alignment with incentives for 
the private sector, and awareness-building measures for 
civil society. It can also improve the underlying input data 
assumptions and help check results for reasonableness and 
feasibility. Heavy involvement of political actors can result 
in watered-down results, however, if it leads to efforts to 
present the government in a positive light or to try to mini-
mize commitments. Readers should recognize this poten-
tial in assessing government-mandated studies or studies 
from institutes closely aligned with the government. 

Codevelopment of scenarios with relevant actors can 
also help build capacity. Involving political stakehold-
ers or their staffs in scenario creation and the vetting of 
results helps them understand and act on relevant results. 
Involving stakeholders also allows modelers to draw on 
the experience and knowledge of stakeholders in areas in 
which they themselves are not experts. It also increases 
the chance that a scenario includes the views of groups 
that may be disadvantaged by actions or policies. 

EXAMPLES OF STAKEHOLDER 
INVOLVEMENT IN MODELING 
STUDIES

BO
X 5

Studies involve stakeholders in various ways: 

 ▪ A study of Germany drew on dialogue with stakeholders from the 
transport and electricity sectors to determine what conditions 
would define the scenarios for the German energy transition.a 
Stakeholders evaluated the feasibility and social acceptance 
implications of the scenarios.  ▪ For its study of South Africa, the Department of Environmental 
Affairs established a Technical Working Group on Mitigation that 
included a range of stakeholders from government depart-
ments, businesses, civil society, and academic institutions.b The 
purpose of the working group was to assess mitigation potential 
and best-available mitigation options in all economic sectors and 
identify the economic, environmental, and social impacts of the 
proposed mitigation options. The stakeholders also coordinated 
and aligned mitigation work at the sectoral and national levels.

 
Sources: a. Schmid and Knopf 2012; b. DEA 2014.
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CONCLUSIONS
Modeling is a powerful tool for investigating potential 
pathways for achieving a given set of objectives. It can 
have a strong impact on the formation of plans to deliver 
on NDCs. Reviewing a study while keeping in mind the 
dimensions presented in this issue brief can help read-
ers assess the study’s relevance for a given objective and 
clarify its main policy conclusions. This framework may 
also provide policymakers and other stakeholders com-
missioning modeling studies with a template for what to 
look for from the exercise. 

This issue brief helps stakeholders understand the model-
ing studies available, explains the parts of a study, and 
shows how different assumptions may shape the results. 
Future work could extend the discussion to other impor-
tant issues, such as the short-term policy implications of 
long-term policy planning. 

We have identified the following seven dimensions:

 ▪ Primary goals. These goals provide the general 
framing of a report and its objectives (e.g., how to 
achieve a target for emissions levels or investigating 
the impacts of a carbon tax). 

 ▪ Scope. It is important to check the terms of the time 
horizon covered, the geography considered (region, 
country, subnational entity), and the sectors and 
gases covered. 

 ▪ Modeling framework. A wide variety of models are 
available, each with a different level of complexity, 
strengths, and focus areas. An explanation of the 
modeling framework should be provided—and the 
workings of the model made transparent—so that 
readers are able to understand how the study arrived 
at its results.

 ▪ Scenarios and data inputs. These project the 
evolution of the system with and without new policies 
or interventions. The assumptions and inputs that 
go into scenarios affect the results. The integrity and 
trustworthiness of the data inputs is therefore of 
critical importance. 

 ▪ Uncertainty. Modeling studies can address 
uncertainty by providing a range of results based on 
different input assumptions and/or using a variety of 
model specifications. 

 ▪ Results. These typically concern the emissions or 
energy use of the modeled system under different 

scenarios. For policy and planning, detailed results 
on the underlying energy and electricity system are 
also important; in some cases, it can be helpful to 
provide more detailed results on other sectors, such 
as transportation, buildings, industry, agriculture, 
and waste. Modeling studies may also consider the 
cobenefits of reducing emissions, such as reduced 
air pollution, and the equity impacts of the required 
transitions, such as lost jobs in declining industries. 

 ▪ Process aspects. These include who wrote the 
report, who commissioned it, and what the author’s 
motivation was; these aspects can affect how the 
findings of a study should be interpreted. Another 
important consideration is whether and to what 
degree stakeholders were involved in the creation and 
framing of scenarios.  

APPENDIX A: CHECKLIST FOR CLIMATE 
MITIGATION MODELING STUDIES (FOR 
MODELERS) 
Ideally, modelers should follow this checklist when con-
ducting a study:

1. Outline the research questions and objectives

 □ Describe the problem and research motivation

 □ Describe if the study examines only climate 
mitigation indicators or other related indicators 
(e.g., gross domestic/state product, employment, 
measures of cobenefits) 

2. Describe the modeling scope

 □ Describe modeling scope criteria, including 
sectoral coverage, time frame, geographical 
coverage, environmental and climate metrics, 
and economic indicators

3. Identify the modeling framework 

 □ Explain the strengths and weaknesses of the 
modeling framework used, emphasizing the 
research objectives and key assumptions  

4. Explain the modeling scenarios 

 □ Describe the reference scenario(s) and justify key 
assumptions
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 □ Explain how the modeling scenarios link to 
relevant policies, goals, and stakeholder inputs

 □ Provide clear narratives and descriptions for 
policies and actions considered under each 
scenario

5. Gather data inputs

 □ Identify the data required to run the model

 □ Convert the gathered data into a format 
appropriate for sharing (if the model is publicly 
available)

 □ Explain the inherent anomalies and biases in the 
data sets used

6. Run the model and analyze the results

 □ Use the initial results to highlight sources of 
uncertainty and limitations

 □ Generate and compare the results under a range 
of modeling assumptions

 □ Include a sensitivity analysis of key inputs

7. Communicate the results and modeling limitations

 □ Present the results in formats that best suit 
research questions, objectives, and audience

 □ Highlight key modeling limitations and explain 
how these limitations affect the interpretation  
of the results or could affect the credibility of  
the study

8. Explain the process aspects

 □ Provide information about the modeling team, 
research sponsor, and involvement of other 
stakeholders

 □ Explain peer-review and validation processes 

 □ Consider and implement other measures to 
increase modeling transparency 

ABBREVIATIONS
CCS  carbon capture and storage

CO2  carbon dioxide 

CO2e  carbon dioxide equivalent

EPS  Energy Policy Simulator

e-SAGE  Energy Extended South African General   
  Equilibrium

GCAM  Global Change Assessment Model 

GDP  gross domestic product

GHG  greenhouse gas

LEAP  Long-Range Energy Alternatives        
  Planning

MAED  Model for Analysis of Energy Demand

MAGICC Model for the Assessment of Greenhouse 
  Gas Induced Climate Change

MARKAL Market and Allocation

MEDEE Model for Long-Term Energy    
  Demand Evaluation

NDC  nationally determined contribution

NEMS  National Energy Modeling System

NGO  nongovernmental organization

POLES  Prospective Outlook on Long-term  
  Energy Systems

SATIM-E South African TIMES Electricity 

TASCA  Tracking and Strengthening Climate   
  Action 

TIAM-ECN TIMES Integrated Assessment Model of   
  the Energy Research Centre of the  
  Netherlands

WRI  World Resources Institute
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ENDNOTES
1. This study is designed to inform WRI’s TASCA initiative, which supports  

national governments with tools and resources to track progress 
toward meeting their national climate commitments and strengthen 
climate action.

2. For further information, see the Climate Watch Pathways database,   
 https://www.climatewatchdata.org/pathways.

3. For more information on models, see the studies by Deutsche Gesell-
schaft für Internationale Zusammenarbeit (GIZ 2017), which looks at 
simulation models for mitigation measures related to NDC implementa-
tion; Novikova et al. (2016), which discusses the monitoring of national-
level mitigation actions; Pye and Bataille (2016), which focuses on the 
modeling frameworks used for the Deep Decarbonization Pathways 
Project; and Kriegler et al. (2015), which presents a detailed character-
ization of integrated assessment models.

4. Examples include the 2050 calculator (https://www.gov.uk/guidance/
international-outreach-work-of-the-2050-calculator) and the Energy 
Policy Simulator (https://www.energypolicy.solutions/).

5. See, for instance, the AR5 Scenario Database (https://tntcat.iiasa.ac.at/
AR5DB/) or the modeling and scenario comparison at the Energy Model-
ing Forum (https://emf.stanford.edu/).
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