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Introduction
Integrated Assessment Models (IAMs) combine biophysical, social and economic systems into one integrated system (Dowlatabadi & Morgan, 1993). This definition can be further developed, for example Rotmans (1998) who noted that this can be done either by computer simulation to analyze the 
behavior of complex systems, game simulation in which complex systems are represented by simplified models with relevant behavioral similarity or by creating scenarios as tools to explore a variety of possible images of the future and  qualitative integrated assessments without using data. Kelly and 
Kolstad (1999, p. 3) defined an integrated assessment model as “any model which combines scientific and socio-economic aspects of climate change primarily for the purpose of assessing policy options for climate change control”. Weyant et al. (1996) defined three purposes for integrated assessments: 
the assessment of climate change control policies, analysing multiple dimensions of the climate change problem in a common framework, and to quantify the relative importance of climate change in the context of other environmental and non-environmental problems facing mankind. IAMs can be 
categorised as policy optimization models or policy evaluation models. Policy optimization IAMs search for the optimal policy, given a certain political question. Three models can be distinguished, depending on the type of analysis: cost benefit models – used to balance the costs and the benefits of 
climate policies, target based models that simulate the effect of a predefined level of carbon abatement and uncertainty based models that deal with decisions making under conditions of uncertainty (Manne & Richels, 1990). Policy evaluation models - also known as simulation models - consider 
actions of agents (such as governments, consumers) as given and are provided through policy proposals, assumptions, observation and expert opinion. At UCA, two lines of research are further developed: [1] social aspects of Integrated Assessment Models (Diemer, Gladkykh and Spittler) and [2] 
integration of IAMs with Industrial Ecology methods and tools (Dierickx).

E3MG 

Bottom-Up Top-Down Hybride 

Edmonds Reilly 
AIM 

MiniCam 
ASF 

WEM 
TIMER 
IPAC 

PETRO 
LEAP 

 

SGM 
IMACLIM-R 

MARKAL 
MESSAGE 

GET 
TEESE 
LDNE 

New Earth 21 

Global 2100 
MARKAL MACRO 
MESSAGE MACRO 

MERGE 
CETA 
DNE21 
MARIA 
GRAPE 

DICE 
RICE 

RICE-FEEM 
DEMETER 

ENTICE(-BR) 
Connecticut Model 

COMBAT 
Khana Chapman 

MIND 

GREEN 
EPPA 

AMIGA 
GEMINI-E3 

WORLDSCAN 
GTEM 

EDGE 
WIAGEM 

Optimisation du 
système énergétique 

Simulation équilibre  partiel  

Croissance optimale 

Equilibre général 
récursif 

Si
m

ul
at

io
in

 
Op

tim
is

at
io

n 

Categorisation of IAMs (Hourcade, 2018)

Research Questions [1]: Social Aspects of Integrated Assessment Modelling
Recent debates on the design and use of IAMs center around the following themes [inspired by recent literature on the ma[er and overview ar\cle 
from Evans & Hausfather (2018)]:

▶ Poli7cal Constraints
The main cri\que here is that there is o^en a misinterpreta\on and too narrow focus on cost aggregates. IAM can – or should – be also able to look 
at other measures apart from cost analysis. Complementary policy measures or policy levers could be taxes, subsidies, redistribu\on, etc..

Considering future as past
A second cri\que focuses on the limits of extrapola\ve models that consider the future as having the same structure as the past, as pointed to by 
Wilson et al., Ritchie and Dowlatabadi (2018) and Mathias et al. (2017).

Supply-side bias (technological, links with research ques7ons [2] à )
Murphy and Nelder (2018) argue that “Changes in energy end-use in global IAMs tend to be captured at the aggregated sectoral level as a func\on 
of changing incomes and prices” but that there is a lot of margin to describe end-use technologies more in detai, and that IAMs are more suited to 
make a solid analysis of energy supply scenario’s.

▶ Human Behavior
Another aspect that is men\oned in recent literature and debates is that human behavior can also alter the pathways that IAMs propose or assume. 
The argumenta\on is that cost-op\misa\on or carbon pricing is not sufficient to decarbonise to the extent necessary to reach the Paris climate 
goals, as brought up by McCollum et al. (2018). Also, when only focussing on costs of carbon abatement, it might be interes\ng to consider a wider 
spectrum than tradi\onal or popular measures in current debates (Gillingham & Stock, 2018).

Choice of assump7ons
Pye et al. (2018) found that cri\cal model assump\ons that are highly influen\al on quan\ta\ve model outcomes in certain models have a rela\ve 
low certaintly in respect to the knowledge-base underpinning them and are subject to value-ladenness. 

[1] Transparency and Policy Relevance: Modelling Tools Exploration
To complement the development of IAMs and to take be[er into account the behaviour of groups that results from the interac\ons of individual 
members, changing social norms and the variety of social processes present (social norms, decision making processes, tradi\ons, culture and 
values), we propose addi\onal methods to complement the modelling process.

Research Questions [2]: Regionalisation & Industrial Ecology Integration

Pauliuk et al. (2017) analysed different aspects that have been noted to benefit from further research in the context of IAMs, of which we focus 
on the following:

▶ Global supply chains and life cycle perspec7ve
As noted in Pauliuk et al. (2014), global supply chain analysis “provides a full environmental assessment of the life cycle of products and 
services and iden\fies possible burden shi^ing between countries and industrial sectors, or across \me”. In the context of climate change, it is 
impera\ve to have a correct consump\on-based accoun\ng system in place to assess carbon and material footprints.

▶ Link between capital services, capital stocks, and capital forma7on 
It is noted that in none of the reviewed IAMs, there is a physical linkage between the capital stock (industrial assets, buildings and 
transporta\on devices) and the material flows required to build up – or recycle – those stocks.

▶ Mass-balance-consistent modelling of material cycles and energy balance considera7on
Because material service demand is a be[er predictor of material consump\on than economic output, PPP GDP is a poor predictor of material 
life cycle parameters . There is li[le apparent correla\on between the economic and physical indicators (Pauliuk et al., 2014)

[2] Linking IAMs with (Physical) Input-Output 
and Life Cycle Analysis Studies 

Scenario Planning
Scenario planning was developed by Pierre Wack in 
the 1970’s for Shell, right before the big oil crisis of 
1973-1974 (Shell, 2013). In his ar\cle “Scenarios, 
shoo\ngs the rapid”, published in 1985 by the 
Harvard Business Review, Wack considered that 
“scenarios deal with two worlds: the world of facts 
and the world of percep\ons. They explore for facts 
but they aim at percep\ons inside the heads of 
decision makers” (1985, p. 140). Their purpose is to 
gather and transform informa\on of strategic 
significance into fresh percep\ons. Scenario 
planning imagines different possibili\es and 
develops plans to address these possibili\es. This 
approach insists on two points: (i) Scenarios 
describe different worlds, not just different 
outcomes in the same world, (ii) The purpose is not 
so much to have one scenario that gets it right as to 
have a set of scenarios that illuminates the major 
forces driving the system, their interrela\onships 
and the cri\cal uncertain\es.

Par7cipatory Modelling
Par7cipatory modeling is an open and transparent modeling process, a way to avoid poten\al conflict, misunderstanding and even 
li\ga\on. The modeling process is a tool for delibera\ons and consensus, helps to deal with uncertain\es and is more important 
than the result (of the model). Par\cipatory modeling is useful to iden\fy problems and structure a func\onal debate between 
stakeholders, engaging them in the modeling process. Par\cipatory modeling is useful to deal with so-called messy problems. By 
ac\ve engagement of representa\ve stakeholders, by making them collabora\vely work on formula\ng a problem and designing
interven\ons, par\cipatory modelling aims to increase successful implementa\on of the designed solu\ons in prac\ce.

System Dynamics
System Dynamics was developed at MIT 
during the 1960s by J.J Forrester, and allows a 
generic analysis in a democratic and 
accessible manner, that can be used by social 
and natural scientists in interdisciplinary 
contexts. The method can be used to  deal 
with questions about the dynamic tendencies 
of complex system, and is frequently used in 
business processes.
Participatory modeling is the process of 
incorporating stakeholders, including public 
and decisions makers into the modeling 
process (Walker and ali., 2002). 
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To improve the shortcomings pointed out by Pauliuk et al. 
(2017), different methods exist in the Industrial Ecology 
literature, being: physical input-output models, life cycle 
analysis studies and (open) energy system models and 
hybrid variants of those. Specific focus (Dierickx et al.) is on 
the supply chain interactions of ambitious renewable energy 
deployment scenario’s using hybrid IO-LCA.
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(Hörsch et al., 2017)

• Open Source Energy Modelling

• Different models that serve to es\mate op\mal 
renewable energy deployment

• Op\miza\on based on:
• Weather models
• Grid extension
• Technologies
• Investment
• …

• 100 % renewables discussion

Life Cycle Analysis = Product-based analysis to trace material 
flows and environmental impact
à Describes the rela\on of product-based processes 
(transforma\on, transport, use, disposal, …) to environmental 
impacts

• Low level of aggrega\on  
• Different system boundaries, alloca\on rules, … for each study
à Useful for compara\ve analysis of produc\on, use and 

disposal process
à Not suited for aggregate analysis on regional or global scale 

(but could be used as baseline to extrapolate) 

Input-Output Tables

High level of aggregation à low level of detail

National Boundaries

Type Characteristics

Monetary Input 
Output Model 
(IOM)

Only production, no emissions

Pollution 
Abatement IOM

Including sectoral emissions (formulated 
as monetary ’damage’ estimate)

Environmentally
Extended IOM

External accounting of natural resources 
/ environmental impact
(based on calculation for given demand)

Hybrid MIOM Partially expressed in physical and 
monetary units (based on extrapolation 
of LCA studies)

Physical IOM with 
emissions to 
nature

Representation of material/energy flows 
embedded in final production, including 
sectoral emissions

IO Types

Inter-Sectoral 
Exchange

Matrix

€

€

€

€

• Price = dynamic 
à Difficult to derive a useful, consistent and ‘future-proof’ rela=onship between price and physical quan=ty

• Only goods that are (or can be) priced or valued by society are being accounted for
à Implies that material flows that are not valued are not taken into account into 

assessments (biomass for grazing, fuel wood from forests, …)

à For environmental analysis, Monetary Input-Output Tables should be extended or replaced (where possible) 
with physical environmental data, or converted with care to physical units if no original Physical Input-Output 
Tables or exten\on datasets are available (see also work of Owen, 2017; Tobben, 2017). 

(2) Reflection

(based on OECD, 2008; European Communi\es, 2001) (Wiebe, 2016)

*Corresponding author: floriandierickx@gmail.com

mailto:floriandierickx@gmail.com

