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Executive summary
This report summarizes the findings of the IMAGE Advisory Board meeting, which took place
from 9 to 11 July 2014 in The Hague. The Advisory Board was asked by PBL Netherlands
Environmental Assessment Agency to evaluate the newly released version of the integrated
assessment model framework IMAGE – IMAGE 3.0, and to reflect on the future development
and application strategy of the IMAGE framework.
IMAGE is one of the world’s leading integrated assessment modelling frameworks, and the
current version has been improved to strengthen its relevance in assessing global, long-term
environmental and sustainability problems and identifying possible response strategies. Earlier
versions of IMAGE have been used to support various international assessments, including IPCC
assessments, UNEP’s Global Environment Outlooks, OECD’s Environmental Outlooks and the
Millennium Ecosystem Assessment. Moreover, it has been extensively used in the scientific
literature.
General impression of book, website and research output
The Advisory Board commends the IMAGE team with the progress made in recent years and
with the productivity of the IMAGE team as shown by the extensive publication record. It
considers the IMAGE framework and its applications as a prime example of innovative use of
system/analytical approaches where a blend of different models are coupled for integrated and
holistic analyses of environmental and societal challenges. The model applications and resulting
publications are of high scientific excellence and policy relevance. The IMAGE 3.0 book is an
excellent, well organized and well written source and documentation for the IMAGE 3.0
framework and its use in assessing key policy issues. The accompanying website/wiki offers a
novel approach and a comprehensive portal to the various parts of the IMAGE 3.0 framework
and contributes significantly to accessibility and transparency.
Transparency
The Advisory Board recommends to further enhance transparency by extending the
website/wiki to include information on all salient model assumptions, model equations, model
parameters, data (that are not intellectual property protected or privacy sensitive) and
scenarios involved, and by providing more explicit information on linkages and interactions of
the model(component)s which are part of the IMAGE framework.
In addition the Advisory Board recommends to develop a strategy for dealing with the
increasing demand for open data and open model access, fitting within given legal contexts and
also within contexts of the requirements in international assessment studies (e.g. IPCC, IPBES).
Moreover the Board suggests that the IMAGE team thinks about further ways to enhance
scientific credibility through transparency and offering peers the possibility to review the model
quality. It recommends to explore the possibility to include representatives of the user
community in the Advisory Board or have separate engagement with current and potential
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users/clients to identify their needs. It is also advised to consider an increased frequency of
Advisory Board meetings (e.g. once in five years as opposed to the current eight year interval).
General methodological aspects
The Advisory Board signals that IMAGE model(component)s show a large variation of
application ranges. Joint use of these model(component)s (e.g. in long-term scenario analyses)
causes the risk that IMAGE as a whole operates outside its tested ‘safe operating space’.
Moreover, given that some model(component)s of the IMAGE framework are being developed
outside the core IMAGE team, it is of great importance to establish a quality assurance protocol
for model(component)s that are the responsibility of partners both within PBL and outside.
The Board recommends that the IMAGE team identifies and prioritizes the major missing links
amongst model(component)s and decides how to deal with this (e.g. by including some
additional links/feedback).
The Advisory Board observes that some aspects appear more than once in different parts of the
IMAGE framework. It is important that common components, for instance hydrology and land
use, are treated in a consistent way across all IMAGE model(component)s involved.
The Board recommends that the regions currently used in IMAGE be reviewed and potentially
re-aligned to match current political regions and therefore ensure IMAGE’s continued policy
relevance.
Model evaluation and uncertainty
The Advisory Board observes that while the IMAGE team has done structured uncertainty
analyses, in the IMAGE 3.0 book uncertainties are often only partially and qualitatively
discussed. Moreover, validation of the outcomes or specific ranges of the results (as given e.g.
by model parameter uncertainties) are not shown. Therefore, the Board recommends to extend
model evaluation/validation and uncertainty analysis, with focus not only on separate
model(component)s but also on their combined use. The Board refers to the valuable
contribution of the IMAGE team in the Integrated Assessment Modelling Consortium (IAMC)
model which deserves continuation.
Furthermore the Advisory Board suggests considering to what extent models can be evaluated
by ‘ground-truthing’, e.g. by comparing model results with empirical data and/or information
from more location specific approaches. Moreover, it recommends to use a systematic and
computationally efficient approach for sensitivity/uncertainty analyses, to characterise overall
uncertainty and assess the contribution of different sources of uncertainty to key IMAGE output
metrics and impact indicators.
Staffing, collaboration and funding
The Advisory Board finds the decline in permanent funding regrettable – it puts at risk sustained
development, maintenance, consistency checks and data storage, especially since several
groups within and outside PBL are involved. The essential resources for such core activities need
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to be ensured, possibly also by way of outsourcing model development to other institutes or
companies.
The balance between permanent and project/temporary staff has changed considerably in the
recent years, which is some reason for concern. The Advisory Board thus recommends to
increase the number of permanent staff to restore the balance between permanent and
temporary staff, and to retain a critical mass for code and data maintenance, continuity in core
competence, overview and expertise, and coordination among model(component)s and
collaborators, while also safeguarding core innovation and intellectual leadership.
An important strategy to respond to limited budget and human resources at PBL are the recent
developments of PBL staff being also professors at different universities (e.g. Utrecht
University). This development should be actively encouraged. It has helped to diversify core
model development and innovation under leadership of PBL staff at universities. Benefits
include increased inflow of young talent, increased overall research efficiency and increased
output (at reduced costs for PBL).
The Advisory Board recommends to establish soon a strategy for the development and
maintenance of the entire IMAGE framework including a division of labour between PBL and its
collaborators on model(component)s of IMAGE. In this context it also recommends to explore
the advantages and disadvantages of making IMAGE a community model, as opposed to the
option to locate all software development of the framework at PBL.
Future strategy
Given the decline in permanent funding and given the major model developments in the
previous phase, the Advisory Board recommends a visioning process in the near future. As part
of this visioning process the Board recommends to identify potential (new) users of IMAGE 3.0
(policy-makers, scientists, business sectors and companies), and explore their needs and what
IMAGE wants to do/achieve. The Board recommends to further enhance IMAGE’s potential for
analysing nexus problems. The linkages between environmental challenges (impacts and
response strategies for simultaneously addressing climate change, air pollution, biodiversity,
etc.) and their implications for broader development objectives (e.g. Sustainable Development
Goals (SDGs)) are highly policy relevant, and present a good basis for research foci.
The IMAGE leadership needs to prioritise the currently numerous issues for improvement
and/or extension of parts of the IMAGE framework, in the light of overall IMAGE goals and
limited resources. Additionally, the Advisory Board, recommends that the IMAGE leadership
establishes a clear strategy on ownership issues and quality assurance for model(component)s
that are the responsibility of partners both within PBL and outside.
Future research directions and potential new clients
Future improvements and extensions of model(component)s in the IMAGE framework need to
be done in a balanced and focused way, taking into account what is needed for serving (new)
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clients/communities and enabling nexus-like studies and integrative policy advice – a traditional
strength of the IMAGE team.
The Advisory Board recommends to identify which major improvements in both the
Human system and Earth system and their interconnections are needed to better
address these tasks.
It is to be expected that the IMAGE framework will be used more frequently by policy
Directorates General (DG) of the European Commission. More work could come from the DGs
Climate Action, Research and Innovation, Environment, and Agriculture, especially for nexus
questions. Several UN related bodies can be approached more actively to gain clients. In order
to enhance the IMAGE model’s capability for macro-economic analysis the already existing
collaborations with IIASA, PIK and FEEM could be extended to e.g. Cambridge Econometrics to
capture macroeconomic feedbacks.
Global businesses in the energy, agriculture and extractive sectors could be interesting new
clients for IMAGE analysis as well. It is to be expected that these sectors would like to see more
sectoral detail in the respective IMAGE modules. Consider also to approach the World Business
Council for Sustainable Development for potential clientele.
The Advisory Board does currently not see a role for IMAGE for analyses and assessments at city
level. This would require a major investment in geographical and process detail of the model,
which would only be possible with additional funding or outsourcing of the modelling and data
work.
In the light of this potential new clientele and novel application areas the Advisory Board
considers the following general issues to be of relevance in further outlining the future research
directions:
•

•

The IMAGE model development efforts in the areas of energy and land-use change
should be carefully balanced. E.g. results for the energy model TIMER can be made yet
more policy-relevant by more explicit modelling of behavioural change, human
preferences, market dynamics, and including a better representation of salient
heterogeneities (in consumer groups, rural/urban, income distributions). E.g. forestry
and agricultural land use appear as separate issues in the current IMAGE version. To
allow a more complete trade-off analysis in land-use allocation - as is requested when
contributing to e.g. nexus studies on biodiversity, energy and food security - these
aspects should preferably be more fully integrated, allowing also an analysis of the
competition between agriculture and forestry. Moreover, to be more able to respond to
changing policy and research demands, it is worthwhile to consider what improvements
in the representation of agro-economy in IMAGE, in relation to land-use and agricultural
modelling, may be possible and what streamlining of the land-use and agricultural part
could be feasible and helpful in this.
The Board also recommends to consider the inclusion of low probability high-impact
events, given their potentially major impacts and policy relevance.

7

•
•
•

•

The Board recommends to update the base year from 2005 to a more recent year, e.g.
2010 or 2012, which will possibly require a substantial effort, but which is of importance
to keep the assessments up to date.
Applications should include realistic policy scenarios, which reflect current policies, while
it is also important to develop visionary scenarios that go beyond current policies and
established thinking.
Putting water higher on the agenda as a link between human and natural systems and as
a major policy domain (as important as energy and land-use policy) is desirable. Given
the importance of the marine system as a source of food and protein, and its role in
climate change, consider what features of oceans and water in general to include in
future IMAGE versions.
The Board considers the GISMO model, which models human health and human
development related issues, a strategically very important part of IMAGE, enabling the
consideration of broader development policy objectives (e.g. SDGs). Many other
Integrated Assessment Models are not able to do this to this extent. Given this
importance, the Board expresses concerns about the current staffing of GISMO and
recommends to reconsider this and the position of GISMO within the IMAGE framework
during the visioning process.

In addition to these more general issues, the Advisory Board has expressed further concerns and
recommendations on specific model(component)s which are part of the IMAGE-framework.
These are presented in more detail in chapter 5 of this report, and are not further specified
here.
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1. Introduction
Starting in the late 1980s as a single world model for assessing the climate change process
globally, the IMAGE integrated assessment modelling framework developed at the PBL
Netherlands Environmental Assessment Agency (and its predecessors) has gradually evolved as
a tool to analyse global environmental change and sustainability problems.
Recently a new version, IMAGE 3.0, has been released 1 accompanied by new model
documentation – provided as a book (Stehfest et al. 2014) as well as an expanded
website/wiki 2– intended as a complete and concise description of the framework. The
documentation highlights how the framework is used to assess key policy issues, such as climate
change, air pollution, land-use change, biodiversity loss, and water scarcity.
In the light of this new release and the strategic discussion on the future development and
application strategy of the IMAGE framework, PBL has asked an Advisory Board to evaluate the
present version of IMAGE and its documentation, and posed the following guiding questions:
1. Does the book (and the web-based Wiki documentation) serve as a complete, concise
reference book for the IMAGE 3.0 framework?
2. How complete is the model framework as a whole, in light of current societal, policy and
research issues?
3. Are the different framework components of adequate detail and scientific rigor, taking
into account requirements of an overall, global integrated assessment framework?
4. Are the inter-linkages between the components sufficient in kind and type to support
the overall outcomes?
5. Are the purpose and use of the framework sufficiently clear from the descriptions
provided; in Chapter 2 for the framework, in Chapters 3-8 for the components?
6. Are limitations and uncertainties sufficiently addressed to be able to put the results in
perspective of conceivable ranges?
Moreover, the Advisory Board was asked to reflect on the issues addressed in a draft IMAGE
strategy document (version July 2014). This document addresses the current status of the
model and identifies the focal questions for IMAGE in the next five years. Against this setting
the strategy document discusses consequences for ambition, research focus, model
development and application. The document also considers how this could be established
strategically and operationally, taking into account how to organize the work involved and with
whom to collaborate.

1
2

See http://www.pbl.nl/en/news/newsitems/2014/image-30-released
http://themasites.pbl.nl/models/image/index.php/Main_Page
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2 Brief description of IMAGE3
2.1 A brief history
IMAGE 3.0 (Stehfest et al. 2014) is the most recent, operational version of the model framework
progressively developed since the late 1980s. After publication of the IMAGE 2.4 book
(Bouwman et al. 2006) and a subsequent progress review by the IMAGE Advisory Board in 2006
(Hordijk et al. 2007), the framework has been further developed. These developments were
published in journal articles and conference papers, but no new versions were officially
released.
For example, representation of energy demand was improved by more bottom-up modelling of
household energy systems in TIMER for rural and urban population by income level. Selected
industries were better represented in more technical detail to underpin energy demands and
emissions. The forestry sector model was enriched by forestry management options in addition
to clear-cutting.
In cooperation with Wageningen University (WUR, Wageningen UR) and the Potsdam Institute
for Climate Impact Research (PIK, Germany), the IMAGE natural vegetation and crop
components were replaced by the LPJmL Global Dynamic Vegetation Model. This enabled
modelling of linked natural and agricultural vegetation dynamics, carbon and water cycles, and
adding a dynamic global hydrology module to IMAGE, which was not available in previous
versions. Modelling biodiversity impacts as provided by the GLOBIO model was extended to
cover freshwater systems as well as terrestrial biomes.

2.2 The IMAGE 3.0 model
IMAGE 3.0 is a comprehensive integrated assessment model framework of interacting human
and natural systems. The model framework is suited to conduct large-scale (mostly global) and
long-term (up to the year 2100) assessments of interactions between human development and
the natural environment, and integrates a range of sectors, ecosystems and indicators. The
impacts of human activities on the natural systems and natural resources are assessed and how
such impacts affect the provision of ecosystem services that sustain human development.
The model identifies socio-economic pathways, and projects the implications for energy, land,
water and other natural resources, subject to resource availability and quality. Unintended side
effects, such as emissions to air, water and soil, climatic change, and depletion and degradation
of remaining stocks (fossil fuels, forests), are taken into account in future projections.

3

Adapted from the IMAGE 3.0 book; section 1.2 and 1.3 (Stehfest et al. 2014).
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Features
IMAGE has been designed to be comprehensive in terms of human activities, sectors and
environmental impacts, and where and how these are connected through common drivers,
mutual impacts, and synergies and trade-offs. IMAGE 3.0 has the following features:
•

Integration of energy and land systems was a pioneering feature of IMAGE. Recently,
other Integrated Assessment Models (IAMs) have been developed in similar directions.
Currently five global IAMs with similar coverage exist, with IMAGE retaining its position
at the forefront of global IA modelling.

•

Coverage of all emissions by sources/sinks including natural sources/sinks makes IMAGE
appropriate to provide input to bio-geochemistry models and complex Earth System
Models (ESMs).

•

In addition to climate change, which is the primary focus of most IAMs, the IMAGE
framework covers a broad range of closely interlinked dimensions. These include water
availability and water quality, air quality, terrestrial and aquatic biodiversity, resource
depletion, with competing claims on land and many ecosystem services.

•

Rather than averages over larger areas, spatial modelling of all terrestrial processes by
means of unique and identifiable grid cells captures the influence of local conditions and
yields valuable results and insights for impact models.

•

IMAGE is based on biophysical/technical processes, capturing the inherent constraints
and limits posed by these processes and ensuring that physical relationships are not
violated.

•

Integrated into the IMAGE framework, MAGICC-6 is a simple climate model calibrated to
more complex climate models. Using downscaling tools, this model uses the spatial
patterns of temperature and precipitation changes, which vary between climate models.

•

Detailed descriptions of technical energy systems, and integration of land-use related
emissions and carbon sinks enable IMAGE to explore very low greenhouse gas emission
scenarios, contributing to the increasingly explored field of very low climate forcing
scenarios.

•

The integrated nature of IMAGE enables linkages between climate change, other
environmental concerns and human development issues to be explored, thus
contributing to informed discussion on a more sustainable future including trade-offs
and synergies between stresses and possible solutions.

11

Model components
The components of the IMAGE framework are presented in Figure 1, which also shows the
information flow from the key driving factors to the impact indicators.
Future pathways or scenarios depend on the assumed projections of key driving forces. Thus, all
results can only be understood and interpreted in the context of the assumed future
environment in which they unfold.
As a result of the exogenous drivers, IMAGE projects how human activities would develop in the
Human system, namely in the energy and agricultural systems. Human activities and associated
demand for ecosystem services are linked to the Earth system through the ‘interconnectors’
Land Cover and Land Use, and Emissions.
Assumed policy interventions lead to model responses, taking into account the relevant internal
interactions and feedback. Impacts in various forms arise either directly from the model, for
example the extent of future land-use for agriculture and forestry, or the average global
temperature increase up to 2050. Other indicators are generated by activating additional
models that use output from the core IMAGE model, together with other assumptions to
estimate the effects, i.e. for example, biodiversity (GLOBIO) and flood risks.

Figure 1: Overview of the IMAGE framework and its components
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The IMAGE 3.0 model has a wide range of outputs, including:
•
•
•
•
•
•
•
•
•
•

energy use, conversion and supply;
agricultural production, land cover and land-use;
nutrient cycles in natural and agricultural systems;
emissions to air and surface water;
carbon stocks in biomass pools, soils, atmosphere and oceans;
atmospheric emissions of greenhouse gases and air pollutants;
concentration of greenhouse gases in the atmosphere and radiative forcing;
changes in temperature and precipitation;
sea level rise;
water use for irrigation.

These standard outputs are complemented with additional impact models with indicators for
biodiversity, human development, water stress, and flood risks.

Spatial resolution
To capture spatial and multi-scale differences, IMAGE models socio-economic developments in
26 world regions. Land use, land cover, and associated biophysical processes are treated at grid
level to capture local dynamics. The grid resolution has been increased to 5 x 5 arcminutes in
IMAGE 3.0 (corresponding to 10 x 10 km at the equator), from 30 x 30 arcminutes (0.5 x 0.5
degrees) in IMAGE 2. Operating within global boundaries, the regional approach provides insight
to identify where specific problems manifest, where the driving factors are concentrated, and
how changes in some regions influence other regions.

Areas of application
IMAGE has been used for an impressing wide array of purposes and studies, as documented in
more detail in Annex 1.

Modular structure
Over the years, various components of the IMAGE framework have been replaced by specific
expert models developed outside IMAGE, which can be used either as stand-alone models or
within the IMAGE framework.
The IMAGE 3.0 core model comprises most processes in the Human system, the Earth system
and their connectors Land cover/Land use and Emissions, and parts of the impacts (see the
figure 1). This core model consists of IMAGE/TIMER energy and IMAGE/Land & Climate. The
latter also includes the LPJmL model, which is an essential component of any IMAGE model run,
representing carbon, water, and crop and vegetation dynamics.
The IMAGE 3.0 framework facilitates linkage to and includes other models that are employed to
generate impacts (such as GLOBIO, GLOFRIS and GISMO), and models that describe parts of the
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Human system, such as agro-economic models (MAGNET and IMPACT) to project future
agricultural production requirements. Furthermore, policy models, such as FAIR, are used in
exploring effectiveness, efficiency and equity of climate policy regimes, and to provide input on
emission constraints and price signals arising from climate policy proposals. For an overview of
the various models involved in the IMAGE 3.0 framework see
http://themasites.pbl.nl/models/image/index.php/Computer_models_overview.
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3 Evaluation procedure
The Advisory Board consisted of seven members with a broad range of expertise (see Annex 3).
The Board received its instructions from the PBL management (see chapter 1) and met from 9 to
11 July 2014 at the PBL head office in The Hague. Scientific staff of the IMAGE team presented
the current state of IMAGE 3.0 and plans for future development (see the program of the
meeting in Annex 4). The director of the PBL, Prof. Maarten Hajer, informed the Advisory Board
about PBL’s strategy and its commitment to further develop and use the IMAGE model.
The Advisory Board (AB) had access to the IMAGE3.0 book and the associated website in which
the model is described, as well as to a version of the IMAGE Strategy document, dated July
2014. Additional information consisted of the review report of IMAGE 2.4 by the previous
Advisory Board in 2006 (Hordijk et al. 2007)4 , the report of the recent international scientific
audit of PBL in 2012, and PBL’s responses to that audit. 5 During the review meeting concise and
focused presentations of the IMAGE framework and its various components were given by
researchers involved in IMAGE studies and a vivid interaction between Board and IMAGE staff
took place, leading to a better understanding of the IMAGE model.
The Board drafted the first version of this report during the review meeting in The Hague and
presented its preliminary findings to IMAGE staff and PBL management on 11 July 2014.
A definite version of the findings was elaborated during the summer period, and is presented in
the subsequent chapters. The material in these chapters covers the issues which were provided
by PBL to the AB as potential guidance and focus for the IMAGE evaluation (see chapter 1).
Supplementary to this, in Annex 2 the questions are addressed which were posed by the
director of the PBL, Prof. Maarten Hajer in his opening address. Responses to these questions
are in line with the observations and recommendations presented in subsequent chapters.

4
5

http://www.pbl.nl/en/publications/2007/Reportofthe2006IMAGEAdvisoryBoard
http://www.pbl.nl/en/news/newsitems/2013/audit-committee-report-on-quality-of-pbl-work-published-today
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4 General observations and recommendations
In this chapter we present general findings of the AB regarding model documentation,
transparency, methodology, model evaluation and uncertainty analysis, staffing and funding,
future strategy and research directions. Where relevant we refer to IMAGE documentation,
applications and other sources. Detailed observations and recommendations about the IMAGE
framework and its modules follow in the subsequent chapter.

4.1 General impression of book, website and research output
The AB is very impressed by the progress made in recent years, and by the productivity of the
IMAGE team as shown by the extensive publication record. Many improvements have been
achieved. These include addressing most recommendations from the 2006 review of that year’s
AB (Hordijk et al. 2007). Examples include: greatly improved documentation (much more
comprehensive than for other Integrated Assessment Models), a focus on one atmospheric
module, MAGICC (i.e. abandoning the computationally costly Speedy model), salient (demandside) improvements to the energy model TIMER, and the inclusion of different new
models/modules: the LPJmL coupled vegetation, agriculture and water resources model,
additional impact components, and nutrient soil budgets.
The IMAGE 3.0 book is an excellent, well organized and well written source and documentation
for the IMAGE 3.0 framework and its use in assessing key policy issues, such as climate change,
air pollution, energy poverty, land-use change, biodiversity loss, and water scarcity.
The accompanying website/wiki offers a novel approach and a comprehensive portal to the
various parts of the IMAGE 3.0 framework. It provides the possibility to view and download
scenario data of IMAGE runs for a number of projects and allows easy maintenance. The AB
highly appreciates this feature of IMAGE as it contributes significantly to accessibility and
transparency.
The scientific publications have served to increase the credibility of the IMAGE framework and
its modules. The IMAGE team also plays a recognized role in international assessments and
major international scientific networks.
Overall, we find that the IMAGE model and its applications are a prime example of innovative
use of systems‐analytical approaches where a blend of different models are coupled for
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integrated and holistic analyses of environmental and societal challenges. The model
applications and resulting publications are of high scientific excellence and policy relevance.

4.2 Transparency
The publicly accessible website/wiki is an important contribution to transparency and enhances
the credibility and legitimacy for assessments in which IMAGE plays a role. The website can be
used to extend and regularly update all information on the IMAGE framework as it develops –
unlike the printed book.
The AB recommends to further enhance transparency of the IMAGE framework by extending
the website/wiki to include information on all salient model assumptions, model equations,
model parameters, data (that are not intellectual property protected or privacy sensitive) and
scenarios involved. In many cases this can be achieved by better crosslinking the wiki to
underlying publications and/or external databases, which host important input assumptions and
outputs of the IMAGE model. This should also apply to model(component)s not owned by PBL.
The AB recommends to provide more explicit information on linkages and interactions of the
model(component)s which are part of the IMAGE framework. It would welcome new flowcharts
on the website visualizing which named model(component)s and their linkages are part of
IMAGE 3.0, and what parts they cover. In providing this information incomplete couplings and
possible redundancies can also be identified and amended where necessary. It seems that
models such as PCR-GLOBWB / GLOFRIS run almost independently of the IMAGE core model –
hence, it is necessary to develop procedures to clarify what model(component)s qualify as
IMAGE model(component)s (‘corporate identity’ of IMAGE to be guaranteed).
At the moment, the IMAGE schematics show sectors or impact areas 6. To further enhance
transparent illustration the AB recommends also to provide schematics in the wiki on
model(component)s (e.g. LPJmL) spanning several sectors, or on sectors where several models
are involved.
The AB notices an increasing demand for open data and open model access. Therefore the AB
recommends developing a strategy for dealing with this increasing demand, fitting within legal
contexts and also within the contexts of the requirements in international assessment studies
(e.g. IPCC, IPBES). Moreover the AB recommends that the IMAGE team thinks about further

6

See http://themasites.pbl.nl/models/image/index.php/Extensive_components_overview
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ways to enhance scientific credibility through transparency and offering peers the ability to
review the model quality.
The AB recommends to explore the possibility to include representatives of the user community
in the AB or have separate engagement with current and potential users/clients to identify their
needs. It is also advised to consider an increased frequency of AB meetings (e.g. 5 years as
opposed to the current 8-yr interval). The AB also requests PBL to provide written feed-back on
the reports of the AB in which it inter alia informs in what way it will deal with the comments
made by the AB.

4.3 Methodological aspects
This section highlights several methodological aspects related to the IMAGE framework as a
whole. Methodological observations and recommendations at the level of model(component)s
can be found in the following chapter.
IMAGE model(component)s show a large variation of application ranges. Joint use of these
model(component)s (e.g. in long-term scenario analyses) causes the risk that IMAGE as a whole
operates outside its tested ‘safe operating space’ (see also the comments on the time horizon
used in the applications of the agro-economic model MAGNET in the subsequent section 5.1).
Given that some model(component)s of the IMAGE framework are being developed outside the
core IMAGE team, it is of great importance to establish a quality assurance protocol for
model(component)s that are the responsibility of partners both within PBL and outside.
The AB recommends that the IMAGE team identifies and prioritizes the major missing links
amongst model(component)s and decides how to deal with this (e.g. by including some
additional links/feedback). Special attention is needed for feedbacks between the Human and
the Earth systems which are currently limited in number.
The linkages between and the combined use of IMAGE, MAGNET, LPJmL, the forestry model and
the livestock model in the analysis of agriculture, land use and biofuels deserve special
attention, explicitly addressing the competition for land between agriculture and forestry.
The AB observes that some aspects appear more than once in different parts of the IMAGE
framework. Examples include hydrology in the LPJmL model, in the nutrient subsystem and in
the floods model. It is important that common components, for instance hydrology and land
use, are treated in a consistent way across all IMAGE modules involved.
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For future international policy making it would be advisable to restructure the 26 regions of
IMAGE so that major countries and political units/unions are represented. The AB therefore
recommends that the regions currently used in IMAGE be reviewed and potentially re-aligned to
match current political regions and therefore ensure IMAGE’s continued policy relevance.
While further disaggregation into more regions is not recommended, addressing some of the
model development challenges might require an increase of the resolution to better represent
salient heterogeneities (e.g. consumer groups with different characteristics, rural/urban, energy
and income distributions).

4.4 Model evaluation and uncertainty
The AB observes that while the IMAGE team has done structured uncertainty analyses, in the
IMAGE 3.0 book uncertainties are often only partially and qualitatively discussed. Moreover,
validation of the outcomes or specific ranges of the results (as given e.g. by model parameter
uncertainties) are not shown. Therefore, the AB recommends a number of future activities on
model evaluation/validation and uncertainty analysis, and their documentation. This will
enhance the IMAGE model’s capability for providing robust policy advice:
•

•

•

There is a need for further model validation and/or evaluation at the model component
level (e.g. LPJmL), going beyond comparing IMAGE results with other models as in the
AgMIP and ISI-MIP intercomparison projects, and comparing/‘validating’ with empirical
data and/or with projects that follow a more local approach (e.g. www.yieldgap.org ).
Seminal work in this area using the IMAGE energy model TIMER in the past includes e.g.
validation experiments by historical hindcasts of the transport sector (van Ruijven et al,
2010). Similar work could be extended to other sectors or components of IMAGE.
In addition, a continued effort to validate the entire, coupled model (rather than
individual components) in a benchmark study is desirable, possibly with a pioneer IAM
intercomparison focused on major cross-sectoral features (probably to be coordinated
with the Integrated Assessment Modelling Consortium, IAMC). This work could build
upon already ongoing initiatives in a number of European projects where IMAGE is
involved in a leading role (e.g., FP7 projects AMPERE and ADVANCE). Such work will
highlight the internationally unique status of IMAGE and at the same time show why
several IAMs are needed.
Hence, the AB recommends that the involvement of the IMAGE team in the IAMC model
validation/evaluation activities will be continued. The AB recommends further
strengthening of this link for model diagnostics as well as model evaluation. Given the
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•

•

historical spin-up of IMAGE from the 1970s, the IMAGE framework might be in a unique
position to do “hindcasting” experiments or ex-post analyses for model evaluation.
It is important to decide how to characterise the effects of uncertainty in the various
model components, and to systematically assess the contribution of different sources of
uncertainty to key IMAGE output metrics. This would give useful information on the
magnitude of overall uncertainty, and also help focus efforts to improve model
representations. Important examples of structured and formal uncertainty analyses
using IMAGE in the past include Van Vuuren et al. (2008) or Van der Sluijs et al. (2002).
Similar efforts should be undertaken for more input parameters and using more recent
scenarios. Given the many parameters involved and the substantial computational load
required for these analyses, the AB recommends to use computationally efficient
sensitivity/uncertainty analyses.
The AB considers uncertainty analysis for each of the impact indicators as critical. It
recommends to use a simple measure, e.g. a ‘traffic lights’ categorization, to indicate the
degree of uncertainty in the assessment. Also, the sources and references used to
estimate relationships underlying impacts must be made available, so that gaps in
knowledge and uncertainties are better understood. In this context AB recommends to
explicitly document the evidence base for the dose-response/cause-effect relationships
between IMAGE outputs and the impact model(component)s and related impactindicators. What are the slopes and confidence intervals? How many empirical studies
were included? Not only is it necessary to document these relationships (tabulated on
the IMAGE 3.0 website), it is also recommended to characterise the uncertainty: the
form of the relationships will very likely influence the sensitivity to environmental
change (see also section 5.6).

4.5 Staffing, collaboration and funding
The AB finds the decline in permanent funding regrettable – it puts at risk sustained
development, maintenance, consistency checks and data storage, especially since several
groups within and outside PBL are involved and require coordination. The essential resources
for such core activities need to be ensured, possibly also by way of outsourcing model
development to other institutes or companies.
The balance between permanent vs. project/temporary staff has changed considerably in the
recent years, which is some reason for concern. The AB thus recommends to increase the
number of permanent staff to restore the balance between permanent and temporary staff,
and to retain a critical mass for code and data maintenance, continuity in core competence,
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overview and expertise, and coordination among model(component)s and collaborators, while
also safeguarding core innovation and intellectual leadership.
A major asset given the more limited internal PBL resources is the recent development of PBL
staff being also Professors at different universities (e.g. Utrecht University). This is important for
PBL on the one hand for scientific networking, but perhaps more importantly, helps to diversify
core model development and innovation under leadership of PBL staff at universities and thus
benefit from increased inflow of young talent. Given limited resources, this strategy might
become more and more important to leverage limited internal PBL resources by access to young
talent and thus increase overall research efficiency and output.
The IMAGE framework already has a broad coverage. In order to make IMAGE even more
comprehensive PBL could consider to closely collaborate with a research group that provides a
global economic model. Existing collaborations with IIASA, PIK and FEEM could then be
extended by including e.g. Cambridge Econometrics and/or other research groups that own
relevant economic models. Another option is to strengthen links through formal collaboration
agreement between IMAGE, GAINS, and the IIASA Integrated Assessment Modelling Framework
(MESSAGE-GLOBIOM). This can facilitate joint developments on land and energy as well as
estimating air pollution co-benefits of future scenarios. Also other collaborations, as e.g. in case
of the GLOBIO model with UNEP-WCMC, University of British Columbia and UNEP Grid Arendal
are important to consolidate for IMAGE.
The AB recommends to establish soon a strategy for the development and maintenance of the
entire IMAGE framework including a division of labour between PBL and its collaborators on
model(component)s of IMAGE. In this context it also recommends to explore the advantages
and disadvantages of making IMAGE a community model, as opposed to the option to locate all
software development of the framework at PBL.

4.6 Future strategy
The AB has discussed the IMAGE Strategy Document (version July 2014) that was presented and
has the following comments.
Given the decline in permanent funding and given that there were major model developments
in the previous phase, the AB recommends a visioning process in the near future. While the AB
agrees with many priorities/objectives and model developments described in the current
IMAGE Strategy Document, there is the clear need to further improve and clarify the current
draft. This would include 1) the consolidation of the present model version (rather than
expansion), particularly concerning the land-based modelling tools, and 2) the need to align
model development and research more clearly with research foci and user needs.
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As part of this visioning process the AB recommends to identify potential (new) users of IMAGE
3.0 (policy-makers, scientists, business sectors and companies), and explore their needs and
what IMAGE wants to do/achieve. What are the main questions IMAGE wants to address? What
are the unique selling points to differentiate it from other IAMs, i.e. what is IMAGE’s niche?
Careful consideration needs to be given when approaching these potential new clients, avoiding
consultancy type of work and assuring scientific integrity as the highest priority in defining
projects.
The AB recommends to further enhance IMAGE’s potential for analysing nexus problems. The
linkages between environmental challenges (impacts and response strategies for simultaneously
addressing climate change, air pollution, biodiversity, etc.) and their implications for broader
development objectives (e.g. Sustainable Development Goals (SDGs)) are highly policy relevant,
and present a good basis for research foci. Furthermore, the AB also recommends to apply
multi-objective/multi-criteria approaches to explore critical policy linkages between e.g. food,
energy and water, and how these linkages might be affected by climate change. More emphasis
on the linkages between these objectives in IMAGE can provide important information for policy
making (particularly if trade-offs and synergies are explicitly modelled).
Future improvements and extensions of model(component)s in the IMAGE framework thus
need to be done in a balanced and focused way, taking into account what is needed for serving
(new) clients/communities and enabling nexus-like studies and integrative policy advice – a
traditional strength of the IMAGE team.
The IMAGE leadership needs to align priorities from the strategy document with those
suggested in the individual presentations of the IMAGE framework components during the AB
meeting of 9-10 July 2014, which are currently numerous and not prioritised in the light of
overall IMAGE goals and limited resources.
An additional point which deserves explicit attention in the future strategy – especially when
collaborative efforts in modelling are consolidated or further extended – concerns the generic
question when to consider model(component)s which are candidates for coupling with IMAGE
as ripe for inclusion. The AB recommends that the IMAGE team establishes a clear strategy for
deciding on this. Moreover, also ownership issues (corporate identity, and intellectual property)
should be addressed as well as employing a quality assurance protocol for model(component)s
that are the responsibility of partners both within PBL and outside.

4.7 Future research directions
As stated in section 4.6, the AB recommends an inclusive visioning process to arrive at an
elaborate IMAGE strategy. Regarding future research directions, the AB on the one hand
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recognizes the need for consolidation, but on the other hand sees the need for selected model
improvements and extensions. The AB recommends that finding a balance between these two
requirements shall take into account user needs, PBL staffing and funding.
The AB considers the following research issues to be relevant, but they should only be dealt
with if they fit in the overall IMAGE strategy that is to be consolidated.
•

•

•

•

Identify which major improvements in both the Human System and Earth system and
their interconnections are necessary to better address global problems extending
beyond climate change. Options include the food/energy/water nexus and related
biodiversity/agro-economic/energy interplay issues and the UN Sustainable
Development Goals (SDGs).
The future strategy for prioritizing model developments and extensions should carefully
balance efforts in the areas of energy and land-use change. The AB also recommends to
consider the inclusion of low probability high-impact events, given their potentially
major impacts and policy relevance.
The AB recommends to update the base year from 2005 to a more recent year, e.g. 2010
or 2012, which will possibly require a substantial effort, but which is of importance to
keep the assessments up to date.
Consider a limited restructuring of the regionalisation, so that major countries and
political blocs are represented, to better address future international policy making (see
section 4.4).

With these improvements and a step change in validation and uncertainty analysis (see section
4.5), it is to be expected that the IMAGE framework will be used more frequently by policy
Directorates General (DG) of the European Commission. More work could come from the DGs
Climate Action, Research and Innovation, Environment, and Agriculture, especially for nexus
questions. Several UN related bodies can be approached more actively to gain clients. In order
to enhance the IMAGE model’s capability for macro-economic analysis the already existing
collaborations with IIASA, PIK and FEEM could be extended to e.g. Cambridge Econometrics to
capture macroeconomic feedbacks.
Global businesses in the energy, agriculture and extractive sectors could be interesting new
clients for IMAGE analysis as well. It is to be expected that these sectors would like to see more
sectoral detail in the respective IMAGE modules. Consider also to approach the World Business
Council for Sustainable Development (WBCSD) for potential clientele.
The AB does currently not see a role for IMAGE for analyses and assessments at city level. This
would require a major investment in geographical and process detail of the model, which would
only be possible with additional funding or outsourcing of the modelling and data work.
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In the light of this potential new clientele and novel application areas the AB recommends to
consider the following consequences for the various model(component)s of the IMAGE
framework:
a) Consolidation of the land-use modelling frameworks and their linkages is highly
recommended, and should include:
1) A clear strategy for setting priorities for critical ‘in-house’ model developments in
contrast to expertise that is outsourced (which bears the risk that models are used as
‘black boxes’). Currently core land use and agricultural modelling is within PBL while
agro-economy modelling (MAGNET) is outside PBL. This might make the ambition for
increasing policy relevance more difficult.
2) The agricultural/land part of IMAGE model has become more and more complex over
time with numerous (partially overlapping) model(component)s and linkages that need
to be managed. This can pose a barrier for the potential of running fast and being able to
respond to changing policy and research demands. It might be useful to devote some
resources for the development of simple tools with reduced-form representation
(metamodel) of the more complex models. These tools could be used flexibly and quickly
within the framework and help focus development on areas where returns might be
biggest (FAIR is a good example in the area of policy decision tools, and MAGICC in the
area of climate modelling).
b) Current plans for future developments of the energy model are comprehensive and
consistent with the main objectives in the strategic document that has been circulated. They
might be expanded to incorporate more explicit modelling of behavioural change, human
preferences, and market dynamics (see section 5.5). This would further help to make results
of TIMER yet more policy relevant. Moreover, while further disaggregation into more
regions (currently 26) is not recommended (given associated model maintenance needs and
the expected marginal returns), the resolution used in TIMER might benefit from a better
representation of salient heterogeneities (e.g., consumer groups with different
characteristics, rural/urban energy, income distributions) in order to address future policy
questions.
c) Applications of the model should include realistic policy scenarios, such as the
representation of current policies in baselines (e.g. policies that are agreed upon, such as
the EU Emission Trading System, energy efficiency measures; renewable energy targets,
agricultural and forest policies). They should preferably also include explicit measures to
enhance the carbon sink and represent suitable indicators for exploring the SDGs. It is also
important to develop visionary scenarios that go beyond current policies and established
thinking.
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d) Putting water higher on the agenda as a link between human and natural systems and as a
major policy domain (as important as energy and land-use policy) is desirable. This will
require some further improvements, see section 5.10.
e) The marine realm is not currently represented in IMAGE. It is relevant for some
model(component)s, in particular concerning impacts and livestock. It is an important
source of food and is subject to important impacts of climate change (ocean acidification).
Moreover aquaculture is increasingly competing for land. The AB recommends the IMAGE
leadership to consider what features of oceans and water in general will be included in
future IMAGE versions.
The extensions and improvements recommended above should all be considered in the light of
striking a balance – in content and timing – with consolidation of IMAGE.

25

5 Specific observations and recommendations
In this chapter we present detailed observations and recommendations about the IMAGE
framework and its model(component)s.

5.1 Agro-economy - MAGNET
In the IMAGE framework the agro-economic model MAGNET is used to calculate the future
development of the agricultural economy. MAGNET is a computable general equilibrium (CGE)
model, connected via a soft link to the core model of IMAGE.
Since this type of models (CGE) is typically designed for 5-10 years time horizon, not for 40-90
years time horizons as used in IMAGE, the AB recommends to clarify why and how MAGNET can
still handle the time horizons used in IMAGE.
Moreover in the AgMIP model comparison (Nelson et al. 2014, von Lampe et al. 2014), MAGNET
was found to have an intermediate to more extreme position. The AB wonders how this affects
the results in the IMAGE framework. This certainly involves a more integrated uncertainty
analysis rather than a partial uncertainty analysis of MAGNET.
The specification of technological progress in MAGNET (and virtually all similar models) is not
very clear or explicit – see section 5.7 below under the LPJmL model. Moreover, food demand is
mainly expressed in calories: can other nutritional requirements be addressed?
A further concern is the limited capacity to address feedback mechanisms of the natural system,
and specifying technological progress by using a management factor (cf. IMAGE 3.0 book,
Stehfest et al. 2014, page 59).
MAGNET is part of the IMAGE framework, but developed and maintained outside of PBL. This
can increase the total time for the IMAGE framework to address policy questions. It can also be
a hindrance to quickly address research demands.
The AB recommends to examine – given the current level of knowledge and the limited
resources available – to what extent and how the representation of agro-economy in IMAGE can
be improved to address the above comments.

5.2 Land use allocation
IMAGE appears to use two ways to represent land-use dynamics and to determine the location
of new agricultural lands. On the one hand a simple regression-based suitability assessment is
applied for determining future land-use patterns. On the other hand a dynamic link is provided
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to CLUMondo (Van Asselen and Verburg, 2013), which enables a more detailed representation
of land-use systems and their dynamics. CLUMondo can handle heterogeneity of landscapes,
and has own endogenous way of deciding about intensification and extensification.
The AB found the current practice to present both CLUMondo and the regression approach in
the IMAGE framework confusing, especially given the fact that the approaches give different
results (e.g. intensification results of CLUMondo are not consistent with those of MAGNET
applying the regression based land-allocation of IMAGE; the dynamics of CLUMondo are not yet
trusted). It recommends to consider CLUMondo as development and work in progress and to
not yet include it in IMAGE until the IMAGE team is fully satisfied. This reflects also the more
generic question raised in section 4.6, on when to include (externally developed)
model(component)s for coupling with IMAGE.
The parameterisation of a regionally differentiated regression model which underlies the landuse allocation in IMAGE is based on the 2005 land-use situation and is employed for
determining the future land-use change. The AB asks whether IMAGE appropriately accounts for
potential time-dependent changes in these relations or if the uncertainty in these correlations
can be captured.
The AB further notices that forestry and agricultural land use appear as separate issues. To
allow a more complete trade-off analysis in land-use allocation, as is requested when
contributing to e.g. nexus studies on biodiversity, energy and food security, these aspects
should be more fully integrated, allowing also an analysis of the competition between
agriculture and forestry.

5.3 Livestock
In the livestock model of IMAGE interactions between crop and livestock productions are
described and also the consequences of changing practices in livestock farming for production
of food crops and grass. For this purpose IMAGE distinguishes pastoral livestock systems and
mixed and landless (industrial) production systems.
The AB notes that fisheries, including marine, freshwater, wild and aquaculture, is an important
source of food (protein), but apparently gets less attention, especially concerning the amount of
fish produced in aquaculture (see section 7.6, page 279 of IMAGE 3.0 book, Stehfest et al. 2014).
MAGNET seems to include e.g. only one category for fisheries and does not distinguish between
marine and terrestrial/aquaculture catches. Given the fact that aquaculture is increasingly
competing for land the AB recommends to consider this issue more explicitly.
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Moreover more specific attention to intensification (and extensification) of the agricultural
sector, for crops as well as livestock, is recommended, especially highlighting also the
externalities of these processes. For instance, what are the implications of intensifying livestock
production (efficiency, manure production, animal welfare issues, etc.)?
The livestock model is only briefly explained in the reference book, more information should be
given in the wiki.

5.4 Human systems
In the IMAGE framework, the Global Integrated Sustainability Model (GISMO) quantifies
changes in human development, including access to sanitation, food and energy, and the impact
of economic, social and environmental changes. The model also includes the Human
Development Index (HDI), population health measures (e.g. child mortality and life expectancy),
and many indicators for the Millennium Development Goals (MDGs).
The AB considers the GISMO model a strategically very important part of IMAGE, enabling the
consideration of broader development policy objectives (e.g. SDGs). Many other IAMs are not
able to do this to this extent.
However, the AB expresses concerns about the current staffing of GISMO and recommends to
reconsider this and the position of GISMO within the IMAGE framework during the visioning
process as recommended earlier.
The AB wants to signal a number of issues which deserve further attention:
•

•
•

•

In the health-impact discussion the presence of nonlinearities in the dose-response relations
and the effects of background situation (saturation effect; indoor/outdoor effect) could play
an important role.
Cultural factors can strongly influence the effectiveness of policy measures. To what extent
could this dimension be incorporated in the assessments with GISMO?
To what extent can one explicitly handle/consider policy-handles/levers in the model? To
what extent is one able to take into account information on the local situation, e.g. urban air
pollution effects?
How realistic is the approach for determining the impacts on human well-being, especially if
one wants to take into account the social situation and human behaviour? Can the model
reliably extrapolate from a few biophysical parameters to human well being, without
explicitly considering human behaviour? Are the complexities not too large to make
meaningful projections? What are the limits to modelling in this respect?
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•
•

What linkages with other themes/impacts would be interesting to address, and how could
this be taken into account? Is there a linkage with Ecosystems Goods and Services,
agricultural productivity?
Estimating of several human development indicators would benefit a lot from accounting for
human nutrition rather than calories.

5.5 Energy
The TIMER model is used in the IMAGE framework for the assessment of energy scenarios and
the implications of energy system changes for environmental, social and economic objectives.
The model has improved considerably over the last years, particularly with respect to
representation of the energy demand sectors, and the representation of distributional issues,
such as energy poverty and energy access. Specific recommendations of the AB for future model
development and improvements are broadly consistent with the plans presented by the IMAGE
strategy document and include:
•

•
•
•
•

•

Further enhancements of the representation of key mitigation options in energy end-use,
particularly focusing on behavioural aspects (this would help to better represent important
implementation barriers).
Improved representation of integrating variable renewable energy into energy supply.
Better representation of energy-related air pollution legislation, going beyond emission
factors, including control costs and the assessment of health benefits.
Better representation of non-technical factors driving the energy system, such as
institutional and governance changes.
New approaches to assess macro-economic feedbacks of energy system changes. To be
sure, it is not recommend here to add another macroeconomic model to the IMAGE
framework, but to develop novel approaches that would allow simplified representation of
economic feedbacks (which are currently not represented sufficiently).
More explicit linkages between energy system changes and their implications for
competition over land (bioenergy vs. food) and water, including implications of climate
change on energy.

5.6 Biodiversity and Ecosystem Goods and Services
The GLOBIO model is used in the IMAGE framework to assess the impact of environmental
drivers and potential policy options on biodiversity. As a key measure of biodiversity GLOBIO
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uses the mean species abundance (MSA) which expresses the mean abundance of original
species relative to their abundance in undisturbed ecosystems, as a reflection of the degree to
which an ecosystem is intact. Two additional biodiversity metrics are employed, Wilderness
area, and Species Richness Index (SRI).
The AB notices that several issues which were raised in the GLOBIO3 advisory board report
2005/07, need still to be addressed. For example, although some progress has been made, the
need to document/publish in peer-reviewed literature still exists. Especially details of SRI and
ecosystem services need to be clearer on wording, e.g. the ecosystem service map only captures
seven ecosystem services, so one needs to ensure that users understand that only a subset of all
services is presented in the map, and the SRI methodology is not documented in sufficient
detail.
Furthermore the AB is unclear about the current process for updating GLOBIO3 and
incorporating updated versions within IMAGE, since new data are becoming available, e.g. the
BioFRAG project database (Pfeifer et al. 2014) and the PREDICTS project (predicts.org.uk).
In addition, the AB thinks that there is a need to clarify or even revise the selected biodiversity
indicators:
• The MSA indicator should be revised. The following aspects could be considered (a)
accounting for species-specific/taxon-specific differences, (b) weighting by observed species
richness (although a change of MSA in various contexts can be similar, these aspects can
work out entirely different in terms of biodiversity; compare e.g. the Amazon with a desert),
(c) removing the cap for original species, (d) change to geometric mean.
• The species richness indicator needs to be documented, providing information on how it is
produced and what it describes (is it e.g. alpha, beta or gamma diversity)?
Finally as a related and more generic issue (see Section 4.5 on Model evaluation and uncertainty
analysis), the AB recommends to document the evidence base for the dose-response/causeeffect relationships between IMAGE outputs and the impact model(component)s and indicators,
like GLOBIO and MSA. What are the slopes and confidence intervals? How many empirical
studies were included (e.g. for MSA, ecosystem services)? Not only is it necessary to document
these relationships (tabulated on the IMAGE 3.0 website), it is also recommended to assess the
uncertainty: the form of the relationships will very likely strongly influence the sensitivity to
environmental change.

30

5.7 LPJmL - Crops and grasslands
In IMAGE 3.0 the terrestrial carbon and water cycle, natural vegetation dynamics and crop and
grass production are modelled internally consistently with the LPJmL Dynamic Global Vegetation
Model. The model is used to determine productivity at grid cell level for natural ecosystems and
crops on the basis of plant and crop functional types. Key inputs include climate conditions, soil
types and assumed technology/management levels. The model iterates with the agricultural
production components as it provides input on potential productivity, while land used for
agriculture and forestry is a key input. Changes in land cover, land use and climate at grid cell
level have consequences for the carbon cycle, and for crop and grass productivity (see page 42,
43 in Stehfest et al. 2014).
According to the AB there are a number of points that require attention in a further
development and integration of LPJmL in the IMAGE framework.
•

•

•

•

7

It is very important to ensure that the integration of the environmental system and the
socio-economic system works. Therefore, LPJmL should communicate with other models
such as the nutrients model 7 and MAGNET, and the sequence of calculating cropland
expansion vs. intensification should be clarified.
According to the AB the carbon balance studies would greatly benefit from using the latest
LPJmL version with permafrost and a new hydrology scheme. Also ensure that LPJmL vs. 4
(to be released in 2015 at PIK) will be implemented.
Moreover, interaction of LPJmL and the nutrient model is desirable to improve integrated
modelling of the carbon cycle, the water cycle and plant growth. It is advised to also improve
feedback (at least via CO2) from dynamically changing natural ecosystems to the climate.
The specification of the technological progress could be improved. Page 155 of the IMAGE
3.0 book states that yields can increase as a result of four processes. However, the first two
processes (technical change/intensification) are not very explicit and the AB finds them
confusing. According to the AB yields per hectare can increase from an agronomic point of
view along two pathways:
o Narrowing the yield gap, that is the difference between the actual and potential
yield, by increasing actual yields through improved management (generally
described as intensification) combined with some breeding focused on
tolerance/resistance to stress or pests and diseases.
o Increasing yield potential, e.g. through breeding.

On page 184 in Stehfest et al. 2014 it is stated that a limitation of the LPJmL model is that as yet it does not
include nutrients, although nitrogen is assumed to modify the reaction of crops and natural vegetation to
elevated CO2 concentration levels and climate change.
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•

•
•

•

•

The AB recommends to model technological progress and intensification more explicitly
along these lines, such that it can benefit from agronomic insights. Both pathways for yield
improvement have been studied and empirical material is available.
Multiple cropping per year is accounted for via a cropping intensity factor. Does this capture
differences between seasons? Usually the dry and wet season have different productivity.
How valid are global gridded crop model simulations? Rosenzweig et al. (2014) compared a
range of these models and the differences between the model results are very significant. At
continental level the trends will probably be right, but at a more detailed regional level this
is most probably not the case. The AB recommends evaluating models like LPJmL with some
‘ground truthing’. This is feasible through linking up with more location specific approaches
that are available.
LPJmL does not yet capture consequences of soil degradation, i.e. loss of nutrients and soil
organic matter. This could be improved by links with other model(component)s in IMAGE (if
not already done so).
Finally the AB asks, with an eye on supporting the evaluation of the effectiveness of
different policy responses, whether IMAGE can benefit from incorporating more mechanistic
representations of adaptations to climate change. For example, consider adaptation by
changing cropping schemes on basis of process-based mechanistic modelling (GLAM-model;
cf. http://www.see.leeds.ac.uk/research/icas/climate-impacts-group/research/glam/ and
Challinor et al. (2009), instead of yield factor manipulation).

5.8 GLOFRIS
GLOFRIS estimates the effect of land cover and climate change on global flood risks in river
catchments and coastal areas. The model seems to be very complicated, and requires many very
highly localised data and therefore high-resolution assumptions. It does not seem to link with
IMAGE 3.0 very well (it does e.g. not use the climate information on the same aggregation level
as IMAGE; it uses the IMAGE socio-economics providing information on a 0.5x0.5 degree scale
which is then downscaled still further to 1x1 km), and takes a long time to run. The AB
recommends to consider using a much simpler, but more generalised representation of flood
risk, perhaps using LPJmL to ensure water balance consistency.

5.9 Nutrients
To assess eutrophication as a consequence of increasing population, economic and
technological development IMAGE 3.0 includes a nutrient model, consisting of (a) a wastewater
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module to calculate nutrient flows in wastewater discharges, (b) a soil nutrient budget module
which accounts for all input and output of N and P in soil compartments and (c) a nutrient
environmental fate module for describing the fate of soil nutrient surpluses and wastewater
nutrients in the aquatic environment.
The AB recommends the consideration of phosphorus legacy in estimating (ex-post) P
requirements for agricultural activities – these amounts are substantial, as recent literature
shows (e.g. Sharpley et al. 2013; Sattari et al. 2012).
The AB expects that a better elaboration of extensification and intensification of the agricultural
sectors, as recommended in section 5.2 and 5.3, will lead to a more realistic assessment of their
effect on nutrient provision to soils.

5.10 Water
The AB recommends that more reflection is given on the way that water ‘stress’ is calculated.
There are a number of alternative metrics (resources per person, or withdrawals/resources, for
example) which may give different indications of spatial impacts, and the scale at which they are
calculated (national, watershed or grid) makes a difference. It is therefore necessary to be more
explicit in the documentation about how these metrics are calculated, and also perhaps to
provide the opportunity to calculate multiple metrics.
It seems that in describing water use for irrigation there is only a limited focus on management
options: either there is no irrigation or there is full irrigation. It is not clear whether limited
availability of water for irrigation is taken into account , which would lead to partial irrigation,
and which is an important issue in some parts of the world (e.g. North Africa). The AB therefore
recommends to pay attention to specifying water management options for irrigated and also for
rain fed systems in more concrete terms – e.g. following recent work at PIK and WUR. This
would be akin to the more specific crop management options to be specified in the agriculture
model (see section 5.7.).
There is also a need to improve representation of water constraints and availability related to
the energy system. IMAGE modules for agricultural, industrial (energy) and domestic water use
can hopefully be linked to enable trade-off analyses and respective impacts on economy and
(industrial) development. In this context the AB asks whether the hierarchy of water sources
used for irrigation is realistic. Some validation using regional data – or dedicated trade-off
studies – is possible here.
Finally the AB thinks that droughts could be developed as a further impact domain
(complementary to floods).
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Annex 1: Applications of IMAGE
This Annex contains a non-exhaustive overview of uses of the IMAGE model (Stehfest et al. 2014, pp. 2229).
Input to global integrated assessments of environmental issues
•
•

•

•

Millennium Ecosystem Assessment (MA): Assessment of four global scenarios on the
development of ecosystem services up to 2050. The IMAGE framework was used to focus on the
role of ecosystem services to support human development (MA, 2005).
OECD Environmental Outlook to 2030 (OECD, 2008) and the OECD Environmental Outlook to
2050 (OECD, 2012): IMAGE was used to develop the environmental baseline according to the
economic projections of the OECD economic model ENV Linkages, and to analyse selected policy
intervention cases.
UNEP Global Environment Outlooks 3 and 4 (GEO-3 and -4): These outlooks focused on
environment for human well-being as the central theme linking environment and development.
IMAGE contributed to the energy outlook, and calculated the land-use change and climate
consequences of the four updated GEO scenarios (UNEP, 2002; UNEP/RIVM, 2004).
Roads from Rio+20: Alternative scenarios were explored with IMAGE to reach international
development and environment targets, such as halting biodiversity loss and limiting climate
change (PBL, 2012). In reaching these targets, alternative pathways were assumed for globally
coordinated or regionally differentiated strategies, by either relying primarily on technology
solutions or combining these with changes in dominant consumer preferences and behaviour
(diets, transport mode).

Global sector and topical assessments of biodiversity, climate, and energy and bioenergy
•
•

•
•

•

Global Energy Assessment (GEA): Exploration of different normative energy futures. IMAGE was
used to supplement the work presented by the MESSAGE model from IIASA (GEA, 2012).
Protein Puzzle: This PBL study assessed environmental issues related to consumption and
production of animal products and other protein-rich foodstuffs for the EU-27 and on a global
scale. IMAGE was used to analyse options to reduce environmental impacts from animal
products via changes of diets and in the supply chain (PBL, 2011).
Representative concentration pathways (RCPs): IMAGE was used to develop RCP2.6 and in
coordinated work related to the overall development of the RCPs (Van Vuuren et al., 2012).
Shared socio-economic pathways (SSPs): Building on the RCP work, integrated assessment
models including IMAGE are being used in developing Shared Socio- Economic Reference
Pathways (SSPs) together with the RCPs as the backbone of a new generation of scenarios for
climate change research (Moss et al., 2010; Van Vuuren et al., 2014).
IPCC Assessment Reports (AR4 and AR5): IMAGE/TIMER/FAIR were used to explore
comprehensive global mitigation scenarios (Van Vuuren et al., 2007), and IMAGE experts are
contributing to the Working Group I, II, and III reports.

Strategic EU policy support
•

Greenhouse Gas Reduction Policy (GRP): IMAGE including TIMER and FAIR was used to explore
climate change abatement targets and regimes in support of EU policy making (European
Commission, 2005);
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•
•

•

Support of international climate policy (DG Climate): The FAIR model supported by other
components of IMAGE is used to analyse international climate policy in a series of recent
projects for DG Climate.
DG Environment studies: To support strategic orientation, IMAGE was used in identifying new
and emerging aspects of under-exposed problems in other world regions as a result of activities
and proposed policies in the EU-27 (Kram et al., 2012). IMAGE was also used in assessing
prospects for resource efficiency enhancements in the five key areas of energy, land use,
phosphorus, fresh water, and fish stocks (Van den Berg et al., 2011).
EuRuralis: Assessment of alternatives to the current EU Common Agricultural Policies (CAP) to
support discussions on reforms by and between Member States. IMAGE was used to assess
future prospects for agriculture and the rural areas in the EU-25 (Eickhout et al., 2007)

Model comparison projects
•

•

•

Energy Modelling Forum (EMF): IMAGE has contributed to several studies, such as EMF-22 on
global and regional mitigation strategies for greenhouse gas emissions, and the Asian Modelling
Exercise (AME) focusing on climate emissions and mitigation in the Asian region, comprising
global and regional/national model analyses.
AgMIP, ISI-MIP: IMAGE was used in two model inter-comparison projects to assess climate
change impacts projected by a range of models for IPCC 5th Assessment Report. Under the
auspices of AgMIP and ISI-MIP, the effect of climate change on crop yields was assessed in a
global gridded crop model comparison that included the new IMAGE crop model LPJmL as a
stand-alone model, and GAEZ-IMAGE, the crop model in IMAGE 2.4 (Rosenzweig et al., 2013).
The AgMIP comparison of agro-economic models included the IMAGE agro-economic model,
MAGNET (Nelson et al., 2014; Von Lampe et al., 2014).

Research
•
•

EU Seventh Framework Programme (FP7): IMAGE has been used and further developed in
several FP7 projects, including PEGASOS, COMBINE, RESPONSES, ADVANCE, FOODSECURE,
AMPERE, LIMITS, PERSEUS, LUC4C and PATHWAYS.
Netherlands Organization for Scientific Research(NWO): Several PhD and Post Doc studies have
been funded including EC-IMAGE (exploring linking IMAGE and the complex climate model ECEarth, in cooperation with Utrecht University and the Royal Netherlands Meteorological Institute
KNMI); Global Land-Use Systems (developing a new land use dynamics model for IMAGE, with
VU University Amsterdam); and Planetary Boundaries for Fresh Water (using IMAGE to explore
the boundaries for sustainable water use in cooperation with Wageningen University).
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Annex 2: Addressing questions of Prof. Maarten Hajer, director of PBL
During his opening address PBL director Maarten Hajer posed a number of questions which are of
concern for the future development of IMAGE. These questions and the response of the AB are listed
below.
1. How to operate IMAGE for policy making in the near future?
E.g.: Can IMAGE be used for finding decarbonisation pathways? Should IMAGE put more focus on
manageable solutions? Can IMAGE be used for advising on how to deal with nexus problems where
sector-oriented policy is clearly failing (cf. Nagoya example, where the biodiversity/agroeconomic
nexus is worthwhile considering)?
Response of the AB:
a. IMAGE is in a unique position to address nexus issues (food/energy/water,
biodiversity/agroeconomic/energy, as well as the UN Sustainable Development Goals), given its
coverage of multiple issues. This might also require some major improvements in both the
Human System and the Earth System parts of the IMAGE framework to make the model more fit
to address global problems beyond climate change. Besides, the AB thinks that more emphasis
on the application of multi-objective and multi criteria approaches (using IMAGE) could facilitate
a more in-depth assessment of nexus problems and enable to explore synergies and trade-offs
across multiple policy priorities (and how to achieve them simultaneously).
b. Full transparency of assumptions, model equations, data and baselines will be needed to receive
credibility of all parties involved.
c. For future international policy making it would be advisable to restructure the 26 regions of
IMAGE so that major countries and political units/unions are better represented. The AB
recommends that the regions currently used in IMAGE be reviewed and potentially re-aligned to
match current political regions and therefore ensure IMAGE’s continued policy relevance.
2. Who might be the new clients for IMAGE?
Can IMAGE be of use for alternative agents of change for nexus-like problems, e.g. business
communities, cities, sector agreements?
Response of the AB:
a. With the improvements referred to above and a step change in validation and uncertainty
analysis, it is to be expected that the IMAGE framework will be used more frequently by policy
Directorates General of the European Commission. More work is to be expected from the DGs
Climate Action, Environment and Agriculture, especially for nexus questions. Several UN related
bodies can be approached more actively to gain clients. Already existing collaborations with
IIASA, PIK and FEEM might be extended to research teams that focus on out-of-equilibrium
market imperfections, such as Cambridge Econometrics (for its macro-economic model E3ME).
b. Global businesses in the energy, agriculture and extractive sectors could be interesting new
clients for IMAGE analyses. Careful consideration needs to be given when approaching these
potential new clients, avoiding consultancy type of work and assuring scientific integrity as the
highest priority in defining projects. It is to be expected that these sectors would like to see more
sectoral detail in the respective IMAGE modules. The AB does currently not see a role for IMAGE
for analyses and assessments at city level. This would require a major investment in geographical
and process detail of the model, which would only be possible with additional funding or
outsourcing of the modelling and data work. PBL needs to carefully consider terms of
engagement with private sectors, in particular relating to intellectual property ownership.
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3. What should models be able to achieve in this context? What level of detail, processes, and
geographical contexts?
Response of the AB:
a. Topics have been mentioned under 1a above.
b. Geographical detail, see 1c above.
c. Other important model improvements include land competition, behavioural aspects in energy
model, oceans, salient baselines and indicators for SDGs.
4. Importance of the issue of transparency, as a way to support credibility: How far should we go, and
what strategy to follow here: simplify versus being more precise?
Response of the AB:
a. Model documentation is already outstanding, but the IMAGE web site could be extended to
include the most important equations and data (that are not intellectual property protected or
privacy sensitive), baselines and basic model assumptions of all IMAGE modules (referring to e.g.
databases from model comparisons where IMAGE has been participating and where input
assumptions and scenarios data is posted on a regular basis). The same standards for data and
model documentation should also apply to modules not owned by PBL.
b. Include explicit discussion (in background material) of sensitivity of model output to model
assumptions (e.g. the scale at which the analysis is undertaken).
c. Given the increasing demand for open data and open model access, we recommend developing
a strategy to deal with this increasing demand, fitting within legal contexts and also within the
contexts of the requirements from international assessment studies (IPCC, IPBES, etc.). The pros
and cons of whether or not to release the source code, also in relation to investigating the option
of making IMAGE a community model (see point 5c), should be carefully considered.
5. What cooperation/network to establish? A more entrepreneurial attitude can be helpful, finding new
clients/projects. But what are the minimal institutional requirements to solidly work with IMAGE in
this context? And how to address the potential risks of collaboration, e.g. quality control in a
collaborative environment?
Response of the AB:
a. An important strategy to respond to limited budget and human resources at PBL are the recent
developments of PBL staff being also professors at different universities (e.g. Utrecht
University). This development should be actively encouraged. It has helped to diversify core
model development and innovation under leadership of PBL staff at universities. Benefits
include increased inflow of young talent, increased overall research efficiency and increased
output (at reduced PBL costs).
b. Develop a strategy for the extent of the IMAGE framework including a division of labour
between PBL and its collaborators on model(component)s of IMAGE.
c. Investigate the pros and cons of the option to make IMAGE a community model, as opposed to
the option to locating all software development work at PBL.
d. Develop a Quality Assurance protocol for modules that are the responsibility of external
partners.
e. For clients, see 2a and 2b above.
f. The staff requirements depend on the division of labour with external partners and on an
eventual decision about a community model approach.
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Professor Environmental Systems Analysis, Wageningen University (emeritus) and Principal Adviser to the
Director-General (retired), Joint Research Centre of the European Commission (JRC).
Professor Dr. Leen Hordijk started at the JRC as the Director of the Institute for Environment and
Sustainability in Ispra (Italy) in May 2008 and was appointed Principal Adviser to the Director-General of
the JRC and Head of the Task Force on Modelling in September 2011. Before joining the European
Commission, Professor Hordijk was from 2002-2008 the Director of the International Institute for Applied
Systems Analysis (IIASA), in Laxenburg, Austria. Prior to joining IIASA, he was Director of the Wageningen
Institute for Environment and Climate Research in the Netherlands and from 1991 until September 2011
professor in Environmental Systems Analysis at Wageningen University. He was also Chairman of the
Social Science Division of the Netherlands Organisation for Scientific Research (NWO). Leen Hordijk
received his Ph.D. in economics from Vrije Universiteit, Amsterdam. Beginning in 1984, he pioneered the
development of methods for linking environmental science and economics for integrated assessments of
air pollution problems in Europe. The models he and his colleagues developed, mainly at IIASA in Austria,
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science and policy in international environmental affairs. He has also been engaged in regular short term
stays for teaching in universities in the USA, China and Vietnam.
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Director of the Walker Institute for Climate System Research at the University of Reading, and a Professor
of Climate System Science.
Professor Nigel Arnell has researched into the potential consequences of climate change for over 20
years, concentrating on impacts in the water sector in the UK, and impacts across many sectors at the
global scale. He led the QUEST-GSI global scale impact consortium project, and is one of the principal
investigators on the UK Department of Energy and Climate Change AVOID programme with particular
responsibility for estimating the impacts avoided by climate mitigation policy. He was a member of the
UK Foresight project team which produced a report on global environmental change and migration.
Professor Arnell has been a Lead Author for all the Intergovernmental Panel on Climate Change (IPCC)
Working Group II reports since 1996. He trained as a geographer at the University of Southampton, and
worked as a hydrologist in a research institute and later a Professor of Geography at Southampton
before moving to the University of Reading.
Dr. Ger Klaassen
Policy Analyst Strategy and Economic Assessment at the Directorate General for Climate Action of the
European Commission
Dr Klaassen joined the European Commission in 2004, after working as economist at the International
Institute for Applied Systems Analysis. At IIASA he worked on transboundary air pollution and economic
instruments, global energy scenarios, renewable energy policies and gas infrastructures. He holds a PhD
in economics from the Free University in Amsterdam. Currently he works as policy analyst on strategy
and economic assessment at the Directorate General for Climate Action of the European Commission. He
contributes to the economic analysis of global and EU climate and energy policy i.e. the macroeconomic
impacts, air pollution and land use changes using a variety of models. He was visiting professor at
Colorado College and the University of Economics and Business Administration in Vienna, teaching
environmental economics and innovation.
PD Dr. Dieter Gerten
Potsdam Institute for Climate Impact Research (PIK), Research Domain I (Earth System Analysis)
Dr. Dieter Gerten is a senior scientist at PIK. In 2001 he completed his PhD in freshwater ecology at
Potsdam University and the Institute of Freshwater Ecology & Inland Fisheries, and in 2013 his
‘habilitation’ at Humboldt-Universität, Berlin. Dr. Gerten is scientist-in-charge of the LPJmL model. His
research focuses on global water resources, water-vegetation interactions, climate impacts on
ecosystems, and water and religion. He has (co)authored ~70 peer-reviewed papers and ~20 book
chapters, and edited two books. He was Expert Reviewer for several IPCC Reports, CA for the 5th AR, and
Review Editor for the Austrian Panel of Climate Change. He is in the Executive Committee of the
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the SEAMLESS project: System for Environmental and Agricultural Modelling; Linking European Science
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Conference on Global Food Security. See: http://www.wageningenur.nl/en/Persons/prof.dr.ir.-MKMartin-van-Ittersum.htm
Professor Keywan Riahi
International Institute for Applied Systems Analysis and Graz University of Technology, Austria
Keywan Riahi is Program Director of the Energy Program at the International Institute of Applied Systems
Analysis (IIASA, Austria). In addition he holds a part-time position as Visiting Professor in the field of
energy systems analysis at the Graz University of Technology, Austria.
Professor Riahi is a member of the Scientific Steering Committee of the Integrated Assessment Modeling
Consortium (IAMC) and a number of other international and European scenario activities. His work
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Global Energy Assessment (GEA), and Reports of the Intergovernmental Panel on Climate Change (IPCC),
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Annex 4: Programme for the Advisory Board (AB) meeting 2014
Venue: PBL, meeting room 1
Oranjebuitensingel 6, 2511 VE The Hague
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Questions AB and discussion

12:30-13:30

Lunch

13:30-15:00
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14:45
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Maarten Hajer, director PBL
Leen Hordijk (chair), AB
members
Tom Kram
Elke Stehfest, Detlef van
Vuuren

Tom Kram
Detlef van Vuuren
All

Hans van Meijl
Jelle van Minnen
Jonathan Doelman
Henk Westhoek
All
Jelle van Minnen
Elke Stehfest

AB, IMAGE team
AB (IMAGE core team standby)

45

Thursday, 10 July 2014
9:00-10:30
9:00
9:20
9:40
9:55
10:10

Earth system: water, nutrients, climate
Water
Nutrients
Emissions
Climate
Questions AB and discussion

10:30-11:00

Break

11:00-12:30

Impacts: biodiversity, flood risks, degradation,
ecosystem services, human development
Flood risks
Soil degradation
Biodiversity and EGS
Human development
Questions AB and discussion

11:00
11:15
11:30
11:50
12:10

Hester Biemans
Arthur Beusen
Detlef van Vuuren, Sietske van
der Sluis
Maarten van den Berg
All

Hessel Winsemius
Tom Schut
Michel Bakkenes
Paul Lucas
All

12:30-13:30

Lunch

13:30-14:45
13:30
13:50
14:10
14:25

Policy responses: climate, energy, land-use
Climate policy
Energy and air pollution policy
Land and biodiversity
Questions AB and discussion

Michel den Elzen
Detlef van Vuuren
Elke Stehfest
All

14:45-15:30

Discussion of IMAGE strategy beyond v. 3.0

All

15:30-16:00

Break

16:00-18:30

Drafting of AB findings and recommendations

AB

Friday, 11 July 2014
9:30-10:30

Presentation of draft AB findings and
recommendations

AB, IMAGE team, PBL
management

