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Abstract:

The recently-adopted global Sustainable Development Goals (SDGs) will have significant implications for
national development planning in both developed and developing countries in the post-2015 period to 2030.
Integrated, nationally-owned SDG strategies will be at the centre of national efforts to implement the new
sustainable development agenda. The long-run processes and systems perspective that are inherent in the SDGs
present complex analytical problems for policymakers and analysts. Scenario analysis and quantitative modelling
will be important analytical tools to support national sustainable development planning, and there is an
increasingly sophisticated suite of models available to decision makers. This paper reviews and assesses a broad
range of different quantitative models that have the potential to support national development planning for the
SDGs. The study develops a typology and inventory of 80 different models, and then reviews the comparative
strengths, weaknesses and general utility of different models through an initial screening and subsequent multi-
criteria analysis of short-listed models. Current gaps in model capabilities are highlighted in the context of
providing analytical support for national development planning for the SDGs. While some existing models are
particularly relevant, it is unlikely that an ideal model can analyse all SDG targets and variables of interest within
a single modelling framework. Top-down ‘macro framework’ models are likely to be more useful for undertaking
system-level or economy-wide scenario analysis driven by the national long-term goals and targets, and for
exploring trade-offs and synergies among sectors. Bottom-up sectoral models will be able to support far more
detailed option-level impact analysis of concrete interventions, technologies and investments. Combining both
approaches within an analytical framework will provide a robust approach for analysis and decision-making. The
results highlight a range of potential gaps in current modelling capabilities, and provide some new tools to assist
with model selection.

Keywords: scenario modelling; Sustainable Development Goals; sustainability science; ecological economics;
multi-criteria analysis; Analytical Hierarchy Process
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1. Introduction
1.1 The Sustainable Development Goals

In September 2015 the global community adopted the 2030 Agenda for Sustainable Development, which includes
a set of 17 Sustainable Development Goals (SDGs) and 169 targets. The new goals aim to build on the
achievements of the Millennium Development Goals (MDGs) and set a transformative agenda that emphasizes
integration and balance among economic, social and environmental aspirations.

The SDGs are set to become a critical component of the new international development framework for all
countries and will have major implications for national development planning efforts in the post-2015 period.
While the goals themselves will be universal, it will be left to countries to select national targets and ultimately
determine their own priorities and level of ambition in terms of the scale and pace of transformation. Integrated,
nationally-owned SDG strategies will be at the centre of national efforts.

Compared with the MDGs, the SDGs represent a far broader and more integrated, complex and challenging
agenda for countries to implement. They also apply to both developing and developed countries. The timeframe
for achieving the goals will be medium- to long-term, with most goals and targets corresponding to a 2030 time
horizon.

Governments will face many challenges in choosing realistic yet ambitious national targets and setting out the
most cost-effective and appropriate pathways towards achieving them. Given the broad scope of the SDGs, policy-
makers will need to be able to easily assess the economic, social and environmental implications of their strategies
in an integrated way over the long-term.

With national implementation of the SDGs commencing in early 2016, this paper explores the strengths and
weaknesses of contemporary modelling tools and gaps in current modelling capabilities in the context of national
development planning for the SDGs, using a novel policy screening and criteria-based approach.

1.2 Modelling approaches and types of models: challenges in the context of the SDGs

In response to the perceived limitations of traditional approaches to economic development planning based on
cost-benefit analysis and macroeconomic modelling (Barker, 2004; Daly and Farley, 2011; DeCanio, 2003;
Scrieciu, 2007; Soderbaum, 2008), research activities in several disciplines have increasingly aimed at developing
guantitative tools for the analysis of trade-offs and synergies among the three sustainable development
dimensions. These approaches build upon a long tradition of modelling in economics, engineering and other
disciplines which has resulted in the emergence of a suite of more sophisticated tools that are helping decision-
makers to deal with the complexity that is inherent in sustainable development (Connolly et al., 2010; Howells et
al., 2013; Joshi et al., 2015; Pedercini, 2011; Turner et al., 2011).

Scenario analysis and modelling has emerged as a method that is particularly well-suited to the task of taking a
long-term view and attempting to harmonize socioeconomic and environmental goals (Kok et al., 2007; Miller et
al., 2014; Raskin et al., 2010). Combined with quantitative modelling, it has become a widely-used approach for
exploring possible or plausible future pathways and their potential outcomes and implications (Hertwich et al.,
2015; Schandl et al., 2015; Swart et al., 2004; Vergragt and Quist, 2011).

Despite these advancements, policy-relevant modelling for sustainable development remains a challenge, and the
gap between the outputs from commonly-used economic growth models and the advice needed to support decision
making for the SDGs may be extremely large. To understand this gap, further research on the strengths and
weaknesses of different modelling approaches and available models is needed.



Top-down modelling approaches can support national-scale, macro-framework analyses of interactions and
feedbacks across a range of sectors; whereas bottom-up approaches can assist in detailed technological assessment
and meaningful evaluation of alternatives at the sectoral level. Combining these into hybrid approaches facilitates
complementary analyses that balance the strengths and weaknesses of different approaches (Hourcade et al., 2006;
van Vuuren et al., 2009)

The “types’ of models is another aspect that needs consideration in national policy for sustainable development.
Input-output models are a useful descriptive tool for a national economy and form the basis for many advanced
models, however their static nature limits their value in terms of long-term scenario modelling (Catenazzi, 2009;
Herbst et al., 2012). Macro-econometric models are dynamic and based on a large amount of historical data,
though they are of limited value for long-term analysis (Hedenus et al., 2013; Pollitt et al., 2010; Van Beeck,
1999). Dynamic computable general equilibrium (CGE) models are well-suited for scenario analysis using a
consistent theoretical framework and feedbacks across sectors, however their theoretical underpinnings may
render them less suitable for modelling sustainable development transitions (Barker, 2004; Bhattacharyya and
Timilsina, 2010; Scrieciu, 2007). System dynamics models are also suited to all types of scenario analysis and
comparative assessment of alternatives, however the definition of correct boundaries and feedback loops can be
problematic (Hjorth and Bagheri, 2006; Nicholson, 2007; Pedercini, 2003, 2011; Turner et al., 2011). Bottom-up
optimisation and simulation models are more useful for sector-based planning due to their more limited scope and
detailed coverage of technologies and alternatives, however they generally lack feedback loops with other sectors
in the broader economy (Herbst et al., 2012; Nicholson, 2007; Pollitt et al., 2010). Multi-agent models are
promising in the context of sustainable development (Boulanger and Bréchet, 2005), though they are highly
complex and remain experimental, with limited practical application (Wieland and Gutzler, 2014). Finally, hybrid
and integrated assessment models are leveraging the strengths of multiple modelling methodologies, addressing
some of the weaknesses related to the aforementioned categories and providing a more flexible and tailor-made
approach (Bazilian et al., 2011; Herbst et al., 2012; Hourcade et al., 2006).

This evidences the absence of unique modelling approaches and model types that will address all analytical
requirements required by underpinned by the new SDGs. Rightly, Nicholson (2007) points out the lack of a single
universal methodology suited to all problems; with the utility of modelling approaches dependent on the nature
of the system of focus, and the type of prediction desired. Likewise, the choice of modelling tools depends on the
priority sectors of concern, the availability of expertise and data, cost and time limitations, amongst other factors
(Bohringer and Ldschel, 2006; Borjeson et al., 2006; Hojer et al., 2008).

1.3 Model types: state-of-the-art

A considerable volume of academic literature has emerged over the past ten years as international interest in
models has grown along with their level of sophistication and computing power. This has included a number of
evaluative or comparative reviews of different types of models in the context of a specific policy issue or research
guestion, including sustainable development. For a brief summary of 40 past reviews of models drawn from the
literature, refer to Table A in the Supplementary Material (SM).

While not exhaustive, this provides a useful starting point for an initial comparative analysis of models in the
context of the SDGs. A review of this literature highlights several research gaps. Firstly, with the emergence of a
large volume of modelling tools adopting various methodologies over the past decade, there is a lack of a
consolidated inventory or list of models from which decision makers can select a tool that best suits their analytical
needs, and which facilitates an informed choice.



Secondly, there is no standardized approach for categorizing the various models, which makes it difficult to
explore model strengths and weaknesses and provide an intuitive framework for such an inventory. As Nicholson
(2007) again points out, “there exist a plethora of model types, and perhaps only a slightly smaller number of
model classification schemes”.

Thirdly, while the literature provides numerous critiques of specific models as well as broad model categories,
there is limited consideration of the utility of different models to support national sustainable development
planning. Finally, there is no literature at this stage that considers these questions specifically in the context of the
new global SDGs.

The methodologies used in the literature to comparatively assess different models generally fall into two
approaches: comparative assessment based on key desirable attributes, characteristics or criteria; or, less often,
comparative assessment of model outputs and projections. As pointed out by Wieland (2012), systematic
comparisons of the empirical outputs of a large variety of available models are rare because multiple model runs
and simulations are typically resource-intensive and costly. This approach is more commonly used where a small
number of models are being reviewed in the context of a very specific policy question.

2. Methodology

The objective of this study was to undertake an initial comparative assessment of a broad range of models and
their relevance for national SDG planning. As such, it was not considered feasible to run detailed model
simulations and compare results; instead, a multi criteria assessment (MCA) approach was adopted as outlined
below.

2.1. Development of a typology for distinguishing among and categorizing different models (Step 1)

Initially, a systematic review of over 40 academic journal articles and research papers from the modelling
literature was undertaken with the aim of developing a ‘typology’ of models based on the most common
‘distinctions’ used by experts to differentiate among models (Table A, SM). For each article, the main distinctions
used were recorded in a template, which was then analysed to identify the most common distinctions and
categories used by authors. This analysis provided a consolidated, consistent and robust model typology covering
a total of ten model distinctions (see Table B, SM). In particular, the previous work of Van Beeck (1999) is
acknowledged.

2.2. Inventory of modelling options currently used in national development planning (Step 2)

The typology served as the framework for a tabular inventory of modelling options which was then populated
with models identified in the literature and other sources (e.g. best practice toolkits, national assessment reports,
strategy documents, and the web). The review identified a broad set of 80 models that were used by analysts to
support national development and sustainable development planning as well as some well-known global scenario
models that were commonly referenced in the literature (see Table H, SM). The aim was to include a sufficiently
broad range of models across different model categories and, in particular, those most commonly and recently
used in different national contexts.

2.3. Formulation, validation and weighting of assessment criteria and expert survey (Step 3)

To undertake the comparative analysis, twelve criteria were initially developed based on a review of criteria used
in previous comparative assessments of models (Table A, SM) as well as key attributes of the SDGs of relevance
for modelling (Table C, SM). The criteria were incorporated into a survey and subjected to an expert validation



and weighting process. The survey was circulated to 70 experts from the academic and research community as
well as national development planning and modelling professionals, who were asked to score the importance of
each criteria, as well as to validate each criteria in terms of completeness, redundancy, ‘operationality’, double
counting, and size (Dodgson et al., 2009). This step resulted in a final set of ten revised and weighted criteria for
use in the comparative assessment.

2.4. Initial screening of the broad inventory of models and identification of SDG thematic issues
addressed (Step 4)

Given the large number (80) and diversity of models to be assessed, an initial screening of the models was
undertaken to remove models considered redundant or less relevant for SDG planning. The screening exercise
was undertaken based on publicly available model documentation, websites, manuals and academic literature. It
is acknowledged that the available information for some models was limited. The screening was based on the two
criteria that received the highest scores through the expert survey: i.e. ‘integrated’ and ‘policy relevant’. Each
model in the inventory was also reviewed to identify which thematic policy issues (i.e. which of the 17 SDGSs)
they were capable of analysing (Table G, SM). Based on this initial screening, eight models were short-listed for
a detailed comparative assessment.

2.5. Final comparative assessment of short-listed modelling options and calculation of rankings (Step 5)

MCA of the eight short-listed models was undertaken based on the full set of ten criteria. The assessment used
the Analytical Hierarchy Process (AHP) which is a MCA scoring methodology based on pairwise comparison.
AHP is used to convert a subjective assessment of relative importance into a set of overall scores or weights, and
it suits circumstances where judgements, rather than measurements, are the predominant form of input information
(Saaty, 1990). The methodology in this study was informed by previous comparative assessments in the literature,
including Boulanger and Bréchet (2005).

Using a standard AHP preference scale (Table D, SM), the comparative effectiveness of each of the different
models in meeting the ten criteria was estimated.

Formally, we let M = [M1,M,,...,Mn] be the set of m models to be assessed, and C = [C4,Cs...,Cy] the set of n
criteria. For each criterion (C;), each model (My) was compared to each other model (My) using the preference
scale.

For example, if the model My was considered slightly better than model My with respect to the criterion C,, then
its score was (axyz) = 3. Because this is a reciprocal relationship, model My is automatically rated lower than model
My, with a score (ayx;) = 1/3. The output of this analysis results in a matrix for each criterion. The last column in
each matrix shows the geometrical mean (GEOMEAN) of the row values which is generally a good approximation
of the principal eigenvector as per the standard AHP methodology. This eigenvector expresses the ‘relative
adequacy’ of the model to each criterion. The more a model outperforms other models, the higher the value.

The relative adequacy scores from the AHP analysis were combined with the ‘importance’ weightings that were
given to each criterion through the expert survey. The relative weights for each criterion (W) were calculated
using the following basic formula:

Wex = SCX/Z(SCl;SCZySC3- . -Sclo) (1)

For example, the relative weight of criterion W1 was equal to its score S¢; divided by the sum of scores for all
criteria (Sc1,Sc2,Ses. ...Sci0). Relative weights for each criterion were then multiplied by scores for each model to
give final weighted scores and rankings.



The evidence base used to make this assessment included: 1. model technical manual, user guide and/or developer
documentation; 2. model website; 3. academic and expert literature citing the model; 4. assessments, reports and
strategies/plans that provide case studies of model application; and 5. test runs of the model software on a personal
computer (where available).

3. Results and Discussion
3.1. Development of model typology

Ten distinctions for differentiating among models were identified in the model typology (Table B, SM), which
provided the framework for the inventory of models. The two distinctions most commonly used in the literature
were the ‘analytical approach’ and the ‘model category/type’. Three analytical approaches were identified, based
on whether the model adopted a ‘top-down’, ‘bottom-up’ or ‘hybrid’ approach. Building on this, eight modelling
categories were identified: (1) top-down input-output models; (2) top-down econometric models; (3) top-down
CGE models; (4) top-down system dynamics models; (5) bottom-up optimization/partial equilibrium models; (6)
bottom-up simulation models; (7) bottom-up multi-agent models; and (8) hybrid models (various combinations
of the previous categories).

3.2. Inventory of modelling options

The largest number of models in the inventory (Table H, SM) fell into the hybrid model ‘category’ (39%),
followed by the top-down CGE models (19%) (Figure 1). There are several likely reasons for this, including that
hybrid models are more suited to complex sustainable development problems, that there has been an increased
uptake of such models in recent national sustainable development planning, that they have received more attention
in the academic literature due to new innovations, and that the hybrid category itself encompasses a very large
variety of combinations of models.

The models reviewed were primarily dynamic in nature (91%) and adopted both a simulation (60%) and
optimisation (55%) model solution. Many of the hybrid models integrated both of these modelling solutions into
a single framework. A majority of the models also targeted the national scale (71%) and supported long-term
analysis (80%). These will be important attributes needed for models to support national development planning
for the SDGs, as discussed in more detail hereafter.
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Figure 1. Percentage of the 80 models reviewed falling into each of the eight ‘model categories’ identified.

3.3.  Screening and MCA of models for national development planning for the SDGs

The subsequent screening of the 80 models and MCA of eight short-listed models provided the means for a more
in-depth, comparative assessment of the models in the context of national development planning for the SDGs.

3.3.1 Formulation, validation and weighting of criteria

The final set of ten criteria are listed in Table 1, including the average scores allocated by experts through the
survey. Detailed descriptive text was prepared for each of these criteria to assist with interpretation in the expert
survey and for application in the comparative assessment (see Table E, SM). Feedback from experts during the
survey helped refine the final set of criteria and descriptive text, and also influenced the approach used in the

subsequent comparative assessment:

e There is unlikely to be a single model that will be able to meet all of the ten criteria or address all of the
priority thematic policy issues covered by the SDGs. As the coverage of issues addressed by a model is
broadened, the analysis inevitably loses depth, and ultimately decision makers will require both. A model
should be focused on priority, interrelated issues rather than trying to address every issue.

e The selection of a particular modelling tool needs to reflect the priority SDGs and targets of interest for a

particular country, and this needs to be factored into the comparative analysis.

e The relatively large number of criteria will make it difficult to apply to a large set of 80 different models,

particularly given the great diversity among the different modelling tools.

Table 1. Final set of criteria and associated weightings.

Criteria Related to Scientific Strength Score Weight
1. Integrated/Inter-linkages/Inter-disciplinary 8.73 0.118
2. Dynamic & long-term perspective 8.06 0.109
3. Systems-based yet realistic/meaningful 7.75 0.104
4. Transformative 7.00 0.094
5. Global-local perspective 6.63 0.089




6. Participatory, transparent and legitimate 6.50 0.088
Criteria Related to Model Application and Usage

7. Policy relevance, scenario analysis, & policymaking guidance 8.60 0.116
8. Applications, visibility, flexibility — in both developed & developing countries 7.40 0.100
9. Ease of use/user friendliness 7.20 0.097
10. Cost, time and effort (for model development 6.40 0.086

NB: Scores (out of a maximum of 10) represent averages of expert ratings. Weightings were calculated using Formula (1).

3.3.2. Initial screening of modelling options

The table produced through the model screening exercise (Table G, SM) indicates whether or not the 80 models
reviewed met each of the two screening criteria as well as their relevance in terms of modelling each of the 17
SDGs. This screening table is a useful tool in itself that can assist decision makers in identifying models that are
more likely to be suitable for national SDG planning and that address priority sectors of national interest (e.g.
relating to energy, climate change, water, poverty, jobs, biodiversity, or any combination thereof).

It is important to recognize that all of the models reviewed serve a purpose and could play a role in policy analysis
for the SDGs at different scales and with different policy questions in mind. As such, they should not be
disregarded altogether by decision makers. As pointed out by the experts, there will not necessarily be a single
ideal model that is capable of modelling all of the SDGs.

From the total of 80 models reviewed, only eight models (10%) met the two screening criteria of ‘policy relevant’
and ‘integrated’. The shortlist comprised one top-down CGE model (MAGNET), one top-down system dynamics
model (Polestar), and six hybrid models (IMPACT; International Futures; Threshold 21; ECAMACS; InVEST;
and LowGrow).! This highlights the greater potential utility of hybrid models in supporting analysis for the SDGs.

Interestingly, inability to meet the ‘integrated’ criteria resulted in most models being screened out. The integrated
criteria related to whether or not a model incorporated variables relating to the economic, social and environmental
dimensions in their modelling framework. From the total of 80 models reviewed, only 15 models (19%) were
considered to have generally met this criterion, meaning that most models (over 80%) failed to incorporate
variables from all three dimensions in their modelling framework. This highlights a gap in modelling capabilities
for the SDGs.

However, the limitations of this screening criterion are also acknowledged in that it tended to screen out
technology-rich bottom-up models that focus on a specific sector and lack system-level feedbacks to broader
socioeconomic and environmental variables. In practice, such models could be coupled with top-down analysis
to ensure that these feedbacks, trade-offs and synergies are adequately addressed.

In the context of planning for the SDGs, bottom-up sectoral models with high technological detail could support
far more detailed option-level impact analysis of concrete interventions that can better assist policy formulation
at the sectoral level. This could be complemented by macro-framework top-down models that address a broad
range of SDGs, undertaking a system-level impact analysis driven by the long-term goals and targets, and
exploring different scenarios or pathways to assess the scale and pace of change required across different sectors,
and interlinkages and feedbacks among sectors.

In terms of sustainability dimensions, the most common approach was the integration of economic and
environmental variables in the model (Figure 2). A total of 54 models (or 68%) integrated these two dimensions
to varying degrees, highlighting the rapidly growing catalogue of economy-environment models. The social

! For a short description of these models, see model inventory in Table H (SM).



dimension of sustainable development is by far the least addressed, with only 17 models (or 21%) including social
variables within their modelling framework, and often with very limited coverage (most commonly a few health-
related or nutrition-related variables). The modelling of social variables can therefore also be considered as an
important gap in modelling capabilities.

Social only
Environmental only 1%
Economic only 4%
6%

Economic-Social-
Environmental
19%

Social-Economic
3%

Environment-
Economic
67%

Figure 2. Sustainable development dimensions addressed by the 80 models reviewed. The figure shows the percentage of
the models reviewed that addressed the social, economic and environmental dimensions (individually or in combination).

The models reviewed tended to perform better in terms of the ‘policy relevant’ screening criterion. In order to
meet this criterion, a model had to be dynamic, able to support a medium-to-long-term planning horizon of at least
15 years, and applicable for a national scale analysis with evidence that it had been used for this purpose in
previous studies. Of the total of 80 models, 47 (or 59%) were considered to meet this criterion. For those that did
not, the most common reason was that the spatial resolution of the model meant that it was not sufficiently capable
of national-scale analysis. For example, 19 of the models reviewed focused on the global level and it was
considered they had inadequate downscaling to support meaningful national-scale analysis.

In terms of geographic focus, many of the models tended to focus on a specific country or region (most commonly
the European Union) where the models were developed and have been extensively applied. Several models also
focused specifically at the national scale and had only been used in a single country (e.g. Australia, Canada and
the USA). A key consideration for these models is whether or not they are transferrable to other country contexts.
The remaining models would appear to be more flexible and adaptable, with no specific country or regional
emphasis.

The vast majority (89%) of the models reviewed can be considered dynamic models that are capable of analysis
over at least a 15-year timeframe. A total of five models were considered as static, mainly input-output databases
or older economic models. Another four models were suited to shorter-term analysis only, mainly macro-
econometric models.

The review also evidences that model coverage varies substantially across the SDG policy areas. The models with
the greatest coverage of policy issues were also generally included in the group of eight shortlisted models, in
particular International Futures and Threshold 21. Of all the models reviewed, only International Futures
included variables relating to all of the thematic issues addressed by the 17 SDGs, however variables were very
limited for many goals.
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The SDGs with the greatest coverage in terms of modelling capacity were economy and employment (SDG 8),
energy (SDGT7), investment-trade-finance (SDG 17), food-land (SDG 2), climate change (SDG 13), and to a lesser
degree, water (SDG 6) and industry-innovation (SDG 9) (Figure 3). Policy areas that represent key gaps in
modelling capabilities included institutions-governance (SDG 16), gender equality (SDG 5), cities (SDG 11),
marine life (SDG 14), education (SDG 4) and, to a lesser degree, poverty (SDG 1), health (SDG 2), inequality
(SDG 10) and terrestrial life (SDG 15).
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Figure 3. Model coverage of SDG thematic policy areas. The figure shows the number of models that were reviewed that
were considered ‘highly relevant’ or ‘somewhat relevant’ for analysing a particular thematic policy area.

Table 2 highlights the particularly poor coverage of many social issues and some environmental issues. However,
for some categories (e.g. cities or sustainable consumption and production), this is also due to the lack of clarity
regarding the variables covered by the goal, which would likely overlap with other goals (e.g. energy, water,
climate change). Despite this ambiguity, key gaps or thematic issues requiring further model development include
poverty, health, education, gender, inequality, sustainable consumption and production, biodiversity and
governance-institutions.
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Table 2. Coverage of SDG policy issues addressed by the inventory of models.
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NB: Figures represent the number of models. The colour scale highlights those SDG policy issues with good (green),
moderate (white), or poor (red) coverage). Lighter shades of these colours represent intermediate values.

3.3.3. Final comparative assessment: AHP, weighted scores and ranking of short-listed models

The AHP methodology used for the MCA of the eight short-listed models produced output matrices for each of
the ten criteria (Table F, SM). Combining together the geometrical means (GEOMEAN) for each criterion
provided a summary matrix representing comparative scores or preference ratings for each model across all
criteria (Table 3). Overall rankings for each of the models were then allocated based on the GEOMEAN sums.

It can be seen that the two hybrid macro-framework models Threshold 21 and International Futures performed
the best overall in comparison with the other models across all ten criteria. Both of these models were consistently
better than other models against almost all of the criteria, partly owing to their integrated and systems-based
framework, broad policy scope, long-term perspective, high flexibility, transparency, user-friendliness and hybrid
approach.

Threshold 21 scored the highest overall (30.6), partly due to its greater application/visibility and flexibility with
multiple national applications in developing and developed countries (in particular for national green economy or
MDG strategies), as well as the participatory process by which the model has been applied and its transparency
in terms of model structure, methodology and assumptions. However, while an evaluation version of the model
was available to review the software and interface, the model cannot be downloaded or purchased ‘off-the-shelf’.
Rather, it generally comes as part of a technical assistance project. The considerable size, scope and complexity
of the model mean that resources, costs and time per application could be considered to be moderately high.



Table 3. Overall scores and ranking of shortlisted models using AHP.
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NB: The colour scale indicates where the value for each criterion falls within the range of values across the eight models — dark green reflecting the highest relative score, dark red the

lowest relative score, and yellow a middle-range relative score. Lighter shades of these colours represent intermediate values.
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International Futures was ranked second overall (26.1), with comparable performance to Threshold 21
across many of the scientific rigor criteria. However, the model was initially developed by researchers
as an education tool and while it has been applied to many global studies, there was more limited
evidence of application in national development planning. As such, it scored lower in terms of
application/visibility, policy relevance, and participation/transparency. An advantage of the model over
Threshold 21 was that it is available and free to download, making it highly accessible and affordable,
with training courses available for users at reasonable costs. However, as with Threshold 21, its
considerable size and scope mean that time and resources required per application would also be high.

The lowest-scoring models were the macroeconomic CGE model MAGNET and the hybrid model
LowGrow; they tended to score comparatively lower across all of the criteria due to several perceived
shortcomings when compared against the other models. With regard to scientific rigor, the models
exhibited a narrower focus, with limited integration and interlinkages, absence of a transformative or
system-based approach, and adoption of a top-down macroeconomic modelling methodology with high
aggregation of outputs. The LowGrow model has only been applied for research purposes in a single
country (Canada) limiting its applicability, flexibility and policy relevance. The highly technical nature
and complexity of the MAGNET model meant that it scored lower in terms of transparency, ease of use,
and cost, time and effort for model development.

The collective performance of the models against each criterion was also reviewed in order to highlight
potential strengths and weaknesses in model capabilities overall. In general, the short-listed models
collectively performed better in terms of their dynamic model solutions, long-term modelling horizons,
integration of variables across all three dimensions of sustainable development with interlinkages and
feedback loops (though often for a limited range of goals and variables), and ability to undertake
different types of scenario analysis (baseline, what-if, backcasting) and evaluate alternatives to inform
policy. Key weaknesses or gaps were evident in terms of the cost, time and effort required for each
model application and capacity to model different spatial scales, disaggregate data and provide
spatially-explicit outputs.

Potential gaps and areas for improvement included: the extent to which models can evaluate
transformations in terms of decoupling of material and resource consumption from economic
development as well as impacts on human wellbeing; model transparency in terms of its development
and application as well as its structure and assumptions; flexibility and adaptability of models and their
diffusion in both developed and developing country contexts; and the user friendliness of models in
terms of their interface, manuals, training and outputs. Balancing the need for a systems-based approach
with the need for meaningful model outputs also remains a challenge.

The calculation of weighted scores had only a marginal impact on the overall rankings, with Threshold
21 and International Futures retaining their first and second rankings. These integrated, systems-based
macro-framework hybrid models clearly out-performed the other short-listed models across all criteria.
As such, they are considered particularly applicable for scenario modelling to support national SDG
planning. Final model rankings based on weighted scores were: 1. Threshold 21; 2. International
Futures; 3. ECAMACS; 4. Polestar; 5. IMPACT; 6. InVEST; 7. LowGrow; and 8. MAGNET.
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3.4 Limitations of the comparative assessment approach

It is important to note that this analysis has limitations. While the results help to illustrate that certain
models may be particularly applicable for national SDG planning, it does not mean that they will be
suited to every situation, or that they should be used in isolation. Nor does it mean that the other models
reviewed will not contribute to national SDG planning. Different models will be more or less applicable
depending upon the specific national context and decision makers will select a tool based on their
specific circumstances and needs.

The comparative analysis using the ten criteria tended to favour those models that take a broad and
integrated, systems-based approach, encompassing many SDGs and targets and their interlinkages and
feedback loops. In addition, high-scoring models tended to have greater flexibility and adaptability,
evidence of scenario modelling applications in different national settings, and well-developed and user-
friendly interfaces with access to training and technical support. The analysis ranked as less suitable
those models that tended to focus on a narrow set of SDG policy issues with limited linkages and
feedbacks to broader systems, limited national application, and highly complicated, inaccessible or
difficult-to-use software interfaces. The subjectivity of such an approach is acknowledged.

Based on these limitations, the final rankings may be best interpreted in the context of the model’s
relevance for supporting macro-framework scenario modelling for the SDGs, rather than bottom-up
sectoral or technological modelling. In practice, such macro-analysis could and should be
complemented by more detailed bottom-up modelling and analysis of specific alternatives at the
sectoral level.

Selection of the most appropriate model (or complementary models) for a particular set of SDG policy
priorities can be guided by the screening table developed as part of the study, which highlights the
relevant sectors (i.e. SDGs) that can be analysed by each model (Table G, SM).

4. Conclusions

This review paper demonstrates that modelling capability for supporting implementation of the SDGs
at national level exists, though selection of appropriate modelling approaches and model types will be
dependent upon the priority sectoral issues of interest, amongst other factors. Accordingly, guidance
has been presented in the form of a model inventory, screening table, and comparative analysis to assist
with model selection.

As only one of the 80 models reviewed included variables relating to all 17 SDGs, it is concluded that
there may not be a single model that can analyse all variables of interest, and that the most robust
approach will likely be to limit the analysis to a nexus of priority sectoral issues, and combine different
models that address these issues in a broader analytical framework

Overall, the strengths of the models reviewed included their dynamic nature, national scale and capacity
to support long-term scenario analysis. These are important attributes needed for models to support
national SDG planning. However, the lack of integration of variables across all dimensions of
sustainable development is a perceived weakness, in particular the inability to model social variables.

Eight models are perceived to be of greater relevance for national SDG planning, collectively
performing better in terms of their dynamic model solutions, long-term modelling horizons, integration
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of variables, and ability to undertake different types of scenario analysis and evaluate alternatives to
inform policy. Both Threshold 21 and International Futures clearly outperformed other shortlisted
models in the comparative analysis, however they will not be suited to support modelling related to all
SDGs.

Based on the identified gaps in modelling capabilities, priorities for further model development to
support SDG implementation would include: ability of modelling at different spatial scales, data
disaggregation, and providing spatially-explicit outputs (e.g. maps); the modelling of ‘decoupling’
relationships between resource consumption and economic development and human wellbeing;
improving the user-friendliness of models and access to model software, training and technical support;
increasing transparency in terms of model development and application as well as structure,
assumptions and limitations; and enhancing flexibility and adaptability of models to the diverse contexts
of developed and developing countries tasked with advancing the 2030 agenda for sustainable
development.
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