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1. Introduction
Computable General Equilibrium (CGE) models are often accused of being ‘black boxes’. Their complex nature  leads them to be written in novel programming languages which reduces their accessibility, even to other modellers. Furthermore, inputs and outputs can be far removed from CGE models’ model structure. This makes it difficult, even for other economists, to understand what is driving results. This opaqueness can disengage decision makers which withdraws influence from field of applied general equilibrium analysis. 
Dynamic CGE models, models where time is explicitly considered as a determinant of behaviour, introduces further complexities. One of the most fundamental of which is the introduction of dynamic baselines. Growth in key macroeconomic variables determining growth in income and endowments (such as labour force) interact with shocks in simulated ‘policy’ scenarios. Thus, differences in the projections underpinning these baselines could have consequences for the marginal impact of scenarios. Unclear communication of the consequences of baseline selection to both policy makers and other analysts poses a further risk to the influence of CGE analysis. A critical pre-cursor to this, is for the field, itself, to understand the implications of baseline selection and implementation in CGE modelling. 
The importance of understanding and effectively communicating the influence of baselines in CGE models has been recognised by the Global Trade Analysis Project (GTAP) (an influential network in CGE modelling around the globe). In 2018, the GTAP Centre, at Purdue University, in partnership with the Organisation for Economic Cooperation and Development (OECD) held a workshop exploring the existence, implications and opportunities of variations in baselines across CGE models.[footnoteRef:2] Among other suggestions, the work recommended a thorough, quantitative comparison of models’ baselines by running a single set of scenarios on top of them. CGE modellers will be able to begin to benchmark their own projections against those analysed in this exercise to understand how their choice in baselines affects their analysis. This may help modellers: when comparing results against each other; develop their models and baselines to suit the specific needs of their policy analysis; and aid more effective communication of their analysis to non-modellers and decision makers. The work of this paper aims to bring the literature closer to these goals.  [2:  See Annex A of Dellink et al., 2020 for full summary of the workshop (Dellink, Mensbrugghe, & Saveyn, 2020)] 

Our research will collate publicly available projections suitable for GTAP CGE models. We will explore what drives variation in the projections and consider the different ways of incorporating them in a CGE model. These projections will then be quantitatively compared by running a fictional trade agreement scenario on top of them. These quantitative differences will be analysed and then qualitatively categorised to test how modellers can be aided to effectively describe the effects of their baseline construction. 
The intention of the research in this paper is not to provide a comprehensive comparison of baselines but to use a select set of projections to work through the opportunities and issues that a comprehensive comparison exercise might encounter. 
The next section, Building on the Special Edition, of this paper will explain in further detail how projections are used in CGE modelling and how this work will build on the GTAP centre’s research. Selected Projections at First Glance will describe the projections this work utilises. A proposed methodology for how we will compare projections will be outlined in Experimental Methodology for Comparison.


2. Building on the Special Edition 
The Journal of Global Economic Analysis (JGEA) produced a special edition on dynamic baselines utilising work originating from the 2018 GTAP Centre-OECD workshop. The edition looks at existing CGE baselines projections and their macroeconomic drives (including demand, supply, trade and energy trends).   
Introducing the edition, Dellink et al., 2020 points to the cost of producing dynamic baselines as a factor in the lack of investigating into their variation across the CGE community (Dellink, Mensbrugghe, & Saveyn, 2020). Projections, which help form baselines, are often underpinned by nuanced empirical evidence and numerous assumptions determining both the modelling to obtain projections and the policies included within them. Then, there is no perfect science to the selection, manipulation, and collation of a consistent set of projections into baselines. This process is bespoke to individual CGE models. It depends on both the mechanics of the CGE model, including closure rules and, as Dellink et al., 2020 describes, dynamic mechanisms such as modelling assumptions for ‘agents’ forward looking behaviour’; as well as the ‘policy’ scenarios intended to be modelled. This inherent complexity hinders understanding of peers’ baselines. 
This low knowledge level of the variation of CGE baselines may begin to be resolved by quantitative consideration of the variation. The special edition recommends this as a next step from its generalised and qualitative look at the different choices available when building baselines. Dellink et al., 2020 propose running a consistent set of scenarios across multiple CGE models (which have different baselines). As a preliminary step, this work will run a set of scenarios in the same model but utilising different publicly available baselines. This has a number of benefits. First, this initial, smaller scale experiment will enable us to identify and resolve methodology issues without excess resource requirements. For example, identifying how we compare baselines with different closure rules, what time periods we use and how to manage different policy assumptions. Furthermore, it will give the community an early indication of the results that can be obtained; as comparing baselines across “as many relevant CGE models as possible” in the way Dellink et al. recommends will be resource-intensive.[footnoteRef:3] Also, by running multiple baselines through just one CGE model, we can mitigate the risk of conflating variation in baselines with variation in model mechanics. [3:  Quote from (Dellink, Mensbrugghe, & Saveyn, 2020)] 

A better understanding of dynamic CGE baselines will pave the way to better communication of baselines. Dellink et al., 2020 describes a culture of not publishing baselines alongside policy analysis in academic journals. Furthermore, analysts struggle to contextualise their analysis using these complex dynamic baselines to policymakers and the general public. This was shown in the UK when it published a impact assessment on the agreement in principle on its accession to the Comprehensive and Progressive Agreements on Trans-Pacific Partnership (CPTPP). Commentators have struggled to explain to the public how CGE analysis with a dynamic baseline may give a greater estimate of the benefits to the UK (compared to the published static analysis).[footnoteRef:4]   [4:  The UK Government has pointed to a greater than stated GDP gain for the UK due to the expected growth of member states. Espiner for BBC News reports this (Espiner, 2023)] 

Dellink et al., 2020 recommend building on the research comparing baselines but categorising them in a similar style to Socioeconomic-Shared Pathways (SSPs). The SSPs give “storylines” for each baseline, providing a loose description of the global economic environment – mostly relating to climate change mitigation policy, demographic change, economic growth and the development trajectory of countries grouped by income level and geography. Succinct descriptions are combined with catchy names ‘e.g. Rock Road’ (referring a SSP3 where increased rivalry between regions is assumed). These SSPs make it easier to communicate climate policy analysis because the audience understands how the world is assumed to be without the policy, and therefore how these assumptions interact with policy scenarios. 
This work will extend this categorisation concept by focusing on the latter benefit – helping audiences understand how baseline assumptions interact with ‘policy’ scenarios. It will do this by categorising projections not on their drivers or internal policy assumptions but their effect on policy scenarios in CGE models. Our work will design a framework that assess projections’ interactions with an expansionary policy scenario by focusing on their impact on key variables such as income and changes to trade patterns. Again, attempting this will be ambitious but choosing to do this at a small scale will allow issues to be worked through in a non-resource intensive manner. However, we do recognise, that our limited projections may make it more difficult to categorise models if there is a lack of variation between them. 































3. Selected Projections at First Glance
We have initially selected projections from six sources to compare. Three of these have a set of projections for each of the five socio-economic pathways (SSPs), this results in 18 projections of key macroeconomic variables. The projections presented in this section may not be the final projections we compare as some of these sources are due to be updated soon. We also hope to incorporate a set of projections for UK agricultural output. 
	Source
	First Year of Projected Data
	Last Year of Projected Data
	Based on SSPs?
	Reference

	CEPII
	2011
	2050
	Yes
	(Fontagné, Perego, & Santoni, 2022)

	OECD
	2015
	2100
	Yes
	(O’Neill, 2016)

	IIASA
	2015
	2100
	Yes
	(O’Neill, 2016)

	DBT
	2021
	2050
	No
	(DBT, 2023)

	IMF
	2022
	2027
	No
	(Boughton, 1997)

	WB
	2022
	2027
	No
	tbc


We have included projections from the Centre d’Etude Prospective et d’Information Internationales (CEPII), OECD and International Institute for Applied Systems Analysis (IIASA) despite being much older than our other sources as they have projections for each SSP. Furthermore, the latter two sets of projections are the default projections in the GTAP 10 database. 
Graph X shows projections for GDP per capita growth from 2014 to 2050 for India vary by 1,232 percentage points, just in this small sample of projections. The range in projections for the world as whole is much smaller though. This likely due to the largest variation in projections occurring for regions that currently have low GDP per capita. These regions are a smaller proportion of world global GDP per capita compared to regions like the US and EU, so variation in their GDP per capita doesn’t have an equal effect on global GDP per capita. However, variation in these faster growing regions could still have significant implications for the CGE results. This is because households in these regions tend to have different and more dynamic preferences to those in higher income, slower growing regions. Thus, differences in projected growth in the hundreds of percentage points could dramatically change which global sectors grow – this has implications for trade flows and resources as well as general equilibrium effects for producers of these in-demand goods. 

A closer look at projected GDP per capita for India, in graph Y, shows CEPII (the red trajectories) tends to project greater annual growth than the IIASA (green) and OECD (blue). This is likely due to the Constant Elasticity Substitution (CES) production function utilised by CEPII. This not only allows for more flexible substitution between inputs but enables the marginal returns on those inputs to vary. CEPII’s projections reflect the potential for India to gain from economies of scale as it grows. 

Graph Z shows the enormous difference up-to-date projections can make. The global pandemic and subsequent events (such as Russia’s invasion of Ukraine and rising global interest rates) has not only revised but completely changed the economic outlook for many countries. Thus, this work will also look at the effect of vastly different short-term projections can make on long-run results. 

One reason for India’s projected high income growth is the high labour force growth projected for it. Labour feeds into the GDP projections for all sources of projections presented. Furthermore, labour force relative to population growth, will have a large impact on potential GDP per capita growth when coupled with economic shocks. If India’s labour force grows at a much faster rate than its population growth, when it liberalises trade, India could take extra advantage of export opportunities by increasing production (giving rise to expansionary general equilibrium effects) in addition to allocative efficiency benefits of resources moving into exporting sectors. Furthermore, if population growth is relatively lower, less of the additionally generated wealth will have to be shared around. Hence, although other macroeconomic variables feed into GDP per capita, including them in baselines can affect marginal impacts of policy scenarios.
 




















4. Experimental Methodology for Comparison
The regional aggregation used, displayed above, reflects countries in CPTPP and REP-15 as well as the largest high income and growing economies. 
Tbc with an outline of the framework for comparing projections when ran through the CGE model with the trade scenario.
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Projected Annual Growth in GDP per capita of India
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Labour Force and Population Projections to 2050 for India

Labour Force 	CEPII SSP 1	CEPII SSP 2	CEPII SSP 3	CEPII SSP 4	CEPII SSP 5	DBT GTO 21	0.36276651850577102	0.41165232709073984	0.43283516421969126	0.32232151513840074	0.44870790874739441	0.3075207918868505	Population	CEPII SSP 1	CEPII SSP 2	CEPII SSP 3	CEPII SSP 4	CEPII SSP 5	DBT GTO 21	0.16927551047279035	0.31551466243761161	0.50181506056295611	0.21350261113197747	0.16671190956801016	0.26518605763844044	
Percentage Change







