


Beyond GDP for CGE Policy Analysis: A Well-being and Footprint Benchmark for GTAP-RD and EPPA
Background. GDP remains the primary measure of progress, but it focuses on market output rather than the broader conditions that enable people to lead fulfilling lives. In response, a growing “Beyond GDP” approach has developed, combining economic performance with environmental limits and social well-being 1–56,7. 
These efforts span multiple academic traditions and have evolved along diverse—and often disconnected—paths, complicating their translation into operational policy frameworks. Jansen et al. (2024) identify 65 “Beyond GDP” metrics, drawing on five major scientific traditions: subjective well‑being, welfare economics, needs theories, ecological approaches, and the capabilities approach 2,8–12. While conceptually rich, this diversity has hindered convergence toward a small set of indicators that are both theoretically grounded and practically usable for policy analysis.
Within economics, ecological economics has responded by re-centering societal well-being as the ultimate objective of economic systems and by explicitly situating the economy as a subsystem embedded within social and ecological boundaries. In the context of converging global crises—climate change, resource depletion, and widening inequalities—this paradigm advances a conception of progress that balances human well-being with environmental integrity and economic performance, while embedding inter- and intra-generational equity1,6,13–15. 
Operationalization, however, remains limited—particularly for approaches that rely heavily on neoclassical economic structures. Most existing indicator frameworks remain weakly connected to explicit human well-being and resource-use constraints and have not yet been formulated to support direct use in counterfactual policy analysis or quantitative scenario modeling.
This gap is especially consequential for computable general equilibrium (CGE) models, which continue to form the backbone of applied trade and climate policy analysis. Standard CGE frameworks typically rely on assumptions of market efficiency, representative rational agents, and limited-constrained long-run growth. While powerful for evaluating marginal policy shocks, these assumptions complicate the systematic integration of ecological limits and distributional concerns —often leading to the undervaluation of natural capital and the omission of social dimensions that are central to real-world sustainability transitions.
Objective and research questions. The objective of this study is first to develop an empirical benchmark that characterizes how countries translate economic activity and resource use into societal well-being over time. Rather than comparing countries at a single point in time, we focus on development trajectories—that is, how national patterns of well-being and environmental pressure evolve jointly over the period 2000–2020. The second objective is then to develop related metrics for benchmarking and expanding CGE models. 
To this end, we first construct a panel dataset combining multidimensional well-being indicators with consumption-based environmental footprints, capturing greenhouse-gas emissions, biodiversity pressure, and water use embodied in final demand. These footprints account for international trade and therefore reflect the global environmental pressures associated with domestic consumption, rather than territorial production alone.
This empirical benchmark is then used to link multidimensional well-being to consumption-based environmental pressures over time. Hence, we use it to contextualize (and potentially constrain) policy shocks simulated in the GTAP Recursive Dynamic (GTAP-RD) Model and the MIT Economic Projection and Policy Analysis (EPPA) model, both dynamic models built on the GTAP database. 
Our analysis is structured around three research questions:
· RQ1 — Empirical development pathways: Using country-level data for 2000–2020, how do environmental footprint pressures relate to economic output (GDP) in the short and long run for countries achieving similar levels of societal well-being? Which development pathways exhibit relative decoupling (0 < trend elasticity16 < 1) or absolute decoupling (trend elasticity < 0) of environmental footprint pressure from GDP?
· RQ2 — Benchmarking CGE model outcomes: For groups of countries sharing similar development pathways, do baselines generated by GTAP-RD and EPPA produce environmental footprint outcomes that are comparable to or not to those implied by the empirically estimated footprint–GDP relationships?
· RQ3 — Final Demand restructuring and basic-needs provision: How does explicitly restructuring final demand in GTAP-RD and EPPA models to ensure the provision of Decent Living Standards—a minimum bundle of goods and services required to meet basic human needs—affect (i) the sectoral composition of household demand and (ii) the resulting consumption-based environmental footprints, conditional on countries’ observed development stages? In particular, to what extent does reallocating demand toward basic services and essential goods, while constraining non-essential consumption in line with observed 2000–2020 real-world patterns, modify the scale and composition effects that drive environmental impacts in policy simulations?
Data. We assemble a 2000-2020 country panel covering approximately 98% of the world's population. Societal well-being is measured with the Social Progress Index (SPI), which aggregates 52 outcome indicators spanning basic needs, foundations of well-being, and opportunity. To better connect outcomes to the material and service conditions that enable them, we integrate SPI with the Decent Living Standards (DLS) framing by adding provisioning indicators (e.g., safely managed water, clean cooking, adequate shelter, basic health-system capacity, and dietary adequacy). Environmental pressure is captured using consumption-based footprints for greenhouse-gas emissions, water use, and biodiversity-related impacts (summarized as a multi-footprint 'environmental footprint' indicator).
Methods. First, we apply time-series clustering to country trajectories (2000-2020) to identify typologies of development pathways in which well-being dimensions and footprints coevolve. Second, within each cluster, we test for panel cointegration among the footprint indicator, GDP, and TFP (using unit-root and cointegration tests that allow heterogeneity across countries) and estimate both long-run elasticities (fully modified OLS) and short-run dynamics (panel error-correction models). This yields cluster-specific 'expected' environmental footprint responses to change either in GDP or in productivity, along with a speed-of-adjustment parameter that measures how quickly deviations from the long-run path are corrected.
Illustrative results (historical benchmark). In the clusters retained for long-run analysis, the observed data show (using unit-root and cointegration tests) show that footprint-GDP trend elasticities are consistently below one (relative decoupling), but the productivity channel and the short-run responses differ sharply across well-being pathways. For example, two clusters with average Human Development Index (HDI) levels (weighted-average HDI of 0.77-0.78) display similarly weak long-run income coupling (elasticities of 0.19-0.27) but differ in adjustment speed and in the signs of short-run GDP and TFP shocks. In contrast, a lower-HDI cluster including India exhibits a small long-run income elasticity (about 0.21) alongside a large long-run footprint-saving TFP effect (about -0.76), while short-run GDP and TFP shocks still raise footprints, consistent with transitional build-out effects. Shocking, alternatively, GDP and TFP in our CGE models in the scope of our study will attempt to observe if the same trends are observed in the baseline of the models.
Integrating the benchmark with GTAP-RD and EPPA. We translate GTAP-RD and EPPA scenario outputs into consumption-based multi-footprint values and compare those baselines with the previously calculated historical benchmark. 
Modifying the Final Demand: To represent an explicit restructuring of private consumption toward Decent Living Standards, we augment the private demand system with commodity-specific preference shifters and impose a budget-share-weighted add-up constraint to keep aggregate private expenditure consistent. We then calibrate these shifters so that simulated private consumption shares match the DLS target vector by development-pathway cluster, and we apply the calibrated preference shifts in the baseline/policy runs.
Contribution. The proposed workflow links Beyond-GDP outcome metrics (SPI), basic-needs provisioning (DLS), and consumption-based multi-footprints to CGE policy analysis. It provides (i) pathway-specific empirical elasticities that can benchmark or validate model-based policy results, and (ii) a bridge between global trade/energy-economy scenarios and multidimensional notions of progress under explicit sustainability constraints.
Results
RQ1 
We assemble an annual 173-country panel for 2000–2020 covering roughly 98% of world population. Each country is summarised by its 21-year trajectory in two complementary spaces: well-being outcomes (the 52 indicators of the Social Progress Index, SPI) and basic-needs provisioning (Decent Living Standards indicators: safely managed water, clean cooking, shelter, health capacity, dietary adequacy). Hierarchical time-series clustering on these trajectories returns eleven development pathways, ranked by mean Human Development Index. Consumption-based footprints—greenhouse gases, biodiversity pressure, and scarce-water use—come from a global multi-regional input–output accounting so that trade-embodied pressures are attributed to final demand rather than to territorial production.
Econometric test of decoupling within each pathway
Inside each pathway we ask whether the environmental footprint (EF) and GDP share a common stochastic trend. We first apply panel unit-root tests (Im–Pesaran–Shin, Levin–Lin–Chu, Maddala–Wu); where variables are integrated of order one, we test for cointegration with the Pedroni and Kao statistics. In pathways that pass both sets of tests, a long-run elasticity of EF with respect to GDP (β₁, a trend elasticity in the sense of Cohen et al. 2018) is estimated by Fully Modified OLS, and, where total-factor-productivity (TFP) data are available, a productivity elasticity β₂ is added. Short-run dynamics are recovered from a panel error-correction model, which yields an annual speed of adjustment φ (the fraction of any deviation from the long-run path corrected per year) and impact elasticities γ₁ and γ₂ for contemporaneous GDP and TFP shocks. A pathway exhibits relative decoupling when 0 < β₁ < 1 and absolute decoupling when β₁ < 0.
What the data show
Across every pathway retained for long-run analysis, the income elasticity of the footprint is positive but smaller than one—i.e. footprints rise more slowly than GDP but do not fall as GDP grows. No pathway displays absolute decoupling over 2000–2022. Relative decoupling is universal, but its mechanics vary sharply by development stage.
Among two upper-middle-income pathways with essentially identical HDI (~0.77–0.78), long-run coupling is similarly weak (β₁ between 0.19 and 0.27), but short-run dynamics diverge. One pathway absorbs GDP shocks by temporarily lowering footprints (γ₁ negative) and returns to equilibrium only slowly (φ ≈ −0.16; about one-sixth of any deviation is corrected per year). The other shows large short-run footprint increases when GDP rises (γ₁ > 0.6) and converges more than twice as fast (φ ≈ −0.35). Productivity is footprint-raising in both (β₂ positive), indicating that efficiency gains alone have not yet offset scale effects at this income level.
At lower HDI levels the productivity channel reverses. In one pathway that includes India, Rwanda, and Mauritania, income coupling is modest (β₁ ≈ 0.21) but productivity is strongly footprint-saving in the long run (β₂ ≈ −0.76), consistent with technological leapfrogging rather than structural build-up. In the short run, however, both GDP and TFP shocks still raise footprints, reflecting transitional infrastructure expansion. A second low-HDI pathway is more income-sensitive (β₁ ≈ 0.64) with weaker long-run TFP savings (β₂ ≈ −0.22) and slow adjustment, pointing to different policy priorities along otherwise similar income paths.
The DLS-focused partition, which drops institutional indicators and isolates material provisioning, confirms the pattern: the two retained clusters again show relative decoupling (β₁ ≈ 0.33 and 0.53) but differ on the short-run GDP response—one pathway has a muted contemporaneous reaction while the other shows a pronounced temporary footprint spike during growth episodes.
Implication for the benchmark
The answer to RQ1 is therefore twofold. (1) At the country-panel scale over 2000–2020, relative decoupling of consumption-based environmental pressure from GDP is observed universally within the pathways that meet the econometric preconditions, while absolute decoupling is not observed in any of them. (2) Identical HDI hides very different scale-versus-efficiency balances: the same well-being outcomes are reached through short-run dynamics and productivity channels that can move in opposite directions. Each pathway therefore comes with its own empirical tuple (β₁, β₂, φ, γ₁, γ₂), which acts as the expected footprint response to GDP or productivity shocks and provides a pathway-specific yardstick against which the GTAP-RD and EPPA baselines will be compared under RQ2.

RQ2 Forthcoming
RQ3 Forthcoming
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