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Abstract 

There is a demand for models that link environmental impacts and macroeconomic processes. By far most 

of the existing models embody neoclassical economic assumptions, but the pragmatism of both 

environmental specialists and policy analysts invites other approaches. This paper describes energy-

economy and water-economy models in broad terms and reviews some of the major existing models. It 

then offers reflections based on the author’s own experience developing policy-focused environmental-

macroeconomic models. The paper concludes by noting potential contributions by post-Keynesian, 

Sraffians, and others working outside the dominant neoclassical paradigm. 
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1 Introduction 
In 1975, the Cocoyoc Declaration (UNEP/UNCTAD 1975) called out the continued failure to meet 

human needs and rising environmental pressures: 

Thirty years have passed since the signing of the United Nations Charter launched the effort to 

establish a new international order. Today, that order has reached a critical turning point. Its hopes of 

creating a better life for the whole human family have been largely frustrated. It has proved 

impossible to meet the “inner limit” of satisfying fundamental human needs. On the contrary, more 

people are hungry, sick, shelterless and illiterate today than when the United Nations was first set up. 

At the same time, new and unforeseen concerns have begun to darken the international prospects. 

Environmental degradation and the rising pressure on resources raise the question whether the “outer 

limits” of the planet’s physical integrity may not be at risk. 

The overarching goal of balancing human well-being against finite resources remains a recurring theme. 

Most recently the outer environment limits have been codified in a set of “planetary boundaries” 

(Rockström et al. 2009; Steffen et al. 2015). The space between those outer limits and the inner limit of 

human needs has been dubbed the “doughnut” (Raworth 2017) and investigated as the locus of a “good 

life for all within planetary boundaries” (O’Neill et al. 2018; Fanning et al. 2022). 

The achievement of a good life for all within planetary boundaries is the central challenge of our time, 

and as an ultimate goal should be continually kept in view. Key analytical questions are, “What could 

such a society look like?” and “How can we get from here to there?” However, those questions are too 

large for most policy processes. In high income countries a lesser but still helpful question is, “How can 

we rapidly reduce high environmental burdens while supporting those most affected by the transition?” In 

low and middle income countries a reasonable question is, “What can we do now to better meet human 

needs without placing undue additional burdens on the environment?” These are the questions addressed 

by research on environment-economy links. 

Within the broad area of environment-economy interactions, this paper specifically addresses the design 

of environmental-macroeconomic policy models. Such models can be placed in two broad categories: 

those that started as biophysically-based models and added economic elements (“bottom-up” models); 

and those that started as economic model and added environmental elements (“top-down” models). More 

recently, “hybrid” models have sought to benefit from the strengths of each of the two broad designs 

(Hourcade et al. 2006). 

As in most areas of economic policy analysis, the bulk of existing models are informed by neoclassical 

theory. To be sure, natural resources and environmental impacts have been introduced in post-Keynesian 

(e.g., Fontana and Sawyer 2016), Sraffian (e.g., Scazzieri, Baranzini, and Rotondi 2019), and classical 

(Foley, Michl, and Tavani 2019, chap. 18) theory, while Dafermos et al. (2017) embed environmental 

accounts within a stock-flow consistent (SFC) model. Indeed, resource constraints were an overriding 

concern of classical authors, who brought theoretical insights to policy debates of the early 19th century 

(Pasinetti 2019). However, the focus of this paper is on contemporary economic policy analysis, where 

uptake of non-neoclassical approaches has so far been modest. Some of the exceptions will be discussed 

below. 

This paper is written from the author’s perspective, while referring to the broader literature on 

environmental-macroeconomic policy models. The author’s work focuses on energy-economy, water-

economy, and water-energy-food-ecosystem (WEFE) “nexus” models for low- and middle-income 

countries. Given that focus, this paper will not cover the important class of climate-economy models, of 
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which there are many examples, supported by an extensive literature (e.g., see Bernard and Semmler 

2015). Nevertheless, by themselves water and energy raise important issues, including the role of resource 

constraints and the need for sectoral and geographic detail. 

Section 2 provides some background to environmental-economic models. Section 3 offers some general 

considerations for constructing such models. Section 4 surveys the types models in wide use today. 

Section 5 offers some “notes from the field” based on the author’s experience. Section 6 concludes. 

2 Background 
The natural environment interacts with the economy at multiple points. The general position of ecological 

economists is that economies are institutions that sit within societies that are themselves embedded in the 

natural environment. Economic institutions drive and facilitate the extraction and transformation of 

natural resources from geological formations and ecosystems in support of social processes, while 

generating wastes. Further, together with legal institutions, economic institutions control access to the 

natural environment. Such a position encourages a systems approach, viewing the subject matter as 

comprised of interlocking, complex open systems, an orientation that is compatible with both post-

Keynesian and institutionalist traditions (Vatn 2009, 124). Where ecological and post-Keynesian 

economics diverge are, first, on the desirability of economic growth as a policy goal, and, second, on the 

relative scarcity of ecosystem services (Kronenberg 2010, sec. 2.4). 

While the term “environment” will be used in this paper, it is important to note that, following the lead of 

ecologists, many ecological economists – the author included – view “ecosystem function” as a more 

relevant concept for sustainability (although this term is also contested; see Jax and Setälä 2005). 

However, for environmental-macroeconomic planning models, the use of the ecologically uninformed 

term “environment” is arguably appropriate. As made clear by the authors of the draft report on 

Ecosystem Accounting from the UN Committee of Experts on Environmental-Economic Accounting 

(UNCEEA 2021), ecosystems are complex. They are place-based dynamic systems that can be viewed 

from a variety of perspectives: spatial, ecological, societal benefit, asset value, or institutional ownership 

(p. 26). In contrast, the accepted 2012 version of the Central Framework of the System of Environmental-

Economic Accounts (SEEA) focuses modestly on the resource stocks and flows most directly related to 

economic transactions (UN et al. 2014).1 

The core set of accounts for SEEA Central Framework are illustrated in Figure 1. As shown, they consist 

of combined physical and economic accounts, which are linked by prices or price indices. The flows 

illustrated in the physical supply and use table are constrained by biophysical processes, mediated by 

technology. These inform modeling choices for biophysically-based resource models. For example, for 

the flow natural inputs-supply, an agricultural model might feature a biological process model for specific 

crop types combined with water, fertilizer, sowing, harvesting, and post-harvesting technologies; an 

energy model might include crude oil production, combining geology with extraction technology. 

Environment-economy models vary considerably in the level of detail they give to the physical accounts. 

The economic accounts are conventional, and can be incorporated into any kind of economic model, 

whether macroeconometric, computable general equilibrium (CGE), dynamic stochastic general 

equilibrium (DSGE), and others, such as agent-based models (ABM) (see Cohen 2014 for 

macroeconometric and CGE; for DSGE see Sbordone et al. 2010; for ABM see Tesfatsion 2006). Each of 

 

1 The SEEA are under continual development. For methodological updates, see https://seea.un.org/content/seea-

central-framework.  

https://seea.un.org/content/seea-central-framework
https://seea.un.org/content/seea-central-framework
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these types of models has been used to analyze water-economy and energy-economy interactions (Castelli 

et al. 2022). Environmental accounts have also been combined with Kaleckian models (Okuma 2017). 

Therefore, any criticism that can be leveled against each of these types of models in general applies with 

equal force when they are used in environment-economy models. Furthermore, additional critiques may 

apply having to do with the extent to which they can capture environment-economy links. 

 

Figure 1: Connections between SEEA supply and use tables and asset accounts (Source: UN et al. 2014) 

Based on general principles, the class of DSGE models is excluded in this paper. After 2008, even DSGE 

models’ defenders start by explaining their substantial weaknesses (Hurtado 2014; Lindé 2018), and 

DSGE models have been strongly criticized by both post-Keynesian (Marchionatti and Sella 2017) and 

neoclassical (Solow 2008) authors. What is more, their applications to environmental issues remain 

somewhat thin (Castelli et al. 2022, tbl. 1). 

For other reasons, this paper will not discuss ABMs. Despite the existence of large-scale policy-focused 

ABMs, such as EURACE (Deissenberg, van der Hoog, and Dawid 2008) and its successor Eurace@Unibi 

(Dawid et al. 2012), policy-oriented ABMs are highly data-intensive and hence are mainly applied at local 

scale. For now it is enough to note that ABMs appear consistent with post-Keynesian and classical theory 

(Di Guilmi 2017; Fanti 2021). 
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Macroeconometric models follow in the tradition laid down by Lawrence Klein (Klein and Goldberger 

1969; Duggal, Klein, and McCarthy 1974) and Richard Stone (Johansen 1985). These models are 

Keynesian, whether of the “old” Keynesian or post-Keynesian variety. 

Computable general equilibrium (CGE) models, as conventionally developed, have significant limitations 

as well, but they are widely used and represent the dominant “top-down” approach to environmental-

macroeconomic modeling. They therefore provide a useful reference for conventional policy analysis. 

In his own work, the author follows the “structuralist” tradition of Lance Taylor (Taylor 1989; 1990a; 

2004; Ocampo, Rada, and Taylor 2009). The structuralist approach is highly pragmatic, grounded in 

observed conditions, particularly as reflected in the persistent (but ultimately mutable) structures that 

shape economic activity. It is also avowedly post-Keynesian in inspiration. This tradition allows for a 

variety of modeling strategies, including non-neoclassical CGE (Taylor 1990b) and econometrically 

estimated models. The author’s own work is similarly varied, but typically features multiple sectors and 

dynamic processes unfolding in historical time. 

This paper will discuss general issues around energy-economy, water-economy, and related models. It will 

emphasize potential connections to post-Keynesian, Sraffian, and related theory, with reference to the 

author’s work and to dominant models. For top-down environment-economy models, the paper will 

discuss macroeconomic and CGE models. For bottom-up models it will discuss a particularly influential 

bottom-up energy-economy model, ETA-MACRO (Manne 1977), and its successors. 

3 General considerations 
The focus of this paper is on practical policy modeling. However, applied modelers rely on basic 

empirical and theoretical developments for the “building blocks” of their models. This section is therefore 

aimed at both applied modelers and researchers working at more basic levels. It presents some broad 

issues that arise in nearly all cases when developing environmental-macroeconomic models. 

Perhaps the most important consideration is that environmental-macroeconomic interactions are very 

sector-specific. In Klein’s terms, they require “structural” rather than “macro” policies (Klein 1983, 96). 

This points to at least some degree of sectoral disaggregation. Energy and water modelers are well aware 

that there are more or less energy- or water-dependent sectors (Gleick 2003; Worrell, Ramesohl, and Boyd 

2004; Liu, Hertel, and Taheripour 2016). For example, agriculture accounts for around 70% of freshwater 

withdrawals globally,2 a figure that rises to above 90% in several countries.3 Energy-intensive sectors 

include transportation, mining, and heavy industry. 

A further consideration is that patterns of resource production, distribution, and use vary considerably 

between resources. For example, a chronic issue with joint energy-water modeling is that electricity grids 

are not inherently geographically constrained, while water resources are largely confined to river basins 

or groundwater reservoirs, and both are subject to governance at multiple scales (Scott et al. 2011). The 

limits of natural basins can be overcome through inter-basin water transfers, but large-scale transfers are 

usually highly energy-intensive (Gleick 1994). 

Furthermore, effective natural resource management may impose constraints that should be taken into 

account: the need for robust ecosystem function, the role of ecosystems as waste processors, and non-

monetary ecosystem services for humans. Regarding the first of these – ecosystem function – 

 

2 https://www.worldbank.org/en/topic/water-in-agriculture 
3 https://www.fao.org/aquastat/en/ 

https://www.worldbank.org/en/topic/water-in-agriculture
https://www.fao.org/aquastat/en/
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environmental flow requirements may be introduced as constraints in water models (Pastor et al. 2014), 

while energy-water models may restrict outflows of cooling water from thermal power plants (Vliet, 

Vögele, and Rübbelke 2013).4 Regarding the second, discharge of water after use by humans normally 

entails some degree of pollution (Chapra 2008), while fuel combustion generates hazardous by-products.5 

Regarding the last issue, people value ecosystems for aesthetic, spiritual, or other non-market reasons. 

Models may impose constraints on expansion, e.g., for protected areas and reserves. 

For these reasons, among others, macroeconomic models must be tailored to “play well” with 

environmental analyses. They must respect the physical realities that govern resource extraction, 

protection, distribution, and use. They must also acknowledge the ways in which prices are set, a topic 

explored at greater length below. Concretely, this usually means some degree of sectoral disaggregation 

and attention to the multiple ways in which prices are set for resources and resource-dependent goods and 

services. 

4 Models in use today 
This section introduces a few of the top-down, bottom-up, and hybrid models currently in use for 

analyzing water, energy, and related sectors and resources in policy applications. 

4.1 Top-down models 
While most energy-economy models are bottom-up, starting with a physical representation of the energy 

system (Nikas, Doukas, and Papandreou 2019, 30 ff.), top-down models that start with a representation of 

the economy are also used. Of those, CGE models are the most common, particularly for energy 

(Hourcade et al. 2006, 2), although input-output models are a common choice for water-economy models 

as well (Bekchanov et al. 2017). Wing (2011) provides a detailed methodological introduction to CGE 

models for energy and environmental analysis, albeit while repeating common misconceptions about the 

origins and theoretical heritage of CGE models (see Mitra-Kahn 2008). Development of water-economy 

models began more recently than energy-economy models, but they have multiplied rapidly and several 

are of the CGE type (Bekchanov et al. 2017; Briand et al. 2023, 261–62). 

For purposes of exposition, two prominent and related models provide a useful reference: GTAP-E for 

energy (Burniaux and Truong 2002; McDougall and Golub 2009; Peters 2016) and GTAP-W for water 

(Berrittella et al. 2007; Calzadilla, Rehdanz, and Tol 2011). Both are based on the widely-used model of 

the Global Trade Analysis Project (GTAP) hosted at Perdue University;6 indeed, GTAP-W was an 

extension to GTAP-E (Berrittella et al. 2007, 1801). Both models have undergone improvements over 

time. They introduce natural resources by extending the nested production structure built into GTAP. 

As with nearly all CGE models, GTAP is closed by setting prices to clear markets. For this reason, 

resource use in GTAP-E and GTAP-W is mediated by prices. The interest in price responsiveness was, for 

energy models, a response to the 1970s oil crisis. Prior to that date, energy prices were comparatively 

steady, and energy models considered only the impact of economic growth – an exogenous assumption – 

 

4 Thermal power plants are those that heat water to generate steam to drive a turbine, which generates electricity. 

They include coal, oil, and nuclear plants. Modern natural gas plants drive the turbine with the combusted gas, 

hydropower plants drive the turbine with water falling from a higher to a lower elevation, and wind plants drive the 

turbine by means of a rotor driven by wind passing over the wind tower’s blades. Solar plants do not require a 

turbine. 
5 E.g., see https://www.epa.gov/indoor-air-quality-iaq/sources-combustion-products. 
6 https://www.gtap.agecon.purdue.edu/. 

https://www.epa.gov/indoor-air-quality-iaq/sources-combustion-products
https://www.gtap.agecon.purdue.edu/
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on energy demand (Manne, Richels, and Weyant 1979). The energy crises shifted the analytical focus to 

the impact of rising energy prices on economic output, inflation, and employment (Hamilton 1983). 

Following standard neoclassical theory, models sought to understand price-induced complementarity and 

substitutability of inputs. Processes included inter-fuel substitution (e.g., replacing oil with natural gas) 

and, where possible, substitution between energy and capital (Burniaux and Truong 2002, sec. 3.2 & 3.3). 

The GTAP-E developers justify their top-down approach with the aim of providing a “widely accessible” 

energy model (Burniaux and Truong 2002, 27). Their strategy is to provide an extension to an already 

widely-used economic model, GTAP; for GTAP users, this substantially reduces barriers to 

implementation. Energy is introduced in GTAP-E by extending GTAP’s nested production function 

structure. Energy is separated into electricity and non-electricity; substitution occurs between non-

electricity fuels and between electricity and the bundle of all other fuels as a whole, an approach followed 

in other models as well (see the literature reviews in Burniaux and Truong 2002; Peters 2016). The model 

then allows for substitution between capital and the electricity + non-electricity energy composite. With 

such a nested structure, even if capital and energy are complements, capital can be substitutable with 

respect to specific fuels (Burniaux and Truong 2002, 30). 

Most water-economy modeling exercises focus on water constraints (e.g., Freire González 2011; Ortuzar, 

Serrano, and Xabadia 2023). That is true of GTAP-W as well. The GTAP-W modeling team developed a 

set of satellite water accounts for GTAP, calculating physically-based “water intensity coefficients,” or the 

water required to produce one unit of a commodity. GTAP-W simulates the absolute physical constraint 

on water by treating water supply as inelastic. Rationing occurs through a price mechanism, giving rise to 

rents associated with water resources. The water intensity coefficients then change in response to water 

prices. 

4.2 Bottom-up models 
Bottom-up environment-economy models begin with a (bio-)physical (or “engineering”) environmental 

model and then add an economic model to it. A prominent example for energy-environmental analysis is 

the sequence of models that began with ETA-MACRO and then passed through MARKAL-MACRO, 

MESSAGE-MACRO, TIMES-MACRO, and MERGE (Manne 1977; Manne and Wene 1992; Messner 

and Schrattenholzer 2000; Manne and Richels 2005; Loulou, Goldstein, et al. 2016; Loulou, Lehtilä, et al. 

2016). Since it was first implemented as an extension to the physical energy model ETA, the 

macroeconomic model MACRO has undergone some significant changes, but has remained a one-sector 

model with a CES production function that includes capital, labor, and energy; maximization of the 

discounted sum of log consumption net of energy costs to determine an optimal investment pathway; and 

investment expenditure spread over time, so that physical capital can lag investment expenditure by 

several years. MACRO is an optional add-on to the widely-used TIMES energy model, which is a 

detailed bottom-up partial equilibrium model of the energy sector that mixes physical and monetary 

accounts. 

Bottom-up water models tend not to be whole-economy models (Harou et al. 2009; Bekchanov et al. 

2017). They are often called “hydro-economic” models, although the term is also loosely used to mean 

any water-economy model, even top-down CGE models with limited disaggregation of the water sector. 

One (partial) exception, a model by Jonkman et al. (2008) adds an input-output model to a physically-

based and detailed hydrological model. The goal is to understand indirect impacts of flood damage. 

However, the economic model is not dynamic, and does not feature feedbacks to the water model. 
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4.3 Hybrid models 
Hybrid models combine features of both bottom-up and top-down models. A key example is Cambridge 

Econometrics’ E3ME family of models (Pollitt, Chewpreecha, and Summerton 2007; Mercure et al. 

2018). From the start, the set of models were built to simulate Energy-Economy-Environment interactions 

(hence “E3”), and they did so by combining physical energy and environmental models with a 

macroeconometric model. The most recent version includes technology transition sub-models for power 

(electricity), transport, agriculture and heating using the Future Technology Transformations (FTT) 

modeling approach (Mercure 2012). It also includes two biophysically-based models: a detailed land 

productivity model (LPJmL) and a climate model (GENIE 1) (Mercure et al. 2018, fig. 1). 

The E3ME model is characterized by its creators as post-Keynesian.7 The model assumes fundamental 

uncertainty about the future and is driven by effective demand. It features wage bargaining, potential 

underutilization of capacity, Schumpeterian finance (Pollitt and Mercure 2018), and out-of-equilibrium 

dynamics (through error-correction models). It is a highly disaggregated global model that has been 

applied to practical policy analysis in a variety of contexts. 

For water-economy modeling, most hybrid models, as the term is used in this paper, are combined 

physical-CGE models. In the water-economy literature, “hybrid” is often used to mean a mix of 

optimization and simulation. One paper that uses the term in the sense of combining a bottom-up 

engineering model with a top-down economic model is the study of the Grand Ethiopian Renaissance 

Dam by Kahsay et al. (2019). However, the flow is one-way, from the engineering-based partial 

equilibrium model to the GTAP-W CGE model, without subsequent feedback. 

4.4 Critical reflections 
Referring back to the “general considerations” in Section 3, existing top-down and hybrid models do well 

on one important criterion: they are multi-sectoral. Furthermore, all types of models – top-down, bottom-

up, and hybrid – include resource substitution and technological change, and treat investment as occurring 

in historical time, with lags between expenditure and availability of physical capital. Morevoer, bottom-

up and hybrid models often do well at representing the geographic specificity of resources. Thus, taken as 

a whole, the suite of existing models addresses most of the criteria, with hybrid models performing best. 

The main problem with existing top-down models is that the market-clearing price mechanism they 

employ does not “play well” with environmental analysis. In neoclassical environment-economy models, 

consumers and producers are typically treated as “price takers” that maximize their utility (for consumers) 

or profits (for producers) at given prices. However, prices nevertheless do change in the models in order 

to clear the domestic market. This is a standard feature of neoclassical models, but as with any such 

model, it is unclear by what agency the price change occurs, since no agent in the model has the power to 

do so (Fisher 1983, 12). 

What is more, it is well-known who sets prices in many energy and water markets. In the 1980s, when 

rising oil prices drove the change in focus in energy modeling towards price-induced substitution, end-use 

energy markets around the world were substantially regulated (Samouilidis and Mitropoulos 1982). They 

were subsequently deregulated in some high-income countries, but Boyd (2020) argues that the 

deregulated markets are not well described by purely competitive models. In low- and middle-income 

countries, consumer energy prices continue to be regulated (Jamasb 2006), driven by concerns over 

affordability (Fankhauser and Tepic 2007; Winkler et al. 2011) and social acceptability (Williams and 

 

7 https://www.e3me.com/features/approach/ 
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Ghanadan 2006). Water markets continue to be strongly regulated nearly everywhere. This puts the main 

adjustment mechanism for these models – market-clearing prices – in question. 

A further problem shared by MARKAL-TIMES and GTAP is that they rely on aggregate production 

functions, which are known not to exist (Fisher 1969; Felipe and McCombie 2013; Harcourt, Cohen, and 

Mata 2022). This critique is well-known to post-Keynesians and will not be rehearsed here. 

5 Notes from the field 
Sustainability and resource planning by national and sub-national governments has created a demand for 

environmental-economic modeling. The demand has been met primarily by adapting pre-existing models. 

Three examples were provided above: extending CGE models in a top-down fashion, exemplified by 

GTAP-E and GTAP-W; adding a comparatively thin macroeconomic layer on top of detailed physical 

models, exemplified by MARKAL-MACRO; and combining detailed physical models with a modified 

version of an existing economic model, exemplified by E3ME. 

5.1 The AMES model 
The author has built several models to respond to issues raised by partners in low- and middle-income 

countries. Most are project-specific, but one, the Adaptable Macroeconomic Extension for Sustainability 

analysis (AMES) is a general model that is being applied in multiple projects (Kemp-Benedict 

forthcoming).8 AMES is an relatively new open-source model that is designed to work together with the 

Low Emissions Analysis Platform (LEAP), a widely-used physically-based energy modeling platform that 

has been in development for over two decades.9 AMES supports links to other models as well. These 

additional features are being used by the author to link AMES and LEAP together with the Water 

Evaluation And Planning (WEAP) water and land-use planning and modeling platform.10 

AMES is a multi-sector post-Keynesian (structuralist) macroeconomic model. Domestic prices in AMES 

are set as a markup on costs, while wages are determined by a simplified conflict-based model. AMES 

can be run independently, but is not designed as an economic policy model. Rather, it is designed to 

provide economic drivers to LEAP and other models, and to accept physically-based drivers from LEAP 

and other models. In particular, public energy investment in LEAP adds to investment as simulated in 

AMES using an investment function. The author is currently implementing a link to WEAP by passing 

crop production and sectoral water constraints from WEAP to AMES. 

The design strategy for AMES is to rely as much as possible to the physically-based models while 

ensuring consistency at the whole-economy level. Because the economic accounts in AMES are closed by 

quantity adjustment in each year, while prices change between years, linking to physically-based models 

is reasonably straightforward. It is much more challenging to follow the currently dominant approach of 

linking physical and economic models when price adjustment is used to close the economic model; 

fortunately, quantity and not price adjustment appears to rule in reality. 

Building a dynamic multi-sector model raises both opportunities and challenges. Prices must be tracked 

by sector, and the structure of production can change due to changing demand patterns, technology, and 

trade. The author followed both the post-Keynesian and Sraffian literature, adding to the literature where 

there are gaps, particularly around technological change (Kemp-Benedict 2019; 2022). 

 

8 The AMES model is thoroughly documented online: https://sei-international.github.io/AMES.jl/stable/. 
9 See: https://leap.sei.org/. 
10 See: https://weap.sei.org/. 

https://sei-international.github.io/AMES.jl/stable/
https://leap.sei.org/
https://weap.sei.org/
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5.2 General observations 
Building environment-economy models requires cross-disciplinary collaboration. In the author’s 

experience, most energy and water experts have been taught elements of neoclassical micro-theory, but 

are strongly grounded in the physical reality of the resources and systems that they study. What they look 

for in an economic model is plausibility and relevance, and they do not much care about schools of 

thought. They are happier with bottom-up and hybrid models than they are with top-down models. 

Similarly, analysts in planning agencies are interested in plausibility and relevance. For them, relevance 

means both that the model provides variables of interest – particularly employment, growth, and trade – 

and accepts inputs that coincide with proposed initiatives in national, regional, and sectoral plans. 

Plausibility and relevance are the key goals of structuralist analysis in the tradition of Taylor (2004) 

(Gibson 2003). They therefore offer promising entry points for economists working in post-Keynesian 

and Sraffian traditions. However, policy audiences also demand credibility from their models, and that 

can be a stumbling block. 

Credibility is conferred in at least three different, sometimes competing, ways: longevity, authority, and 

goodness-of-fit. Of these, longevity is most desirable, because it requires the least evaluation by the 

potential model user. That is why GTAP-based models, the descendants of ETA-MACRO, and E3ME are 

so widely used. For models with a shorter history, authority is best. This could be because of the 

prominence of the model developer (a Nobel Memorial Prize helps) or because it aligns with prevailing 

economic convention. Both of these criteria are problematic for non-neoclassical models, with the 

exception of E3ME. 

Failing the first two criteria, goodness-of-fit remains. CGE models either do poorly on this count, or they 

do not even attempt to perform well, as they are often “calibrated” to a single reference year. This 

provides an opening for alternative approaches. 

A further consideration for potential model users – although subordinate to plausibility, relevance, and 

credibility – is accessibility. Many planning agencies, particularly in low- and middle-income countries, 

wish to develop their own in-house capacity. That is the main reason that AMES is an open-source model 

(the other is transparency). It is worth noting that many of the integrated assessment models used for 

climate policy are open source as well, although they were not the focus of this paper. In contrast, the 

models reviewed in this paper are not free of charge and can be quite costly. Users must purchase a 

license to and MARKAL-TIMES, but they then usually run the model themselves. E3ME is available for 

license but the developers strongly urge potential users to hire the E3ME team to run the model. 

6 Conclusion 
There is a demand for environmental-economic models for policy analysis. Potential users are 

overwhelmingly pragmatic, and will evaluate models for their plausibility, relevance, credibility, and (if 

the others are satisfied), accessibility. This provides ample opportunity for models based on post-

Keynesian, Sraffian, and related traditions. 

Nevertheless, the road is steep and strewn with obstacles. Many of the obstacles arise from the 

practicalities of linking physical and economic models: environment-economy models must respect the 

physical reality of natural resources, must nearly always be multi-sector, and must perform well when 

compared to historical data. Other obstacles arise from the need to establish credibility. Without invoking 

doctrinal disputes, which leave policy audiences cold, anyone providing a new non-neoclassical model 
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must overcome the drawbacks of newness and unconventionality. The best remaining argument is model 

performance. 

While building practical policy models is hard, it is made easier if suitable model components are ready to 

hand. Post-Keynesian theory offers considerable insight into the determination of prices, investment, 

wages, interest rates, and other key variables. Sraffian theory has much to say about price formation in a 

multi-sector setting, as well as the structural impact of changing demand and technology. Nevertheless, 

theory remains somewhat thin when it comes to specific resources and other environmental concerns. 

The literature on energy-economy and water-economy models, which is dominated by neoclassical 

models, grapples earnestly with the problems inherent in linking physical and economic models. While 

post-Keynesians and Sraffians may reject the economic assumptions, the problems described in that 

literature remain to be solved. It provides a rich resource, spread through specialist energy and water 

journals, for clues and guides to areas where post-Keynesian, Sraffian, and related theory can be further 

developed. 

7 References 
Bekchanov, Maksud, Aditya Sood, Alisha Pinto, and Marc Jeuland. 2017. “Systematic Review of Water-

Economy Modeling Applications.” Journal of Water Resources Planning and Management 143 

(8): 04017037. https://doi.org/10.1061/(ASCE)WR.1943-5452.0000793. 

Bernard, Lucas, and Willi Semmler, eds. 2015. The Oxford Handbook of the Macroeconomics of Global 

Warming. Oxford: Oxford University Press. 

Berrittella, Maria, Arjen Y. Hoekstra, Katrin Rehdanz, Roberto Roson, and Richard S. J. Tol. 2007. “The 

Economic Impact of Restricted Water Supply: A Computable General Equilibrium Analysis.” 

Water Research 41 (8): 1799–1813. https://doi.org/10.1016/j.watres.2007.01.010. 

Boyd, William. 2020. “Ways of Price Making and the Challenge of Market Governance in U.S. Energy 

Law.” Minnesota Law Review 105 (2): 739–830. 

Briand, Anne, Arnaud Reynaud, Franck Viroleau, Vasileos Markantonis, and Giuliana Branciforti. 2023. 

“Assessing the Macroeconomic Effects of Water Scarcity in South Africa Using a CGE Model.” 

Environmental Modeling & Assessment 28 (2): 259–72. https://doi.org/10.1007/s10666-023-

09883-4. 

Burniaux, Jean-Marc, and Truong Truong. 2002. “GTAP-E: An Energy-Environmental Version of the 

GTAP Model.” GTAP Technical Paper Series. GTAP Technical Paper Series. GTAP Technical 

Paper. https://doi.org/10.21642/GTAP.TP16. 

Calzadilla, Alvaro, Katrin Rehdanz, and Richard S.J. Tol. 2011. “Water Scarcity and the Impact of 

Improved Irrigation Management: A Computable General Equilibrium Analysis.” Agricultural 

Economics 42 (3): 305–23. https://doi.org/10.1111/j.1574-0862.2010.00516.x. 

Castelli, Chiara, Marta Castellini, Emanuele Ciola, Camilla Gusperti, Ilenia G. Romani, and Sergio 

Vergalli. 2022. “A Review of Macroeconomic Models for the WEFE Nexus Assessment.” 

035.2022. FEEM Working Paper Series. Milan, Italy: Fondazione Eni Enrico Mattei. 

https://www.feem.it/publications/a-review-of-macroeconomic-models-for-the-wefe-nexus-

assessment/. 

Chapra, Steven C. 2008. Surface Water-Quality Modeling. Reissued. Long Grove, Ill: Waveland Press. 

Cohen, Solomon I. 2014. Economic Models for Policy Making: Principles and Designs Revisited. 

Routledge Frontiers of Political Economy 161. London: Routledge. 

Dafermos, Yannis, Maria Nikolaidi, and Giorgos Galanis. 2017. “A Stock-Flow-Fund Ecological 

Macroeconomic Model.” Ecological Economics 131 (January): 191–207. 

https://doi.org/10.1016/j.ecolecon.2016.08.013. 



12 

 

Dawid, Herbert, Simon Gemkow, Philipp Harting, Sander van der Hoog, and Michael Neugart. 2012. 

“The Eurace@Unibi Model: An Agent-Based Macroeconomic Model for Economic Policy 

Analysis.” SSRN Scholarly Paper. Rochester, NY. https://doi.org/10.2139/ssrn.2408969. 

Deissenberg, Christophe, Sander van der Hoog, and Herbert Dawid. 2008. “EURACE: A Massively 

Parallel Agent-Based Model of the European Economy.” Applied Mathematics and Computation, 

Special Issue on New Approaches in Dynamic Optimization to Assessment of Economic and 

Environmental Systems, 204 (2): 541–52. https://doi.org/10.1016/j.amc.2008.05.116. 

Di Guilmi, Corrado. 2017. “The Agent-Based Approach to Post Keynesian Macro-Modeling.” Journal of 

Economic Surveys 31 (5): 1183–1203. https://doi.org/10.1111/joes.12244. 

Duggal, Vijaya G., Lawrence R. Klein, and Michael D. McCarthy. 1974. “The Wharton Model Mark III: 

A Modern IS-LM Construct.” International Economic Review 15 (3): 572–94. 

https://doi.org/10.2307/2525728. 

Fankhauser, Samuel, and Sladjana Tepic. 2007. “Can Poor Consumers Pay for Energy and Water? An 

Affordability Analysis for Transition Countries.” Energy Policy 35 (2): 1038–49. 

https://doi.org/10.1016/j.enpol.2006.02.003. 

Fanning, Andrew L., Daniel W. O’Neill, Jason Hickel, and Nicolas Roux. 2022. “The Social Shortfall and 

Ecological Overshoot of Nations.” Nature Sustainability 5 (1): 26–36. 

https://doi.org/10.1038/s41893-021-00799-z. 

Fanti, Lucrezia. 2021. “‘Kaldor Facts’ and the Decline of Wage Share: An Agent Based-Stock Flow 

Consistent Model of Induced Technical Change along Classical and Keynesian Lines.” Journal of 

Evolutionary Economics 31 (2): 379–415. https://doi.org/10.1007/s00191-020-00686-4. 

Felipe, Jesus, and John S. L. McCombie. 2013. The Aggregate Production Function and the Measurement 

of Technical Change: “Not Even Wrong.” Cheltenham UK: Edward Elgar. 

Fisher, Franklin M. 1969. “The Existence of Aggregate Production Functions.” Econometrica 37 (4): 

553–77. https://doi.org/10.2307/1910434. 

———. 1983. Disequilibrium Foundations of Equilibrium Economics. Cambridge, UK: Cambridge 

University Press. 

Foley, Duncan K., Thomas R. Michl, and Daniele Tavani. 2019. Growth and Distribution. 2nd ed. 

Cambridge, MA, US: Harvard University Press. 

Fontana, Giuseppe, and Malcolm Sawyer. 2016. “Towards Post-Keynesian Ecological Macroeconomics.” 

Ecological Economics 121 (January): 186–95. https://doi.org/10.1016/j.ecolecon.2015.03.017. 

Freire González, Jaume. 2011. “Assessing the Macroeconomic Impact of Water Supply Restrictions 

through an Input–Output Analysis.” Water Resources Management 25 (9): 2335–47. 

https://doi.org/10.1007/s11269-011-9811-4. 

Gibson, Bill. 2003. “An Essay on Late Structuralism.” In Development Economics and Structuralist 

Macroeconomics: Essays in Honor of Lance Taylor, edited by Amitava Krishna Dutt and Jaime 

Ros, 52–76. Edward Elgar. http://www.uvm.edu/~wgibson/Research/tay.pdf. 

Gleick, Peter H. 1994. “Water and Energy.” Annual Review of Energy and the Environment 19 (1): 267–

99. 

———. 2003. “Water Use.” Annual Review of Environment and Resources 28 (1): 275–314. 

https://doi.org/10.1146/annurev.energy.28.040202.122849. 

Hamilton, James D. 1983. “Oil and the Macroeconomy since World War II.” Journal of Political 

Economy 91 (2): 228–48. https://doi.org/10.2307/1832055. 

Harcourt, G. C., Avi J. Cohen, and Tiago Mata. 2022. Some Cambridge Controversies in the Theory of 

Capital. Fiftieth anniversary edition. Cambridge, United Kingdom ; New York, NY: Cambridge 

University Press. 

Harou, Julien J., Manuel Pulido-Velazquez, David E. Rosenberg, Josué Medellín-Azuara, Jay R. Lund, 

and Richard E. Howitt. 2009. “Hydro-Economic Models: Concepts, Design, Applications, and 

Future Prospects.” Journal of Hydrology 375 (3): 627–43. 

https://doi.org/10.1016/j.jhydrol.2009.06.037. 



13 

 

Hourcade, Jean Charles, Mark Jaccard, Chris Bataille, and Frédéric Ghersi. 2006. “Hybrid Modeling: 

New Answers to Old Challenges.” The Energy Journal 2 (Special issue): 1–12. 

Hurtado, Samuel. 2014. “DSGE Models and the Lucas Critique.” Economic Modelling, XVI edition of 

the Applied Economics Meeting, 44 (January): S12–19. 

https://doi.org/10.1016/j.econmod.2013.12.002. 

Jamasb, Tooraj. 2006. “Between the State and Market: Electricity Sector Reform in Developing 

Countries.” Utilities Policy 14 (1): 14–30. https://doi.org/10.1016/j.jup.2004.11.001. 

Jax, Kurt, and Heikki Setälä. 2005. “Function and ‘Functioning’ in Ecology: What Does It Mean?” Oikos 

111 (3): 641–48. 

Johansen, Leif. 1985. “Richard Stone’s Contributions to Economics.” The Scandinavian Journal of 

Economics 87 (1): 4–32. https://doi.org/10.2307/3439790. 

Jonkman, S. N., M. Bočkarjova, M. Kok, and P. Bernardini. 2008. “Integrated Hydrodynamic and 

Economic Modelling of Flood Damage in the Netherlands.” Ecological Economics, Special 

Section: Integrated Hydro-Economic Modelling for Effective and Sustainable Water 

Management, 66 (1): 77–90. https://doi.org/10.1016/j.ecolecon.2007.12.022. 

Kahsay, Tewodros Negash, Diane Arjoon, Onno Kuik, Roy Brouwer, Amaury Tilmant, and Pieter van der 

Zaag. 2019. “A Hybrid Partial and General Equilibrium Modeling Approach to Assess the Hydro-

Economic Impacts of Large Dams – The Case of the Grand Ethiopian Renaissance Dam in the 

Eastern Nile River Basin.” Environmental Modelling & Software 117 (July): 76–88. 

https://doi.org/10.1016/j.envsoft.2019.03.007. 

Kemp-Benedict, Eric. 2019. “Cost Share-Induced Technological Change and Kaldor’s Stylized Facts.” 

Metroeconomica 70 (1): 2–23. https://doi.org/10.1111/meca.12223. 

———. 2022. “A Classical-Evolutionary Model of Technological Change.” Journal of Evolutionary 

Economics 32 (4): 1303–43. https://doi.org/10.1007/s00191-022-00792-5. 

———. forthcoming. “AMES: A Model for Energy, Economic and Environmental Assessment.” SEI 

Working Paper. Stockholm, Sweden: Stockholm Environment Institute. 

Klein, Lawrence R. 1983. The Economics of Supply and Demand. The Royer Lectures. Baltimore, Md: 

Johns Hopkins University Press. 

Klein, Lawrence R., and A. S. Goldberger. 1969. An Econometric Model of the United States. 

Contributions to Economic Analysis, IX. Amsterdam, the Netherlands: North-Holland Publishing 

Company. 

Kronenberg, Tobias. 2010. “Finding Common Ground between Ecological Economics and Post-

Keynesian Economics.” Ecological Economics 69 (7): 1488–94. 

https://doi.org/10.1016/j.ecolecon.2010.03.002. 

Lindé, Jesper. 2018. “DSGE Models: Still Useful in Policy Analysis?” Oxford Review of Economic Policy 

34 (1–2): 269–86. https://doi.org/10.1093/oxrep/grx058. 

Liu, Jing, Thomas Hertel, and Farzad Taheripour. 2016. “Analyzing Future Water Scarcity in Computable 

General Equilibrium Models.” Water Economics and Policy 02 (04): 1650006. 

https://doi.org/10.1142/S2382624X16500065. 

Loulou, Richard, Gary Goldstein, Amit Kanudia, Antti Lettila, and Uwe Remme. 2016. “Documentation 

for the TIMES Model: Part I.” https://iea-etsap.org/docs/Documentation_for_the_TIMES_Model-

Part-I_July-2016.pdf. 

Loulou, Richard, Antti Lehtilä, Amit Kanudia, Uwe Remme, and Gary Goldstein. 2016. “Documentation 

for the TIMES Model: Part II.” https://iea-

etsap.org/docs/Documentation_for_the_TIMES_Model-Part-II_July-2016.pdf. 

Manne, Alan S. 1977. “ETA-MACRO: A Model of Energy-Economy Interactions.” NASA STI/Recon 

Technical Report N 78 (December). http://adsabs.harvard.edu/abs/1977STIN...7826612M. 

Manne, Alan S., and Richard G. Richels. 2005. “MERGE: An Integrated Assessment Model for Global 

Climate Change.” In Energy and Environment, edited by Richard Loulou, Jean-Philippe Waaub, 

and Georges Zaccour, 175–89. Boston, MA: Springer US. https://doi.org/10.1007/0-387-25352-

1_7. 



14 

 

Manne, Alan S., Richard G. Richels, and John P. Weyant. 1979. “Energy Policy Modeling: A Survey.” 

Operations Research 27 (1): 1–36. 

Manne, Alan S., and Clas-Otto Wene. 1992. “MARKAL-MACRO: A Linked Model for Energy-Economy 

Analysis.” BNL-47161. Upton, NY, US: Brookhaven National Laboratory. 

https://doi.org/10.2172/5653940. 

Marchionatti, Roberto, and Lisa Sella. 2017. “Is Neo-Walrasian Macroeconom(Etr)Ics a Dead End? An 

Assessment of Recent Criticisms of DSGE Models.” Journal of Post Keynesian Economics 40 

(4): 441–69. https://doi.org/10.1080/01603477.2017.1319250. 

McDougall, Robert, and Alla Golub. 2009. “GTAP-E: A Revised Energy-Environmental Version of the 

GTAP Model.” GTAP Research Memorandum 15. GTAP Research Memorandum. GTAP. 

http://www.gtap.agecon.purdue.edu/resources/res_display.asp?RecordID=2959. 

Mercure, Jean-François. 2012. “FTT:Power : A Global Model of the Power Sector with Induced 

Technological Change and Natural Resource Depletion.” Energy Policy, Special Section: 

Frontiers of Sustainability, 48 (September): 799–811. https://doi.org/10.1016/j.enpol.2012.06.025. 

Mercure, Jean-François, Hector Pollitt, Neil R. Edwards, Philip B. Holden, Unnada Chewpreecha, Pablo 

Salas, Aileen Lam, Florian Knobloch, and Jorge E. Vinuales. 2018. “Environmental Impact 

Assessment for Climate Change Policy with the Simulation-Based Integrated Assessment Model 

E3ME-FTT-GENIE.” Energy Strategy Reviews 20 (April): 195–208. 

https://doi.org/10.1016/j.esr.2018.03.003. 

Messner, Sabine, and Leo Schrattenholzer. 2000. “MESSAGE–MACRO: Linking an Energy Supply 

Model with a Macroeconomic Module and Solving It Iteratively.” Energy 25 (3): 267–82. 

https://doi.org/10.1016/S0360-5442(99)00063-8. 

Mitra-Kahn, Benjamin H. 2008. “Debunking the Myths of Computable General Equilibrium Models.” 

Working Paper 2008–1. SCEPA Working Paper. New York, NY, US: The New School for Social 

Research. 

http://www.newschool.edu/scepa/publications/workingpapers/SCEPA%20Working%20Paper%20

2008-1%20Kahn.pdf. 

Nikas, Alexandros, Haris Doukas, and Andreas Papandreou. 2019. “A Detailed Overview and Consistent 

Classification of Climate-Economy Models.” In Understanding Risks and Uncertainties in 

Energy and Climate Policy: Multidisciplinary Methods and Tools for a Low Carbon Society, 

edited by Haris Doukas, Alexandros Flamos, and Jenny Lieu, 1–54. Cham, Swtizerland: Springer 

International Publishing. https://doi.org/10.1007/978-3-030-03152-7. 

Ocampo, José Antonio, Codrina Rada, and Lance Taylor. 2009. Growth and Policy in Developing 

Countries: A Structuralist Approach. New York, NY, US: Columbia University Press. 

Okuma, Kazuhiro. 2017. The Evolving Relationship between Economy and Environment: Theory and the 

Japanese Experience. 1st ed. 2017. Evolutionary Economics and Social Complexity Science 8. 

Singapore: Springer Singapore : Imprint: Springer. https://doi.org/10.1007/978-981-10-4100-6. 

O’Neill, Daniel W., Andrew L. Fanning, William F. Lamb, and Julia K. Steinberger. 2018. “A Good Life 

for All within Planetary Boundaries.” Nature Sustainability 1 (2): 88–95. 

https://doi.org/10.1038/s41893-018-0021-4. 

Ortuzar, Iban, Ana Serrano, and Àngels Xabadia. 2023. “Macroeconomic Impacts of Water Allocation 

under Droughts. Accounting for Global Supply Chains in a Multiregional Context.” Ecological 

Economics 211 (September): 107904. https://doi.org/10.1016/j.ecolecon.2023.107904. 

Pasinetti, Luigi L. 2019. “On the Origin of the Theory of Rent in Economics.” In Resources, Production 

and Structural Dynamics, edited by Mauro Baranzini, Claudia Rotondi, and Roberto Scazzieri, 

35–52. Cambridge, UK New York, USA Port Melbourne,Australia New Dehli, India Singapore: 

Cambridge Univ. Press. 

Pastor, A. V., F. Ludwig, H. Biemans, H. Hoff, and P. Kabat. 2014. “Accounting for Environmental Flow 

Requirements in Global Water Assessments.” Hydrology and Earth System Sciences 18 (12): 

5041–59. https://doi.org/10.5194/hess-18-5041-2014. 



15 

 

Peters, Jeffrey C. 2016. “GTAP-E-Power: An Electricity-Detailed Economy-Wide Model.” Journal of 

Global Economic Analysis 1 (2): 156–87. https://doi.org/10.21642/JGEA.010204AF. 

Pollitt, Hector, Unnada Chewpreecha, and Philip Summerton. 2007. “E3ME: An Energy–Environment–

Economy Model for Europe.” Cambridge Econometrics Ltd., UK. 

Pollitt, Hector, and Jean-Francois Mercure. 2018. “The Role of Money and the Financial Sector in 

Energy-Economy Models Used for Assessing Climate and Energy Policy.” Climate Policy 18 (2): 

184–97. https://doi.org/10.1080/14693062.2016.1277685. 

Raworth, Kate. 2017. Doughnut Economics: Seven Ways to Think like a 21st Century Economist. White 

River Junction, Vermont: Chelsea Green Publishing. 

Rockström, Johan, Will Steffen, Kevin Noone, Asa Persson, F. Stuart Chapin III, Eric F. Lambin, Timothy 

M. Lenton, and et al. 2009. “Planetary Boundaries: Exploring the Safe Operating Space for 

Humanity.” Ecology and Society 14 (2). http://www.ecologyandsociety.org/vol14/iss2/art32/. 

Samouilidis, J. Emmanuel, and Costas S. Mitropoulos. 1982. “Energy-Economy Models: A Survey.” 

European Journal of Operational Research, Fourth EURO IV special issue, 11 (3): 222–32. 

https://doi.org/10.1016/0377-2217(82)90246-6. 

Sbordone, Argia M., Andrea Tambalotti, Krishna Rao, and Kieran James Walsh. 2010. “Policy Analysis 

Using DSGE Models: An Introduction.” SSRN Scholarly Paper. Rochester, NY. 

https://doi.org/10.2139/ssrn.1692896. 

Scazzieri, Roberto, Mauro Baranzini, and Claudia Rotondi. 2019. “Resources, Scarcities, and Rents: 

Technological Interdependence and the Dynamics of Socio-Economic Structures.” In Resources, 

Production and Structural Dynamics, edited by Mauro Baranzini, Claudia Rotondi, and Roberto 

Scazzieri, 427–84. Cambridge, UK New York, USA Port Melbourne,Australia New Dehli, India 

Singapore: Cambridge Univ. Press. 

Scott, Christopher A., Suzanne A. Pierce, Martin J. Pasqualetti, Alice L. Jones, Burrell E. Montz, and 

Joseph H. Hoover. 2011. “Policy and Institutional Dimensions of the Water–Energy Nexus.” 

Energy Policy, Sustainability of biofuels, 39 (10): 6622–30. 

https://doi.org/10.1016/j.enpol.2011.08.013. 

Solow, Robert. 2008. “The State of Macroeconomics.” The Journal of Economic Perspectives 22 (1): 

243–46. 

Steffen, Will, Katherine Richardson, Johan Rockstrom, Sarah Cornell, Ingo Fetzer, Elena M. Bennett, 

Stephen R. Carpenter, et al. 2015. “Planetary Boundaries: Guiding Human Development on a 

Changing Planet.” Science 347 (6223). https://doi.org/10.1126/science.1259855. 

Taylor, Lance. 1989. Stabilization and Growth in Developing Countries: A Structuralist Approach. Chur, 

Switzerland: Taylor & Francis. 

———, ed. 1990a. Socially Relevant Policy Analysis: Structuralist Computable General Equilibrium 

Models for the Developing World. Cambridge, MA, US: MIT Press. 

http://www.newschool.edu/scepa/papers/archive/taylor.pdf. 

———. 1990b. “Structuralist CGE Models.” In Socially Relevant Policy Analysis: Structuralist 

Computable General Equilibrium Models for the Developing World, edited by Lance Taylor, 1–

70. Cambridge, MA, US: MIT Press. http://www.newschool.edu/scepa/papers/archive/taylor.pdf. 

———. 2004. Reconstructing Macroeconomics: Structuralist Proposals and Critiques of the Mainstream. 

Cambridge, MA: Harvard University Press. http://site.ebrary.com/id/10328835. 

Tesfatsion, Leigh. 2006. “Chapter 16 Agent-Based Computational Economics: A Constructive Approach 

to Economic Theory.” In Handbook of Computational Economics, edited by L. Tesfatsion and 

K.L. Judd, Volume 2:831–80. Elsevier. 

http://www.sciencedirect.com/science/article/pii/S1574002105020162. 

UN, EU, FAO, IMF, OECD, and World Bank. 2014. System of Environmental-Economic Accounting 

2012: Central Framework. New York, NY, US: United Nations. 

UNCEEA. 2021. “System of Environmental-Economic Accounting— Ecosystem Accounting (SEEA 

EA).” White cover pre-edited. New York, NY, US: The United Nations Committee of Experts on 

Environmental-Economic Accounting. https://seea.un.org/ecosystem-accounting. 



16 

 

UNEP/UNCTAD. 1975. “The Cocoyoc Declaration.” International Organization 29 (3): 893–901. 

Vatn, Arild. 2009. “Combining Post Keynesian,, Ecological and Institutional Economics Perspectives.” In 

Post Keynesian and Ecological Economics: Confronting Environmental Issues, edited by Richard 

P. F. Holt, Steven Pressman, and Clive L. Spash, 114–38. Cheltenham, UK ; Northhampton, MA: 

Edward Elgar. 

Vliet, Michelle T. H., Stefan Vögele, and Dirk Rübbelke. 2013. “Water Constraints on European Power 

Supply under Climate Change: Impacts on Electricity Prices.” Environmental Research Letters 8 

(3): 035010. https://doi.org/10.1088/1748-9326/8/3/035010. 

Williams, J. H., and R. Ghanadan. 2006. “Electricity Reform in Developing and Transition Countries: A 

Reappraisal.” Energy, Electricity Market Reform and Deregulation, 31 (6): 815–44. 

https://doi.org/10.1016/j.energy.2005.02.008. 

Wing, Ian Sue. 2011. “Computable General Equilibrium Models for the Analysis of Energy and Climate 

Policies.” In Research Tools in Natural Resource and Environmental Economics, edited by 

Amitrajeet A. Batabyal and Peter Nijkamp. Hackensack, NJ, US: World Scientific. 

Winkler, Harald, André Felipe Simões, Emilio Lèbre la Rovere, Mozaharul Alam, Atiq Rahman, and 

Stanford Mwakasonda. 2011. “Access and Affordability of Electricity in Developing Countries.” 

World Development, Microfinance: Its Impact, Outreach, and Sustainability, 39 (6): 1037–50. 

https://doi.org/10.1016/j.worlddev.2010.02.021. 

Worrell, Ernst, Stephan Ramesohl, and Gale Boyd. 2004. “Advances in Energy Forecasting Models Based 

on Engineering Economics.” Annual Review of Environment and Resources 29 (1): 345–81. 

https://doi.org/10.1146/annurev.energy.29.062403.102042. 

 

 


