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How to think about Climate Policy?

Figure 1: Climate policy can have negative impacts on jobs and the
macroeconomy... But so can climate change!!!
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What is Environmental Macroeconomics?

Definition: Environmental macroeconomics studies the interactions
between the environment and the economy at the aggregate level,
incorporating environmental constraints into macroeconomic analysis.

Key Focus Areas:
Climate change and economic growth.
The role of natural resources in production and consumption.
Transition to sustainable energy systems.
Policy tools: carbon taxes, cap-and-trade, and green investments.

Core Questions:
How do environmental constraints affect long-term growth?
What is the economic impact of environmental degradation?
How can macroeconomic policy address environmental challenges?

Models: Integration of environmental considerations into models like
Solow, endogenous growth, and DSGE models.
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Comparing Ecological and Neoclassical
Economics

Focus:
Ecological Economics: Emphasizes sustainability, ecosystems, and
equity.
Neoclassical Economics: Prioritizes efficiency, markets, and economic
growth.

View of the Economy:
Ecological Economics: Views the economy as embedded within the
environment, dependent on natural systems.
Neoclassical Economics: Treats the economy as separate from the
environment, focusing on markets and human production.

Assumptions:
Ecological Economics: Recognizes finite resources and non-linear
ecological dynamics.
Neoclassical Economics: Assumes infinite substitutability and
equilibrium in markets.

Environmental Macro Golden 3 / 61



Overview of Environmental Macro Growth Models Integrated Assessment Models Trade Models ESG Investing Conclusion

Comparing Ecological to neoclassical economics

Policy Goals:

Ecological Economics: Aims for long-term ecological balance and
sustainable development.
Neoclassical Economics: Seeks to maximize utility, GDP growth, and
market efficiency.

Approaches to Resources:

Ecological Economics: Focuses on conservation and acknowledging
biophysical limits.
Neoclassical Economics: Relies on market mechanisms and pricing to
allocate resources.

Tools and Methods:

Ecological Economics: Uses system dynamics, interdisciplinary
approaches, and precautionary principles.
Neoclassical Economics: Employs cost-benefit analysis, optimization,
and marginal analysis.
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Green GDP: Redefining Economic Progress

What is Green GDP?

Adjusted measure of Gross Domestic Product (GDP) that accounts
for:

Environmental degradation.
Depletion of natural resources.

Reflects the true sustainability of economic growth.

Formula:
Green GDP = GDP− Environmental Costs

Environmental costs include pollution damage, deforestation, soil
erosion, etc.
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Green GDP over Time

Figure 2: Is this the right adjustment?
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Green National Accounts: Beyond GDP

What are Green National Accounts?

Expanded national accounting systems that include environmental
and resource-related factors.
Complements traditional metrics like GDP by integrating:

Depletion of natural capital.
Ecosystem services.
Environmental damage costs.

Components:
Adjusted Net Savings (ANS):

Net savings adjusted for resource depletion and pollution damage.
Environmental Asset Accounts:

Tracks stock and changes in natural resources (e.g., forests, water).
Ecosystem Service Accounts:

Measures benefits from ecosystem functions (e.g., carbon
sequestration).

Policy Applications:

Guide sustainable development policies.
Inform decisions on resource management and conservation.
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Macroeconomic Impacts of Climate Change

Economic Growth:
Reduced productivity due to extreme weather events.
Lower agricultural yields and resource availability.
Strain on infrastructure and higher reconstruction costs.

Labor Markets:
Shifts in labor demand across sectors (e.g., from fossil fuels to
renewables).
Decline in labor supply due to health impacts and migration.

Global Inequality:
Disproportionate impacts on developing economies.
Amplification of existing wealth and income disparities.

Investment and Innovation:
Accelerated investment in green technologies and energy systems.
Stranded assets in carbon-intensive industries.
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Value of Macroeconomic Models of Climate
Change Impacts

Understanding Long-Term Growth:
Assess the interplay between economic growth and environmental
degradation.
Evaluate the potential for decoupling growth from emissions.

Policy Design and Evaluation:
Test the effectiveness of carbon taxes, subsidies, and cap-and-trade
systems.
Identify trade-offs between growth, equity, and sustainability.

Risk Assessment:
Quantify the economic costs of extreme events and gradual changes.
Provide insights into systemic risks to financial stability.

Guiding Investment:
Inform optimal allocation of resources toward mitigation and
adaptation.
Support decisions on infrastructure and innovation priorities.
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Solow-Swan Growth Model with Natural
Resources

Objective: Analyze the role of natural resources in long-term economic
growth.

Extension of the Solow-Swan model to include exhaustible or
renewable resources.

Key focus:
How resource constraints impact long-term growth.
Conditions for sustainable growth.

Production Function:
Yt = F (Kt , Lt ,Rt)

Kt : Capital, Lt : Labor, Rt : Resource input.

Assumption: Resources are necessary for production (FR > 0).
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Exhaustible Resources in the Solow-Swan Model

Key Insights:

Exhaustible resources (e.g., oil, coal) deplete over time.

Growth depends on:

Rate of technological progress (At).
Resource-saving innovation.

Modified Production Function:

Yt = AtK
α
t L

β
t R

γ
t

Rt : Decreases over time unless offset by efficiency gains in At .

Sustained growth requires γ < α+ β.
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Renewable Resources in the Solow-Swan Model

Key Features:

Resources regenerate naturally (e.g., forests, fish stocks).

Growth depends on maintaining resource regeneration above
depletion.

Resource Dynamics:
Ṙt = ρRt − Et

ρ: Regeneration rate.

Et : Extraction rate.

Sustainable growth: ρRt ≥ Et .
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Green Solow Model

Objective: Analyze how green technologies and policies decouple
economic growth from environmental degradation.

Builds on the Solow-Swan framework.

Focus on:

Decarbonization.
Resource efficiency.

Emissions tied to production:

Et = σtYt

where σt : Emission intensity.
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Dynamics of the Green Solow Model

Emission Reduction Dynamics:

σ̇t = −ϕσt

Emission intensity (σt) decreases over time with green technology (ϕ).

Economic growth (Yt) can occur without proportional emissions
growth.

Key Results:

Green technology offsets resource constraints.

Policies promoting decarbonization (ϕ) accelerate sustainable growth.
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Policy Implications of the Green Solow Model

Key Takeaways:

Investment in green technology is crucial for long-term growth.

Policies to reduce emission intensity:

Carbon taxes.
Subsidies for renewable energy and energy efficiency.

Global coordination is essential to address transboundary
environmental issues.

Empirical Support:

Evidence of decoupling in advanced economies.

Role of green innovation in reducing carbon intensity.
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Introduction to the Environmental Kuznets
Curve (EKC)

Objective:

Examine the relationship between economic development and
environmental degradation.
Hypothesis: Environmental degradation first increases with income,
then decreases after a certain threshold.

Shape of the EKC:

Inverted U-shape.
Initial economic growth leads to resource use and pollution.
Higher income levels lead to cleaner technologies and stronger
regulations.

Key Question: Does economic growth inevitably lead to environmental
improvement?
Environmental Macro Golden 16 / 61
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Graphical Representation of the EKC

Stages:

Stage 1 (Pre-industrial): Low income, minimal pollution.

Stage 2 (Industrialization): Rising income, increasing pollution.

Stage 3 (Post-industrial): High income, decreasing pollution due to
cleaner production and regulations.
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Graphical Representation of the EKC

Figure 3: Get rich or die trying...
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Mechanisms Behind the EKC

1. Scale Effect:

Economic growth increases production and resource use.

Leads to higher pollution.

2. Composition Effect:

Structural shift from heavy industry to services and clean industries.

3. Technique Effect:

Adoption of cleaner technologies and stricter environmental
regulations.

Higher incomes lead to demand for better environmental quality.
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Criticisms of the EKC

Global Pollutants:
EKC is less applicable for pollutants like CO2, which accumulate
globally.

Offshoring Pollution:
Rich countries may reduce domestic pollution by offshoring production.

Empirical Validity:
Inconsistent evidence across countries and pollutants.

Policy Dependence:
Decline in pollution often driven by regulations, not income alone.
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Policy Implications of the EKC

Economic growth alone is not sufficient to address environmental
challenges.

Importance of:

Investing in green technologies.
Enforcing environmental regulations.
International coordination to address global pollutants.

Developing countries require support for sustainable development.

Takeaway: Policies and technologies are critical to ensure economic
growth is decoupled from environmental harm.
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Empirical Evidence for the EKC

Support for EKC:

Local pollutants (e.g., sulfur dioxide, particulate matter) often follow
the EKC pattern.

Challenges for EKC:

Global pollutants (e.g., CO2 emissions) show a monotonic relationship
with income.

Differences in institutional capacity and policies among countries.

Case Study:

Compare emissions trends in developed vs. developing countries.
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Introduction to Integrated Assessment Models
(IAMs)

What are IAMs?

Tools that integrate knowledge from multiple disciplines to analyze
complex systems.
Combine:

Economics
Climate science
Energy systems

Aim to inform policy decisions on climate change and sustainable
development.

Applications of IAMs:

Evaluate costs and benefits of climate policies.

Estimate the social cost of carbon (SCC).

Assess trade-offs between economic growth and environment.
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Key Components of IAMs

1. Economic Module:

Models economic growth, energy use, and investment.

Captures feedback from climate impacts on economic productivity.

2. Climate Module:

Tracks greenhouse gas emissions and atmospheric concentrations.

Simulates temperature increases and climate impacts.

3. Damage Module:

Estimates economic and social costs of climate impacts.

Includes costs of extreme weather, sea-level rise, and biodiversity loss.

4. Policy Module:

Models mitigation and adaptation policies (e.g., carbon pricing,
renewable subsidies).
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Types of Integrated Assessment Models

1. Policy Optimization Models:

Example: Dynamic Integrated Climate-Economy (DICE) Model.

Objective: Maximize social welfare by balancing mitigation costs and
climate damages.

2. Simulation Models:

Example: Regional Integrated Climate-Economy (RICE) Model.

Simulates interactions across regions with heterogeneous policies.

3. Energy-Economy-Environment Models:

Example: Global Change Assessment Model (GCAM).

Focuses on energy systems and technology pathways for emission
reductions.
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Policy Applications of IAMs

1. Social Cost of Carbon (SCC):

SCC is the monetary value of the damage caused by emitting one
additional ton of CO2.

IAMs provide estimates to guide carbon pricing policies.

2. Climate Policy Analysis:

Evaluate the economic and environmental impacts of policies like
carbon taxes, cap-and-trade systems, and renewable subsidies.

3. Long-Term Climate Targets:

Assess pathways to achieve net-zero emissions or limit warming to
1.5°C.
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Strengths and Limitations of IAMs

Strengths:

Integrate complex systems into a single framework.

Provide quantitative insights for policy decisions.

Highlight trade-offs between economic growth and climate goals.

Limitations:

Simplifications and assumptions may overlook system complexities.

Difficulty in capturing uncertainties (e.g., tipping points, technological
breakthroughs).

Ethical debates on discount rates and intergenerational equity.
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Introduction to the DICE Model

Developed by William Nordhaus to integrate climate and economic
systems.

Combines:

A macroeconomic growth model (production, capital, consumption).
A climate module (temperature, emissions, damages).

Objective: Optimize economic output while mitigating climate
damages.

Key Features:

Captures trade-offs between:

Economic growth and emissions reductions.
Consumption today and long-term environmental sustainability.

Framework for calculating the social cost of carbon.
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Core Components of the DICE Model

1. Economic Module:
Yt = AtK

α
t L

1−α
t

Yt : Output, At : Technology, Kt : Capital, Lt : Labor.

2. Climate Module:
Et = σtYt(1− µt)

Et : Emissions, µt : Mitigation rate.

3. Damage Module:

Dt =
1

1 + π1Tt + π2T 2
t

Dt : Fraction of output lost due to damages.
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Key Trade-Offs in the DICE Model

Trade-Offs:

Economic Growth vs. Emissions Reduction:
Investing in mitigation reduces consumption today but lowers future
damages.

Consumption vs. Mitigation Investment:
Balancing short-term welfare with long-term climate stability.

Optimization Objective:

max
T∑
t=0

U(Ct)

(1 + ρ)t

Utility (U) depends on consumption (Ct).

ρ: Discount rate.
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Policy Implications from the DICE Model

Optimal Carbon Pricing:
Reflects the marginal social cost of emissions today.

Investment in Green Technology:
Lowers mitigation costs over time.

Global Coordination:
Addresses the global externality of climate change.

Intergenerational Equity:
Policies must balance welfare across generations.

Case Study: Compare Nordhaus’ social cost of carbon estimates to
real-world carbon pricing.
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Future Directions for IAMs

Key Challenges:

Improving representation of uncertainties and tipping points.

Integrating climate equity and justice into IAM frameworks.

Enhancing regional and sectoral granularity.

Innovations:

Coupling IAMs with machine learning for better predictions.

Incorporating real-time data for dynamic modeling.
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Overview of Trade Models in Environmental
Macroeconomics

Key Themes:

Interaction between trade policies and environmental outcomes.

Role of comparative advantage, resource endowments, and
environmental regulations.

Impact of trade on:

Carbon emissions and pollution.
Resource allocation and specialization.
Global distribution of environmental burdens.
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Overview of Trade Models in Environmental
Macroeconomics

Types of Trade Models:
Ricardian and Heckscher-Ohlin Models:

Analyze comparative advantage and factor endowments.
Extensions to include pollution-intensive industries.

New Trade Theory:
Economies of scale and imperfect competition in environmentally
differentiated goods.

Gravity Models:
Assess trade flows and carbon embodied in traded goods.

Dynamic General Equilibrium Models:
Incorporate environmental policies (e.g., carbon taxes, CBAM).

Policy Insights:

Importance of harmonizing environmental policies across trading
partners.
Potential for trade to amplify or mitigate environmental harm.Environmental Macro Golden 34 / 61
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Introduction to the Global Trade Analysis
Project (GTAP)

What is GTAP?

A global economic model and database used to analyze trade,
environmental, and economic policies.

Established in the early 1990s by Purdue University.

Widely used for policy analysis in international trade, climate
change, and energy markets.

Core Elements:

Multi-region, multi-sector general equilibrium model.

Covers trade linkages, production, and consumption patterns.

Integrates environmental and resource data for sustainability analysis.
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Key Features of GTAP

Global Coverage:
Over 140 countries and regions.
Includes a wide range of sectors (e.g., agriculture, energy,
manufacturing).

Data Integration:
Combines data on trade, production, and emissions.
Harmonized with national input-output tables.

General Equilibrium Framework:
Captures interactions between markets and regions.
Tracks resource allocation and income distribution.

Environmental Applications:
Models carbon emissions, land use, and energy systems.
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GTAP Model Structure

Core Elements:

Production:
Firms maximize profits using inputs (capital, labor, land, and
intermediates).
CES production functions for substitution between inputs.

Households:
Representative agent maximizes utility subject to income.

Trade:
Armington assumption: Goods are differentiated by origin.
Bilateral trade flows modeled with transport costs.

Government:
Collects taxes and provides public goods.
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CGE Model: GTAP Circular Flow

Standard GTAP computable general equilibrium model
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Imports Versus Exports by Good
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Imports vs Exports of Carbon Intensive Goods
1999
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Imports vs Exports of Carbon Intensive Goods
2022
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Carbon Emissions by Regional Block Over Time
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Applications of GTAP

Trade Policy Analysis:

Assess impacts of trade agreements (e.g., WTO, NAFTA).

Climate and Energy Policy:

Evaluate carbon taxes, emission trading systems, and renewable
energy transitions.

Land Use and Agriculture:

Study the effects of biofuels, deforestation, and food security policies.

Economic Shocks:

Analyze impacts of global crises (e.g., COVID-19, energy shocks).
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GTAP Database

Key Features:

Input-output tables for over 140 countries and regions.

Detailed trade data by sector and region.

Environmental data:

Greenhouse gas emissions.
Land use and forestry.

Regular updates ensure policy relevance.

Version Example:

GTAP 11 (latest version) includes:

Expanded sectoral coverage.
Enhanced environmental data for sustainability analysis.
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Strengths and Limitations of GTAP

Strengths:

Comprehensive global coverage.

Flexible framework for diverse policy applications.

Widely validated and supported by a large research community.

Limitations:

Relies on aggregate data, limiting sectoral and regional granularity.

Assumes perfect competition and constant returns to scale.

Limited ability to capture technological innovation and behavioral
dynamics.

Environmental Macro Golden 45 / 61



Overview of Environmental Macro Growth Models Integrated Assessment Models Trade Models ESG Investing Conclusion

Carbon Border Adjustment Mechanisms
(CBAM) and GTAP

What is CBAM?

A policy tool that imposes a carbon price on imported goods based
on their embedded emissions.

Aims to:

Prevent carbon leakage (shift of emissions-intensive production to
countries with lax regulations).
Level the playing field for domestic industries subject to carbon pricing.

Environmental Macro Golden 46 / 61



Overview of Environmental Macro Growth Models Integrated Assessment Models Trade Models ESG Investing Conclusion

GTAP’s Role in CBAM Analysis

Tracks embedded emissions in traded goods using detailed sectoral
data.

Simulates the impacts of CBAM policies on:

Trade flows between countries and regions.
Emissions leakage and global emission reductions.
Competitiveness of industries in different regions.

Assesses distributional effects:

Impact on developing countries exporting emissions-intensive goods.
Effects on consumer prices and welfare in importing countries.
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Introduction to the Global Change Assessment
Model (GCAM)

What is GCAM?

A global integrated assessment model developed by the Pacific
Northwest National Laboratory.

Designed to explore interactions among energy, water, land, and
climate systems.

Open-source model used for long-term scenario analysis of climate
policies.

Applications of GCAM:

Analyze global emissions pathways and temperature outcomes.

Study energy transitions and decarbonization strategies.

Assess land-use changes and water-energy interactions.
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Key Features of GCAM

Model Components:
Energy System:

Tracks supply and demand for fossil fuels, renewables, and nuclear
energy.
Models technology transitions and costs.

Land Use:
Includes agricultural production, deforestation, and afforestation.
Tracks land-use emissions and carbon sequestration.

Water System:
Simulates water demand and availability across sectors.

Climate System:
Links greenhouse gas emissions to radiative forcing and temperature
change.

Temporal and Spatial Coverage:

Long-term horizon: 2100 and beyond.
Regional granularity: Over 30 regions globally.
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Energy System in GCAM

Key Features:

Models energy supply, demand, and technology transitions.

Includes:

Fossil fuels: Coal, oil, natural gas.
Renewables: Wind, solar, biomass.
Nuclear and carbon capture and storage (CCS).

Policy Applications:

Analyze impacts of carbon pricing and renewable subsidies.

Explore pathways to achieve net-zero emissions by mid-century.
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Land Use in GCAM

Key Features:

Tracks land use for agriculture, forestry, and bioenergy.

Models competition for land between food production and carbon
sequestration.

Policy Applications:

Assess impacts of bioenergy expansion on deforestation and
biodiversity.

Analyze trade-offs between agricultural productivity and climate
mitigation.
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Climate System in GCAM

Key Features:

Links emissions to radiative forcing and global temperature change.

Simulates feedback effects between energy, land, and climate systems.

Policy Applications:

Evaluate temperature outcomes under different emissions scenarios
(e.g., 1.5°C, 2°C).
Study the role of negative emissions technologies in meeting climate
targets.
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Policy Applications of GCAM

1. Climate Policy Analysis:

Impacts of carbon taxes, cap-and-trade, and renewable subsidies.

2. Energy Transition Pathways:

Decarbonization strategies for electricity, transport, and industry.

3. Land-Use Change:

Role of bioenergy and afforestation in achieving net-zero goals.

4. Water-Energy Nexus:

Interactions between water use and energy production under climate
stress.
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Strengths and Limitations of GCAM

Strengths:

Comprehensive integration of energy, land, water, and climate
systems.

Open-source and widely used by researchers and policymakers.

Limitations:

Simplifications in technology and regional details.

Limited representation of economic dynamics and behavioral
responses.

High computational requirements for complex scenarios.
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Future Directions for GCAM

Key Areas for Development:

Improved modeling of economic and behavioral feedbacks.

Greater regional and sectoral granularity.

Enhanced integration of adaptation strategies and climate resilience.

Emerging Applications:

Just transitions in energy systems.

Assessing equity and fairness in global climate policies.
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Overview of ESG Investing

Definition: Environmental, Social, and Governance (ESG) investing
integrates non-financial factors into investment decisions to identify
sustainable and ethical investment opportunities.

Key Components:
Environmental: Climate change, resource management, pollution, and
renewable energy.
Social: Human rights, labor practices, community impact, and
diversity.
Governance: Corporate ethics, board diversity, executive pay, and
transparency.

Objectives:
Enhance long-term risk-adjusted returns.
Promote sustainable development and ethical practices.
ESG raises capital costs for carbon-intensive firms
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Rationale for ESG Investing Returns

Risk Mitigation:
Companies with strong ESG practices are less exposed to
environmental, social, and governance risks.
Reduced likelihood of regulatory penalties, reputational damage, or
operational disruptions.

Operational Efficiency:
Sustainable resource management lowers costs and improves long-term
profitability.

Market Preferences:
Increasing demand for ESG-compliant investments creates valuation
premiums for ESG-friendly firms.
Favorable capital access for companies demonstrating sustainability and
social responsibility.

Empirical Evidence:
Studies show mixed but generally positive correlations between ESG
scores and financial performance.
Strong governance practices are linked to better financial outcomes.
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Recent Developments in ESG ETFs (2019-2024)

Major Asset Managers’ Initiatives:
BlackRock:

In April 2021, launched the U.S. Carbon Transition Readiness ETF
(LCTU), which amassed over $1 billion on its first day, marking the
largest ETF launch in history.
In June 2023, introduced five climate transition ETFs in Europe,
targeting companies leading the shift to a low-carbon economy.
In September 2023, dissolved two ESG funds amid a reevaluation of its
ESG product lineup.

State Street Global Advisors:

In January 2022, launched three SPDR ETFs to enhance ESG portfolio
construction, expanding their ESG offerings to 11 funds.
In September 2023, closed three ESG ETFs due to limited investor
interest and market demand.

Environmental Macro Golden 58 / 61



Overview of Environmental Macro Growth Models Integrated Assessment Models Trade Models ESG Investing Conclusion

Regulatory Scrutiny and Enforcement

The SEC has intensified actions against greenwashing, penalizing
firms for misleading ESG claims. Notable cases include:

In November 2022, Goldman Sachs Asset Management was fined $4
million for failing to adhere to stated ESG investment policies.
In September 2023, DWS, a Deutsche Bank subsidiary, agreed to pay
$25 million over ESG misstatements and anti-money laundering
violations.
In October 2024, WisdomTree paid a $4 million settlement for
misleadingly marketing funds as ESG-compliant.

Market Trends and Investor Behavior:

ESG ETFs experienced significant growth, with assets under
management peaking in 2021.

However, 2023 saw outflows, with investors withdrawing $14.2 billion
over the year, reflecting shifting sentiments and concerns over
greenwashing.
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Critiques of ESG Investing

Greenwashing Concerns:
Companies may exaggerate or misrepresent their ESG credentials.
Lack of standardized definitions and criteria for ESG metrics.

Performance Trade-offs:
Critics argue ESG investments may sacrifice financial returns for ethical
considerations.
Limited evidence supporting consistent outperformance of ESG funds.

Impact Effectiveness:
Questionable whether ESG investing drives real-world environmental or
social change.
ESG investors lose access to ownership and therefore control of
carbon-insensive companies, may make pollution worse

Market Distortions:
Critics argue ESG investing may create artificial demand for
ESG-labeled assets.
Potential for bubbles in green sectors or undervaluation of traditional
industries.
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Does ESG outperform?

Figure 4: It’s complicated...
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Thank You So Much!
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