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Climate Change

2016: ratified at G20 Hangzhou 

Summit on “Green finance”

Ban Ki-Moon

(UN)
Xi Jinping

(China)
Barack Obama

(US)

2015: Paris climate change agreement 

to “[hold] the increase in the global 

average temperature to well below 2 

°C above pre-industrial levels”. drafted 

by BASIC countries (Brazil, South Africa, 

India and China) and the U.S.
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https://www.unpri.org/pri-blog/can-soes-play-a-role-in-global-environmental-

engagement/5467.article
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Investors increasingly analyze carbon 
footprints of portfolio firms
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Divestment

Reducing stranded asset risk

Negative/exclusionary screening

Hedging against climate risk

Shareholder proposals

Use of third-party ESG ratings

Firm valuation models that incorporate climate risk

Reducing carbon footprint of portfolio firms

ESG integration

General portfolio diversification

Analyzing stranded asset risk

Analyzing carbon footprint of portfolio firms

Question: Which approach have you taken in the past five years to 
incorporate climate-risk management in your investment process?

Source: Krueger, Sautner, and Starks (2020, RFS)
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Corporate Efforts in Reducing GHG Emission

• Besides governmental efforts (laws, regulations, taxation), corporations 

play an important and proactive role in reducing GHG emission 

• For example, Microsoft has been carbon neutral since 2012; Amazon is targeting a net-

zero carbon footprint by 2040; 100% renewable electricity commitment (RE100)

• In many countries/states, regulations are strong in curbing corporate emission (e.g., 

California cap-and-trade program)

• Some financially constrained firms may shift their emissions and plants to less regulated 

countries/states to evade regulatory costs (e.g., Bartram, Hou, Kim, 2021)

• Much of the attention is paid to a firm’s direct emission (“Scope 1” emission) and 

energy consumption (“Scope 2” emission)

• However, indirect emission from a firm’s supply chain (“Scope 3” emission) is often 
ignored, despite it being a substantial part of total emission
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The Case of P&G

P&G’s climate commitment: reduce annual emissions by 50% by 2030
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See “Corporate Honesty and Climate Change: Time to Own 

Up and Act,” by Joshua Axelrod at the Natural Resources 

Defense Council (NRDC).
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https://www.nytimes.com/2018/09/04/climate/outsourcing-carbon-emissions.html
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Research Questions

• Do firms curb their own domestic emissions (in the U.S.) by 
outsourcing their carbon pollution to suppliers overseas, resulting in 
“carbon leakage”?

• What are the mechanisms that drive such emission outsourcing?

• Are investors aware of such emission outsourcing and its potential 
risks, and properly pricing it?
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Data

• S&P Global – Trucost

• Collects company environmental data, including performance data and disclosure 
metrics on greenhouse gas (GHG) emissions, water use, pollution impacts, and waste 
disposal. 

• Uses a variety of publicly disclosed sources, such as company financial reports (annual 
reports, financial statements, 10-K/20-F reports, SEC/regulatory filings), environmental data 
sources (CSR, sustainability, or environmental reports, the CDP, EPA filings), and data 
published on company websites or other public sources.

• S&P Global – Panjiva

• Import and export details on commercial shipments worldwide; ocean freight shipment 
data for imports and exports from the U.S. including container specifications, TEU, weight in 
kilograms and metric tons.

• Refinitiv ESG: Firm-level ESG ratings

• RepRisk: firm-level ESG reputational risk data 

• Other data sources: League of Conservation Voters, Enforcement and Compliance History 
Online, Energy Information Administration, EM-DAT, World Bank, IMF, OECD, WEF, BoardEx, 
Factset Revere, Factset Ownership, Compustat, CRSP, etc.
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Method

• Scope 1 = ln(1 + Scope 1 emission/total assets), same for Scope 2 & Scope 3 (upstream)

• Imports = ln(# of shipments)

• Control variables: Assets (Ln(total assets)), Tobin’s Q, Leverage, ROA, Sales Growth, 

Tangibility (PP&E/(total assets)), R&D (R&D expenditure/(total assets))

• Fixed effects: firm + country + year, or firm + country x year 

• Following Dai, Liang, Ng (2020), we expect βS to be positive – customer’s and supplier’s 

CSR activities (including GHG emission/reduction) are positively correlated

• We then expect βSI to be negative – more imports from suppliers attenuate the positive 
Scope 1-Scope 3 link
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A one-SD increase 

in Scope 1 leads to 

4.9% increase in 

Scope 3, and 6.1% 

increase in Scopes 

2+3.

A one-SD increase 

in Imports from its 

mean attenuates 

the Scope 1-Scope 

3 association by 

2.4%, and the 

Scope 1-Scope 2+3 

association by 1.7%.
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Identification

• Endogeneity concern: e.g., US firms may choose countries of imports for other 

production cost considerations than carbon emissions

• Explore demand shocks on the incentives for U.S. firms to outsource carbon 

emissions: (1) domestic legislative pressure and (2) regulatory stringency

• Calculate average voting scores across Congress members on environmental 

legislation separately across the Senate and House of Representatives in each state

• Identify state-years that experience score increases by more than three times the 

average increase during our sample period

• Identify facility-level inspection intensity by EPA (one-year lagged) increases by more 

than three times the average increase during the sample period

• Estimate in a triple-interaction fashion
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Other tests
• The outsourcing effects are stronger:

• For suppliers from emerging/non-OECD economies

• For suppliers from countries with less stringent environmental regulations

• For suppliers from common law countries 

• For suppliers from countries with greater emission intensity

• For firms with higher Environmental rating from Refinitiv ESG (“Green firms”)

• For firms with CEOs having more past employment experience in high ESG 
companies (“Green CEOs”)

• For with average directors having more past employment experience in high 
ESG companies (“Green Directors”)

• For firms without government customers

• For firms with fewer green corporate customers

• For firms with fewer ownership by green institutional investors
Dai Duan Liang Ng - Outsourcing 15
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Economic Consequences

• Do firms that emit less/more will have lower/higher systematic 
reputational risks (RepRisk)?

• Do investors price in such climate risk by suppliers (i.e., hidden in 
imports)?

• Do outsourcing firms have more green innovations as substitutes?

• Measures: Scope 1 CO2, Scope 2 CO2, Scope 3 CO2, Imported CO2
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Economic Consequences

Dai Duan Liang Ng - Outsourcing 18

Investors do not seem to fully price 

in the outsourced carbon risk
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Economic Consequences
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Conclusion

• Despite significant efforts in reducing GHG emission, corporations have strong 

incentives to evade their responsibility – ‘Whack-a-Mole’ Game

• We find strong evidence that US firms reduce their carbon footprints through 

outsourcing pollution overseas

• Such emission outsourcing is not fully priced in by investors

• Firms that outsource emissions to their suppliers are those with less green innovation

• It is important to count carbon footprints along the whole supply chain

• Divesting polluting business is not the right policy prescription – it may induce more 
pollution elsewhere

• Climate change is a global issue – a quest for international cooperation to 

achieve global carbon neutrality 
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