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We examine the asset pricing implications of sustainability in commodity futures markets.  Focusing on metals and agricultural 
goods, we collect production-based environmental footprint data covering greenhouse gas emissions and water consumption 
for 41 commodities.  Examining the performance of green-minus-brown portfolios, we find no evidence that sustainability is 
priced in the cross-section of commodity futures returns.  However, the paper documents substantial welfare benefits when 
diversifying traditional equity-bond allocations with low-carbon commodities, with investor welfare increasing by up to 22% 
when the commodity share reaches 20%.  These findings reveal dual opportunities — both financial and environmental — arising 
from investments in low-footprint commodities. 
 
 

Introduction 
 
In the aftermath of the Paris Agreement, sustainability has become a central preoccupation for 
institutional investors.  As of 2024, more than 300 institutions representing over $60 trillion in assets under 
management have joined the Net Zero Asset Managers initiative.  However, the academic literature on 
sustainable finance has focused predominantly on equities and bonds, leaving commodity markets largely 
unexplored.  This gap is unfortunate given that commodities play two fundamental roles:  they are 
essential inputs that propel economic activity (with environmental footprints increasingly significant for 
the energy transition), and they constitute a key diversification component in institutional portfolios. 
 
In our article, we address this void by providing the first comprehensive analysis of sustainability 
implications for commodities.  We examine whether environmental footprints are priced in commodity 
markets and assess the welfare benefits that sustainable commodity allocations can deliver when 
combined with low-carbon equity and bond portfolios. 
 
Theoretical Framework 
 
The theoretical foundation rests on a utility-maximizing agent.  The modern paradigm extends traditional 
expected utility to incorporate non-pecuniary considerations: 
 

max
𝑤𝑤

𝔼𝔼[𝑈𝑈(𝑤𝑤′𝑅𝑅)]
financial component

− 𝜆𝜆𝜆𝜆(𝑤𝑤)
sustainability preference
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where 𝛷𝛷(⋅) captures the investor’s attitude toward an environmental footprint and 𝜆𝜆 ≥ 0 measures its 
intensity.  When 𝜆𝜆 = 0, only priced factors matter.  When 𝜆𝜆 > 0, even non-priced sustainability factors can 
shift optimal allocation.  This yields a key insight:  if sustainability is not priced, portfolios can tilt toward 
greener assets without sacrificing risk-adjusted performance. 
 
In this framework, our approach to compare portfolios can be understood in terms of dominance:  For 
portfolios characterized by risk-adjusted returns (𝑠𝑠𝑎𝑎, 𝑠𝑠𝑏𝑏) and footprints (𝑓𝑓𝑎𝑎,𝑓𝑓𝑏𝑏), portfolio 𝑎𝑎 weakly 
dominates 𝑏𝑏 if 𝑠𝑠𝑎𝑎 ≈ 𝑠𝑠𝑏𝑏 and 𝑓𝑓𝑎𝑎 < 𝑓𝑓𝑏𝑏, and strongly dominates if 𝑠𝑠𝑎𝑎 > 𝑠𝑠𝑏𝑏 and 𝑓𝑓𝑎𝑎 < 𝑓𝑓𝑏𝑏. 
 
Data and Methodology 
 
Environmental Footprint Data 
 
A central contribution lies in constructing a comprehensive dataset quantifying environmental impact of 
commodity production. Unlike equities and bonds, for which data vendors provide standardized 
environmental metrics, no comparable service exists for commodities.  We undertake an extensive hand-
collection effort, synthesizing information from more than 80 technical studies. 
 
Our dataset covers 21 metals accounting for more than 99% of traded ore production (by volume and 
value), spanning industrial metals, precious metals, and rare elements critical to modern technology.  For 
agricultural products, 20 commodities represent a majority of global output. Two dimensions of 
environmental impact are considered:  greenhouse gas emissions (tons CO2-equivalent per ton produced) 
and water consumption (cubic meters per ton).  Substantial heterogeneity exists:  for metals, GHG intensity 
ranges from 0.1 (iron) to nearly 27,000 (gold) tons CO2eq/ton; water consumption spans from 0.4 
(aluminum) to over 300,000 (platinum) m³/ton.  Agricultural commodities display less extreme variation, 
with GHG intensities from 0.47 (corn) to 13.07 (cattle). 
 
Energy commodities are excluded because their dominant footprint arises from consumption rather than 
production, which would introduce conceptual inhomogeneity.  A sample of footprints is provided in Table 
1 on the next page.  We refer readers to the full version of the paper for the exhaustive list. 
 
Price Data and Portfolio Construction 
 
The price data pertain to end-of-month futures contracts from Datastream and Refinitiv Eikon.  For metals, 
the sample spans June 2012 to May 2024; for agricultural commodities, March 2011 to May 2024.  This 
period encompasses the Paris Agreement (2015), COVID stress (2020), the Ukraine commodity rally (2022), 
and recent price surges in orange juice and cocoa.  
 
To construct sustainability-sorted portfolios, raw footprints are converted to dollar-scaled intensities by 
dividing footprint per kilogram by price per kilogram.  Commodities are then classified into green and 
brown groups, and green-minus-brown (GMB) portfolios are constructed.  Multiple specifications are 
examined:  five or ten assets per leg, equal versus value weighting, and GHG versus water sorting. 
 



Sustainability in Commodity Markets 

 
bayes-cid.com | Summer 2026 |               Commodity Insights Digest 

 

17 

Table 1 
Environmental Footprints for Metal Extraction 
 

        GHG footprint Water footprint   

  Metal log(P) avg p Source 1 Source 2 Source 3 Average Source 4 Source 5 Average   
                        

  Industrial and rare metals             

  Iron 22 0.10 - - 0.1 0.1 1.4 0.4 0.9   

  Steel 21 0.54 2.0 - 2.2 2.1 - 2.5 2.5   

  Aluminum 20 2.02 17.0 8.2 15.4 13.5 0.4 0.4 0.4   

  Copper 17 7.04 4.0 2.8 4.6 3.8 43.2 81.2 62.2   

  Titanium 16 9.41 30.0 8.1 35.7 24.6 - 43.4 43.4   

  Nickel 15 15.58 11.0 6.5 13.3 10.3 193.8 117.7 155.8   

  Cobalt 12 40.34 3.0 8.3 15.2 8.8 208.4 452.3 330.4   

  Lithium 12 134.52 - 7.1 3.4 5.2 1,892.7 450.0 1,171.0   
                        

  Precious metals             

  Silver 10 651 104 196 52 117 1,713 1,826 1,770   

  Gold 8 48,725 5,100 12,500 26,878 14,826 265,861 202,133 233,997   

  Platinum 5 34,182 20,600 12,500 33,240 22,113 313,496 18,392 248,708   
 
Notes:  The table reports the estimated GHG footprint required to produce one unit of metal by decreasing order of production, 
with precious metals listed last.  The unit for GHG emissions is the number of tons of CO2 equivalent generated to produce one 
ton of the corresponding metal.  The unit for water consumption is the number of cubic meters of water per ton produced. 
Metals are ranked according to their log annual production (log(P)), in tons.  We also provide the average long-term price of 
each metal, (avg p), in U.S. dollars per kilogram - computed over the chronological range 2012-06 to 2024-05 (common to all 
metals).  Footprint estimates are averaged when several are available. 
 
 

Empirical Results on Asset Pricing 
 
Factor Model Specification 
 
To assess whether sustainability is priced, the authors regress GMB portfolio returns on established 
commodity factors.  The market factor is the equally-weighted average return:  𝐸𝐸𝑡𝑡 = ∑ 𝑟𝑟𝑖𝑖,𝑡𝑡

𝑛𝑛𝐶𝐶
𝑖𝑖=1 /𝑛𝑛𝐶𝐶 .  The 

momentum factor captures return differentials based on past performance over 𝐽𝐽 months:  𝑀𝑀𝑡𝑡 =
∏ (1 + 𝑟𝑟𝑡𝑡−𝑢𝑢)𝐽𝐽−1
𝑢𝑢=0 − 1.  The carry factor exploits the futures curve slope, going long backwardated and short 

contango commodities.  The basis-momentum factor measures the spread between front and second 
contract momentum.  Additionally, value (ratio of lagged to current spot prices) and skewness factors are 
included.  The regression specification is: 

𝑟𝑟𝑡𝑡 = 𝛼𝛼 + ∑ 𝛽𝛽(𝑘𝑘)𝐾𝐾
𝑘𝑘=1 𝑓𝑓𝑡𝑡

(𝑘𝑘) + 𝑒𝑒𝑡𝑡                                                               (1) 
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Main Findings 
 
The results reveal a striking pattern:  GMB portfolio alphas are predominantly statistically insignificant 
across all specifications.  For metals sorted on GHG intensity, 𝛼𝛼 = 0.004 (insignificant); for water 
consumption, 𝛼𝛼 = 0.001 (insignificant), as shown in Table 2.  Agricultural GMB portfolios yield alphas of 
0.003 (GHG) and −0.006 (water), with only the latter marginally significant at the 10% level. 
 
Table 2  
Factor Exposures in the Metals 
 

    alpha Factors R2   

      market mom. carry b. mom. value skew     

               

  Panel A: Metal factors from greenhouse gas emissions        

  green 0.001 0.874(***) -0.036 -0.020 -0.052 0.025 -0.006 0.672   

  brown -0.002 1.096(***) 0.06(*) 0.020 0.026 -0.08(**) 0.010 0.778   

  GMB 0.004 -0.221(**) -0.096(*) -0.041 -0.078 0.106(*) -0.016 0.112   
               

  Panel B: Metal factors from water consumption        

  green 0.001 0.981(***) 0.012 -0.104(***) -0.054 0.097(***) -0.051(*) 0.739   

  brown 0.000 1.053(***) 0.041(*) 0.069(*) 0.051 -0.024 0.083(***) 0.794   

  GMB 0.001 -0.072 -0.029 -0.172(**) -0.105(*) 0.12(**) -0.134(***) 0.199   

 
Notes:  This table gathers the loadings estimated via the Equation (1).  The horizontal panels pertain to the dependent variable, 
i.e., which commodity factor is explained - and the portfolios are equally-weighted.  Explanatory factors are within commodity 
universe, i.e., they are constructed from metals for metals (and likewise in the comprehensive paper, for agricultural goods).  
Significance levels for p-values are:  (***) < 0.001 < (**) < 0.01 < (*) < 0.1.   
 
 

This constitutes the paper’s first major finding:  sustainability does not appear to be priced in commodity 
futures returns.  Unlike equity markets where some studies document carbon risk premia, commodity 
futures markets do not reward exposure to high-footprint assets nor penalize low-footprint holdings.  The 
market factor dominates explanatory power, with R2 values of 40-80% for long-only portfolios but only 3-
20% for GMB portfolios. 
 
These findings survive extensive robustness checks:  20% measurement noise in footprints, alternative 
factor constructions (10 assets, 12-month lookback), value-weighted portfolios, sub-period analysis (2012-
2018 vs. 2018-2024), and Fama-MacBeth regressions.  We also test sensitivity to climate shocks using the 
Media Climate Change Concerns (MCCC) index and a custom weather index, finding that t-statistics rarely 
exceed ±2 - commodity futures markets do not yet systematically price climate-related news or weather 
extremes. 
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Welfare Benefits of Sustainable Commodity Allocation 
 
Diversification Properties 
 
Having established that sustainability is not priced, we examine whether low-carbon commodity portfolios 
can enhance investor welfare through diversification.  We combine a low-carbon equity index (MSCI All 
Country World Index (ACWI) Low Carbon Target), a carbon-efficient bond index (S&P 500 Investment Grade 
Carbon Efficient), and the sustainable commodity portfolios. 
 
Over September 2015 to May 2024, the low-GHG metal portfolio achieved 8.3% annualized return with 
12.3% volatility (Sharpe ratio 0.68), comparable to equities.  Crucially, correlations with traditional assets 
are low:  the agricultural portfolio shows 0.00 correlation with bonds and 0.22 with equities; the metal 
portfolio shows 0.12 and 0.27, respectively.  These low correlations were dramatically validated in 2022, 
when commodities rallied while equities declined. 
 
Certainty Equivalent Analysis 
 
To quantify welfare benefits, we compute the certainty equivalent return: 
 

CER = 𝜇̂𝜇 −
𝛾𝛾
2
𝜎𝜎�2 

where 𝛾𝛾 = 5 represents risk aversion.  Starting from a 60/40 equity-bond allocation, we progressively add 
commodity exposure (maintaining the 60/40 ratio for remaining assets), moreover using 1,000 bootstrap 
samples for robustness. 
 
The results, shown in Figure 1 on the next page, demonstrate substantial improvements.  When 
commodity share increases from 0% to 20%, median CER rises from 4.1% to 5.0% - a 22% improvement in 
investor utility.  The Sharpe ratio increases from 0.65 to 0.69 - 0.74 (roughly 14%), while volatility declines 
from above 11% to below 10%.  These gains stem from competitive commodity returns and valuable 
diversification during market stress. 
 
Environmental Impact 
 
Beyond financial performance, a sustainable commodity allocation delivers environmental benefits.  The 
low-carbon equity index reduces GHG intensity by 55% versus its standard counterpart; the carbon-
efficient bond index achieves 50% reduction.  The agricultural commodity portfolio delivers similar 50% 
reduction, while the metal portfolio achieves an exceptional 80% reduction (from 1.5 to 0.3 in intensity 
units), reflecting enormous heterogeneity in metal footprints.  When combining these assets, a portfolio 
initially at 47% of business-as-usual carbon intensity can further reduce to 42% by incorporating a 20% 
allocation to the GHG-based metal index. 
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Figure 1 
Welfare Benefits 
 

 
 
Notes:  In the upper panel, we plot the CER (realized utility, CER definition with γ = 5) of the asset allocation that includes a 
proportion of wc (x-axis) in the portfolio and 0.4(1 − wc) to bonds and 0.6(1 − w_c ) to equities. The left panels pertain to 
agricultural goods sorted on emissions, the middle one on metals sorted on emissions as well, and the right panel only features 
metals that participate to the green transition. In each panel, the solid line corresponds to the median of the 1000 draws, while 
the colored areas correspond to the 25%-75% intervals. 
 
 

Discussion and Conclusion 
 
The findings carry important implications for research and practice.  The absence of a sustainability risk 
premium in commodities contrasts with some equity market evidence.  Several factors may explain this: 
information diffusion regarding commodity footprints is considerably slower (no integrated databases 
exist); commodity market participants differ from equity investors, with many operating under physical 
constraints that limit quick sustainability-based adjustments; and sustainable commodity investing 
remains nascent, lacking dedicated vehicles, benchmarks, and regulatory frameworks. 
 
The paper makes three principal contributions.  First, it provides the first comprehensive footprint 
quantification at the individual commodity level (41 products, 80+ sources).  Second, it establishes that 
sustainability is not priced in commodity futures markets, implying green tilts can be achieved without 
expected performance sacrifice. Third, it demonstrates that sustainable commodity allocations 
meaningfully enhance welfare (22% CER improvement, 14% Sharpe improvement) while reducing carbon 
intensity (up to 80% for metals). 
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Several limitations warrant acknowledgment.  Energy commodities are excluded due to production versus 
consumption footprint challenges. The 12-year sample may be too short for definitive long-term 
conclusions.  Footprints are treated as constant, though this is reasonable for decade-scale analysis.  
Future research could incorporate life-cycle assessments enabling energy commodity inclusion and could 
investigate mechanisms through which sustainability information diffuses into commodity prices. 
 
In conclusion, the paper reveals a dual opportunity for environmentally conscious investors.  Because 
sustainability is not priced as a risk factor in commodity markets, portfolios can tilt toward greener 
commodities without sacrificing risk-adjusted returns.  Simultaneously, such tilts deliver meaningful 
reductions in carbon footprint and water consumption.  Low-footprint commodity allocations thus 
represent a compelling addition to sustainable investment strategies traditionally focused on equities and 
bonds. 
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