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This paper develops a flexible Sustainable Style-Integrated (SSI) framework to decarbonize commodity futures portfolios through 
a tilting function that dynamically decreases (increases) allocations to relatively high (low) carbon emitting commodities.  Using 
26 commodity futures from five sectors, the SSI framework is implemented with a range of tilts to obtain monthly long-short 
portfolios from December 1989 to May 2024.  The portfolio evaluation shows that small sustainability tilts deliver the best 
tradeoff between financial performance and carbon efficiency.  SSI investors can, at a moderate Sharpe ratio loss, hold portfolios 
with substantially lower emissions than the traditional style-integrated benchmark, while also enjoying greater resilience to 
climate news shocks.  A panel regression analysis, grounded in the limits-to-arbitrage and hedging framework of Acharya et al. 
(2013), provides evidence consistent with a hedging-cost channel through which commodity futures portfolio decarbonization 
can contribute to reducing global emissions. 
 
 

Introduction 
 
Sustainable finance has become increasingly prominent as investors and policymakers grapple with 
climate-related financial risks and emerging investment opportunities.  A burgeoning body of research 
explores the pricing of climate risks in equity and bond markets (Zerbib, 2019; Pástor et al., 2021, 2022; 
Bolton and Kacperczyk, 2021, 2023).  Complementing this literature, another strand of sustainable finance 
research investigates ways to embed environmental considerations into equity and bond portfolio 
construction while maintaining benchmark-like exposures (Bolton et al., 2022; Bajo and Rodriguez, 2023; 
Ceccarelli et al., 2024; Atta-Darkua et al., 2025). 
 
By contrast, sustainable investing strategies in commodity futures markets remain strikingly 
underdeveloped.  This gap is remarkable considering that energy supply alone accounted for roughly 34% 
of global net anthropogenic greenhouse gas (GHG) emissions in 2019, with agriculture, forestry, and land 
use adding another 22% (Intergovernmental Panel on Climate Change, 2022).  Progress has been hindered, 
in part, by the formidable challenge of quantifying commodities’ environmental footprints through life-
cycle assessments (LCA).  No universal methodology prevails:  emissions arise mainly from production for 
some commodities (e.g., oil extraction) but predominantly from end-use combustion for others (e.g., 
natural gas).  Regional variations in extraction techniques, different energy mixes, and regulations pose 
further challenges towards a standardized LCA across commodities. 

https://dx.doi.org/10.2139/ssrn.6358939
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Futures markets’ unique structure has also hindered green investing enthusiasm.  Unlike equities or bonds, 
commodity futures are in zero net supply and confer no ownership rights, voting power, or direct financing 
sway, fostering the outdated notion that they sit apart from climate risks and corporate emissions.  That 
view is eroding fast.  Climate-related shocks can affect both producers and consumers, altering supply and 
demand.  Through the cost-of-carry link with spot prices, these effects are reflected in futures markets. 
Moreover, as producers adjust inventories in response to hedging costs, higher inventory costs for carbon-
intensive commodities may curb production incentives.  Thus, decarbonization in futures markets could 
also contribute to reducing real-world emissions through the hedging costs channel. 
 
This paper introduces the Sustainable Style-Integrated (SSI) framework, a flexible tool for decarbonizing 
long-short commodity futures portfolios.  It overlays the traditional style-integration, which boosts returns 
by jointly exploiting multiple commodity characteristics as predictors, with a GHG emissions tilt that 
favours cleaner commodities.  Drawing on Acharya et al.’s (2013) limits-to-arbitrage and hedging model, 
the paper tests a hedging-inventories channel of commodity futures portfolio decarbonization to global 
emissions. 
 
Relevance of the Research 
 
The paper addresses two key questions:  Can commodity futures investors decarbonize meaningfully while 
preserving financial performance?  And does withdrawing speculative capital from carbon-intensive or 
“brown” commodity futures raise producers’ hedging costs, curbing “brown” commodity inventories? 
These questions are timely and relevant for several reasons.  Commodity markets are pivotal to the energy 
transition, yet sustainable investing strategies remain sparse compared to equities.  Traditional views that 
futures are “climate neutral” overlook their role in hedging commodity producing firms’ inventory and 
output.  Since the 2015 Paris agreement, financial regulators have been pushing for portfolio alignment 
with net-zero goals, yet commodity futures managers lack practical tools.  The SSI framework fills this void, 
offering decarbonization of long-short portfolios without severe performance trade-offs.  Evidence of a 
hedging cost channel of commodity futures decarbonization transmission would affirm futures as a lever 
for emissions cuts, a result with direct relevance to impact investors, producers facing funding pressures, 
and policymakers designing transition policies.  Altogether, this paper bridges academic insights with 
practitioner needs in commodity trading and sustainable allocation. 
 
SSI Framework 
 
The SSI framework overlays an environmental tilt, τ, to the baseline allocation weights dictated by the 
integration of multiple characteristics or style factors, 𝜔𝜔.  Specifically, the long-short allocation weights are 
defined as 𝜔𝜔𝑖𝑖,𝑡𝑡

𝜂𝜂 = 𝜔𝜔𝑖𝑖,𝑡𝑡×𝜏𝜏𝑖𝑖,𝑡𝑡

� 𝜔𝜔𝑗𝑗,𝑡𝑡
𝑁𝑁𝑡𝑡

𝑗𝑗=1
×𝜏𝜏𝑗𝑗,𝑡𝑡

, where 𝜔𝜔𝑖𝑖,𝑡𝑡 are baseline style-integrated weights, 𝜏𝜏𝑖𝑖,𝑡𝑡 = 𝑒𝑒−𝑧𝑧�𝑖𝑖,𝑡𝑡×𝜂𝜂 is an 

exponential tilting function with intensity dictated by the hyperparameter η ≥ 0, and 𝑧̃𝑧𝑖𝑖,𝑡𝑡 is the 
standardized GHG emissions of commodity 𝑖𝑖, or z-score.  Using signals like momentum, basis, and hedging 
pressure inter alia, traditional weights 𝜔𝜔𝑖𝑖,𝑡𝑡 can be obtained through the parametric portfolio policy 
method of Brandt et al. (2009) that solves a mean-variance utility maximization problem.  The tilting 
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function 𝜏𝜏𝑖𝑖,𝑡𝑡 dynamically adjusts baseline weights, reducing (boosting) allocations to high (low)-emitting 
commodities. 
 
The framework is flexible. It accommodates varying tilting intensities, η, reflecting investors’ 
environmental stance, alternative tilting functions (e.g., piecewise linear), GHG metrics (total production-
scaled, price-weighted), and style-integration approaches (e.g., equal weight-integration of signals; 
Fernandez-Perez et al., 2019). The portfolios rebalance monthly on a fully collateralized basis, with 
allocation weights derived from past data to deliver out-of-sample returns that mimic real-world 
implementation. 
 
Data and Emissions Measurement 
 
The empirical analysis uses data on 26 commodity futures (energy, grains, livestock, metals, and softs). 
Total GHG emissions are constructed as unit LCA estimates from a comprehensive set of studies in the 
literature scaled by annual global production.  Energy dominates by total emissions due to production 
volume, followed by livestock, while metals contribute least despite high unit footprints.  
 
Financial and Environmental Performance 
 
As Figure 1 on the next page illustrates, both Sharpe ratios and portfolio emissions decay exponentially 
with the tilt intensity η, though portfolio emissions plummet at low tilts.  The values stabilize around 𝜂𝜂 ≈
3, implying that further decarbonization leads to only marginal emissions improvements and marginal 
declines in financial performance.  Table 1 below confirms that even a modest SSI tilt (η = 0.25) cuts 
emissions of the traditional style-integrated portfolio by a substantial 35%, with negligible risk-adjusted 
return erosion:  a Sharpe ratio of 1.00 versus 1.05, and the differential (ΔSR%) is statistically insignificant 
as suggested by the Opdyke (2007) test (p-value=0.34).  Higher tilts (e.g., η = 3) cut emissions by 89%  but 
depress the SR to 0.75.  Carbon efficiency, measured as the percentage emissions reduction per unit 
percentage erosion in Sharpe ratio, peaks at low tilts, reaching 8.13 for η = 0.25 versus 3.11 for η = 3.  
 
Over and above the efficient environmental/financial trade-off at low tilts, SSI portfolios offer another 
compelling advantage:  a resilience against climate shocks.  Panel D of Table 1 documents this through 
betas from regressions of portfolio excess returns on same-month and one-month lagged climate risk (CR) 
shocks, alongside controls for macroeconomic, financial, and sentiment risk factors, and an intercept.  CR 
shocks are computed as innovations to the Media Climate-Change Concerns index of Ardia et al. (2023). 
Traditional portfolios exhibit negative and significant CR betas (e.g., -0.0126, t-statistic of -2.00), signalling 
vulnerability to climate risk spikes.  These betas shrink to insignificance with the environmental tilt (e.g.,   
-0.0082, t-stat = -1.46 even at low tilt η = 0.25), enabling commodity portfolios with more stable 
performance amid the climate transition.  By contrast, the unreported betas to global risk factors remain 
broadly similar across traditional and SSI portfolios. 
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Figure 1 
Sharpe Ratio-Emissions Trade-Off of SSI Portfolios 
 

 
 
Notes:  The bars show Sharpe ratios (left axis) for the traditional portfolio (η = 0) and sustainable style-integrated (SSI; η > 0) 
portfolios across decarbonization tilts, η, from 0.25 to 6.0 (increments of 0.25).  The line shows average GHG emissions (right 
axis, billions of CO₂e) over the sample period from December 1989 to May 2024. 
 
 

 
  



Impact Investing in Commodity Futures 

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

 

43 

Table 1 
Portfolio Excess Returns and Climate Risk Shocks 
 

 
 
Notes:  The table summarizes in Panel A the financial performance of the traditional portfolio (𝜂𝜂 = 0) and sustainable style-
integrated (SSI) portfolios (𝜂𝜂 = 0.25, 1,2,3 representing increasing environmental-sustainability preferences).  Panel B reports 
the portfolio emissions (billion tons of CO2e).  Panel C reports estimation results for regressions of portfolio excess returns on 
same- and prior-month innovations to the Media Climate-Change Concerns index of Ardia et al. (2023), including an unreported 
intercept, and a set of global factors (default spread; term spread; change in the Fed funds rate; innovation in aggregate liquidity 
of Pástor and Stambaugh (2003); change in industrial production; inflation rate; orthogonalized sentiment index of Baker and 
Wurgler (2006), and the geopolitical risk index of Caldara and Iacoviello (2022)). 
 
 

Economic Channel to Real Emissions 
 
The paper investigates empirically whether commodity futures portfolio decarbonization has the potential 
to translate into global emissions cuts via a hedging-cost channel.  Monthly panel regressions with 
commodity-sector and year-month fixed effects reveal that, post-2015 Paris agreement, speculative flows 
to brown commodity futures dropped significantly compared to green futures, elevating hedging costs for 
brown commodity producers while monthly inventory levels (proxied by the smoothed daily basis) 
declined.  Findings prove robust to green/brown splits from alternative GHG metrics and to interest-rate-
risk-adjusted carry (Levine et al., 2018) as an alternative inventory proxy. 

Traditional
η  =  0  η = 0.25  η = 1 η  =  2 η =  3

Panel A: Financial performance
Mean return 0.1019 0.0940 0.0814 0.0774 0.0775

(6.14) (5.88) (4.98) (4.51) (4.39)
∆return (SSI vs. Traditional) -8% -20% -24% -24%
StDev 0.0974 0.0939 0.0961 0.1008 0.1038
SR 1.0455 1.0007 0.8471 0.7674 0.7467
∆SR  (SSI vs. Traditional) -4% -19% -27% -29%
   Opdyke test p -value (H0: ∆SR=0) 0.3442 0.0598 0.0209 0.0164
Panel B: Environmental performance (GHG emissions)
Mean emissions 2.4878 1.6220 0.6435 0.3606 0.2738
∆emissions (SSI vs. Traditional) -35% -74% -86% -89%
StDev 0.8316 0.5316 0.1958 0.0840 0.0634
Panel C: Trade-off (Environmental/Financial)
∆emissions/∆SR 8.13 3.91 3.21 3.11
Panel D: Sensitivity of portfolio returns to climate risk shocks
CRt (same month) -0.0126 -0.0082 -0.0032 -0.0024 -0.0025

(-2.00) (-1.46) (-0.56) (-0.41) (-0.42)
CRt-1 (prior month) -0.0059 -0.0022 0.0015 0.0016 0.0014

(-1.15) (-0.45) (0.30) (0.31) (0.26)
R-squared 0.0629 0.0364 0.0268 0.0314 0.0358

Decarbonized (SSI)
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Conclusions 
 
The tilting-based SSI framework offers commodity investors a practical path to substantial decarbonization 
at modest financial cost, with added resilience to climate risk innovations.  Low tilts deliver outsized 
emissions cuts relative to Sharpe erosion, making the SSI framework an attractive decarbonization tool for 
commodity futures portfolios.  Critically, empirical evidence links speculative flows in brown commodity 
futures markets to hedging costs and inventories post-2015 Paris agreement, affirming derivatives’ role in 
reducing global emissions alongside equity and bond markets.  Widespread SSI adoption, even with very 
small tilts, could collectively nudge producers toward greener operations, positioning futures markets as 
allies in the net-zero transition.  Commodity trading advisors gain a tool for green mandates, and producers 
face incentives to cut footprints.  This work opens avenues for further climate-finance research in 
derivatives and urges data providers to prioritize dynamic commodity emissions databases. 
 
 

Endnote 
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Frictions workshop (Verona, Italy), the 23rd Quarterly Forecasting Forum QFF (Bath, UK), the 2025 Commodity Finance 
Workshop (Nantes, France), and seminar at the University of Glasgow for comments. 
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