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Abstract

Cotton futures are one of the most actively traded agricultural futures products on the Zhengzhou
Commodity Exchange. Their price movements have a strong influence on cotton farmers’ income, the
operations of ginning mills, and the costs faced by textile firms. As more firms along the cotton supply chain
and institutional investors participate in the market, the price discovery function of cotton futures has become
stronger. At the same time, spot-futures arbitrage and calendar spread arbitrage have gradually become
important tools for risk management and relative value trading. However, the combined effects of seasonal
changes in supply and demand, state cotton reserve policies, extreme weather, and international trade events
make cotton basis and spread movements highly nonlinear and time-varying. In such a complex market,
traditional statistical arbitrage methods may not adapt well.

This thesis focuses on the Chinese cotton market and examines two core settings: spot-futures arbitrage
and calendar spread arbitrage. It builds a research framework that combines cointegration models as a
baseline with the DLinear forecasting model. On the market analysis side, the thesis describes the structure
of the cotton supply chain, seasonal patterns in supply and demand, and how government policies affect
prices. It uses the unusual basis movements in 2022 as a concrete example to show where traditional statistical
arbitrage can break down. On the empirical side, using data from January 2021 to June 2024, the study
processes high-frequency data, tests for cointegration, and builds a production-weighted weather index to
capture supply-side conditions. It then designs twelve DLinear-based arbitrage strategies organized around
three dimensions: feature construction, forecasting approach, and signal thresholds. These strategies are
evaluated through sensitivity tests, scenario analysis, and assessments of how they hold up under major
market disruptions.

The main findings are as follows. First, long-run cointegration relationships exist both between cotton
spot and futures prices and between front-month and second-month futures contracts, but the two types of
arbitrage work quite differently. Spot-futures arbitrage is fundamentally about basis convergence and is
closer in nature to basis risk management, while calendar spread arbitrage is about relative value within the
futures curve and is more sensitive to term structure and where liquidity sits. Second, the two model types
have different strengths. The traditional cointegration model generates higher absolute returns in spot-futures
arbitrage—the best strategy achieves an annualized return above 26%—but it also carries higher drawdowns
and struggles to adapt when market conditions shift. The DLinear model performs better on a risk-adjusted
basis, with a peak Sharpe ratio of 8.30 and a minimum peak drawdown of just 0.38%. In 5-minute calendar
spread arbitrage, its ability to separately model trend and seasonal components helps it pick up on short-term
patterns in spread movements, and both returns and Sharpe ratios clearly exceed those of the cointegration
benchmark. Third, differences in strategy performance come mainly from how well the signal design, the
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choice of variables, and the structure of the market fit together—not simply from how accurate the model's
forecasts are. Dynamic Bollinger Band signals generally outperform fixed thresholds and cost-based rules.
In spot-futures arbitrage, models built around basis and enriched with volume and open interest work better;
in calendar spread arbitrage, models built directly on the spread or on both leg prices have a clear edge in
high-frequency settings. Adding more variables does not necessarily help and can introduce noise. Fourth,
the DLinear strategies have clear limits. In spot-futures arbitrage, a 24-trading-day lookback window works
best—Ilonger windows bring in outdated information, while shorter ones make it harder to identify trends. In
calendar spread arbitrage, the strategies are very sensitive to trading costs, and performance falls sharply
once costs exceed a certain level. Among the external shocks studied, UFLPA enforcement has the most
lasting structural impact on the spot-futures basis, while calendar spread strategies respond to shocks mainly
through changes in how volatility is priced. Dynamic threshold strategies work better for improving returns
in normal conditions, while fixed threshold strategies hold up better during extreme market stress. Fifth, there
is no single best approach to cotton futures arbitrage. Traditional cointegration models remain useful for
identifying long-run price relationships and for low-frequency spot-futures arbitrage, while DLinear models
have clearer advantages in generating timely signals, trading calendar spreads at high frequency, and
managing risk. The two approaches are best used together.

Key words: cotton futures; spot-futures arbitrage; intertemporal arbitrage; DLinear model; risk

assessment
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