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Abstract. Index-based insurance is a critical tool for mitigating systemic climate risks
in agriculture, yet its efficiency often suffers from significant basis risk. This study
proposes a hybrid econometric framework combining Quantile Regression (QR) and
Extreme Value Theory (EVT) to enhance risk assessment, using wheat yield data from
Uzbekistan’s Surkhandarya region.

Unlike conventional mean-based models, Quantile Regression reveals the asymmetric
sensitivity of yields to environmental stressors, demonstrating that moisture deficits
exert a significantly higher impact during extreme drought years (q=0.1) than under
median conditions. To address catastrophic "tail risks," the Peak-Over-Threshold (POT)
method 1s applied, providing a precise estimation of the Probable Maximum Loss
(PML). The integration of these techniques allows for the calibration of more accurate
insurance triggers and payout functions. This dual approach not only reduces basis risk
but also provides the actuarial transparency required to transfer agricultural liabilities to
international reinsurance markets, ensuring financial resilience against escalating
climate volatility.
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Introduction

The increasing volatility of extreme climate events has intensified the systemic
vulnerability of the agricultural sector, particularly in arid zones. In regions like
Surkhandarya, Uzbekistan, wheat production is frequently compromised by erratic
precipitation and rising thermal stress. Traditional indemnity-based insurance remains
inefficient in these contexts due to high administrative costs and moral hazard, making
index-based insurance a more viable alternative for national risk management.
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However, the primary challenge of index insurance is basis risk, where payouts do not
accurately reflect farm-level losses. To address this, current actuarial practices must
move beyond mean-based estimations toward models that prioritize "tail risk" analysis.
This study utilizes Quantile Regression (QR) to isolate the asymmetric impact of climate
variables during severe production shocks, alongside Extreme Value Theory (EVT) to
calibrate the Probable Maximum Loss (PML). Integrating these quantitative methods is
essential for aligning local risk assessments with international Nat Cat (Natural
Catastrophe) standards, thereby facilitating the transfer of agricultural liabilities to
global reinsurance markets.

Methodology and Empirical Results

To isolate the impact of climate volatility on wheat yields, a multi-stage econometric
approach was employed. First, Linear Detrending was applied to the historical yield data
of Surkhandarya (2010-2024) to separate technological advancements from climate-
induced fluctuations, resulting in yield residuals that represent pure environmental
shocks.
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Figure 1. Time-series of wheat yield residuals in Surkhandarya (2010-2024). The red-
shaded areas represent significant negative yield shocks (deviations from the
technological trend), highlighting the high systemic risk in 2018 and 2021.

Subsequently, Quantile Regression (QR) was utilized to analyze the asymmetric
relationship between these shocks and key meteorological indices (soil moisture,
precipitation, and temperature). Unlike standard OLS models, QR provides insights into
the "lower tail" of the distribution. The results indicate that during extreme deficit years
(g=0.1), the coefficient for Soil Moisture (1005.8) is significantly higher than at the
median (633.9), proving that moisture retention is the critical determinant of resilience
during droughts.

For catastrophic risk calibration, Extreme Value Theory (EVT) using the Peak-Over-
Threshold (POT) method was applied to the negative residuals. The analysis yielded a
Probable Maximum Loss (PML) of 125.7 tons/ha, which serves as the actuarial ceiling
for risk transfer. Based on these findings, an index-based payout function is proposed
with a trigger set at 1 standard deviation below the mean moisture index, ensuring that
payouts are mathematically aligned with actual production shortfalls.

Conclusion

The integration of Quantile Regression and EVT provides a robust quantitative
framework for agricultural risk modeling. By capturing the non-linear effects of climate
shocks and defining precise PML thresholds, this model minimizes basis risk and
enhances the transparency of insurance products. Implementing such standardized
assessments is vital for local insurers to access international reinsurance capacity and
stabilize the agricultural economy against escalating Nat Cat risks.
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