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edA Drought Index as a Way to Improve Hedging Effectiveness For

Copula Insurance Models

Abstract

Keywords: Index Insurance, bivariate copula, quantile regression, SPEI, hedging
effectiveness.

Copula methods for the yield-index relationship estimation are current ways
of overcoming the drawbacks of OLS-based index insurance models. This
paper examines the risk-reducing effectiveness of two weather-related index
insurance models. We compar a bivariate copula taking into account five
weather regions that represent regular, excessive, and extreme weather
conditions and a simple piecewise linear model. The study aims to
demonstrate how a copula structure with dynamic quantiles for drought,
flood, and regular crop conditions can outperform current copula and linear
index insurance models. Our model is designed to achieve higher hedging
effectiveness and lower basis risk values; thus, it is able to derive index
insurance contracts that have more affordable fair premiums. Using monthly
coffee yield data (2007–2020), climatic water balance, and precipitation
indices derived from satllite data, we were able to compare a linear payoff
model structure. Next, a bivariate copula approach with four key dynamic
quantiles on its structure to capture regular, low, and high climatic conditions
was used. For both methods, we measured the marginal expected shortfalls
and calculated their hedging effectiveness. Results showed that for the region
under study, the bivariate copula approach reached unprecedented hedging
effectiveness rates compared to typical copula index insurance models with a
single quantile. Compared to linear structures, it doubles rate effectiveness
and lowered the fair premiums by one third. This model represents a novel
way to model regions that have extreme volatile weather conditions.

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4353828
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Abstract: There are several index insurance methodologies. Most of them rely on linear piece-wise
methods. Recently, there has been studies promoting the potential of data-driven methodologies in
construction index insurance models due to their ability to capture intricate non-linear structures.
However, these types of frameworks have mainly been implemented in high-income countries due
to the large amounts of data and high-frequency requirements. This paper adapts a data-driven
methodology based on high-frequency satellite-based climate indices to explain flood risk and
agricultural losses in the Antioquia area (Colombia). We used flood records as a proxy of crop losses,
while satellite data comprises run-off, soil moisture, and precipitation variables. We analyse the
period between 3 June 2000 and 31 December 2021. We used a logistic regression model as a
reference point to assess the performance of a deep neural network. The results show that a neural
network performs better than traditional logistic regression models for the available loss event data
on the selected performance metrics. Additionally, we obtained a utility measure to derive the costs
associated for both parts involved including the policyholder and the insurance provider. When using
neural networks, costs associated with the policyholder are lower for the majority of the range of
cut-off values. This approach contributes to the future construction of weather insurance indexes for
the region where a decrease in the base risk would be expected, thus, resulting in a reduction in
insurance costs.

Keywords: index insurance; crop insurance; machine learning; neural networks; satellite data;

google
earth engine

Climate change has resulted in acute difficulties for low-income economies. Extreme
weather events, such as droughts or heat waves, can cause crop failures and threaten the

livelihoods of farmers and the food security of communities [1]. Mainly, these concerns
can be severe due to underdeveloped financial services, where communities have access to
limited financial services or even none at all [2]. Crop insurance is a tool that mitigates risk

in farmers’ investments and is a growing market that reached USD36.6 billion globally in
2021 [3]. Globally, traditional insurance is one of the most widely used forms of protection

for farmers, and traditional insurance calculates the indemnity by assessing losses after
the occurrence of a weather event. However, it has two main problems: adverse selection

and moral hazard [4]. Adverse selection occurs when there is a lack of symmetry in the
information prior to establishing a deal between a buyer and a seller. A moral hazard

occurs when there are fraudulent behavioural changes that might occur which could likely
increase the risk of loss when a person knows that insurance will provide coverage.
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Assessing cohesion and diversity
in the collaboration network 
of the SALURBAL project
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Kroker‑Lobos , Waleska Teixeira Caiaffa 8, Alejandra Vives 9, Marcio Alazraqui 10, 
Tonatiuh Barrientos‑Gutiérrez 11 & Ana V. Diez Roux 2

The SALURBAL (Urban Health in Latin America) Project is an interdisciplinary multinational network
aimed at generating and disseminating actionable evidence on the drivers of health in cities of Latin
America. We conducted a temporal multilayer network analysis where we measured cohesion over 
time using network structural properties and assessed diversity within and between different project
activities according to participant attributes. Between 2017 and 2020 the SALURBAL network
comprised 395 participants across 26 countries, 23 disciplines, and 181 institutions. While the cohesion
of the SALURBAL network fluctuated over time, overall, an increase was observed from the first to the
last time point of our analysis (clustering coefficient increased [0.83–0.91] and shortest path decreased
[1.70–1.68]). SALURBAL also exhibited balanced overall diversity within project activities (0.5–0.6) 
by designing activities for different purposes such as capacity building, team‑building, research, and
dissemination. The network’s growth was facilitated by the creation of new diverse collaborations
across a range of activities over time, while maintaining the diversity of existing collaborations (0.69–
0.75 between activity diversity depending on the attribute). The SALURBAL experience can serve as 
an example for multinational research projects aiming to build cohesive networks while leveraging
heterogeneity in countries, disciplines, career stage, and across sectors.

Over the past five decades, collaboration has played an increasingly important role in the production of knowl-
edge and in scientific innovation1. Science to improve urban health is no exception, as multiple perspectives
and disciplines are key to scientific understanding and to the identification of effective actions.
Multidisciplinary and geographically diverse collaborative networks can strengthen urban health inquiry by
bringing together diverse ideas, knowledge, experiences, and strategies to illuminate complex problems and
their potential solutions. Diverse collaborative networks have been recognized as drivers of value creation,
pushing the boundaries of innovative and impactful research2. These networks also provide access to
resources, including physical facilities and diverse funding streams, and can also facilitate capacity-building
and innovation by exposing researchers to a wide range of disciplines, tools, and data2,3.

Research networks have been more limited in low- and middle-income countries than in the Global North3. 
The paucity of research networks facilitating collaboration between diverse stakeholders across the countries
of Latin America may impact the continent’s progress towards meeting the United Nations Sustainable
Development 
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