Financial Innovations Designed to Mitigate Climate Risks
Gheorghe Hurduzeu1 and Maria-Floriana Popescu2
1), 2)
Bucharest University of Economic Studies
E-mail: gheorghe.hurduzeu@rei.ase.ro; E-mail: mariafpopescu@yahoo.com

Abstract
This research paper aims to build a mechanism suitable for hedging the climatic risks by
using financial innovations. The research starts from the premise that the climatic changes
during the past years have had a significant impact on the level of agricultural production,
cost, prices, and income stability both at the level of agricultural exploitations but also the
economic indices at macroeconomic level. Then, following a risk management evaluation,
we propose the establishment of a portfolio of indices on the evolution of the
meteorological events (rain and temperature). Based on these indices there can be drawn
the standardized elements of a contract for derivatives used as alternative mechanisms for
the transfer of the agro-climatic risks.
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Introduction
The climate change represents a major challenge to ensure water resources and crop
stability. The 4th Report of the Intergovernmental Committee for Climate Change (ICCC),
published in 2007, noted that the single weather events cannot be attributed to a single
cause, as the statistical analyses show that the risk of such events to happen is growing due
to global warming (Solomon, et al., 2007, p. 310). The global climate change will therefore
increase the uncertainty in agricultural production.
At European level, the first political initiative on adaptation to climate change was the
“Green Paper”, adopted on 29 June 2007 (Commission of the European Communities,
2007). In April 2009, The European Commission (EC) presented its “White Paper” which
had as main objective to establish the framework for action at European level to adapt the
climate change (Commission of the European Communities, 2009a). The report “Adapting
to climate change: the challenge for the European agriculture and the rural areas” published
in 2009 by EC, mentions comprehensive information on the impact of climate change on
EU agriculture, examines the needs for adaptation, describes the implications of the
Common Agricultural Policy (CAP) and explores possible orientations for future action
(Commission of the European Communities, 2009b).
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This research paper will focus on analysing risks that are related to weather events and
climate change, and have a severe impact on the agricultural sector. Some studies are
promoting the idea that it is easier for some developing markets to provide rainfall
insurance than traditional crop insurance (Skees, Hazell and Miranda, 1999; Skees, 2000).
We discuss about innovations for supplying insurance for climate risks, and propose a basic
infrastructure and some financial tools that can be used in order to mitigate the climate risks
and support farmers in hedging from agro-climatic risks.
Currently, the agricultural sector is increasingly exposed to both economic and
environmental risks, due to the phenomenon of climate change and high volatility in prices.
In this context, effective risk management is of major importance for the process of
agricultural production. In Europe, knowledge transfer and innovation in agriculture and
risk management and natural resources are key priorities for Common Agricultural Policy
of EU Member States. Also, “Europe 2020: A European strategy for smart, sustainable and
inclusive growth” discusses the efficient use of resources in the context of future climate
challenges (European Commission, 2010).
For the most financial innovations, the literature on the issue of evaluation of contracts on
agro-climatic indices on climate change is relatively recent. A summary of the theoretical
foundations can be found in the work of Jewson (Brix and Ziehmann, 2010). What is
remarkable is that each market sector defines its own derivatives evaluation model, as
shown in the work of Sloan (Palmer and Burrow, 2002) and Brockett (Wang and Yang,
2005). It also states that although the actuarial valuation models have been successful in the
insurance industry on weather derivatives, these are not entirely satisfactory (Sloan, Palmer
and Burrow, 2002). With regard to financial models of evaluation, the Black-Scholes is
most often mentioned in the literature. However, due to lack of market liquidity of these
contracts, the model cannot be successfully applied for derivatives on agro-climatic indices,
which is found in the works of Dischel (2002), Cao and Wei (2000) and Davis (2001). In
this context, we find in the literature other valuation models with a higher degree of
adaptability: quadratic approaches with Follmer and Sondermann (1986), Heath (Platen
and Schweizer, 2011), Bouleau and Lamberton (1989), as main promoters; quantile
hedging and shortfall minimization, found in the works of Cvitanić (Pham and Touzi,
1999), and Follmer and Leukert (1999), or the usage of marginal utility (Davis, 2001).
Managing risks in agriculture
Too much/little rainfall or too high/low temperatures can have systemic impacts on
decision-making, productivity, and market options (Jaffee, Siegel and Andrews, 2010). The
climate and weather risks can also affect the quality of products and perturb the flow of
grains in an economy. Although such risks have impact mainly geographically and affect
only a small number of individual supply chain participants, they can also lead to
disruptions in transportation, communication and energy services. But, even if a localized
weather-related event can affect farmers from a certain area, other buyers, processors and
traders might not be affected, because they can handle the transactions by finding
replacements for locally manufactured products with producers from a non-drought areas
and/or import goods. So the overall performance of the supply chain could go perform well,
while individual farmers (or groups of farmers) are subject to a risk (that can be managed
with proper tools).
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The risk management is an area of research with a rapid development in recent years. As
for the risks in agriculture, they know generally three forms. First, we can discuss the risk
of crop which refers to the ability to obtain a lower production value considered normal in
relation to the factors involved in getting it. This risk is characterized by a high probability
of realization (and relatively low losses). Secondly, it is envisaged by the event risk which
refers to the probability of an event and is characterized by exceptionally high losses, but
also a very low frequency (for instance: floods). Third, the agricultural activity is subject to
price risk and covered traditionally by using derivative contracts (futures and options) on
agricultural products.
The most unpredictable risk from the agricultural activity is the food price risk and
instability which are subjects that were comprised by food policy debates over years and
there is a good reason for that. Volatility of prices of staple foods such as maize, rice and
wheat, can have severe economic, social and political consequences (Timmer, 1995). Price
volatility can lead to very inefficient agricultural production decisions, particularly when
credit and risk markets are poorly developed (Newberry and Stiglitz, 1981; Myers, 1988;
Williams and Wright, 1991; Myers, 1992). The volatility of food prices can lead to
macroeconomic shocks and political unrest, discouraging long-term investment and
sustaining a slow growth.
Food prices can become extremely unstable and risky as a result of climatic events, world
price fluctuations, an inelastic supply and demand response in domestic markets, and high
transportation costs (World Bank, 2005). Climate cycles and global climate change increase
the exposure of developing countries to droughts, floods and other extreme weather events
that increase the risk of sharp fluctuations in food production (Tobey, Reilly and Kane,
1992).
Until the 80s, the traditional political response to volatile food prices in developing
countries was the state’s intervention. Governments were responsible for the flow of the
bought and sold food, controlled food prices and limited domestic and foreign trade,
usually by cereals marketing organizations. Although such interventions have reduced, in
many cases, the price volatility, they have imposed economic costs (Schiff and Valdes,
1992). Apart from the high costs that can often be observed when public institutions take on
marketing functions, direct government intervention is often vulnerable to rent-seeking and
the unequal distribution of benefits (McPherson, 2002). Over time, these interventions have
led to changes in national price levels (which often fall below the limit price), high treasury
costs, and large income transfers (often from the poor to the rich; Jayne and Rukuni, 1993).
The governments’ intervention in the food sector until the 1980s was considered a major
barrier in the growth and development of the developing countries’ food sectors (World
Bank, 1994; World Bank, 2000; Dorward, et al., 2004). The reformation of this sector
begun by governments’ involvement in promoting the reform of food marketing and price
policies aimed towards offering incentives for farmers by maintaining stable prices.
Moreover, the markets have begun to open to the private sector. All these have been the
subject of numerous debates (Barrett, 1999; Reardon, et al., 1999; World Bank, 2000;
Dorward, et al., 2004). Even if food market reforms were introduced in many developing
countries, they were done only partially, and the success of these reforms lies in
maintaining the food price stability and low levels of risks.
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Innovations for supplying insurance for climate risks
The understanding of the weather risks and the exposure to such risks have undergone a
growth in complexity which has meant the passing from a traditional approach to following
and controlling of risks and the crisis management to an integrative approach which has as
its main objective the proactive management of such risks. Therefore, the traditional
techniques for risk management, developed from the theory of utility and the portfolio
theory (Markowitz, 1952; Sharpe, 1964; Lintner, 1965), and the following development of
the financial markets by creating derivatives, set by the models of Black and Sholes (Black
and Scholes, 1973) and the theory of rational option pricing (Merton, 1973) and the coming
of the standards for risk measurement such as Value at Risk (RiskMetrics Group, 1996) we
arrive nowadays to a more and more integrative approach both in practice and especially in
research. Also, the developments at the institutional level, such as Weather Risk
Management Association (WRMA) have led to the standardization and the development of
specific markets for weather risk management.
Due to its nature, the research in the field of climatic risks through derivatives is complex,
having a particular meaning both for economy, and for social and ecologic climate, and has
some tendencies to clear up the main research path. Therefore, the research directions in the
field of financial innovations aimed to mitigate climate risks have to encompass:
(I) The study and the underlining of the particularities of the weather risks and their
impact. The specific literature in the financial and insurance field focuses on risk and its
management (Dischel, 2002; Geman, 1999). A current research issue is represented by the
opportunity of using weather derivatives under the existence of a crop insurance market.
The failure of private insurance markets in offering crop insurance contracts is documented
in the literature by Glauber, Collins and Barry (2002). The difference between the classic
insurance of harvests and those through derivatives is that weather derivatives are based on
a well-defined phenomenon, which can be identified through specific parameters stipulated
in the contract. In the case these parameters reach certain values, the insurance company
will compensate the agent who has used them to cover specific risk regardless of the
damage suffered. In contrast, the insurance policies on crops cover the risks of one or more
variables and they are compensated only after assessing the loss caused by the variables in
question. Through contracts on agro-climatic indices the whole process of loss evaluation is
eliminated, and thus it reduces the costs. In other words, there will be no uncertainty related
to payment to the insuree. In comparison with the insurance policies which cannot be
transferred, the weather derivatives have a higher degree of liquidity and can be easily
transferred.
(II) The drought-agriculture relationship. For example, in 2002, in Romania, as part of a
research project funded by the National Programme for Environment, Energy and
Resources (MENER) the first national synthesis of the risk of drought in areas with forest
was developed based on combined experience in monitoring and forecasting this
phenomenon in forest districts of Romania. The researches developed under Europeanfunded projects after 2005 have contributed to the foundation of the climate-agriculture
relationship in the context of current trends (observed) and future evolution of climate and
associated extremes, aiming to quantify the economic impact of climate change on
agricultural productivity, monitor the water scarcity and water resources, and identify
adaptation measures.
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(III) Setting agro-climatic indices and launching derivative contracts used to support the
risk management. The scientific literature has paid particular attention to derivative
contracts on indices and agro-climatic indices in agriculture (Skees, 2000; Skees, et al.,
2001; Martin, et al., 2001; Dischel, 2002; Vedenov and Barnett, 2004). As far as the
contracts introduced into developing countries (India, Morocco, Ukraine), some efforts
were done to research (data availability, construction and testing of econometric models)
and implement new financial structures. In our specialized literature, for Romania, some
research was done by Hurduzeu and Constantin (2008), and Kevorchian, Hurduzeu and
Gavrilescu (2012). The indices used can be the Selyaninov index as it will be described in
the next subsection. The derivative contracts having as asset the indices are financial
products (futures contracts) characterized by standardization, traded on on-line auction with
permanent negotiation in perfect transparency.
The Selyaninov index as a risk management tool
In general, the financial instruments such as the derivatives on agro-climatic factors are
intended to cover with low risk the events with a high probability of achievement in
comparison with the weather insurance which cover high risk with low probability.
Selyaninov suggested that the sum of temperatures, that is, the product of mean air
temperature for a period when it exceeds a specified value (often 10°C) times the duration
of this period, be used as a characteristic of potential evaporation. An index proportional to
the ratio of precipitation to the sum of temperatures was called the hydrothermal coefficient
by Selyaninov (Budyko, 1974, p. 333).
The Selyaninov index (introduced in 1930) is given by the following relationship:
(1)
where p is the sum of rainfall (mm) during those months when mean temperatures are
above 10°C and t is the sum of daily mean temperatures above 0°C for the same period
(Vogt and Somma, 2000, p. 336).
An index of Selyaninov type can be calculated under the following formula:
(2)
This index (based on data from the past 20 years, for example) will meet certain values for
each crop and for each studied area (if the Romanian Plain will be studied, counties from
this area can be taken into consideration), as well as having an interval of the optimal value,
which requires adequate rainfall and temperatures favourable to crops and therefore, a small
exposure of farmers to climate risk. The exit from interval means risks that are higher as the
distance is wider and more significant.
After constructing the Selyaninov index, futures contracts will be developed for each
subject crop taking into account (such as corn, canola, wheat, sunflower, barley) and for
each of the areas concerned. The substantiation of the contracts will be based on key
environmental variables recorded at weather stations representative for the analysed area of
culture. To profile contractual formulas, it should be taken into consideration the following
parameters: (i) location - represented by the meteorological station where the data were
collected in order to build the index, (ii) the period of calculation - the index represents the
period of protection, (iii) level of exercise - represented by the index for which protection is
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triggered, (iv) the prime - the cost of insurance for each hectare, (v) prices, (vi) active
months, (vii) tick – the trading steps, (viii) last trading day, (ix) the last day of execution.
The data collected on climatic factors will be analysed in terms of trend. Subsequently,
these data will be made on a statistical analysis and Monte Carlo simulations to determine
the distribution of agro-climatic indices and related financial hedges. Depending on the
frequency and severity of weather events included in the indices will be calculated first
contracts, representing a fixed amount per hectare, the function for calculating the amount
offered if weather phenomena parameters exceed certain limits (captured in the agroclimatic indices previously created).
Therefore, using these risk management tools finds its rationale in the need to address the
obvious advantage of the farmer's specific problems, complex and especially current for the
agriculture, while contributing to the alignment in the management of agro-climatic risks.
Conclusion
The recent innovations in the capital markets can provide solutions to hedging from natural
disaster and climate risks by enabling the bearers of the risks to share the exposure to such
event with market investors (Skees, et al., 2002). By evaluating the relationship between
land use and global environmental changes, there can be made improvements to
environmental policies and strategies, for managing environmental risk, and for the health
of the population in the studied areas. It will also provide useful scientific information for
territorial planning activities, by identifying and mapping potential areas with agro-climatic
risks. By pursuing a research that will use the futures contracts and will calculate the
Selyaninov index mentioned in the above, the results may be useful for the work of
agricultural improvement, development of genotypes with resistance to current and future
climate changes, ensuring sustainable exploitation of natural resources (climate, water and
soil). Data can also be gathered on ways to improve farming efficiency through the
developed measures and adaptation options.
In general, one can say that stimulating the economic activities leads to the creation of new
jobs, with consistent social impact on the overall employment, and the acquisition of
knowledge and continuous training. Positive social impact is felt on all the target groups;
the upstream and downstream activities will be stimulated, which will further create new
jobs. In this way, the economic and social impacts are intertwined.
An optimal management of agro-climatic risks through the solutions developed in this
research generates social beneficial effects, mainly in disadvantaged areas of a country. At
a national level, this research can also contributes to capacity development for institutional
cooperation, developing economies’ resilience against climate risks, and consolidating the
ability of preventing and reacting to disasters, according to the objectives of Europe 2020.
Acknowledgment
This work was cofinanced from the European Social Fund through Sectoral Operational
Programme
Human
Resources
Development
2007-2013,
project
number
POSDRU/159/1.5/S/134197 „Performance and excellence in doctoral and postdoctoral
research in Romanian economics science domain”.

256

References
Barrett, C., 1999. The Effects of Real Exchange Rate Depreciation on Stochastic Producer Prices in
Low-Income Agriculture. Agricultural Economics, 20(3), pp. 215-230.
Black, F. and Scholes, M., 1973. The Pricing of Options and Corporate Liabilities. The Journal of
Political Economy, 81(3), pp. 637-654.
Bouleau, N. and Lamberton, D., 1989. Residual risks and hedging strategies in Markovian markets.
Stochastic Processes and their Applications, 33(1), pp. 131-150.
Brockett, P., Wang, M. and Yang, C., 2005. Weather Derivatives and Weather Risk Management.
Risk Management and Insurance Review, 8(1), pp. 127–140.
Budyko, M. I., 1974. Climate and life. New York: Academic Press.
Cao, M. and Wei, J., 2000. Pricing Weather Derivatives: an Intuitive and Practical Approach. Risk,
May, pp. 67-70.
Commission of the European Communities, 2007. Green Paper from the Commission to the Council,
the European Parliament, the European Economic and Social Committee and the Committee of
the Regions - Adapting to climate change in Europe – options for EU action, Brussels: European
Commission.
Commission of the European Communities, 2009a. White Paper - Adapting to climate change:
Towards a European framework for action, Brussels: European Commission.
Commission of the European Communities, 2009b. Adapting to climate change: the challenge for the
European agriculture and the rural areas, Brussels: European Commission.
Cvitanić, J., Pham, H. and Touzi, N., 1999. A closed form solution to the problem of super-replication
under transaction costs. Finance and Stochastics, 3(1), pp. 35-54.
Davis, M., 2001. Pricing weather derivatives by marginal value. Quantitative Finance, Volume 1, pp.
1-4.
Dischel, R., 2002. Climate Risk and the Weather Market: Financial Risk Management with Weather
Hedges. London: Risk Books.
Dorward, A., Kydd, J., Morrison, J. and Urey, I., 2004. A Policy Agenda for Pro-Poor Agricultural
Growth. World Development, 32(1), pp. 73–89.
European Commission, 2010. EUROPE 2020 - A strategy for smart, sustainable and inclusive
growth, Brussels: European Commission.
Follmer, H. and Leukert, P., 1999. Quantile Hedging. Finance and Stochastics, 3(3), pp. 251-273.
Follmer, H. and Sondermann, D., 1986. Hedging of non-redundant contingent claims. In: W.
Hildenbrand and A. Mas-Colell, eds. Contributions to Mathematical Economics. North-Holland:
Elsevier, pp. 205-223.
Geman, H., 1999. Weather and Insurance Derivatives. London: Risk Books.
Glaube, J., Collins, K. and Barry, P., 2002. Crop insurance, disaster assistance, and the role of the
federal government in providing catastrophic risk protection. Agricultural Finance Review, 62(2),
pp. 81-101.
Heath, D., Platen, E. and Schweizer, M., 2011. A comparison of two quadratic approaches to hedging
in incomplete markets. Mathematical Finance, Volume 11, pp. 385–413.
Hurduzeu, G. and Constantin, L., 2008. Several Aspects Regarding Weather and Weather
Derivatives. The Romanian Economic Journal , 27(1), pp. 187-203.
Jaffee, S., Siegel, P. and Andrews, C., 2010. Rapid Agricultural Supply Chain Risk Assessment: A
Conceptual Framework, Washington D.C.: The World Bank.
Jayne, T. and Rukuni, M., 1993. Distributional Effects of Maize Self-Sufficiency in Zimbabwe:
Implications for Pricing and Trade Policy. Food Policy, 18(4), pp. 334-341.
Jewson, S., Brix, A. and Ziehmann, C., 2010. Weather Derivative Valuation: The Meteorological,
Statistical, Financial and Mathematical Foundations. Cambridge: Cambridge University Press.
Kevorchian, C., Hurduzeu, G. and Gavrilescu, C., 2012. The use of derivatives for risk management
options forecasts on farms in Southeastern Romania, agro-economy and rural development in
Romania. Implications of CAP on food security). Bucharest, The Romanian Academy.
Lintner, J., 1965. The valuation of the risky assets and the selection of risky investments in stock
portfolios and capital budgets. The Review of Economics and Statistics, 47(1), pp. 13-37.

257

Markowitz, H., 1952. Portfolio Selection. The Journal of Finance,, 7(1), pp. 77-91.
Martin, S., Barnett, B. and Coble, K., 2001. Developing and pricing precipitation insurance. Journal
of Agricultural and Resource Economics, 26(1), pp. 261-274.
McPherson, M., 2002. Restarting and Sustaining Growth and Development in Africa, Cambridge:
Harvard Institute for International Development.
Merton, R., 1973. Theory of Rational Option Pricing. The Bell Journal of Economics and
Management Science,, 4(1), pp. 141-183.
Myers, R., 1988. The Value of Ideal Contingency Markets in Agriculture. American Journal of
Agricultural Economics, 70(2), pp. 255-267.
Myers, R., 1992. Incomplete Markets and Commodity-linked Finance in Developing Countries.
World Bank Research Observer, 7(1), pp. 79-94.
Newberry, D. and Stiglitz, J., 1981. The Theory of Commodity Price Stabilization: A Study in the
Economics of Risk. Oxford: Clarendon.
Reardon, T., Barrett, C., Kelly, V. and Savadogo, K., 1999. Policy Reforms and Sustainable
Agricultural Intensification in Africa. Development Policy Review, 17(4), pp. 375–395.
RiskMetrics Group, 1996. RiskMetrics – Technical Document, New York: J.P. Morgan/Reuters.
Schiff, M. and Valdes, A., 1992. The Plundering of Agriculture in Developing Countries. Washington
D.C.: The World Bank.
Sharpe, W., 1964. Capital Asset Prices: A Theory of Market Equilibrium under Conditions of Risk.
The Journal of Finance, 19(3), pp. 425-442.
Skees, J., 2000. A Role for Capital Markets in Natural Disasters: A Piece of the Food Security Puzzle.
Food Policy, 25(3), pp. 365-378.
Skees, J., Varangis, P., Gober, S., Lester, R. and Kalavakonda, V., 2001. Developing Rainfall - Based
Index Insurance in Morocco, Morocco: World Bank.
Skees, J., Hazell, P. and Miranda, M., 1999. New Approaches to Crop Insurance in Developing
Countries, Washington D.C.: International Food Policy Research Institute.
Skees, J., Varangis, P., Larson, D. and Siegel, P., 2002. Can Financial Markets be Tapped to Help
Poor People Cope with Weather Risks?, Washington D.C.: World Bank Publications.
Sloan, D., Palmer, L. and Burrow, H., 2002. A broker's view. Global Reinsurance, 1 February, pp.
22-25.
Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M. and Miller, H.,
2007. Climate Change 2007: The Physical Science Basis - Contribution of Working Group I to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge
and New York: Cambridge University Press.
Timmer, C., 1995. Getting Agriculture Moving: Do Markets Provide the Right Signals?. Food Policy,
20(5), pp. 455-472.
Tobey, J., Reilly, J. and Kane, S., 1992. Economic Implications of Global Climate Change for World
Agriculture. Journal of Agricultural and Resource Economics, 17(1), pp. 195-204.
Vedenov, D. and Barnett, B., 2004. Efficiency of Weather Derivatives as Primary Crop Insurance
Instruments. Journal of Agricultural and Resource Economics, 29(3), pp. 387-403 .
Vogt, J. and Somma, F., 2000. Drought and Drought Mitigation in Europe. 1 ed. Dordrech: Springer
Netherlands.
Williams, J. and Wright, B., 1991. Storage and Commodity Markets. Cambridge: Cambridge
University Press.
World Bank, 1994. Adjustment in Africa: Reforms, Results and the Road Ahead, New York: Oxford
University Press.
World Bank, 2000. Can Africa Claim the Twenty-First Century?, Washington D.C.: World Bank.
World Bank, 2005. Managing Food Price Risks and Instability in an Environment of Market
Liberalization, Washington D.C.: The World Bank.

258

