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GENERAL CONTEXT

Agriculture
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INCREASING CLIMATE VARIABILITY
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FINANCIAL MARKETS INSTABILITY

IMPLIED VOLATILITY FOR SOME AGRICULTURAL COMMODITIES
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2016: A CATASTROPHIC YEAR

SOFT WINTER WHEAT YIELD (t/ha)
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GENERAL CONTEXT

Insurance
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CURRENT INSURANCE MODEL LIMITS S

Wit

Adverse selection BERLIN 2018

Moral hazard Claim adjustment

Multi-peril crop insurance ) )
P P Price risk

PARAMETRIC INSURANCE
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PARAMETRIC INSURANCE —m_

. 73,
(~Index-based insurance) m
BERLIN 2018
The index should be:

Closely correlated with the insured risk
Objective and easily measurable
Openly auditable

Not alterable by the insurer or the insured

= Comparable to an option or an option strategy on an index defined by the insured

v’ Pros X Cons

« No information asymmetry « Basisrisk
* No claim adjustment

24.05.2018
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BASIS RISK

= Arises when the index measurements do not match the actual losses

Actual risk

A

FALSE POSITIVE
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Risk covered
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PRIMARY OBJECTIVES ;,-,;.:,1
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% Build a general modelling framework in light of the large heterogeneity of
indices and variety of issues and actors.

% Elaborate a replicable model even in presence of limited historical series.

% Maintain an appropriate balance between flexibility and robustness.
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INDEX MODELLING
French market application
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MODELLING - OVERVIEW _..-: in,

BERLIN 2018

% * Yield index: Parametric backward-looking approach

m * Price index: Parametric forward-looking approach

69 * Dependency: Latin Hypercube sampling with rank correlation conservation

5.2018
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YIELD INDEX - DETRENDING S
icA Clagy

Possible models: Simple linear, Multiple linear, moving average, LOESS, spline, ARIMA, GARCH ... BERLIN 2018

1

Complexity e Robustness e Agronomic vision

Wheat yield in France since 1960
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8.0 i . Increasing climate variability
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40 . Slowdown in genetic research

30

20 . Diminution in input consumption
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=» Double linear regression (one-knot) estimated using Huber M-estimator
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YIELD INDEX -

HYPOTHESIS

Considering y;, =

u; their average and g; their standard deviation.

Then (ai'n)i,n c - are identically distributed.

u; + a;, xo;, with y;, the detrended yield of area i and year n,

¢ Inter-annual independence X Inter-spatial independence

SOFT WINTER WHEAT

- —- Kernel density
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YIELD INDEX - MODALITY

UNIMODAL DISTRIBUTION EXAMPLE
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Overfitting risk intensified by bimodality
=» Large-tailed unimodal distribution
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BIMODAL DISTRIBUTION EXAMPLE
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YIELD INDEX - DISTRIBUTION

. Leptokurtic (Kurtosis > 3) : Fat-tailed distribution
«  Left-skewed (Skewness < 0): One-tailed distribution

*  Wide shape variety: 3 parameters

= BURR DISTRIBUTION « MIRRORED »
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SOFT WINTER WHEAT
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Beta
Distribution

—~ Overlap
between
Burrs and Betas

Skewness Squared
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PRICE INDEX ;/';31-.

Forward-looking approach > Backward-looking approach BERLIN 2018

BLACK-SCHOLES MODEL :

. Drift is supposed to be null
Implied volatility temporally normalized

. Implied volatility determined using option market and BS formula

> In(P,) ~ N(ln(Po) -~ ap)
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DEPENDENCE MODELLING ;,-,;.:,1
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Y — ?t Pp — Py
pSpearman(Y; P) = Pspearman 7 ) P
t 0

Latin Hypercube sampling: Iman-Conover algorithm (1982)

" Reorder ” Monte-Carlo to obtain the same correlation structure as the desired sample
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MODELLING - OVERVIEW s
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Correlation
YIELD DATA PRICE DATA > matrix
(Spearman)
v v
Implied volatilit
Detrending mpe \./o a.l K
determination
v v A 4
Estimation of marginal distribution .| Iman-Conover | Multivariate
parameters " algorithm b random sample

SIMULATED INDICES
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INDEX-BASED SOLUTIONS

Envisioned covers
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REVENUE PROTECTION ﬁg“
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E," Need: Ensure a minimum level of agricultural revenue

¥ Solution: Hedge the decline of the price index and the yield index product

PAYOFF - REVENUE PROTECTION

Fpayorr(P,V) = (R — P« V)+

Example : R = 1000

1000

800

600

Variant: Multi-index revenue protection (crop type and/or area) for large farms

Price (EUR/t)

400

and cooperatives.

v Diversification benefits

200

Yield (t/ha)

24.05.2018 4 - 8 June 2018, www.ica2018.org




QUANTO OPTION 700,

& Need: Hedge against a price increase (decrease) while avoiding over-hedging BERLIN 2018

¥ Solution: Construct a price option only for the missing (excess) volume

PAYOFF - QUANTO OPTION

500
'

(1) fpayors(P,V) = (P- p)+ dUs V)+
(2) frayorr(P.V) = (T) - P)+ * (V_ ?)+

1000

400
'
800

= 200

Example : Case (1) with { e

300
'
6800

Price (EUR/t)

200
400

0 100
J'
0 200

0 2 . 5 8 1
Yield (t/ha)

24.05.2018 4 - 8 June 2018, www.ica2018.org



REVENUE SPREAD e
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g Need: Encourage farmers to grow one cereal rather than another one BERLIN 2018

¥ Solution: Cover the spread of revenue between the two crop

PAYOFF - REVENUE SPREAD

100¢
100¢

frayoff(P1,V1,P2,V3) = (P xVy, — Py xVy)*

fpayoff(RlﬂRZ) = (RZ - R1)+

800
'

600
'

Example: Ensure a revenue greater or equal to the revenue 2

Revenue 2 (EUR)

400
'

200
'

6 260 460 600
Revenue 1 (EUR)
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MARGIN COVER ;,-.;:11
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o Need: Secure a minimum margin level for cooperatives BERLIN 2018

# Solution: Offer a multi-index revenue protection with fixed prices

+

n m
fpayoff(vl,lx e Vn,m) = Z Z ml]

i=1j=1

. M representing the total insured margin
. m;; representing the margin expected by the cooperative for culture j in the area i
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CASE STUDY

Soft winter wheat in France
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COVER PARAMETERS

Production blé tendre 2016
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Revenue protection:
*  Yield index: Soft Winter Wheat (Agreste)
*  Price index: Milling Wheat (EURONEXT)

{SO the december maturity future price
avec Y; the yield of year i

Standalone pricing formula:

Premium = EL + (VaRgg 59, — EL) * RoC and RoC = 10%

Harvest

October November December January

February

I [ [ [ [ [ I [ [ I
March April May June July August September October November  December
| | |

Underwriting period

Discovery period Futures expiration
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Rol, = Premium /Limit

Cover RoL and Implied volatility

HISTORICAL RATE-ON-LINE
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HISTORICAL CUMULATIVE LOSS-RATIOS ?/'EE-“
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Historical LR with RoC = 0% (Pure premium)

2009 2010 2011 2012 2013 2014 2015 2016 2017

Cotesd'Armor

—Gers Vienne Eure-et-Loir Marne ———Pas-de-Calais
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INFLUENCE OF PARAMETERS 700
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Implied volatility influence over RoL Price/Yield correlation influence over RoL
30% 20%
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GOING FURTHER
Today's market integration
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"Agriculture is not crop production as popular belief holds - it’s the production of food
and fiber from the world’s land and waters. Without agriculture it is not possible to have

a city, stock market, banks, university, church or army. Agriculture is the foundation of
civilization and any stable economy.”

— Allan Savory
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Thank you very much for your attention!

Contact details:

Victor Bouton

address: 30 rue du Moulin vert
75014 Paris

phone: +33 (0)619217466

mail: bouton.victor@gmail.com
https://www.linkedin.com/in/victor-bouton/
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