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In India, risk-based pricing was central to the move to
market-based programs

Allows government to move from ex-post financing to upfront
premium subsidy
— Use market-based instruments to achieve social objectives

Private sector insurers can compete with the public sector insurer

Faster claim settlement benefits farmers

Improved budget management benefits government

* Increases equity

— The actuarial value of all products for one crop within one state can be
set to be constant

Price discovery has far-reaching policy implications
— Subsidies to different farmer groups are explicit

Well-documented methodology is a public good

Actuarially sound design and ratemaking:
An introduction to two technical issues

* Many issues to consider when pricing indexed agricultural
products, including:

1. Trends

2. Porfolio-based approaches to pricing
— (as opposed to standalone approaches)




1. Trends
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* These two yield histories have the same mean and standard
deviation but should they be treated the same?

Allowance for trends can make a big difference to rates

For example
e Use of improved seeds (Bt cotton) led to dramatic increase
in average cotton yields across India

¢ Ratemaking without allowance for this technological trend
led to high premium rates and low demand
— Trend in yields mistaken for uncertainty
¢ Application of detrending methodology provided sound
justification for rate reductions of:

Percentage reduction 47% 78% 54%




Detrending

Introduction

Suatistical procedures bygically rely on ihe Jssumplion thal past experience is, atleast in a probabilistic seme, amdgmlemme fubure. |flfl§ﬁ5|l|lm
|smtﬂﬂmehmldihnmbeﬂmh!wehrasmnﬂ ication of the st bon of ceriain
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years aga. In agriculture, such trends in yields ane common and are wsually cornected for by detrending.

If there is a trend, the raw data, before detrending, is typically not used dinectly in amy i ions; anly the data isused

Trends ane typically imparcant for pradud ts with claim payments basad on:
L Yields: vields are Ekely boincrease over Gme with improved Ilplits, hlmmmen‘t. et

2. Temperatures: in mamy parts of the workd average, temper lay a dear up! trend over the last 33 years.
They don't seem to be so wnportant for ralnfall ndezed I marsy gs: large ds in rainfall wdices ks less common.
Tor trends is impor as the following example shows, du i the pure premium significantly.

Motivation for detrending

Lising data reported in Carke et al. {2011, section 7], supposs you want to sell a product with daim pasment if the average yiekd ko cotton in subdistrict §
Falls below a Threshold Yield of 1700 kg/ha. Specifically, let the dakm ana of the L d be given by MA[1 700 Tield 0111 700.

Theeshold Yield 1700

Historical subdistrict-level average cotton yelds and historical clasm payment rates [based on Threshold Teeld of 1700) for subdistrict 5 were as follows.:

Year I 1998 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
“‘[ e weage yield for subdistrict § 1073 267 1399 597 1463 | 1928 | 2081 2176 | 2270 | 1997
Claim payine it rate for subdlsirict Susing| g7, 49% | 18% | 65% | 14% 0% 0% 0% 0% 0%
raw yield data
Daniel Clarke - http://www.stats.ox.ac.uk/~clarke,
3000 5% 80%

2. Porfolio-based approaches to pricing

e Historical yields vary
significantly from *
subdistrict to subdistrict

e Statistical question: how
much of this variation is
statistically significant

0 % coverage pure premium rale
<34%

* Actuarial question: how =
| R

much of this variation
should be reflected in
prices?

Historical claim payment rates at
90 % coverage level,
Rice crop, Andhra Pradesh




Credibility Theory
A simple example

* Consider yield histories for two adjacent subdistricts:

Year 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Yield for 600 | 600 | 400 | 600 | 600 | 600 | 600 | 400 | 600 | 600
subdistrict 1

Yield for

o 600 | 600 | 400 | 600 | 100 | 600 | 600 | 400 | 600 | 600
subdistrict 2

* Suppose that you want to offer full marginal insurance for

yields below a trigger of 500 kg/ha.

* The expected area to be insured is the same for both products

¢ Question: What should the (unloaded) premium rates be?

Naive pricing approach 1:
Calculate premium rate for each product separately

* The historical claim payment rates that would have been

payable (burn rates) are:

Year

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

Claim rate for
subdistrict 1

0%

0%

20%

0%

0%

0%

0%

20%

0%

0%

Claim rate for
subdistrict 2

0%

0%

20%

0%

80%

0%

0%

20%

0%

0%

* Average historical burn rates are 4% and 12%.

* Disadvantage of this approach:

— The calculated premium rates could be significantly different even if
the difference in yield histories is not significantly different.




Naive pricing approach 2:
Calculate one premium rate for the two products

* Average historical burn rate for the two products combined is

8%.

Disadvantage of this approach:
— The calculated premium rates would be the same even if the

difference in yield histories was significantly different.

Approach to pricing based on Credibility Theory

Basic idea
Rate 1 Rate 2
=4%x Z =12%x%x2Z
L0, w F1T — T LR v 11— T
A A A A A -
4% 8% 12% Premium rate

Blue rates are those calculated for each product separately
Green rate is calculated for both products together

Red rates are consistent with Credibility Theory

— Zis between 0 {'no credibility’) and 1 {full credibility'}
Credibility Factor Z is an intuitive intermediate calculation

that helps those conducting the ratemaking to understand
the calculations.
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Ideas for future research

1. How to select a portfolio of coverage levels so that each
product can be sold at a specific premium

— Lots has been written on the reverse problem of how to price a
portfolio of products with given coverage levels

— (Varying coverage level may be easier from a politically economy
perspective)
2. How do you design consumer protection regulation,
particularly for hedging products?

3. What should actuarial microinsurance practitioners know?




