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Abstract

This paper lusirates how weather
derivatives indexed to forecasts of famine
can be designed and used by operational
agencies and denors to [acilitate timely
and reliable financing lor effective
emergency response to climate-based.
slow-onset disasters such as drought. We
provide a general [ramework for derivative
contracts, especlally in the context of index
insurance and famine catastrophe bonds.,
and show how they can be used Lo
complement existing (ools and facilitles in
drought risk linancing through a risk-
lavering strategy, We use the case of arid
lands of northern Kenya, where rainfall
proves a strong predictor of widespread
and severe child wasting, to provide a
simple empirical Hlustration of the
potential contract designs,
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Climate variability and extreme weather
evenls are among the main risks affecting
Lthe: Hvelihoods and well-being of poor
populations, In sub-Saharan Alrica,
around 140 million people are exposed o
the constant threat of famine induced by
natural disasters such as droughts and
flonds. The capacities of communities,
social networks, or familles 1o buffer
members' welfare are, however, insufficient
to prevent widespread hunger and severs
human suffering when covariate shocks
hit, Due to limited insurance agalnst
covariate weather risks, short duration but
highly catastrophic shocks can have
serious long-term consequences [or
children’s development, household
productivity. asset accumulation, and
income growth [Dercon and Krishnan,
2000; Hoddinott and Kinsey, 2001: Dercon
and Hoddinett, 20056; Hoddinott, 2006).

Governments, external relief organizations,
and players in the inlernational aid
comumunity commonly step n as Insurance
providers of last resort for vulnerahble
populations, providing emergency
response o humanitarian crises in the
wake of extreme weather shocks. Their
commitment to humanitarian relief
exposes operational agencies and donors
financially to catastrophic weather risks in
developing countries worldwide. As the
frequency and intensity of natural
disasters and food emergencies have
increased in recent decades (Munich Re,
2006}, so has the nuwmber of people
needing humanitarian assistance,
requiring more resources from exiernal
agencies and donors. With lmited
available funds o support emergencies,
rigorous tools for efficient planning and
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prioritization of Interventions and resource
allocation become crucial Lo enhance the
humanitarian and economic value of
emergency operations.

Recent innovations in weather derivalives'
and the booming market for transferring
covariate weather risks provide
considerable promise to mitigate weather-
related catastrophic shocks thatl threaten
humanilarian crises, Improved early
warning systems and emergency needs
assesament practices have used timely
monitoring and analysis of situations in
vulnerable areas to significantly improve
humanilarian response in recent decades
(Barrett and Maxwell, 2005).

The goal of this paper is to show how
wealher derivatives can be designed and
used by governments and operational
agencies to improve humanitarian
respanse to slow-onsel disasters,
especially droughl. The contracts we
propose, “famine-indexed weather
derivatives”™ (FIWDs), comprise two main
characleristics. First, the weather
variables used Lo trigger conlracl payouts
need to be indexed to some indicators of
[orecasted prevalence and severity of food
insecurity conditions in the targeted areas,
and second, the timing and [requenecy of
the cash payouts need Lo facilitate
peential early interventions.

We motivate this ldea by brieflly reviewing
current innovations in the weather
derlvatives market and its potential in
developing couniries. The rationale for
FIWDs and the contracts’ main
characteristics are then described. We
provide a general framework for two
distinet contract siructures—weather
index insurance and a famine catastrophe
bond—and explain how developing country
governmenls and international
organizations might combine these

Ve refer o wealher dertvatives loosely as financial
contracts thac dertve values fram weather varlables.
In this conlext, weather desivatives may thus refer (o
weather index insurance offersd by relnsurers, weather
indices, or weather-related contracts traded nche
exchangde.

derivative products with other lunding
oppertunities (e.g., contingent grant or
debt rom international development
banks) to enhance catasirophic risk
transler opporiunities and to oblain cost
effective catastrophic risk financing (Hess.
Wiseman, and Robertson. 2006; Syroka
and Wilcox, 2006; Hess and Syroka, 2006,
Finally. we illustrate the possibilifes with
an application to the arid lands of
northern Kenya, an area that sulfers
recurring, severe droughls often requiring
a massive international humanitarian
response to avert famine.

Weather Derivatives and
Their Potential in Developing
Countries

A weather derfvative 18 a tvpe of parametric
contingent clalm contract whose payofl
schedule depends on a measure of
meteorological outcomes, such as inches of
rainfall, at a certain location during the
contract period (Chicago Mercantile
Exchange, 2002}, The weather derlvative
contract specifies a specific event or
threshald thal triggers payments and a
payment schedule as either a lump-sum
payment or a function of index values
beyvond that threshold, A variely of
derivatives can be issued on well-specified
weather variables or a single- or multiple-
specific weather evenl [Dischel, 2002;
Turvey. 2001}, The most common ypes of
contracts are put and call options, mostly
seen in the form of weather-indexed
insurance—swaps and collars.

I weather variahles are highly correlated
with covariate economic loss, derlvatlves
an appropriale weather variables can be
used o ellectively hedge against such loss.
The contracts can be written on various
weather risks, and traded like inaneial
assets, The weather derivatives market
therefore provides opporiunities lor
covariate weather risks to be translerred
and managed either as parl of a diversified
global weather visk portfolio fweather risks
in Kenya, for example, are polentially
uneorrelated with those in other
geographic areas) or as part of a diversilied
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capital market portfolio (Hommel and
Ritter. 2005; Froot, 1999). The weather
derivatives market has growmn dramatically,
to the notional value of US518.2 billlon In
2006,/07, from USS2.5 billlon tn 2001 /027
To date, the market has expanded to cover
weather risks outside the United States,
Europe, and Japan,

Among Lthe popular products, catastrophe
{rat) bonds are weather derivatives that
have been issued primarily by reinsurance
companies to facilitate transfer of the risk
of highly catastrophic eventls with very low
annual loss probabilities [mostly less than
1% per annum) to capital markets. Cat
bonds are typically high-vield derivatives
with the return conditional on well-defined
weather conditlons indicating the
ocouwrrence of a calastrophic event. From
the perspective of the investor. cat bonds
vield above-market rates [typically a
A%—-5% spread over LIBOR (Banks, 2004
Bantwal and Kunreuther, 2000]]
encompassing various compensating
premiumes,” while offering diversification.
Consequenily, there is an increasing
appetite for these products in the markel.
Hedge lunds, institutional money managers,
commercial banks, pension funds, and
nsurance companies are regularly
investing in cal bonds, The market o date
is concentrated in reinsurance of U.S,
hurricane and Japanese earthquake risk,
but has been extended beyond natural
perils to provide risk coverage against
epidemics and manmade disasters,

The total cat bond market size grew to
almost 1ISS5 billion in 2005 (Guy
Carpenter and Co,, 2006), and it is
expected o continue trending upward as
the cost of ssuing declines with the

“The survey has been conducted vearly by the
Wealher Risk Manngement Associacon [WHEWA] and
FricedaterhouseCoopers.  [For furcher detall qee
e/ Fumn wenaorg. |

"Apart from the risk premium on comparahly rated
corporate bonds, premiums are needed to compensate
for amhiguity ahout the probahility of rare catastrophic
events, costs of the learning curve for a comples
product and market, and loss aversion which results n
overvaluntion ol loss probability [Banks. 2004, Banowal
and Kunreulher. 2000k Nell and Riehoer, 2004,

development ol more standardized bond
structures and as the investor base
expands and becomes more knowledgeable
(Bowers, 2004). Recently, there has been
an attempt to design cat bonds o
securitize systemic risks in agriculture
(Vedenov, Epperson, and Barnett, 2006),
Cal bonds—or at least the principles that
underpin them-—might serve as a means to
transfer highly catastrophic but low
probability weather risks from developing
countries to the global capital markel
(Holman and Brukofl, 2006),

The weather risk market also facilitates
reinsurance opportunitles, For example,
Indian weather risks are currently
reinsured in the weather derivatives
market, allowing local insurance
companies to sell weather insurance
against drought to small farmers since
2002, The Mexican public reinsurance
company Agroasemex has similarty
provided weather index insurance to
slale governments to protect farmers
against drought in most of the dryland
areas since 2001. Weather insurance
contracts are also currently sold in
Malawi, Tanzania, and Thailand as part of
pilol programs.”

The market also facilitates transfer of
highly catastrophic weather risks thal can
trigger emergency needs by governments.
doenors, or International humanitarian
organizations (Hess et al., 2005: Alderman
and Haque, 2007). The United Nations
Waorld Food Programme [WFP)] successfully
toolk out USS930.000 in droughtl insurance
from an international reinsurer, AXA Re,
for Ethiopia’s 2006 agricultural season
covering 17 million people at risk of
livelihood loss (WFP, 2005). In December
2007, the WFP announced it was
expanding “the first humanitarian
insurance policy” in Ethiopia, hoping to
ralse USS230 million in insurance and
contingeney funds to cover 6.7 million

"Warlous weather lndex msurance products are
currently being developed o Bangladesh, Honduras,
Kazakhstan, Moroeeo, Micaragua, Pera, Senegal,
Vietnam. and several of the Cartbbean lslands (Barmetl
ariel Makbol, 2007].
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people if there is a drought comparable to
the one in 2002,/03 (IRIN Africa, 2007], In
addition, the Mexican government issued a
LUSS160 million cat bond in 2006 Lo insure
its National Fund for Natural Disasters
[FONDEN] againsl the risk ol a major
earthquake [Hofman and Brukoft, 2006;
Guy Carpenter and Co., 2006).

Similar products currently being explored
include a Caribbean Catastrophe Risk
Insurance Facilily aimed at allowing
Caribbean countries to pool and transfer
natural disaster risks to the capital
market (World Banlk, 2006), and
multinational insurance pools for the
Southern African Development Community
(SADC]) that can facilitate transferring
salastrophice weather risk as part of a
regional strategy Lo obtain reinsurance
cost reduction (Hess and Syrola, 2005}
The World Bank is also currently
establishing a new reinsurance vehicle,
the Global Index Insurance Facility (GIIF),
as a risk-taking entity to originate,
intermediate, and underwrite indexable
weather, disaster, and commaodily price
risks in developing countries (World Bank.
2006,

Using Weather Derivatives to
Improve Emergency Response
to Droughts®

Rationale

While weather shocks are neither
necessary nor suflicient (o induce
widespread humanitarian crises, there is a
strong historical correlation (Dilley et al,,
2005; O Grada, 2007) that potentially can
be exploited. The elfectiveness of
huwmanitarian response to weather-
induced crises depends not only on the
quantity of aid provided but when and howr
assistance is provided, Timely delivery of
food. medicine, and other essential
supplies is crucial to effective emergency
response.

"This section draws extensively on ideas and exis
fram Chanlaral ot al. [2007].

Since slow-onset disasters such as
droughts exhibil loreseeable pallerns,
drought-induced humanitarian crises
may be somewhatl prediclable, When
seasonal rains [ail Lo arrive, agricullural
production generally deleriorates, leading
to increasing food shortages and prices,
depressed rural livelihoods, and acute
food insecurity, Progress has been made
by loeal governments and operational
agencies (e.g., United Nations agencies
such as the WFP and FAQ) in developing
credible emergency needs assessments
and reasonably accurate early warning
systems® for dentifying where and when to
intervene, and al what scale, However,
resources are limited in part by a general
lack of timely and rellable funding to
respond Lo emergency needs.

Al present, the main mechanism for
financing emergency operations is
through the appeal process. where early
warning systems trigger a lield emergeney
needs assessment that leads (o an
international appeal {or appropriate
funding. The main prablem with this
approach is that donor lunding is
unreliable and often quite delayed, with
actual humanlitarian delivery taking as
long as our Lo eight months (Marris,
2005; Haile, 2006}, Delays are costly,
As an emergency progresses, unit cosis
per beneficiary increase sharply as more
expensive, processed commaodilies
become Inereasingly needed for
therapeulic leeding, donors pay premia
[or faster transport {including airlift).
and populations migrate (o camps
where broader support costs (e,
shelter, water, medical care) become
essential, In the 2004 /05 Niger
emergency, for example. the cost for WFP's
deliveries increased [rom 57 1o 823 per
beneliciary due to a six-month delayed
response,

* Programs auch as the Global Information and Early
Warning Syatem (GIEWS), WFMs Yalnerability Analveis
and Mapptng VAML the Strengthening Emergency
Meeds Asgesament Capacity (SENAC] project, and
USAIDs Famine Early Waming Systema Neowork
(FEWS-NET) currently collaborate and factlilate early
warning and emergency needs assessmenl capacily.
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Famine-Indexed Weather
Derivatives

The most crucial attribute of weather
derivatives for any humanilarian response
sysiem s the capacity to make immediate
cash pavouls for imely emergency
intervention. The key to designing weatlher
derivallves 1w Improve emergency response
to slow-onset disasters such as droughts is
o well-established correlatlon between the
specific event weather variable (5] and
eslimated humanitarian needs. and an
appropriale contractual payoul structure,

Humanitarian erises often resull from
successive droughl episodes, late arrival
of the main rains, or discontinuous
rainfall patterns within the season,
occurring in spatially widespread
locations, Although simple raintall
vilume matters, so does the temporal and
spatial distribution of rainfall within
seasons. Therefore, an appropriate
weather derivative conlract o properly
hedge againsi widespread suffering should
lake Into account these rainfall variables
and events. Such patterns can be clearly
ohserved in the case of arld pastoral
areas of northern Kenya, discussed in
more detail in our llustration provided
later. Mude et al. [2006) show thal
droughl episodes are strongly assoclated
with sharply higher prevalence of severe
child wasting.’

Formally, weather variables and other
weather-related covariates (W)—raintall
volume, distribution, multiple rainfall
evenls, ele.—may be indexed (o some
Indicator of severe and widespread human
suffering from food erises [F) by an
established empirical forecasting model:

TAmong Lhe covariales used n Mude et al.'s (2008)
lorecasting model are varous autoregressive lags of
prevalence of severe child wasling. herd dimamics, food
ald, and larage avallability, seme of which are not
olp|ectively messured, Thus, tey may be prone (e
el baeard i directly nsed as triggers for derfvatbee
coentracts, To further develop (hese measures as
triggers for weather dertvative contracts, slighc
modifications are needed to ensure that the covartates
used are transparent and free from tampering.

(1) F=fiW] e,

where [['} is a general functon and ¢ 1s a
standard mean zero disturbance term,
The value aof this pure reduced -form
eslimation is thal the lorecasted human
impact conditional on observed wealher
depends solely on observed weather and
immutable or exogenous covariates (e.g .
location or seasonal dummy variables).
[t is objeclive, verifiable, and extremely
difficult to manipulate. Therefore, [TW)
can serve as A parametric “famine index”
that forecasts the risk of widespread.
severe undernutrition associated with
observed weather events,

Mew [orecasts may be generated in near-
real time based on the arrival of new
weather data, so the famine index can
evolve over time throughout the contract
coverage, Hence, this may betler capture
not only the impact of shorifalls in rainfall
quantity in a specific time or season, but
also the timing and distribution of rainfall
within a season or Across Seasons.
Finally, assuming [T} is invertible, one
can recover an extrems weather trigger
W’ corresponding to an appropriate
critical threshold of forecasied degree of
human suffering, F°, which lriggers
emergency response interventlon such
that W™= ["HF7) [Turvey, 2001].

Establishing Appropriate
Contractual Payout Structures

Sinece timely lnancing lor elfective early
tntervention is a goal, weather derivative
contracts derived through the forecast-
based famine index, fiW). should trigger
indemnity payouts as soon as the famine
index meets or exceeds the prespecified
thresholds, or allow multiple triggered
payouts within the eontract term, rather
than paying out only at the end ol the
contract term. Response delays can be
costly and even deadly, Thus, Il the
scasonal rains [ailed badly and widely, the
contract might trigger indemnity payments
well belore the end of the contract so as to
allow more effective and lower cost
intervention. In the following section, we
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provide a general framework lor such
conlracts that can be designed and used o
improve emergency response to drought.

Structure and General
Framework

Generally, contingent debt or grant
facilities offered by the World Bank and
oiher international financial institutions
pn concessionary terms to developing
countries affected by either natural or
manmade disasters may be used (o
supporl couniries’ early intervention in
response (o dronghl. The catastrophic
layer of drought risk, where such facilities
are no longer available or suitable to
accommodale Lhe emergency need, then
can be managed through global

financial market mechanisms, For this
purpose, weather index insurance or
catastrophe bonds may facilitate transfer
of extreme drought-induced famine risk o
market plavers willing to accepl the risk at
some cosl. We now consider these two
forms of famine-indexed weather
derivatives, which can complement other
available financing facilities to hedge
against various layers of drought-induced
lamine risk.

Weather Index Insurance

Weather Index insurance can allow
governments and/or international afd
agencies to transfer drought-induced
tamine rizk to international insurers or
reinsurers. most llkely with the donor
community funding the insurance
premium ex ante. A well-designed
coniract can be benelicial 1o bhoth
beneficiary and denors alike, On the one
hand, if the insurance is (riggered, the
ndemnity payout will be released o a
governunent and/or nongovermmental
operational agencies Lo finance effective
emergency response, On the other hand.
pre-financing humanitarian aid allows
donors to hedge against the risk of volatile
demand for overseas development
assistance [(Skees, 2002: Syroka and
Wileox, 2006).

We refer to I1,A{W, W) as the total payvoll at
the terminal period T of a famine-indexed
insurance contract® covering a vulnerable
period [0, T] and based on the observed
specific weather event (W], the [amine
Index funclion W), and a prespecificd
anthropometric trigger F7, It is F7 that
determines the Index trigger W= f1(F’).
Depending an the nature of drought risk
and financial exposure of organizations in
the affected countries, various index and
payout structures can be considered,

Famine-indexed insurance can be in the
form of a simple pul option, establishing
payout at the end of the contract T. Thus,

(2) T(W, W) = Max[C(W" - W,), 0].

where O] is some function that maps the
severity of weather shortialls relative to the
extreme weather threshold to the
associated funds required for immediate
humanitarian assistance. For example,
€1 might be defined by (W' - W,)", where
x> 1, which captures the intensity of the
famine index relative to the weather evenl,
especially if the extent of potential
sullering is nonlinearly related (o
precipitation shortlalls. The required
[unds can be estimated from past
emergency operations or can be hased on
the drought conlingency planning system
a developlng country might already have
in place,

To ensure timely funding, weather-linked
famine Insurance can also be designed to
make 8 payout at any firsl tme {within
the vulnerable period coverage, [0, T, if
the wealther mdex W reaches the threshold
W". The payoff at terminal period T ean be
wrilien as:

(3) AW, W’} =e"TIOW - Wl 10w e

where ris a required rale of return,
which, for simplicity, is assumed 1o be

" mlematively, the insurance payoll also can b
atructured In terms af a direc! amine index I
relative to the anthropometric famine trigger F°. Thus,
the payoll g, L /IWL F') = Max[C[ AW - F71, 0l
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deterministic:” 1, is an indicatar funetion
of an event A; (W, W7 is the first tme
passage of Wio reach the threshold W75
and 1, . p - L s an indicator funetion
designed to capture a trigger at any period
twithin [0, T] and 0 otherwise,

The insurance coverage |0, T] can be
chosen so that it covers the enlire period
each year when people are vulnerable to
extreme weather, e.g,, the whole rainlall
season. Finally, the function C1) in this
digital, down-and-in option may simply
represent a lump sum of required funding
released Lo finance baseline early
intervention to the forecasted drought
evenlt iriggered.

Famine-indexed insurance also can be
designed Lo cover multiple drought events
[usually multiple vears (V] with one event
in a vulnerable period (0. T] each year] and
thus to establish multiple triggered
payouts at any vear n within the N-vear
coverage. The total pavoff realized at the
end of the contract at vear N can be
represented by:

e
'.4] nl,‘{'l,.l-" W] o EI ol '1]]]”“,1'."1 WI:j

where [1 (W, W] represents insurance
payoll at the terminal date of any year n
within the N-vear coverage.' For example,
(W, W) = Max [C{W, — W), 0] if a vearly
coniract is a simple pul option, Moreover,
a cap of I1,, can be applied to limit the
insurer's maximun loss each vear, thereby

" A atochasre required rate of return may be applied
as 1l caplures interest rale risk under a variety af
assumplions (Heath, Jarmow, and Merton, 1992] and
ather related rlsks doe o Geitars other Than g
catpsirophic cvent. The adjusted discount rmle with
slochastic required rale of relurmn can be designated by

it - [ 'risids.
=kl

H&ince the coverage period of [0, T] s fixed aoross
years, for stmplicity, the yearly contract can be
designed such that the terminal coverage perlod T s
alao the terminal peviod of a year, Hence, the period
Berween the end of vear | and the star of the contract,

viear Ty = T, = | vear, and the period between the end of

the: contract and the end of any year n, T, =T, s N-n
vears. Therefore, subscripl Tis dropped from che
yearly termdoel payoll W, W) of any vear n

potentially increasing market supply. The
total payoll at the end of this contract is
written as;

(5) I, (W, W' -
N
Z e r|JM1nl [, (W, W;L ﬁn].
0

Furthermore, W, and TI, are subscripted,
indicating the trigger and the cap can
change over time. If the trigger and the
cap are the same in all perinds, then (4]
and [5] can be converted to simple
annuities.

The actuarially fair premium for the
Insurance contract is calealated by taking
the expectatlon of the insurance payofl
with respect to the underlving distribution
or process of weather variable W, and
discounting the term with the appropriate
discount rate.!’ Hence, the actuarially fair
premivum for a famine-indexed insurance
covering N vears of drought events (with
ome event in a vulnerable period [0, T)
each year| can be expressed as:

6] Prermium = E"r""E"’| I, (W, W‘}i.

where E* indleates expectation at the
beginning of the coantract with respect to a
=late variable w that pertains to some
calastrophic weather risk governed by the
underlylng distribution of weather variable
W. To this falr rate, a loading factor m > 1
is usually added Lo capture insurers’
atlitudes toward ambiguity of the
underlying weather, their opinions about
weather forecast, and their aversion
foward catastrophic risks,

Catastrophe Bonds: Famine Bonds

While weather index insurance conlracts
can lacilitate the transfer ol droughl risks
{0 international insurers or reinsurers.
the extreme layer of the catastrophic
weather risks may not feasibly and for

I g stochastie diseount rale s considered, the
premium will have to be caleulated hased on the joino
distribution of weather vadable Wand the appropriate
term structure of interest rate,
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cost-elleclively be absorbed by a single or a
small number of insurers or reinsurers,
Extreme drought risks that cannot be
absorbed through the reinsurance markei
using weather index insurance potentially
can be securitized and transferred to the
capital market in the lorm ol calastrophe
[eat) bonds—aor simply “famine bonds™ in
this setting.

Catastrophe bonds are lypically engineered
as follows. The hedger (e.g., governmenls,
agencies) pays a premium in exchange for
a prespecified coverage if an extreme
wealher evenl occurs; investors purchase
cat bonds for cash. The premium plus
cash proceeds are directed to a special
purpase company, generally an investment
bank. which then invests in risk-free assets
[e.g.. treasury bonds) and issues cal bonds
to investors. Investors then hold cat bonds
whose cash flows (principal and/or coupon)
are contingent on the risk ocourrence, 1
the covered event takes place during the
coverage period. the special-purpose
company compensates the hedger and
there is full or partial forgiveness of the
repayment of prineipal and/or interest to
Investors. Otherwise, the investors receive
their principal plus interest, which
incorporates the associated risk premium.

Conceptually, governmenis or international
organizations can initiate the issuance of
Zero-coupon or coupon calastrophe bonds,
for which principal and/or interest
payments o bondholders are conditional
on the occuwrrence of extreme drought-
induced famine identified by the
constructed famine index relative (o a
specified threshold., For government or
humanilarian agencies, famine bonds
simply offer an insurance function just like
wealher index Insurance for the highly
catastraphic layer ol drought risk by
releasing immediate cash payment for
emerdency operations once the famine
index is triggeved. Thus, government and
aperatlonal agencles finance lAmine bonds
similarly to paving index insurance
premiums. They can appeal o the donor
community for premium contributions in
advanee, i.e., in the form of disaster
pre-linancing [Goes and Skees, 2003,

Generally, the price of a [amine cal bond
issued at tme O with face value P, annual
coupon payments o, and time to maturity
of W years, at which the bondholder agrees
to forfelt a fraction of the principal
payment F by the total insurance payoff
IL W, W) at maturity, can be written as:

(71 B0, N)
A |
eNEY P-Min| ¥ el (W W) 11 ‘
=l
< L1 - e,

where 11 < P. A famine bond therefore can
be structured as a coupon bond that is
embedded with a short position on a
wedlther-linked option based on a trigger
established by the famine indes—
specifically, famine-indexed insurance,
Equation (7) is a mulli-vear bond issue
that deducts fram principal the indemnity
in each year compounded fo vear ¥ at the
continuous compounding rate r and
subject ta a cap I that cannot exceed
principal. Like typical bonds, [amine
bonds are valued by taking the discounted
expectation of the coupon and principal
payments under the underlying distribution
of the weather index and the required rate
of return on investment, " Alternatively, i
the coupon ¢ = 0, the bond will be issued
as a discount bond, and if N= 1. a one-
vear bond,

The main advantage ol securitizing and
managing famine risk using cal bonds over
index insurance is the potential to avoid
defaull or credit risk with respect to
catastrophe relnsurance. The threal of
widespread catastrophic losses imposes a
significant insolvency risk (or reinsurance

' 4 atochaslic rate
vit) = | 'rishds
la

may be used as the adjusced required retum
representing nterest rate risk under a variefy of
assumplions (Heath, Jarrow, and Morlon, 1992) and
olher related risks due t Betors olher than a
calasirophic evenl, which can be incorpornted fnto the
bond pricing by setting the discount rate fi) equeal w
the rate of rerurn required by ivestors in general
bonds of comparable risk.



Agricultural Finance Rewlew, Spring 2008

Chantarat et al, 177

companies, and hence lor their capacity o
compensate such losses, In contrast, cat
bonds permit division and distribution of
highly catastrophic risk among many
investors in the capital markel, and so
may allow greater diffusion of the extreme
weather risk. Moreover. funds invested in
a cal bond are collected ex ante, which
implies that such credit /default risk is
minimized to the default risk connected
with the investments made by the special-
purpose vehicle. Comparing the premium
cosls between the two requires [urther
investigation of markel capacily and
opporiunity.

Empirical pricing of the weather index
insurance and famine bonds hased on the
framework provided above can be done in
various ways, depending largely on
assumptions, model specifications, and the
methodology used Lo derive or calibrate the
ernpirical distribution of the famine index,
SIWL and the term structure of interest
rates. A variety of such models applied Lo
credit instruments are presented in Turvey
and Chantarat {2006) and Turvey [2007).

Il is arguable thal various option valuation
maodels [e.g.. Black and Scholes, 1973)
widely used in linance arve inappropriate in
this context. The extreme weather events
characterized in the constructed index
Lend not Lo follow geometric Brownian
motion, thus violating the underlying
assumptlon of the models, as weather
patterns tend to be aulovorrelated, mean-
reverting, and exhibit seasonal trends
(Dischel, 1998; Martin, Barnett, and Coble,
2001; Richards, Manlredo, and Sanders,
2004; see Turvey, 2005, for an exception).
nMoreover, because a weather index does
nol have a traded underlying asset, and
unlike a financial index, there is no spo
market or price for weather evenits, then
applying the principle of risk-neutral
valuation or a replicating portfolio to the
value of weather oplions Is inappropriate
(Davis, 2001; Martin, Barnett, and Caoble,
2001 ; Hull, 2002].

Wealher derivalives are frequently priced
using actuarial methods (Turvey, 2001,
2005], This approach Lo empirical pricing

of index insurance and cat bonds may
involve two general steps: (a) estimating
the disiribution of the weather index and
thus the probabilities of triggering the
payout, and (B) incorporating the
estimated probability distribution and the
required rate of return into the actuarially
fair pricing framework provided above.

We illustrate these concepts by pricing the
illustrative famine-indexed weather
derivatives for northern Kenva using the
comparable historical burn rale, which
assumes that variability ol pasl weather
reflects the expected variability of luture
weather, and therefore uses the observed
historical distribution of the weather
variable in calculating actuarially fair
prices. We also employ Monte Carlo
simulation, which simulates the
probability distribution of the weather
variable using a sufficiently long time
series of avallable weather data and an
assumed structure of randomness as the
main inputs. Further explorations are
needed to allow for price discovery of these
innovative weather derivatives in the
market.

Incorporating FIWDs to Enhance
Effective Drought Risk Financing
Strategies

The famine index could be used to layer
drought-induced famine risks such that
linancial lools and lacilities appropriate for
each layer can be applied cooperatively.
One possible example, considered also by
Hess, Wiseman, and Robertson [2006) and
Hess and Syroka [2005], combines
internatonal developiment banks” debl/
granl facilities, index-based risk-transfer
products, and the traditional donor
appeals process in drought emergency
response financing,

Beyond the nation's sell-retentlon laver
{i.e., interventions in response to [requent,
local, and low-loss drought events can be
managed using national resources], a
famine index could be used as a trigger for
the release of contingent grants and/or
debt with fixed and preestablished termsa
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o governments or operatlonal agencies for
early intervention in emergency response.'”
Combinations of weather index insurance
and catastrophe bonds then can be used
ta transfer the catastrophic layer of
drought risks beyond the capacities of the
Institutional grants fdebt facilitles,

All in all. a risk manager’s decision an an
ellective risk-layering strategy, as well as
optimal risk allocation arrangements
among available strategies and
instruments within each layer of risk.
becomes a problem of minimizing risk
financing costs—financially and
eeonomically—with respect Lo resouree
availabllity and market prices for FIWDs,
Bul timely and predictable payouts from
FIWDs now replace delayed and unreliable
humanitarian aid in response to severe
drought events when FIWDs are used to
complement traditional donor appeal
Processes,

Potential for Famine-Indexed
Weather Derivatives in
Northern Kenya

The arid areas ol northern Kenya are
largely inhabited by marginalized pastoral
and agro-pastoral populations thai
traditionally rely on extensive livestock
production for their livelihood, and
consequently are particularly vulnerable to
covariale shocks in the form of drought
and flood. To address the vulnerability of
its populations and to improve their ability
to manage risks. the Government of
Kenya's Arld Lands Resources
Management Project (ALRMP) has heen
funded by the World Bank since 1996,
alming to develop and implement a
community-based drought management
system. A community-based early warning
system based on monthly household and
environmental surveys that collect detailed
information on lvelihoods, Hvestock

"Huriher, the debe riggered may be altached with
1the Index insurance {Turvey and Chantaral, 2006)
whereby Lhe debl repayment (& contngent upen the
oveurrence of disaster [Le,, when W= W,

production, prices, and the nutritional
status of children is currently used to
signal various stages of drought and food
insecurity situations, and thus to help
government and operational agencies
manage droughls,

In the context of FIWD design. these
survey-based variables may not all be
suitable as a direct index to hedge againsi
famine risk, because they may be
manipulahle by prospeclive beneficlaries.
However, since drought episodes are
strongly associated with sharply higher
food Insecurity in the pastoral
communities (WFP, 2001-2006]), the
predictive relationship between rainfall
variables associated with extreme rainfall
events and available food insecurity
indicators such as nutritional slatus of
children, levels of exogenous food
avallability (e.g.. existing {ood aid pipeline
commitments), real prices of key staple
crops, etc., could be used In a parametric
famine incdex for various derivative
contracts.

FFor illustrative purposes, Lhe relalionship
hetween rainfall variability and the directly
ohserved proxy of prevalence and severity
of child undernutrition 1s used (o develop a
famine index for FIWDs for the study
areas.'* Specifically, we oblained sample
readings ol the mid-upper arm
circumference (MUAC) far children aged
H-HY9 months in each of 44 communilies in
three arid districts—Turkana. Samburua,
and Marsabii—for which sufficient
continuous monthly observations from
2000-2005 were available.' These three
districts are rated most vulnerable to food

" (rher factars, such as domestic and intermational
palicies or other economic coiteria, may influence
priciog variables, and so their capacities to truhe reflect
the needs of the aflected population.

A Theoretically, 30 households are randomly
selected per conununity. and they are reviaited cach
month, However, because of incompleteness due 1o
poor data organization and storage of these repeated
cross-seclinnal household data [described in detasl in
Mude et al., 2006). a subset of suitable data, for which
w sufficien! number of continuons observatlons were
wvillahle, was chosen Tor Lhe |:|'r|u|:\-'.-<i.‘4 ol i iy
lewe] impact of covariate shooks.
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insecurity. and thus their populations are
among the majority of Kenyan populations
to receive vearly food assistance, making
these areas very suitable as an [llustrated
case for our study.'?

As a measure ol wasting, MUAC reflects
short-term luctuations in nutritional
stress and is typically easler and less
costly to collect than weight-for-height
data, the most commonly used and maosi
documented anthropomelrie measure of
wasting, Furthermore, several studies
have found MUAC to be a far better
predictor af child mortality than weight-
for-height (Alam, Wojlyniac, and
Rahaman. 1989; Vella et al., 1994). We
caleulate the proportion of children in each
community with a MUAC z-score of -2 or
lower ' and use this as a proxy lor
widespread acute tood insecurity. This
coincides with ather measures used among
operational agencies and in anthropometric
research in various disciplines—for
example, Howe and Devereux's (2004)
definition of “famine” as a condition where
200 or more of children in a specified area
are severely wasted (l.e., with 2-score of an
anthropometric measure of malnutrition

< —2] and "severe famine” when 400 or
more of children in a specified area are
severely wasted. This MUAC measure of
the prevalence of severe child wasting can
be used to quantify the level of drought-
induced famine risks and thus to establish
appropriate thresholds that trigger weather
derivative payout for emergency response.

These data are then maltched with the
19612006 rainfall series. comprised of

"These three pastaral districts also share simitor
sarineconomis charaeledslics, climate patlerns,
nalural resource endowments, and lvelihood portfalins
according to the WFF's 2001 Yulnerability Analvsis
and Mapping [VAM) pilot study on chronde vulnerabilicg
e foedl nsseurily, allowing the application of stmilar
concepls and tools to droudht response across this
vasE area,

TRUALC data are standardized using the
internatlonally recognleed 1978 CDCAHO growih
chart, The threshold 2 = -2 s consistent with the
benchmark often emplaved by emergency relisl
agencies to define fumine [Howe and Devereus, 2004:
Warld Foad Programoe. 2006,

1961-1996 CHARM historleal rainfall data
estimated [rom historical satellite imagery
(Funk et al., 2003] and 1996-2006

METEOSAT-based daily rainfall estimates.

Rainfall Variability and Food
Insecurity in Northern Kenya

The pastoral areas examined here are
generally characterized by himodal rainfall
with short rains (alling October-December,
followed by a short dry period [January-
February), and long rains in March-May
followed by a long dry season from June-
September, This pattern is shown in
Figure 1, which plots kernel density
estimation of yvearly rainfall patierns in the
three northern Kenyan districts we study,
Pastoralists rely both on rains for water
and pasture for their animals, as well as
necasional drvland cropping. Dry seasons
are typically hunger periods in these
pastoral communities,

In a normal vear. water availability sullices
to ensure adequate vields of mill, meat.
and blood, most of which is consumed
within pastoral households, with the
remainder sold in order to purchase grains
and nonfood necessities. While localized
rain failures may oceur, migratory herders
commeonly are able to adapt to
spatiotemporal variability in lorage and
water avallabillly, Bul when the rains (all
across a wide area. especially if short and
long rains both fail in succession,
calastrophic herd losses often occur and
bring with them severe human deprivation.

Chantarat el al. (2007} report thal the
mdjor recent droughts with dire
humanitarian consequences—1997 /98,
2000/01, and 2005 /06—were all years in
which not only was ageregate rainfall low,
but it was also spatially widespread and
continued across multiple seasons.
Moreover, evidence of the effect of
variability in seasonal rainfall an the
prevalence and severity of malnourished
children ean be clearly observed in the
following dry seasom, as shown in Figure 2,
which plots the dynamics of rainfall and
nutritional status characterized by the
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Figure 1, Kernel Density Estimation of Yearly Rainfall Pattern
in Three Pastoral Districts of Northern Kenya, 1961-2006

proportion of severely wasted children in a
community [rom 2000-2005 in the three
districts of our study. The impact of
2000's failed long rains resulted in a
larger proportion of malnourished

children in the following long dry season,
whereas the localized failure of the 2003
shorl rains resulted in a temporary peak in
proportion of malnourished children in the
following shorl dry season at the start of
20004,

Kenya's current drought response systemn
is illustrated in Figure 3. Seasonal rain
lorecasts are conducted two months before
the start ol the seasonal rains with the
gaal ol produeing early warning (o help
herders improve their livelihood decisions
as well as to [acilitate drought response
planning among agencies. Approximately
two-motth-long seasonal rain assessments
then take place after the end of the
seasonal rains. These resull in eslimates
of the affected populations and the
associated unding needs, information
which is then used In the donor funding
appeals. It usually tales at least five
maonths from the end of each rainy

season until the newly programmed

humanitarian aid is actually delivered,
Consequently, aid delivery under the
current response system might fail to
preserve livelihoods or even the lives of
some allected populations,

Predictive Relationship Between
Rainfall and Humanitarian Needs

To assess how FIWDs can be designed o
hedge against drought-induced famine
risks in northern Kenya, we explore the
predictive relationship between seasonal
rains and the prevalence ol severely
wasled children in each subsequent dry
season. For llustrallve purposes, we use
the eumulative long rains (mm, from
March to May) and short rains [mm, from
October to December) to characierize
seasonal rains In each community, The
area average ol each of these two seasonal
rains is constructed by welghted averaging
across 44 communities using
communities” mean proportion of severely
wasted children as weights. These
welghted long rains and short rains
represent overall exposure to drought risk
in these northern Kenya communities.,
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Figure 3. Kenya's Current Drought Emergency Response System

This area average is the appropriale
measure (o use to hedge against drought-
indueced risk since localized droughts can
be managed by translerring resources from
unaffected areas. and so only catastrophic
droughts that affect most of the areas need
to be transferred.'?

Table 1 reports sample district-level and
overall (baskel weighled)-level statistics of
the proportion (%) of severely wasted
children averaged over short dry
(January-Febrmary] and long dry
[June-September] periods, cumulative
long rains (mm], cumulative short rains
{mm), maonthly average normalized
vegetalive index (NDVT, a measure of
forage availability for herds], and
percentage of communities experiencing
failed long rains or short rains, where
“lailure” reflects cumulative seasonal
rainfall more than one standard deviation
below Lthe community-specilic long-1erm
mear.

" Correlation coefficients of seasonal ralns peross
these 44 commmunities vary from (16 Lo 0.98 for long
ridns and (L33 1o 0.99 for short odns.

On average, the proportion ol severely
wasted children is higher In the long dry
perieed than in the short dry perlod (Table
1]. Marsabit experienced the highest
proportion of wasted children despite jts
mare favorable rainfall, Turkana is
typically the most arid district with the
lewest mean cumulative short rain and the
lowest monthly NDVI. Years when 1008
ol communities laced failed long rains are
observed in all three districts. A high
percentage ol communities with failed
short rains are also observed. On average,
26% of children are severely wasted during
long dry seasons and 21% during short dry
periods, with mean cumulative long rain
and short rain volumes of 218 mim and

136 mm., respectlely.

Taking the obsgerved rainfall volume and
temporal and spatial effects of rainfall into
account, we use two conseculive preceding
seasonal rains in predicting the prevalence
of severely wasted children in each ol the
fwr dry seasons, Seemingly unrelated
regression is applied in fithing these two
relationships using six years ol 44
communily basket-welghted variables
available from the 20002005 ALRMP data,
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Table 1. Sample Statistics of Weather and Proportion of Severely Wasted Children

Short Long Percent  Percent
Dry Dry Long Short Failed Failed
(% MUAC [% MUAC Raln Rain LR SR
District Statistics =z < -2} Z < -2) [nm) [mm) {%a) [} NDVI
Marsahit Mean 20 .28 233 1462 14 15 .32
Y eommundiies Sl Dey, il [ERE 86 T a0 27 0.16
Mindmum 0,00 0.24 53 g O i .08
Maximum .31 0.35 454 327 100 100 NG
Sambura M [k 16 (.22 214 L34 13 15 0.28
14 communilies  Sid. Dev, 0.07 o011 B4 fitad 27 27 012
Minimum 0% 0,07 62 12 ] 0 005
Mexirmum 26 0.8 417 313 100 a3 (.64
Turkana M 25 (.26 217 119 IG 10 0,22
21 communities St Dev, (URNE] 012 =] fifd 26 17 0.12
Minimum 14 0.10 78 20 0 4] 0,05
Masdmum .34 .46 317 386 100 67 0.62
All (weighted)®  Mean 21 026 218 136 15 14 0.26
44 communilies  Std. Dey. (.05 010 G2 62 25 21 0.14
birairmm 000 0.07 G6 15 0 4] 005
Meaccimum .34 .46 a7l 344 100 B2 .69

Motes: Proportion of severely wasted children (% MUAC 2= -2) statistics are from 2000-2005, rinfall statistics are from
1861-2006, and normalized vegetative index (KDVI} statistes are lrom 19902005,
* Forty-four communities are weighted using thelr mean proporton of children sith MUAC 2 < -2 in dry seasons

The estimated forecasting model of basket-
welghted proportion ol severely wasted
children in the long dry season is wriiten
as:

(8) In{F,,), - 3.607 - 0.619In(LR),
(2.34] (0.13)

~0.1771In(SR ), - 0.224 In(AID, ), + ¢,
(0.35] (0.07)

R* = 0.753.

Standard errors are reported in
parcntheses, I, is the proportion (%) of
severely wastled children averaged over the
long dry season [(June-Seplember), LR
denotes the eumulative long rains [mm),
SR, represents the immediate leading
cumulative short rains (mum) of the
preceding vear. AID, , is the basket-
weighled average of communities’ mean
quantity of food aid (kg) received per
household per vear caleulated from
Cctober of the preceding vear 1o
September (the end of the long dry period),
and t represents thime in years.

Similarly, the forecasting model for
proportion of severely wasled children in
the short dry period {8 expressed as:

(9) InlF,l, - 5.28-0.248In(LR_),
(2.680] {0.247

~1.113In(SR_,),- 0.1 191In(AID), + €.
(0.52) (0.15)

R* -« 0,563,

Standard errors are given in parentheses,
I Is the proportion (%) of severely
malnourished children averaged over the
short dry season [January-February], LR
represents the cumulative long rains [mm)
of the preceding year, and Al is the
mean quantity of food ald (kg) recelved per
household per vear caleulated [rom March
af the preceding year to February [the end
al the short dry period].

The above model specifications were used
in this illustrative case for a variety ol
reasons. First, the basket-weighted
average covarlates represent the welghted
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aggregate of the overall exposure 1o
drought-induced famine risks in the
communities under study. Second, the
cocllicients are consistent with our priors
about the relationship between rainfall and
malnutrition. Third, the estitated
parameters showed reasonable statistical
significance, even though the number of
observations was very low. Fourth, the
model selected was the best of many
models examined. Finally, although our
data were obiained from a large number of
maonthly observations, we were limited in
lime to annual counts of the proportion of
wasted community children o six annual
measures, This is a data Umitation that
will be overcome in time," but for the
purely [llusirative purposes of this paper
and the FIWD concepts and pricing
methods it introduces, there Is no better
measure to directly predict prevalence and
degree of food insecurity, and we would
rather err on the side of precision.

We should also explain that food aid
variables were included in these
forecasting models purely to control for

[a) non-weather effects [e.g.. disease,
conflict) that matter 1o the variability of the
proporiion of severely wasted community
children. and (b} pre-programmed food

ald flows (e.g., school eeding and other
non-emergency lood ald as well as lood aid
resulting from prior years” appeals).”™ The
predicuve relationships between the two
preceding seasonal rains and the
prevalence of severely wasted children
conditional on an ex ante expectation of a
food ald pipeline now can be used to
develop a parametric lamine index lor
FIWTs.

According to (8), a 1% increase in the
basket-weighted long rains will decrease
the overall proportion of severely wasted
children by D.619%, whereas a 1%

" Phase twa of the ALRMP prafect from 2005 anward
continues to calleel data from these communities,

M The weighted sverage vearly food aid variables
used are not statislically determined by the prevalences
ol severely malnuurished children in dry seasons.
Thus, reverse causality does nol appear 1o be an issue
I thege dale,

increase in short rains will decrease the
malnutrition proportion by O, 177%.
Clearly, the influence of the long rains is
maore Indicative of wasting in the long dry
season than the prior [all short rains. And
as expected, (9 also suggesis that the
preceding short rains seem (o have a more
significant imparct on malnutrition status
in the short dry period compared o the
preceding long rains. Nonetheless, with
significantly different impacts, two
preceding seasonal rains are both erilical
predictors of short dry seasons’ prevalence
of severely wasted children. The
combination of these two rain events
characterizes a joint weather-event trigger
for derlvative confracts.

Designing Famine-Indexed Weather
Derivatives for Northern Kenya

Using the forecasted proportion of severely
wasted children as an indicator of acute
food insecurity, the famine index derived
from the predictive relationship in (5)

for the long dry seasom is thus

F = 38.845 LR 5P SR P AID Y,
Holding the prevalence of child
malnutrition constant at £}, and
incorporating the food aid varlable based
on ex ante expeclation of AID,,, (40 kg/
househaold food aid in the precxdsting
pipeline)®! into the intercept, we use:

(10 LR'(SR,(F,)] -
109

368‘45@&333* -Jl} 177

Fip

to obtain the conditional Lrigger of
cumulative long rains contingent upon the
already observed outcome of the preceding
cumulative short rains, Critically
impaortant is the inclusion of the famine
index, in terms of proportion of wasted
children (F, ;). not as an oulcome, but as a
poliey variable. Here (10) represents what
we will refer to as an iso-food iInsceurley
index curve, as depicted in Flgure 4,

“The level of food ald ol 40 kg household Svear,
used here for Hustmative purpose, 18 approsimately a
TE% slandard devialion below the 2000-2005 mean.
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Figure 4. Iso-Food Insecurity Index Relations for Hedging
Against Levels of Prevalence of Severely Wasted Children (F')

This s similar Lo an isoquant in classical
production economics. Al a particular
level of expected aid delivery, this curve
shows the loci of sirike or trigger long rain
levels, LRSE(F L)), given an observed
preceding SR, that probabilistically leads
to a level of prevalence of severely wasted
children £, in the long dry seasan. It can
therefore serve as an early warning
mechanism for slow-onset food crises.

The critical caleuhus is
JLR"[SR_ (F )} .

- g
Fin

0,

and so as the chosen level of prevalence of
severely wasted children Lo hedge against
(Fn) Increases, the long rain trigger
decreases, This is depicted in Figure 4 as
a downward shift in the Iso-food insecurity
index curve, In additon,

GLR*| SR, (F))
- L
BSR.

indicates that as the observed preceding
shorl rain nereases. the long rain strike
required 1o hedge against a given level of

prevalence of severely wasted children
1F; 5] is lower. Thus, the long rain strike
LE'(SR [F L)) s determined jointly by the
random outeome in the preceding short
rains and the chosen level ol Fj,.

The meaning of F}, s crideal. Like a
deductible in conventional insurance, the
cholce of F,§; represents the level of food
insecurity for which the government or
operational agencies can provide
assistance using existing resources [[ood
and cash) but above which additional
resources will be needed. Hence, if

F = 0.3, the iso-food insecurity index
curve delermines the boundary of short
and long raln combinations, below which
prevalence of wasted children F, > 0.3
could arise probabilistieally, In other
words. to ensure that eash for emergency
food relief is avatlable lor early prevention
of the predicted prevalence of severe
child malnutrition beyond a prespecifiecd
level £, in the long dry season, this
mirde] is equivalent 1o a random strike
model, with the Indemnity payoul at the
end of the long rain established by

1T - Max| C{LR" (SR, (F,)) - LR). 0].
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Here, O] links the partcular prevalence
and severity of child wasting resulling from
a long rain shaortfall to the appropriate
dollar amount of humanilarian assistance
needs and the long rain strike
LR'(SE,(F.})) below which the contract
triggers a pavoul. Importantly, its
determination is based on the realization
af the preceding cumulative short rain ##*

Faor illusirative purposes, we consider a
derivative contract wrillen before the short
rain period [in September) to hedge against
the potential widespread foed insecurity
event in the short dry season (during
January-February of the following vear) as
well as the long dry (June-September of
the [ollowing year) seasan. The specilic
instruments we investigate first are index
insurance contracts with:

I 1 ” [ISDI'II Sl 'uuu‘mc‘ b llfﬂi- Bhmun}?
(12) 11, = $1.000,000
« Max [LR*(SR ,(F;p)) - LR)" 0],

(18) M, - et I, +II

sewe T LD

where (11) 15 a binary option with an
indemnity paid out at the end of the shor
rain season (in January] if there is a severe
shortfall in the cumulative short rain
below 65 mm, This indemnity structure
takes into account the need for an
immediate cash payout to finance early
intervention should weak shorl rains lead
to a calastrophic food crisis in the short

dry period.™

 Random strike models are useful when there s a
causal interemporal relationship between one weather
event and a subsequent event on o partdenlar culoome
See Turvey, Weersinle, and Chinng [20048] for an
cxample of a random atrike price in a different conlext,

** i mlmilar procedure could be used (o derive an
inelsmnlty structure for hedging againsl prevalence of
widespreand ohild wastng In the shor dry season
bavsed on oo random short rain sirilee conditonal on
the abserved preceding long rain. However, our
investgalion indicales that prevalence 1s established
relative o Lhe short rains.

T he short rain slrike of 63 mm s ohlalned in
similar fashion to that of LRYSE [FL 1] Specifleally,
the short raln strile conditional onthe preceding long
ratn outeome abserved belore e start ol (he conlract
e b wrillen s Tollowrs:

Equation [12) is the main indemnity
structure and the primary vehicle Tor the
famine insurance product for hedging
widespread food erisis in the eritical long
dryv season. It holds a tick of 51 million for
every millimeter of long rain lalling below
the sirike, LRYSE (F5)). The payoll may
be raised to the power x, which increases
this payofl fractionally as the long rain
shortfall increases. The idea here is that
there is a nonlinear relationship between
droughl and prevalence of child
malnutrition, with the risk of famine
Increasing convexly with respect to
decreases in rainfall.

The tolal indemnily payall at the end of
the contract is thus provided in (13) by
adding the value of the short dry
indemnity paid immediately after the short
rain season adjusied for time value by
discount factor r, and the long dry
indemnity paid at the end of the long rain
season, which is assumed Lo be the end of
the contract, A cap (T = 0] on the
maximum indemnity payout can be
applied in order to limit the insurer's
lpsses so that the total payoul at the end
of the contract [T) becomes:

1

(14) 1 Min| e - 1.

cupped S0

o 1 J
Mext, we consider Lhe simple one-year,
zero-coupon [amine bond with principal £,
rate of required return roand an indemnity
payout structure I, .., described in [14)
and capped at &% of the principal. We
then price this based on:

(150 BO.T)-e"T-[P- I‘lefwml ¢
where 1] = &P.

The famine bond {8 initially sold at a
discount. The bondholder’s realized
annual return If the Insurance indemnity
is not triggered is therefore the ditfterence

Fi 544
dypqa 1E1TIF

106,428 AlD o " LR

-
Fan

SRILR [R50 - |

The sirike SH'IEIIP‘,;_._‘ W o= BE mm s based on the
expectaton of AID,, = 75 kilograms per household per
vear. Fy, = 0.3, and an average long rain of 210 mm.
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between Lhe principal and the purchased
bond price. The structure of these famine-
indexed weather derivative contracts is
shown in Figure 3. The next section
analyzes the expected payofls from
contracts with various combinations of
these factors.

Famine-Indexed Weather
Derivatives Pricing

We present the pricing results from the
insursance product first and the famine
bend second. As discussed previously. the
two are related In that it is the indemnity
strueture of the weather insurance
product which determines the discount on
the famine bond.

Two methods are used [or purposes ol
comparison. In the top panels of Tables 2,
3, and 5, the results are derlved using a
burm rate approach, which is hased on the
actual historleal outeomes from 46 yvears ol
rainfall data. The boltom panels are based
on 50,000 Mante Carlo simulations using
the best (it distributions for baskel-
welghted cumulatve short rain
[gamma(8.0525, 21.279) and cumulative
long rain (lognormal (3.3657.6, 68.56)).°

The long rain strike used throughout these
results is based on a minimal level of [ood
ald delivery of 40 kilograms per household
per vear, about a 75% standard deviation
below its 2000-2005 mean. The insurance
indemnity payouls are based simply on the
parameter x = 1, so payouts are linearly
related Lo rain shortfall relative 1o the
trigger level. The tables present the
expected indemmnity payoll for index
insurance cottracts in arder ta reflect

the value of the products as determined

by the distribution of short and then

long precipitation risk. Actuarially alr
premiums can be derived easily by
discounting these expected payoifs with

an appropriate discount rate,

“ stributions are wittten as gamma fe. 1, where
a > (Hdetermines shape or skewness and [1 = O
determines scale or width of the distribution, and
lognormal (p. o] with parameters for mean and
varlance, respectively,

For the insurance contracis for hedging
against a given level of child wasting
prevalence F defined from 0.2 to 0.5 for
each column, the expected long rain strike
decreases [rom 308.6 to 70.2 millimelers
[Tables 2 and 3). Specifically. the higher
the level of malnutridon prevalence one
wants to hedge against. the lower is the
likelihood and magnitude of contract
payout, The expected payoffs in the long
dry season (contingent on conditional long
rain strike] therefore decrease
substanlially as the level of F” increases.
These values range from aboul $97.2
million and $95.6 million for F* = 0.2, to
43,532 and $388,426 for the burn and
Monte Carlo estimates, respectively, at the
higher level of F° = 0.5 with much rarer
trigger probability (Table 2).

According to the 46-vear historical data,
the contract covering F = 0.5 made one
pavoul in the year 2000, the worst drought
in the past 40 years in Kenva. In contrast,
the lact that the contract covering F' = 0.2
triggered payouls in 39 oul of 46 years is
expected, as the average proportion of
severely wasted community children in
these particular districts of Kenya is
already as high as .26 in the long dry
season. Two payouts were made [(In 1997
and 2000) at F" = 0.45 and F" = 0.4,
implying a frequency of one in 23 years.

The contingent claim on short rains lailure
occurs only under severe conditions
[specifically in 1970, 1997, and 2008,
coinciding with the historical record of
devastating droughts due to short rains
failure]. The payoff of 565,217 based on
historical measures compares to S102,780
using the Monte Carlo simulation,
suggesting the best fit distribution is
shewed more negatively than history might
have recorded. The total expected payoffs
[rom contingencies on both short and long
rains range from 597,53 million to 570,929
using the burn approach and $95.7 million
to 5494, 634 using the Monte Carlo
approach (Table 2],

The range of payoffs is much higher using
the Monte Carlo approach. The differences
between the burn approach and the Monte




Table 2. Weather Index Insurance Expected Payoff Statistics, 1961-2008

Famine Trigger (F'), where Strike SR” = 65 mm

Pricing Method 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Historical Burn Rate "
Expeeted Sirike LR [mm) J08.61 215.21 160,30 124 596 100,72 83,26 T2
Expecied S0 Payoll {5) 65217 65.217 65217 65,217 65,217 65.217 65,217
Expected LI Payoll (5) QF 220 507 28.505.197 100,053 626 4,055,296 1.425.8846 600,631 3,532
Expected Tolal Payoll (5] 97.287 14 20,572,694 10,421,023 4,122,653 1,493,283 668,028 70,929
Std. Dev, Tolal PayelT {5 81,419,233 45,554,422 27,145,007 13,906,320 6,969,875 3,023,025 272.219
Mininuam Payndl (5) 0 o 0 o o o {0
Maxdmum Pavoll () 374, 106,605 205,193,020 113,205.263 69,259, 4487 39 104,762 17,402 449 1.195.889
SD Triggered Years 3 3 3 4 a a3 3
LD Triggered Years 6 23 10 i 2 2 1
Monte Carle Simulation ©
Expected Strike LR (mm) 308,16 214 90 160,07 12477 100,58 8315 TO13
Expected SD Payoft (5) 102,730 102, 7H0 102, 7H0) 102,780 102,780 102 780 102, 780
Expected LD Payoff [5) 95,571,430 28, 7TH2,950 8,916,012 3,218,886 1.350.931 B0, 47T 384,426
Lxpected Total MavolT [S) 95 677.680 28 859160 9,022,220 3.325.084 1.457.118 TH6, 706 A4, 534
Std. Dev. Total Payoff (5) 76.621.900 45, 106,260 24.514.640 14,297 660 #.521.669 5.H23,947 4,233,706
Minimum Payoff (5) o} (o} 0 o O 0 0
9965512 400 .65 1000 542,513,000} 999,369,000 432,584 500 194,205,900 116,622 200

Maxirnuim Payoff (5)

Notes: The expected total payolls are culeulated at the end of the contract, where the expected SD payoffs are hroughl furward using an 8% rate of return.

*The historical burn rate 15 based on actual histodcal outcomes from 46 years of rainfall dala
" The Montc Carle simulation i3 based on 50,000 simulations using the best fil distributions.

The actuanial (air premium can be caleulaled by discounting the expected wital payoff with 1he appropriale discount rate,

SN AHDALIa] Jainag paxepul-eunim) b uonnoddy pun ufisac] 88T
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Carlo approach are due to the sampling
frame. The burm approach assumes that
all possible outcomes are contained within
the history ol the sample, while the Monle
Carlo approach, driven by a defined
distribution, assumes the existence of
rarer evenls on Lhe downside which were
not realized during the historical period
strata. Especially at #~ = 0.5, with only
one payoul trggered historically, the
50,000-iteration Monte Carlo approach
waould have sampled more possible severe
outcomes, as rare as they might be,

The capped insurance resulls are reported
in Table 3. The caps—ceiling of covering
insurance payout that limits the insurer's
loss—used were approximaltely 70% of the
largest historical payoll, The capped
products are remarkably similar, with
expecled payolls (and standard deviations)
between the burn and Monte Carlo
approaches very close. Under the Monte
Carlo approach, the eflects of the caps
reduced total expected payoffs rom 595.7
million Lo 594.2 million for F= 0.2, and
[rom 5494,634 to 533,282 for F' = 0.5,
More generally, as the cap increases, so
Lon would the range of payouls and hence
the cost of the insurance,

The one-year catastrophe bond discounts
are provided in Table 4 for various
combinations of caps as a percentage of
principal and various required rates of
return, where the difference from the risk-
free rate represents risk premiums
investors required. These rates are chosen
such that they reasonably represent
spreads required by investors in the
existing cat bond markets (according 1o

Frooi, 184940), The values in Table 4 indicote

the retail price of a bond per dollar of
principal. The total annual retumn realized
by the bondholder will always be higher
than the required rate of return if the
triggering widespread acute food insecurity
event does not occur. The dilTference
between the two therefore represents an
additional premium required associated
with the catasirophic famine risk,

For example, a famine bond covering
prevalence of severe wasting of F" = 0.3

with a requlred rate of return of 8% and
cap at 30% is priced at $0.8787 and will
pay 51 principal one year later should the
[amine condition not be triggered. Thus
the total return realized by the investor if a
critical drought event is not triggered™ is
12.13%, which can be Interpreted as an
additional 4.13% premium assoclated with
the famine risk contingency and above the
risk premium required for other sources of
risk [e.g., defaull risk, interest rate term
structure risk, ete.]. However, if triggered.
principal payment decreases to as little as
50.3 for a loss of 57.8%.

In general, lor a given cap level and
required rate ol return, the lamine bond
prices decrease with the level of
malnutrition prevalence Lo be insured
against, since the lower F” trigger means
that the bond has a higher probability of
triggering payout and henee {s more risky,
Similarly, famine bond prices decrease as
the cap level increases, because the smaller
proportion of repaid principal if the bond
iriggers translates o the higher risk of
loss. And finally, il is straightforward to
observe that the bond prices decrease as
the required rates of return increase.

Using Famine-Indexed Weather
Derivatives to Improve Drought
Emergency Response

The risk-transferring potential of the FIWD
contracts proposed here vary greatly with
the frequency of the extreme events as well
as their degree of catastrophe. For
example, as shown in Table 3, capped
weather Index Insurance covering severe
wasting prevalence F™ = 0.2 results in a
prohibitive premivom with expected payaff
of 593.9 million. The contract riggers
payvout in 39 of 46 years due Lo the facl
that the average proportion of severely
wasting condition in northern Kenva is
already as high as 0.26 in the long dry
SCAS0I1,

M Eguivalently, the tolal return of a Gonine bond can
be interpreted as a 7. 18% spread over the one-vear
LIBOR rate of 5.12%. The LIBOR rale 1s as of
September |1, 2007



Table 3. Capped Weather Index Insurance Expected Payoff Statistics, 1961-2006

Famine Trigger (F'), where Strike SR’ = 65mm / [$ Cap at 70% of historical maximum)

0.2 0.25 0.3 0.35 0.4 0.45 0.5
Pricing Method (5260,000,000) (5140,000,000) (S580,000,000) ($50,000,000] (S$28,000,000) ($10.000,000) [S800,000)
Historical Burn Rate
Expecled Strke LR fmm) SOHEET 215.21 160,30 124,96 100.72 B3.26 70.23
Expecied Tota] Payoll (5) O3, 9E0, 039 27,253,505 9,070,036 3.701.586 1.251.B76 470,714 52,174
Sted. Dew. Todal Payofl (5) 72,109,066 42,354,305 22.431.866 12,060,865 5,718,127 2,063,170 199,710
Minimum Payoff (5] ] ] i 0 0 4] 0
Maximum Payoff (5] 260,000,000 140,000,000 S0.000.000 50,000,000 28 000,000 100, CWHCH, 00 B0, DO
Monte Carlo Simulation
Expected Stirike LR [mm) ME 16 214 .90 16007 124.77 100.58 B3.15 TO13
Expected Total Payoll [5) 094,215,120 27 63,70 HK5. 131 2.673,187 972,646 321.917 93,282
5td. Dev. Total Payoll (5) 71,4809, 720 400,392 2490() 189,479,810 9,651,412 4,457,400 1,445 366 256,701
Mindmum Payoll (5] ] 0 i ] 0 0 ]
Masdmum Payall (5] 263, D00 000 1400 CHH, 0000 B0, 000, 000 S0, 000, Q00 28,000,000 10,000,000 SO0, 00y
Table 4. Zero-Coupon Famine Bond Prices for Different Bond Specifications (S)
. Famin F
Required Cap ) e Trigger (F)
Return (% Face) 0.2 0.25 0.3 0.35 0.4 0.45 0.5
e 30 07083 0.8262 0.8959 09218 0.9325 09367 0.9382
B 05707 07752 0.8791 0.9160 0.9306 0.95358 (L0376
T0% 02502 0.7395 [L8EST (.871:34 0.9296 0.9354 095374
B 309 0.6956 08120 [L8TET 0.8040 0.9139 0.9179 09196
B0 0.5611 0. 7605 0.B8621 0.80983 DUYI1s 0.9170 09191
TOM 04429 0., 7238 0.8527 0.B952 09108 (SRS 1551 09138
105 30% D.6819 0.7959 08613 0.8861 (0.B958 (B 0e0l4
¥ D.5499 0. 7454 0.5451 0.BB0S 08937 (1.80H4 0,900
T (14341 0. T 0.8358 0.B¥V5 08928 . 8085 0. 9006
129 s (LGGES 0. 7802 08442 0.B686 0.B780 08819 0.8835
B [1.5391 0. 7307 0.8283 0.8630 0.B760 O.BEI0 0L HE30
T0% 04255 (1. 6854 D.8192 0.8601 0.8751 0.8807 15825

Mote: Prices are based on 50,000 Monte Carla simulations using hest fit distributions.
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Bul the resulis in Table 3 lurther suggest
that early Intervention at F' = 0.3 or higher
[with the frequency of 10 in 46 years) may
feasibly be financed using lamine index
insurance. The insurance contract that
covers up to 580 million requires a
premium with expected payvoll of
approximately 58 milion. Alternatively,
intervention triggered by F™ = 0.4 or more
(oecurring in 1-2 of 46 years) also may be
feasibly financed using famine bonds.

At the required rale of return of 8% and
with a 50% cap. famine bonds covering
=04, 0.45. or 0.5 can be issued at the
total rate of return of B.82%, 8.3%, and
B.D9%:, respectlvely.

While these derlvative products can be
used o finance emergency response to
catastrophic drought risk, coordinating
them with ather sources of humanitarian
funding and the country's existing drought
contingency resources may [urther
enhance the potential and cost-
effectiveniess of the early intervention.
[ntegrated risk financing ideas proposed by
Hess, Wiseman. and Robertson [2006] and
Hess and Syraka (2005) for Ethiopia and
Malawi can be similarly (llustrated in the
context of drought emergency response
financing for arid northern Kenya.
Suppose early emergency response is
crucial if F* = 0.25. The linancial exposure
associated with the emergency
intervention costs can be first layered by
their frequency and level of catastraphe.
The instruments covering various layers of
these exposures, characterized by different
conditional long rains strike and cap
levels, are derfved and reported in Table 5.

For llustrative purposes, financial
exposure can be disaggregated into [our
lavers and then can be managed
sequentially by (al government reserves
or preestablished contingency funds,

(2] contingent debt /grants, (¢) famine-
indexed insurance, and (d) famine bonds—
which now becomes feasible for the laver
ol a d-in-46-vear loss event (or with
approximately 8.7% probability of
pecurrence per year). The first layer
covers the most frequent loss exposure

(g 23-in-46-year loss event) and up to $30

million. This layer covers the operational
eosts on the most recurrent bul relatively
minor losses, e.g., local droughts
occurring almaost every two years, which
lead to an expecied loss as high as

51 1.67 milllon, The second contract
covers the loss bevond the first
contingency layer, up to another 830
million. Since this laver of loss still
occurs with relatively high probability, it
may be too costly for any commercial risk
transfer products and thus may be
appropriately inanced by a contingent
debt or grant from development facilitles
available from many International linancial
Institutions [e.g.. World Bank). The
expected loss of 7.1 million will be
financed in this layer.

The major catastrophic losses requiring an
exlensive emergency response then can be
financed using index Insurance or a
(amine (cat) bond, However, the
probability of cccurrence of Lhe next layer
of risk still may be too high [an 8-in-46-
vear loss event] Lo be appropriate for a cat
bond. A weather index insuranee contract
may first be used to cover this immediate
layer of losses up to $60 million. with a
premium representing expected payofl of
7.3 million. Finally, a famine bond
contract can be designed for the last, low-
probability fcatastrophic-loss layer, up (o
$100 million In humanitarian budgetary
needs.

The donor appeals process can then
resume for any remaining costs nol
covered by these financing mechanlisms
le.g., costs exceeding $100 milllon or extra
costs not fully captured in the derivative
contracts), Bul with an initlal, substantial
funding layer in place and available for
immediale payvoul, bolh the overall costs
and the time pressures should be reduced,
making the appeals process a viable
vehicle for topping up pipelines begun
through these other risk managemeni
instrumerniis.

It is worth noting that the total drought
risk linancing eosts will vary with the
layering strategy as well as with the
combinations of instruments used,
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Table 5. Layering Financial Exposure in Providing Emergency Intervention to Drought
Events Using Triggering Level of Prevalence of Child Malnutrition of F' = (.25

and Strike SR™ = 66mm

Layering Strike LR’/ (S Cap for LR Payoff)

e
Pricing Method

($30,000,000)

LR-120

Historical Burn Rate
Expected Strike LR [mm}) 215.21
Expected Tolal Payoll (5] 11,671,814
Sid., Dev. Total Payoll (8] 13,676,351
Minirmam Pavofi {53 0

LR™-30 LR -80
(S30,000,0040) (560,000,000] (S100,000,000]
185,21 166.21 95.2]
T.146 556 7,301.8897 3.519.623
12,150,113 18,276,614 15,3959, 052

4] i i

Maxdmum Pavoll (5) A0 000000 S0 OCHD, D0 G0, TR, DO BE, 193,020
Monte Carlo Simulation

Expected Scrike LR {mm) 214.93 15480 154.90 94 93

Expected Tolal Payolf () 12,049 830 T.849.441 5,954 606 1,995,035

Sudl. Dhew, Tolal Payoll (2] 13.B38. 810 12,357,140 L6, 552, G20 10,344, 300

Blindonien Pavall (2) 4] 1] 0 0

Maximum Payoff [$) 0, D00, DO S0, 000, (00 G000, T 1 €300 CHOH0, MR

The main Idea, therefore, is that contracts
based on forecasted prevalence and
severity of food insecurity can be designed
and used as a lrigger mechanism to
coordinate multiple prospective sources of
emergency lunding in order {o increase
cost-cifectiveness and timely response 1o
drought-Induced humanitarian disasters.

Discussion and Implications

There is no general approach for Lhe
design and pricing of famine-indexed
wealher derivalive contracts, This paper
presents the first attempt. The results
[rom our lustrative northern Kenya case
are of course specific to the assumptions
we made and replicable only over the
aquivalent distributions of climate and
human ecology, Accordingly, Il is best (o
focus on the prineiples involved and not on
the specific numerical estimates. These
principles and their numerical illustrations
are nonetheless both Important and
exciting.

Or objective was to develop a weather-
based famine insurance product that could
be used by governments, operational

agencles, or NGOs (o enhance the
timeliness and reliabllity of funding Tor
emergency intervention to catastrophle but
slow-onset droughts. We proposed a
general structure for famine-indexed
weather derivatives, but emphasize two
common yet critical characteristics,

# First, weather variables or event
trigger(s] need to be indexed Lo a
forecasted degree of prevalence and
severity of lood crisis so that they can
serve as bolh an early warning to trigger
early intervention and to provide the
cash necessary for such interventlon.

® Second, as delayed humanitarian
assislance is costly, even deadly.
contractual pavouls need Lo be
structured to cover polential emergency
response over all possible valnerable
periods in the vear.

FIWDs with these two features can be
Integrated with exdsting humanitarian
funding lacilities.

Thougl using the best measures available
given the problem identified, the FIWDs
designed for northern Kenya shonld be
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taken as an illustrative case only and, for
a varlety of reasons, require further
investigation if considered for real
applications. First, though derivative
prices are based on 46 years of high-
guality rainfall data, the predictive
relationship between weather and lood
insecurity 1s derived [rom only six vears of
avallable household data. I is therefore
critical to reestimale the relationships with
additional data in order to minimize
potential basis risk, Second, the
sultability of communities” proportion of
severely wasted children (measured by
MUAC z-score < —2] as a proxy lor severe
human suffering relies on an accurate and
continued dala collection process al the
community level, The prineciples and
resulls generaled in this study emphasize
the importance of and the need for
improving data collection and
standardizalion, which can strengthen the
potential and teasibility of mine-indexed
weather derivatives (n the near future,
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