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Abstract

This study provides an evaluation of the effectiveness of the maize index insurance in reducing the risk exposure of small-scale farmers in Zimbabwe. Maize yields
and rainfall data for the period 20102019 farming season were obtained from AGRITEXT and the NASA website. The Black-Scholes optional pricing framework
was applied to estimate the prices of the maize index insurance. The mean root square loss (MRSL) was evaluated for the case where there is no insurance and
where there is insurance. MRSL was compared for the two scenarios. The index insurance was found to be efficient in risk reduction as positive changes in MRSL
were observed.
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CTpaxoBaHue nHoekca ypoxanHoCT KyKypy3hl
1 yrpaBeHe N3MeHeHeM Knmmata
B pa3BMBalOLLIENCH 9KOHOMIKE

B.B. Ma3Buona'
! HapoHaIpHbIN YHUBEPCHTET HAyKH 1 TexHooruii (Bynasaiio, 3nmbabse)

AHHOTaUMs

B uccnenoBanmnu gaercs oleHka 23(p(HEeKTHUBHOCTH CTPAaXOBAHHS MHIIEKCA YPOXKAWHOCTH KYKYPY3bI B LEIISIX CHUKCHUSI TTOJIBEPKEHHOCTH PHCKY MEIIKUX (hepMepoB
B 3umbabBe. JlaHHBIE 00 ypOXKAWHOCTH KYKYpPY3bl M KOJIMYECTBE OCAJIKOB 3a CEIbCKOoX03sicTBeHHbIH ce30H 2010-2019 romnor Obutn nonmyuensl n3 GREATEST
u ¢ BeO-caiita HACA. J{iisi OIIEHKHM CTOMMOCTH CTPaxOBaHMS MHJIEKCA YPOKAWHOCTH KyKypy3bl Oblila IPUMEHEHA CHCTeMa [IEHOO00pa30BaHus OMIMOHOB bidka —
IHoyn3a. CpennexBaaparuunas norepst (MRI) Oblia olieHeHa sl ClTydaeB, KOTa CTpaxoBKa OTCYTCTBYET U KOra cTpaxoBka ecth. MRSL ObLT cpaBHEH 1115t IBYX

creHapHeB. beuto ycraHOBIIEHO, 4TO cTpaxoBaHHe d(Q(EKTHBHO CHIKACT PUCKH, TOCKOIBKY HAOMIONAINCH OJIOXKUTEIbHbIe H3MeHeHnst B MRSL.
KuroueBsle c10Ba: cTpaxoBaHue HHIEKCa KyKypy3bl, Maize-index, dpepmepsl, 3umbadse.
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Introduction

Changing climatic conditions is the main cause of the var-
iability in the crop yields and hence there is an increase in the
volatility [Ray et al., 2015]. M. Odening and Z. Shen [Oden-
ing, Shen 2014] also highlighted that the climate variability has
an impact on the food security of the small-holder farmers and
therefore undermines the financial contribution of the agricultur-
al sector to the country’s GDP. To manage these risks insurance
has been used, but it faced many challenges, which have result-
ed in experiencing low uptake. Challenges facing insurance in
many parts of the world is the high costs of full coverage of losses
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[Jensen et al., 2016]. Therefore, the smallholder farmers who do
not afford these expenses remain exposed to the climatic risks.
However, with the climate change frequency increasing the im-
portance of managing the risk, exposure also increases, hence,
there is a need for the development of index insurance for prod-
ucts which are considered more affordable than other insurance
products. The index insurance for products have mainly been de-
veloped to address the low uptake of agriculture insurance among
the smallholder farmers. The index insurance for product is af-
fected by the challenges facing traditional agriculture insurance
to a lesser extent. The maize index insurance resembles as an op-
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tion. They pay out indemnity when the received cumulative rain-
fall is lower than the trigger level for the drought cover or when
the seasonal rainfall exceeds the trigger level for the floods cover.
This article examines the efficiency of maize index insur-
ance. The index insurance product is evaluated based on risk
reduction for the six natural farming regions in Zimbabwe.
The revenue of a farmer with index insurance is compared
to that of the farmer without index insurance using the Mean
Root Square Loss (MRSL). The article is organized as fol-
lows. The next section reviews literature on the efficiency of
index-based insurance. Section 3 describes data and method-
ology to compare the risk reduction generated by the maize in-
dex insurance product. Section 4 presents the empirical results
and discussion. We provide conclusions and recommendations
in section 5.

1. Literature review

In South Africa, demand and development for index-based
insurance is generally low as seen by low agriculture insurance
for products that have swam out in Zimbabwe. The current viable
insurance product is weather index based, which is offered by
Econet and it is limited to three out of six regions. The major
challenges that have been influencing the scalability of agricul-
ture insurance were affected by the affordability of premiums
and the trust that the policyholder has in the insurance provider
[Carter, Janzen, 2012]. Part of the measures to reduce the risk
exposure of the smallholder farmers emanating from climate var-
iability index-based insurance has received increased attention
from several research institutions [Miranda, Farrin, 2012]. For
index insurance to cover adequately the farmer with little or no
basic risk, the index used has to highly correlate with crop losses
[Carter, Lybbert, 2012]. However, inadequate data are the main
problem facing index design.

Potential buyers of the index insurance are also concerned
about the ability of the contract to reduce their risk exposure in
addition to its affordability. Therefore, it is important for the crop
losses to correlate with the index used to improve risk manage-
ment capability. To evaluate the risk reduction of the farmers’
losses who purchased the index insurance contract, the Mean
Root Squared Loss model (MRSL) is applied [Poudel et al.,
2019]. According to [Kath et al., 2018] the calculation of MRSL
based on the fact, that farmers are expected to be worried about
revenue being below average. This method was also applied by
S. Adhikari and coauthors [Adhikari et al., 2012], assuming a
negative exponential utility function. MRSL was estimated using
the revenue for the case where there is no index insurance and
where there is insurance using the model below:

MRSL . = y/+ 2, [max (p¥ —R""),0F,

MRSL s =/ + 2. [max (p¥ — R, 0T,

R vithout — o

R"™ = py, + Indemnity — Premium.
Where p is the price of maize, Y is the long-term average of the
crop yield and y: is the yield. [Poudel et al., 2019] employed
the weather derivatives method to price rainfall index insurance
and concluded that the average premium rates were 8.8%, thus,
reducing the risk exposure of the farmers that purchase the in-
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dex insurance contract by an average of 26% using the mean
root squared loss to compare the risk exposures. J. Kath [Kath
et al., 2018] found that the contract including flood cover for
sugarcane was inefficient in risk reducing as the contracts with
strike price at 70™ and 80™ percentiles as their trigger increased
the losses; and the 90™ and 95™ percentiles exhibited no change
in the losses. J.K. Poussin and coauthors [Poussin et al., 2015]
used the regression models to evaluate the effectiveness of risk
reduction and found that useful risk management tools include
the household mitigation strategies.

2. Data and methodology

The maize yields and rainfall data used were obtained from
AGRITEX and NASA website respectively. For the study, the
data ranged from October 2009 to May 2019 for rainfall data
and the period from 2010 to 2019 for the maize yields data were
used. The Black-Scholes optional pricing framework was used to
assess the contract in the study. Normalized yields and seasonal
rainfall data for the region were used in the premium estimation
process. Regional data were obtained from averaging the district
data in the corresponding regions. The MRSL was calculated for
the case where there is no insurance and for the case where there
is index insurance. The MRSL was calculated using the revenues
for both cases.

3. Empirical results and discussion

This section summarises the descriptive statistics (tools,
standard deviation, minimum and maximum) of the data used
in the research. The descriptive statistics for the sample districts
that is used to come up with the regional data are presented
in the table 1. According to [Mushore, 2013], the Zimbabwean
rainfall season ranges from mid of November to mid of March
of the following year. Therefore, the cumulative seasonal rain-
fall in this study was taken as the cumulative rainfall for the pe-
riod from the beginning of October to the beginning of May to
account for the late planted crops, contradicting with [Mushore
et al., 2017] the period ranged from the 1% of October to the 31*
of March of the next year. The seasonal descriptive statistics for
the respective regions for the period 2010-201is summarised
below.

The average rainfall received in region I, IIA, 1IB, III, IV
and V is 701.39 mm, 759.96 mm, 743.45 mm, 660.02 mm,
468.25 mm and 324.95 mm respectively. The average rainfall
generally decreases across the regions.

3.1. Analysis of relationship between maize yield
and seasonal rainfall

The relationship between the maize yields and rainfall was
examined using different regression models that include linear,
log linear and quadratic models. The maize yields data were de-
trended and normalized to remove the effects of heteroskedastic-
ity and time trends using model 1 and 2. The normalized maize
data is presented in the appendix. To test the relationship between
the variables the original seasonal data were used in the case of
independent variable and normalized maize yields were used in
the place of dependent variable. The correlation coefficients R?
were compared. The results from the regression models analysis
are summarised in the table 2.
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Table 1
Descriptive statistics of maize yields and seasonal rainfall
Ta6muma 1
VYpoxaHOCTb KyKypy3bl U CE30HHOCTb OCaJKOB

%l:tgl;)cl:/ Median | Standard deviation | Sample variance
. Seasonal rainfall 704.57 658.28 186.03 34608.71 491.30 1138.49
Chipinge o
Maize yields 0.54 0.55 0.16 0.02 0.25 0.76
Seasonal rainfall 698.21 669.44 154.46 23858.59 476.66 990.67
Nyamapanda
Maize 0.52 0.55 0.14 0.02 0.24 0.71
; Seasonal rainfall 701.39 656.71 139.73 19525.40 483.98 971.90
Maize yields 0.53 0.56 0.14 0.02 0.25 0.71
o~ Seasonal rainfall 799.22 860.56 153.95 23700.12 610.97 1058.69
indura
Maize yields 0.56 0.57 0.18 0.03 0.33 0.79
S Seasonal rainfall 703.26 708.96 122.03 14891.81 487.37 871.22
amva
Maize yields 0.55 0.51 0.19 0.04 0.33 0.87
A Seasonal rainfall 759.96 817.00 129.91 16876.64 556.88 924.36
Maize yields 0.53 0.51 0.18 0.03 0.33 0.83
. Seasonal rainfall 754.94 768.88 112.39 12630.41 537.48 979.32
Mt Darwin : :
Maize yields 0.36 0.34 0.11 0.01 0.24 0.59
Seasonal rainfall 731.95 747.42 170.33 29011.67 425.71 1013.18
Hwedza —
Maize yields 0.36 0.39 0.11 0.01 0.19 0.48
- Seasonal rainfall 743.45 756.75 128.62 16542.18 526.10 996.25
Maize yields 0.36 0.36 0.11 0.01 0.22 0.53
o Seasonal rainfall 650.96 657.86 138.85 19280.12 459.84 845.74
vuma
Maize yields 0.30 0.33 0.12 0.01 0.11 0.48
- Seasonal rainfall 669.09 727.25 140.16 19643.90 417.10 831.41
inga
£ Maize yields 0.32 0.38 0.18 0.03 -0.07 0.52
i Seasonal rainfall 660.03 683.32 129.78 16843.32 441.92 828.46
Maize yields 0.31 0.31 0.09 0.01 0.20 0.47
Seasonal rainfall 611.18 589.24 123.80 15326.57 455.95 836.95
Tsholotsho —
Maize yields 0.21 0.16 0.08 0.01 0.14 0.35
Bubi Seasonal rainfall 638.72 606.89 93.53 8748.54 507.70 834.29
ubi
Maize yields 0.22 0.18 0.08 0.01 0.14 0.35
. Seasonal rainfall 468.25 447.22 121.50 14762.92 308.59 675.00
Maize yields 0.17 0.14 0.06 0.00 0.12 0.27
. Seasonal rainfall 382.63 354.56 145.07 21044.80 240.58 713.38
Beitbrigde —
Maize yields 0.16 0.14 0.04 0.00 0.12 0.23
il Seasonal rainfall 553.87 522.95 163.56 26752.62 346.46 845.40
a
Maize yields 0.18 0.16 0.07 0.01 0.11 0.32
o, Seasonal rainfall 624.95 587.70 105.58 11147.84 504.56 835.62
Maize yields 0.21 0.17 0.07 0.01 0.15 0.35

Source: authors’ analysis.
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Table 2
Regression models results
Tabnuua 2
Pesynbrarsl perpeccnoHHbIX Mojieneit

_-_-E-___

0.00 0.05 0.18 0.02 0.16 0.00
Linear model Intercept 717.90 841.66 484.46 783.43 789.95 461.61
X Coefficient -24.40 -127.90 597.30 -266.64 -580.07 26.12
R? 0.00 0.03 0.20 0.02 0.13 0.00
Log Linear model Intercept 691.14 725.42 966.87 563.94 461.15 474.36
X Coefficient -24.29 -65.60 260.67 -122.93 -126.70 433
R? 0.01 0.07 0.22 0.03 0.26 0.01
. Intercept 857.25 630.15 -5.18 1452.05 362.08 688.91
Quadratic model .
X Coefficient -505.03 559.39 2965.48 -3285.75 3036.82 -1939.94
X2 coefficient 385.66 -508.46 -2745.61 3330.90 -7022.84 3908.56
Source: authors’ analysis.
] ] ) Table 3
The relationship between maize Trigger levels (percentiles)
yields and rainfall was modelled Tabnuna 3

better using the quadratic regression Yposi cpabarbiBatus (IPOUEHTHIIH)

model (for all regions) compared to
linear regression and nonlinear re- Region ITA | Region IIB | Region III | Region IV

gression for region I, 1A, IIB, IIL, IV, 10% 594770 644.753 593431  493.084  518.885 334.415
‘t/lre}lspictivii;% Tlliis is ifngig?te(c)ig 25 621.459 680.625 687.630  580.734 558972 380.112
the highest X vaiues ot 0.1, 9.97. = "5 656706 786940 756750 683316 587700 447216
??12 Aoi(l)g’ ?ﬁfl? gn(:i.o\} rfg;:iﬁs 60" 690.022 818.359 772423 693.067  630.934 470.345
ly being obtained from the quadratic 75" 767.382 858.510 796482 752370  690.402 569.811
regression model; This showed that ~gg 869.876 879.518 839.533 816360 741217 605.351

the maize yields increase with rain- '
fall to a limit point where it starts to Source: author’s analysis.

decrease with excessive rainfall. Beyond this point the maize the data follow a lognormal distribution, Kolmogorov — Smirnov
yields begin to decrease hence the need for index insurance that Test and Shapiro — Wilk Test were carried out using SPSS.
will cover both drought and floods. This is similar to the findings H_ = the In (seasonal rainfall) follow Normal distribution.
of [Mushore et al., 2017], who concluded that the relationship H, = the In (seasonal rainfall) do not follow Normal distri-
between maize yields and rainfall in Mt Darwin is better mod- bution.
elled by a quadratic regression model with R*= 0.630. These The p-values of the both the Kolmogorov test and Shapiro —
findings are also in contradiction with those of [Poudel et al., Wilk test are both greater than 0.05, therefore we conclude that
2019] who found that the crop yields were linearly related to the the natural logarithm of the seasonal rainfall data with maize
rainfall data. This is due to the difference in the crop type exam-
. . Table 4
ined and the sample population. Normality test results

Taonuna 4
3.2. Premium Rate estimation Pesynprarel TecTa Ha HOPMAIBLHOCTD PACIIPEISIICHUS

Determination of trigger values. The trigger levels for

drought coverage were the lower percentiles i.e. (10%, 25%, and Kolmogorov Smirnov* Shapiro Wilk
50" percentiles) whereas the upper percentiles i.e. (60", 75®, and -

90" percentiles) were used as the trigger levels of the floods cov-

; . Regionl 0.196 0.200° 0.967 0.864

erage. Therefore, the trigger values for the contract will be (10™ :
and 60"), (25" and 75™) and (50" and 90"). The percentiles for Region2A 0214 10 0200° 0932 10 0.465
each region are summarised in table 3. Region 2B 0.167 10 0.200° 0.961 10 0.796
Lognormal test of seasonal rainfall data. When pricing the Region 3 0.198 10  0.200° 0936 10 0513

options using the Black-Scholes framework it is assumed 2=
follow a lognormal distribution. Hence it is necessary to examine
it & follows a lognormal distribution. Q-Q plots for the rainfall
data’ were plotted to indicate that the data follows a lognormal + Lilliefors Significance Correction
distribution, the plots are presented in the appendix. To prove that ® This is a lower bound of the true significance.

Region 4 0.196 10 0.200° 0941 10 0.561
Region 5 0.152 10 0.200° 0965 10 0.836
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follows a normal distribution hence the data follow a lognormal
distribution, hence we accept H_. The results of these tests are
presented in table 4 below.

Pricing. In this case we consider a contract that pay out in-
demnity at a rate of 1 in the event of either drought or floods.
Therefore:

Pay-out = Pay-out rate x the insured amount of yields x the
preagreed value of 1 unit of maize yields.

The contract resembles an exotic combination option,
which consists of a cash or nothing put option struck at the low-
er percentiles and a cash or nothing call option struck at the
upper percentiles. Therefore the premiums paid by the insured
will be the total of the premiums paid if the farmer were to
purchase these options separately (drought and floods insurance
separately).

Premiums = Premium of long cash or nothing put option +
premium of a long cash or nothing call option.

The premiums paid by a farmer from region 3 are calculated
as follows:

ln<}>+yt
d, = O‘x/—
ﬂ=n1 <in(7)
0=3=T le(ul—d)z;whereu, = ln<I£1 )andd = %2:1 u;

[, = the last entry of the cumulative seasonal rainfall as it is the
most recent, in the case of region IIB = 600.912
t=1

_ 1 Ly_ 1 600,912\ _
= xn( ) = o < 1n( 857955 ) = 0008251

0=10.28108
r=0.05 (assumed)
Price of cash or nothing put option = Payout x ™ x N(-d,)

L 600.912
W ln(I )“‘t ln(593 4312)+0008251)
Sy 0.281087

0.073921

Maize index insurance and management of climate change in a developing economy

CTpaxoBaHme MHOeKCa ypoXaitHOCTH KyKypy3bl U yIpaBAeHye U3MEHEHEM Knimara B PasByiBaIOLLEVICA 3KOHOMUKE
N(-d,) = 0.470537
L. = the 10" percentile = 593.4312
Payout rate = 1
Premium of put option = 1xe*% x 0.470537 = 0.447588
Price of cash or nothing call option = Payout x ¢ ™ x N(d,)

1, 600.912
In(4:)+ pt In( s )+ (0.008251)

do=— = 0581087 =—0.86391

N(d,) = 0.19382

L. = the 60" percentile = 772.4232

Payout rate = 1

Price of cash or nothing call option = Payout x ™ x N(d,) = 1x
x ¢005x0.19382 = 0.184367

Overall premium = Price of cash or nothing put option + Price of
cash or nothing call option = 0.447588 + 0.184367 = 0.631955

There premium rate paid for both drought and floods cover
is 0.631955 for a payout rate of 1 in the event of either floods or
drought.

Premium price effects of trigger levels

The premium rates for other regions at different trigger lev-
els, i.e. percentiles are summarised in table 5. From this table
it can be deduced that for region 3 the premiums grow with an
increase in trigger value, hence highlighting the importance of
trigger values when pricing the contract. The premium for the
drought cover increased by 30.34% when the trigger grew from
493.084 mm (10" percentile) to 580.734 mm (25" percentile).
When the trigger grew from 693.067 mm (60" percentile) to
752.37 mm (75" percentile) the premium rate for the floods sce-
nario cover decreased by 62.98%. The overall premium increased
by 20.89%. The percentage changes of premiums as the trigger
values increase are summarized in table 6.

We concluded that on average when the trigger value for the
drought cover increases, the price of the contract also rises as the
probability of rainfall being lower than the trigger value, hence
there are higher chances of loss materialization to the insurance
company. This conclusion is also similar to that of [Nyawo, 2017]
who found out that the price of drought index insurance increases
with trigger levels. The cost of floods insurance cover decreases
with the increase in the trigger levels of the contract due to poor
probability of the payment with lower expectation of costs.

Table 5
Estimated premiums
Tabmuma 5
TIpennonaraembie IpeMum

0.1946 0.2195

Premiums h
of drought cover (1) 25 0.2347 0.3022
50 0.2906 0.5618
60" 0.6059 0.3212

Premiums h
of floods cover(2) 75" 0.4796 0.2450
90" 0.3311 0.2105
10™ and 60" 0.8005 0.5407
Overall premiums (1+2) 25" and 75" 0.7143 0.5472
50" and 90* 0.6218 0.7723

Source: author’s analysis.

Online www.jsdrm.ru

0.4476 0.4651 0.5365 0.5705
0.6409 0.6677 0.6490 0.7015
0.7472 0.8189 0.7166 0.8266
0.1844 0.1224 0.1547 0.0967
0.1572 0.0751 0.0823 0.0309
0.1170 0.0433 0.0459 0.0203
0.6320 0.5876 0.6911 0.6672
0.7981 0.7428 0.7313 0.7324
0.8642 0.8621 0.7625 0.8469
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Table 6
Mean Root Square Loss (MRSL)
Tabmuma 6
CpennexBanparnunsie norepu (MRSL)

I I NS S T I B

MRSL without 142.5886 173.81 74.17606 58.69827 64.18613 60.71852
MRSL with 94.51939 147.7251 49.95188 42.57162 63.89767 43.38891
% Change 0.337118 0.150077 0.326577 0.274738 0.004494 0.285409
MRSL without 142.5886 173.81 74.17606 58.69827 64.18613 60.71852
MRSL with 73.20054 136.5942 39.6707 10.46631 39.41078 44.41062
% Change 0.486631 0.214118 0.465182 0.821693 0.385992 0.268582
MRSL without 142.5886 173.81 74.17606 58.69827 64.18613 60.71852
MRSL with 121.8747 71.1265 11.88402 40.41218 50.29615 36.02826
% Change 0.14527 0.59078 0.839786 0.311527 0.216402 0.406635

Source: author’s analysis.

Risk Reduction. To evaluate the effectiveness of the contract
the current price of maize was 1171 USD per tonne in May 2019
according to FAO (2019). The study compared the changes in the
mean root square loss in the situation of index insurance and visa
versa. The MRSL model below was applied, the results of the
model are presented in the table 6.

The Mean Root Squared Loss method was applied for all
combinations of trigger levels to examine the performance of the
index insurance in risk reduction. The results of the evaluation
showed the same pattern for all the combinations in the table 6.
The analysis of MRSL showed that the contract was efficient
in reducing risk for all the trigger levels for all the regions. The
greatest risk reduction was experienced. These finding are similar
to those of [Poudel et al., 2019] who observed no risk reduction
on their study on wheat. They also observed risk reduction on the
out-of-sample category for rice. Authors [Kath et al., 2018] also
observed no risk reduction for all trigger levels.

4., Conclusions and policy recommendations

The effectiveness of the contract in risk reduction was evalu-
ated by comparing the mean root square loss of the farmer with
and without insurance. It was observed that the combination of

References

trigger levels used for the contract was efficient as positive per-
centage changes of MRSL were observed between the two sce-
narios for all regions.

The research observed that maize index insurance is viable
in Zimbabwe and efficient in risk reduction hence the product is
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tions among other stakeholders should consider subsidies to the
firms that will pilot the introduction of the index-based insurance
product to cushion them from adverse effects of large sunk costs.
These costs arise from educating the smallholder farmers, as
a majority of them are not fully aware of the formal insurance
product existence.
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