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Research on the pricing mechanism of sugarcane planting
income insurance in China
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(1. College of Economics and Management, Huazhong Agricultural University, Wuhan 430070, China;

2. College of Management, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China)

Abstract To optimize the pricing mechanism of sugarcane planting income insurance in China, this study
develops a pricing model based on the production and price data of sugarcane in China from 2002 to 2022
(Data do not include those of Hong Kong, Macao and Taiwan). The model adopts non-parametric kernel
density estimation, Copula functions, and Monte Carlo simulation methods to estimate insurance premiums
and evaluate risk management effectiveness at different risk coverage levels. The results indicate that: 1)
At the same risk coverage level, the inclusion of the harvest price option significantly improves the ability to
manage price risk, effectively mitigates the impact of sugar price fluctuations on farmer income, and
provides more flexible income protection. It has high promotional value; 2) As the risk coverage level
decreases, the impact of the price option diminishes, and the difference between with option and without

option is gradually narrowing. Therefore, the harvest price option is more suitable for higher risk coverage
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levels. A moderate increase in coverage improves farmers” ability to cope with sugar price fluctuations,

thereby enhancing the stability of their income; 3) The empirical analysis based on data from Guangxi

confirms the regional applicability of the pricing model for income insurance with harvest price option,

providing empirical support for expanding the pilot program and further enhancing the feasibility and

effectiveness of the model. Based on these findings, it is recommended to improve the sugarcane income

loss data system, promote the use of harvest price options in sugarcane income insurance products, and

establish a regionalized pricing mechanism for sugarcane income insurance.

Keywords sugarcane; income insurance; pricing mechanism; harvest price option
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Table 1 Key indicators comparison of crop income insurance schemes
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Note: Y, represents the agreed yield; Y, represents the actual yield; P, represents the pre-planting agreed price; P, represents the harvest

price; A represents the risk coverage level.
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Table 2 Descriptive statistics of sugarcane yield and price data

8 b5 ¥{H P i 22 953 i £ I ON! W/NME ADF KSR P
Index Mean SD Kurtosis  Skewness Max Min P of ADF Test
=
Yield 0.449 6 0.259 2 2.4114 0.262 6 1.000 0 0.000 0 0.000 3
1€
i
Price 0.499 1 0.248 7 2.840 4 0.1359 1.000 0 0.000 0 0.0339
T1
T B0 A U T (4 A 7= i A AS WAL 25 R 4 )
Note: Data comes from Compilation of National Agricultural Product Cost and Income Data"*®'.
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Fig. 1 Frequency histogram and kernel density estimation of yield (a) and price (b) data



3 4

24T T A - R FE IR AR A DRI B9 R 1 BIL i B 5 291

PP 2 PO, S B A M AR R A T
Aii il 15 22 58 3 A ek B, B AR — B0 U R
FAAERU/IN 22 5 o 3% R WA A A (LB Akt

1.0r (@

F(x)

-0.5 0 0.5 1.0 1.5
FeiE Yield

— K5 B 3 Aifhi T Kernel density estimation

il 18 7 A A R 10 0 A A TR I RS A A I
P bl T R, D JE SRR A o AT LA R A T
e o

1.0 ®)

F(x)

90.5 0 0.5 1.0 1.5

firt%  Price
-- 28554347 PR X Empirical distribution function

B2 FE(a)fMNE D) BENREESHTEITSE2ES TR

Fig. 2 Kernel density estimation and empirical distribution function of yield (a) and price (b) data
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Table 3 Copula function estimation results

Copula pF %% Z B Parameters
Copula function 0 Kendall-¢ Spearman-p square Euclidean distance
Normal —0.064 5 —0.0411 —0.0616 0.0340
t-Copula —0.0856 —0.054 5 —0.080 5 0.0327
Clayton 0.2369 0.1059 0.158 2 0.053 6
Frank —0.508 0 —0.056 3 —0.084 4 0.0326
Gumbel 1.000 0 1.36X10 ¢ 2.05%X10°° 0.0390

3 HEZAZIEH Frank Copula(a)F22 48 Copula(b) X 5%
Fig. 3 Probability distribution of Frank Copula (a) and Empirical Copula (b) based on sample data
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Table 4 Premium rates for sugarcane planting income insurance at different risk coverage levels

RIS BB 1 006

[E— Wlth(iut‘hdi/est price option With harvest price option Pfji/rie

Risk coverage level - RIHIRAE/TE g gy 04 AR /7 RIS $/%  difference

Compensation . . . .
threshold Premium rate Compensation threshold Premium rate

100 1416.79 10. 67 max[ 5 034. 99X P,,1416.79] 12.73 2.06
95 1345.95 8.50 max[ 0. 95X5 034. 99X P,, 1 345. 95 9.38 0.88
90 1275.11 6.68 max[ 0. 90 X5 034. 99X P,,1275.11] 6.92 0.24
85 1204.27 5.16 max[ 0. 85X5 034. 99X P,, 1 204. 27 5.20 0.04
80 1133.43 3.90 max[ 0. 80 X5 034. 99X P,,1133. 43] 3.90 0.00
75 1062.59 2.85 max[ 0. 75%5 034. 99X P,,1 062. 59] 2.85 0.00
70 991.75 2.00 max[0. 70 X5 034. 99X P,,991. 75] 2.00 0.00
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Fig. 4 Yield trends in major sugarcane-producing regions of China
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Table 5 Premium rates for sugarcane planting income insurance in major sugarcane-producing regions of China %

S AR 6 2% 2 Premium rate

B AR AL Copula by RKUSIRBEIKT/ 20 gl ze B as A B ke 26 5 4 5 P
Province Optimal Copula Risk coverage WA W4T Premium rate
(Autonomous Region) function level With harvest price Without harvest difference
option price
80 3.69 3.67 0.02
] Frank Copula 75 2.69 2.69 0. 00
70 1.90 1.90 0.00
80 3.30 3.16 0.14
J72R t-Copula 75 2.32 2.27 0.05
70 1.57 1.56 0.01
80 5.97 5.65 0.32
ji53e:} Frank Copula 75 4.56 4.40 0.16
70 3.41 3.36 0.05
80 5.71 5.71 0.00
P ] Gumbel Copula 75 4.33 4.33 0.00
70 3.15 3.15 0.00

Bt — 6 U GO IF N A AR 7 il AR I 25 BE
BRI S )1 v BRI PR RE 1) A 4 A A

R B AR 25 b T 22 ) 9 2 58 ELA AT L B
A H T8 A R 2R Copula bR 8, 15 H: 2 800] A
AT . R T PP LA B AR F 5 R
T Cramer-von Mises &t i1, iZ 40 11w B E L /N, %
BALA O BB 5 o H T AS [R) b Tl =2 ) %) B4l AS mT
B, AR5 B A Hh T 1Y Copula 481t it % 4k
RRRAE, B BB BRRR AR /N B Copula B8 Y AE Ry f A1
iR, 58 Copula pRECAE T P A [R] 3t 7 4 b A 401
GG i S HE T WK 6.

MG G145 R, Frank Copula 78 K Z 2 5
KM m WA LR, B, A 85 3 T Frank
Copula BBk A 43 A 0B 2L, 18 i bootstrap J5 ¥ A il b
BLBCR T BB 28 38, R 7RI, i T 75 45 b
DX TE B AR FIR S 45 00 b 0 25 5, EDRL IR A9 7
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TR M . 28 LR AR B 5E A LA B Rk 1 o A i
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4.1 #ig
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Table 6 Copula function statistics results

" Copula pA%% Copula function
City Normal Copula t-Copula Clayton Copula Frank Copula Gumbel Copula
M7 0.0356 0.040 0 0.040 3 0.039 1 0.0412
91 H 0.038 2 0.0327 0.058 3 0.036 3 0.058 3
0N 0.048 8 0.070 8 0.0687 0.067 8 0.058 2
M 0.034 4 0.036 9 0.0356 0.035 4 0.0390
B | 0.0758 0.068 4 0.053 4 0.0715 0.080 1
By ks 0.0457 0.0420 0.0657 0.0395 0.052 6
B 0.026 5 0.0233 0.0217 0.0218 0.027 1
pie 0.0371 0.037 3 0.036 3 0.036 5 0.036 3
A 0.082 6 0.1037 0.079 8 0.104 5 0.107 8
[EREN 0.0254 0.016 5 0.1191 0.017 7 0.1191
B 0.0238 0.0224 0.0313 0.0218 0.026 4
IR 0.027 6 0.0212 0.0779 0.0225 0.0779
ok = 0.037 5 0.0411 0.047 6 0.0459 0.037 4
S 0.037 3 0.0390 0.0458 0.042 4 0.045 6
RT IAEASHTHENEMEENREZZEN
Table 7 Premium rates for sugarcane planting income insurance in Guangxi Autonomous Region %
AT U f e R PR K R R I B e B PR K R
FEE I s 39 A A ST AL S B AR S A1 A S A
0l With harvest price option under different risk Without harvest price option under different risk
City coverage level coverage level
80% 75% 70% 80% 5% 70%
M7 4.99 3.72 2.68 4.97 3.71 2.68
Mg 5.62 4.32 3.23 5.51 4.23 3.17
0N 6.02 4.56 3.36 5.90 4.51 3.35
M 4.76 3.55 2.57 4.72 3.54 2.57
B | 5.01 3.73 2.70 4.98 3.72 2.70
B 3k s 4.94 3.69 2.67 4.92 3.68 2.67
AN 5.46 4.15 3.05 5.37 4.09 3.02
btk 5.08 3.78 2.73 5.02 3.76 2.73
A 6. 64 5.09 3.80 6.44 4.99 3.75
[EREN 5.24 3.93 2. 86 5.19 3.92 2.86
BN 5.02 3.78 2.77 4.95 3.75 2.76
Ttk 6.41 4.99 3.79 6.23 4.87 3.71
P 5.87 4.44 3.28 5.78 4.40 3.27
S 4.20 3.10 2.22 4.20 3.10 2.22
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