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Abstract

Crops are susceptible to weather and the global climate is changing rapidly this year.
Many crop-related insurance policies have been issued on the market. Taking Litchi as
an example, we calculated weather parameter insurance policies and income
protection policies. Weather parameter insurance policies are based on two regression
models. To simulate multiple future temperatures, and then calculate the claim amount
and premium according to the claim standard.

The income protection type also uses two methods. The first is to use historical data to
calculate the claim amount. The second is to find out and verify the distribution of
income. After confirming it as a normal distribution, Monte Carlo simulates the actual
income. , Calculate the claim amount and premium according to the claim standard.
However, due to insufficient data, we gave up the first method and directly used the
second simulation method. Combined with advances in technology, insurance can

more efficiently protect both the insurance company and farmers.

Keyword : Insurance products, regression analysis, actuarial pricing
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Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression |3 59094.1 19698.0 4219.70 0.000

t 1 346.1 346.1 74.13 0.000
Sin(2nt/365) | 1 57145.7 57145.7 12241.69 0.000
Cos(2nt/365) | 1 486.8 486.8 104.27 0.000
Error 3310 15451.5 4.7

total 3313 74545.6

=)\ SSR STLURMBIER | SSE 2 5 5215 5 T 055 i R TR 1 2

R ¥ 72 SSR/SST , EXRF O LIFLHEE R F 7.

N ABHIRERBERDTER

Coefticients

Term Coef SE Coef T-Value P-Value VIF
Constant 24.2062 0.0753 321.57 0.000

t 0.000039 0.000039 8.61 0.000 1.01
Sin(2nt/365) | -5.9132 0.0534 -110.64 0.000 1.01
Cos(2mt/365) | -0.5402 0.0529 -10.21 0.000 1.00
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X E | & (°C)Temperature

=24.2062 + 0.000339t — 5.9132sin(2nt/365) — 0.5402cos(2nt/365)

xtT REF I REREEKE

Model Summary

S R-sq R-sq(adj) R-sq(pred)

2.16058 79.27% 79.25% 79.22%
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xt— REKRBERBEEHON

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression 2 18713 9356.3 156.99 0.000
Sin(2nt/365) | 1 17641 17641.3 296.01 0.000
Cos(2nt/365) |1 1107 1107.2 18.58 0.000
Error 3311 197328 59.6
Lack-of-Fit | 3278 194379 59.3 0.66 0.968
Pure Error 33 2949 89.4
total 3313 216040

x"t—9, SSRECIUKBEEBNER  SSE R %R =SB M AW ERE

MERE  RFHF2E SSR/SST, EXP O FLHE R FEF , XD SSR &5 SST

EERIEN ; p-E>a , RINERABBRPEREERATE.

RT- RBKREEHEEBREONER
Coefticients
Term Coef SE Coef T-Value P-Value VIF
Constant 5.073 0.140 36.28 0.000
sin(2nt/365) | 3.563 0.198 17.95 0.000 1.00
cos(2mt/365) | -0.792 0.197 -4.02 0.000 1.00

x+t_h, VIF AAR@EBEGM  VIFESE/NR 10, SRBES

M p-EIR e, MAERBEEUERS  SRGEHEARE.
Regression Equation:

KEFEEFTTT=4.662 + 3.275sin(2at/365) — 0.815cos(2xt/365)
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xt= REKSEEEBEZKE

Model Summary

S R-sq R-sq(adj) R-sq(pred)
7.71995 8.66% 8.61% 8.50%
RtT=h  KRYEHEKERY% , RABEERE K SHREJEZEE
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(1) 19 RERE

KT EREREEBEEH N

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression | 3 58973.5 19657.8 3869.47 0.000

t 1 476.2 476.2 93.74 0.000
Sin(2nt/365) | 1 56790.7 56790.7 11178.75 0.000
Cos(2mt/365) | 1 479.9 479.9 94.47 0.000
Error 3311 16820.7 5.1

total 3314 75749.1

FZTI0h SSR BolAKMREREE  SSE ZRRBRELS , MEAWEERN

#BE, R¥F2E SSR/SST , EXRP o I¥THER F 7.

xthH EEFHRERBERSTER

Coefticients

Term Coef SE Coef T-Value P-Value VIF
Constant 23.3181 0.0785 269.99 0.000

t 0.000397 0.000041 9.68 0.000 1.01
sin(2nt/365) | -5.8942 0.0557 -105.73 0.000 1.01
cos(2mt/365) | -0.5363 0.0552 -9.72 0.000 1.00

xTADP, JlUgREAEN  VIFES/NR 10, RIBZEZEER2AREN

p-E/NR o, RMIBERBELRS  SREGEEARE,
Regression Equation:
E W m (°C)Temperature

=23.3181 + 0.000397t — 5.8942sin(2nt/365)— 0.5363cos(2nt/365)
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Model Summary

S R-sq R-sq(adj) R-sq(pred)

2.25394 77.81% 77.79% 77.75%

RN, BEKE 77.79% , BEEREREI 80% , st AFE ARk

SBRARHPBRENEERERS.

=
=
2
|
i
B -
|
[=T
T ! T ! T ! T
0 S00 1000 1500 2000 23500 3000
t1
BN EEF1aEEMEEEFTE
2REBERE

Xttt ERERBERBEEH SN

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression 2 21895 10947.4 1568.92 0.000
Sin(2nt/365) | 1 20888 20888.1 32231 0.000
Cos(2nt/365) |1 1047 1047.0 16.16 0.000
Error 3312 214641 64.8
Lack-of-Fit | 3279 210770 64.3 0.55 0.997
Pure Error | 33 3871 117.3
total 3314 236536
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FtLtd, SSREZOULUHMMEENERE  SSECRRRESHMBIEREE
HEZE ; RYFFE SSR/SST , ERPOULIMETEHEE R FEH. p-E>a, TRE

ARBRARLEERNASHE.

=T\ EEREERBEEITER

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 5.073 0.140 36.28 0.000

Sin(2xnt/365) | 3.563 0.198 17.95 0.000 1.00

Cos(2mt/365) | -0.792 0.197 -4.02 0.000 1.00
xRN\, ofPlUgbatE®  VIFES/NR 10, RAZIEEBLAHR MY

p-E/NR o, MIPERBEUERS  SEHREARE.

Regression Equation:

B R E T 75=5.073 + 3.563 sin(2nt/365) — 0.792cos(27t/365)

KT BEEKSEEREEKE

Model Summary

S R-sq R-sq(adj) R-sq(pred)
8.05028 9.26% 9.20% 9.09%
RTNAP BEKERI20% , RABREERE K SHREECESEHESR

P REBBEREMRER  BARAEEXRAEE.
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3EHE

1 FimERE

R_T EBEHREEBEEEH N

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Regression | 3 29506.6 9835.5 2276.39 0.000

t 1 367.3 367.3 85.02 0.000
Sin(2nt/365) | 1 17225.1 17225.1 3986.68 0.000
Cos(2mt/365) | 1 11125.1 11125.1 2574.85 0.000
Error 2550 11017.7 4.3

total 2553 40524.3

R_T 9 SSRZOLUKEEREREE | SSE EERERZES A M FEA KRR

#BE, R¥ 72 SSR/SST , EXRF o LIFIZLHE R F 7.

R_T— EBFORERBEEREINGER

Coefficients

Term Coef SE Coef T-Value P-Value VIF
Constant 24.0968 0.0827 291.47 0.000

t 0.000518 0.000056 9.22 0.000 1.01
sin(2nt/365) | -3.6950 0.0585 -63.14 0.000 1.01
cos(2mt/365) | -2.9522 0.0582 -50.74 0.000 1.00

R_T—, cli@BHay  VIFES/NR 10, RASE2EEREHZ

M p-ENR o, RBERBEEURS  SREGHEEARE,
Regression Equation:

% 1 5/ (°C) Temperature

=24.0968 + 0.000518t— 3.6950sin(2nt/365) — 2.9522cos(2nt/365)
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x_T EWFnEEMEEKE

Model Summary
S R-sq R-sq(adj) R-sq(pred)
2.07862 72.81% 72.78% 72.73%

KT, BEKER 72.78%. HEENERET 80% , B FE AR IE

BBRAZHBRENBERERS.
o |
T I I I I I I
0 500 1000 1500 2000 2500
t1
Bt EHTRERREETSE
2. MENEER
R_T= ZMKRHERERMEEH I
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Regression 2 7787 3893.49 69.34 0.000
sin(2nt/365) |1 6765 6764.59 120.46 0.000
cos(2nt/365) |1 1022 1022.38 18.21 0.000
Error 2551 143250 56.15
Lack-of-Fit | 367 20628 56.21 1.00 0.487
Pure Error | 2184 122622 56.15
total 2553 151036
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R_T =% ,SSRZOIUWMEENER H SSE ZARRELEAMBANERE
RMEE ; R ¥ E SSR/SST , ERPILIFITHE R FH. BEFSEER

BERE p-E>a , RINZARBRIPEREERNASE.

Rt RWREERBERESTER

Coefficients

Term Coef SE Coef T-Value P-Value VIF

Constant 4314 0.148 29.10 0.000

sin(2nt/365) | 2.301 0.210 10.98 0.000 1.00

cos(2mt/365) | 0.895 0.210 4.27 0.000 1.00
xRt olimigHEgY | VIFES/NR 10, SRIBZEZRERAHER

M p-ENR o, RBERBEEURS  SBREGHEEARE,
Regression Equation:

EBIFEENT =4.314+2.301sin(2nt/365) + 0.895c0s(2nt/365)

R_TH RBREEREIEZEKE

Model Summary

S R-sq R-sq(adj) R-sq(pred)
7.49361 5.61% 5.08% 4.93%

R_THP  BEKERS0%,; EXABREERE SENRACEZEZHE
B, REERBFHMUER , AR EBIKEXRIOEE.
PR BREISH-EtRRMESHFEFOREERNASHKYERE
B, MAMNEREER 1000 RN —H R B2 HA S AR Z I #2532

BIEAERESRFI/EH - ENRE.
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B =—@EERDRIAAR 25 FFEIGERE. B 5 FERERNENEE

ESRRREEH ZFEREELEWA |, WHE 2 F28FFHERBREN

HIEESMHEE FLERWA  EERMEBEZZ FSHEESR B8R 2F
ZEESHETFIHESERE,
A

BEAMHENETEREE , adER 0481 , p EEZ KRR 0.05, ER
RN ARDEE D BB ).

EREA—BEELEEREZHAE SEBEEDEI_BRZGER K BRHEE.

Probability Plot of WA ( ET&E )
Normal - 95% ClI

IMean 908267
StDev 261153
™ 21
AD 0481
P-value 0.208

Percent
-
[=]

0 200000 400000 600000  BOOOOD 1000000 1200000 1400000 1600000 1800000

FHMA (E&T8)

B\ ZHEFHEWAREREE
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F_E REGHEER

|
H
A0
W
i
1=

TR BERRSEEREZBEMNERERER
S AE AE £ e
3 % i $4677~$10290 $534~$1174 $25603~$56327
% 5.31% 0.61% 29.08%
BRiniEEx 18.05% 7.09% 29.73%
+E % % i $10210~%$22462 | $1165~%$2653 | $55889~$122956
®x 5.31% 0.61% 29.08%
BiREE & 18.05% 7.09% 29.73%
258 % i $49~$108 $0 $10505~$23115
#E 0.02% 0% 5.46%
BiEE R 8.89% 3.05% 18.05%

S R = S

im3

dax

EI]]|Z|'

EREENTNRRAZRMERZRE M EERERE
NWEARENE D BEMS-—REEETHAHMEZZENER ; AW, B
RIEFR M AN REATEZRERSER. SAENJEREZREA
FIZEBIMEFTLHNSRHNBRBKBEELEMBIMARZENERF R
ENBEBMENMERRSTEMA.

. WARER

EREM FENSDANEEAERRKNBA  BREERBERRMERE
SERNNPHHEREZEE TEERWANBERZ BN KRRE I ERA
EEZERNSRUINBRTY  EEEEFAETERENFOEBEEHRS

HRFEHEBANEAERERS48487.03(T0/AE) , BEEXS 6.32%.
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WEBEEREHN , ZREtERMREERERERS K MRHSESHEL

]

HESE  SHERERIXESRAKEBEESDE  RETESRAEHREE,

—EREETRSERTERARRESEARSHAEZREE |, BT R 5

NRESEREFERERHE. RE. £EE.

BREEMWREILPEEED  EE22HBLEFNEEER , BE=

BN ERASHFIIREERNBREKERS  BERERBNEE KE

RIE, WAREFEFEZR FRERNBE  EF LRZBMARME

R NBREEEMEEEFERS.

WABRENELEEREZEHE 21 HRAAITMNSEREZAE

B, BB MPARBL Z—EERAELEERSENRE  MEARSZET | &

HELERETHRRE BIRHERCGRBHERMERNZH A EBE.

=EYESRIXRRTE  REBARRERRENR  MarRBRATEE

EHELHEREMRERERR  BRMBRBTEREVRREDS LEFZHE

FTEFEEREEMRBATIUSARNNALR  FEEREBERRELR ,

FEERATWEAE  BRBEREMRREEZRTEREAS. 9E2NREYE

BAZZVEZER  HFEEAENERBET WM ERBIABUARIZRETT

J2 B2 73 B
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EE iR

MEARRBEREBDS YBHEEEHRENRRENESED  EERS
zitEXRER , MAZMIORANLER , U ARABRZEK , BEREA
NEA I RSEBURNHBHERE.

FIEARR e L E RN REMREZH IR  REZAESNRUER
REZREMEZESAAE , KRBT ZREMER.
—. ERYBRERERIRE

MER  ARBIRRENES BEXRERBNNE  BRRFRREUILUES
MBI EMESR AR BEREREBEET RHER BN ER
EEERRL R IRHEAPRENEREEKS K ER/EERAISUERERE
RARERERERER  CEEENREREE TRE.

ERMNREVMRETR FEEZFVERNBIEARRENGEREE |
ERE-—FOEMRERRARNEYERIER  ZisE—EEERA
WEREREREERBAIEE EERAGER , DUER /D& EERAYE
=
(1) ZERAH

oA R EZRPBHRETERRR  WEBREHABEMNETE
Efl , KSR ERESERF N EEEREZEEFEYNEREM

B EBUZFEYREARNSE  REBRLATIEEXRERTFLUNE.
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Br:-ZpBESRERNERRNEZRREASREEIHERED
RIREMAHENEE K RRERASTEZEBRNGRERTEER  TEER
RIEVNMEZEEFREZKIRE,

(2) RIRRVAIERR

BUAREM P LR Z R RBRERER BRI TR R ZERE
BREMEABCKREEZNRIESK.

Br:ERR. REJUEERMEZEREFYNERREZEHITEZE
MERNSBRGEAEMBOBIKARZEFTRENES |, UEFBEOJBEEMREBERR
FHEER.

(3) VERERNENS SR IEERIM
BREFEVBAEMEEIRPNEEEE SE3IERFE. HREE
B, mRE. tREFERBRERESH  GoERBERNECHBIBEESES
B, ABERBAENNEY  REAIGRIERBBRER 2 THEE.

RPREENERERRTDMBEBUARIENNRERE IR  BE
o IR B REFEMINGIRE 7 BRI NIRE,

—. EREMBIFRHEY
(1) \AKESE
EBS  MAREAREREAEDERRINYNRERL  BRE

AR O REHZ 2/ 7 BRI, BRaEZTSIRENHREAKE
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BFYEEBRGIN.EAEFERRENRE)  EHBAKESERLEEGE(F
MEEBRAEIURBREATDEE , UERERZEFVNERERE
2, LUB N i B E R RV MR 1
(2) BEEERN (BIRERR)

AEFREBEFBZIMNEEERESFEYER. BR. EE. X517
BEEM  ARERERNARERRGS  ZRBRERIMETL LEEM
WES K BERSEEREZENURERBERE  BFRKEINRBIEERR
RRORE. B BEZENNEBSHIERRREDS , — BERAZIEEKX
= MEEIREBENRE  JARMIESBETRER.

ZRLUERZOER  BEUARMREREBREATPHNMERER , A&
FRERRASNRA , ORERPBHRE.

 BURERRERR

RIABRRNERLRE K EFERRACKRAB/TNERESE. £ A
R Z — 32 M A2 |, B %A FE 75 oK i 21K B Bh & 2 U 3 (X 18 I B9 488 17
B, U—EREMNERERS  REBEAIESRPHBEENES. KB,
EREZBESERMELTS EFPFBEATREIBREREMNE  RBENEH
Bm. BEEM. EIPRM  EERENEE  ZRBHETE. B3, B
m. R¥E MZE. BRFEEES  LRURBATIAZORSBELER R,

NELHZEREREREL BRERR. B2&2E. PEE. EHI.
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fEtt. BRFHBSFAZE —ERENRBRER A,
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FLtE 2ERHB
RRSHIHE -

datal = read.csv(file.choose())
= datal[,1]

sin = datal[,6]

cos = datal[,7]

temperature = datal[,3]
= Im(formula = temperature ~ t1 + sin + cos)#8 /Il [B] 57 )& &

anova(ert)

View(datal)

#¥E B H19R

a0 = ert$Scoefficients[ 1]

al = ert$coefficients[2]

a2 = ert$coefficients[3]

a3 = ert$coefficients[4]

et = function(t){
a0+al*t+a2*sin(2*pi*t/365)+a3*cos(2*pi*t/365)

h

et(t) #FEAIE HI9R

#RABHKEE

ae = ert$residuals#iE =

ae2 = ae2
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b = Im(formula = ae2 ~ sin + cos)
b0 = b$coefficients[1]
bl = bScoefficients[2]

b2 = b$coefficients[3]
#10] 55 ¥8 R R 2
esigma = function(t){
b0+b1*sin(2*pi*t/365)+b2*cos(2*pi*t/365)
b
#E B FERDRE
r = function(t) {
z=NULL
for(iint) {
x = et(i)+(esigma(i)"0.5)*rmorm(1,0,1)
z = ¢(z,X)
}

return(z)

h
t2 =seq(3316,3405,by = 1)

#ARIE B

#2 = seq(3316,3405,by = 1)
#xipu

#12 = seq(2556,2645,by = 1)
r(t2)

#Ha=(r(t2)<17)*1
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hist(r(t2))

HRZE

n = 10000000
p=NULL
for (iin l:n) {

p[i] = sum(ifelse(r(t2)<15.5,1,0))

p4 = sum(ifelse(p == 4,1,0))
p3 = sum(ifelse(p == 3,1,0))
p2 = sum(ifelse(p == 2,1,0))
pl = sum(ifelse(p == 1,1,0))

p0 = sum(ifelse(p == 0,1,0))

min_ml = 88036 #{RIBEEH
min_pmtl = min_m1*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n
max_ml = 193680

max_pmtl = max_ml1*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n

#il SR
min_m2 = 192176

min_pmt2 = min_m2*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n
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max_m?2 = 422787

max_pmt2 = max m2*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n

p=NULL
for (iin 1:n) {
p[i] = sum(ifelse(r(t2)<17,1,0))
b
p4 = sum(ifelse(p == 4,1,0))
p3 = sum(ifelse(p == 3,1,0))
p2 = sum(ifelse(p == 2,1,0))
pl = sum(ifelse(p == 1,1,0))
p0 = sum(ifelse(p == 0,1,0))

min_m3 = 192176

min_pmt3 = min_m3*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n

max_m3 = 422787

max_pmt3 = max_m3*(p4*0.05+p3*0.1+p2*0.15+p1*0.2+p0*0.6)/n

HERERE
min_pmtl

max_pmtl
HEREER
min_pmtl/min_ml

max_pmtl/max_ml

#id K R B
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min_pmt2
max_pmt2

#ifg KL B =R
min_pmt2/min_m?2
max_pmt2/max_m2
#L T ERE
min_pmt3

max_pmt3
HEREER

min_pmt3/min_m3

max_pmt3/max_m3
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EIFIREEE NS
FNE ERKIR
EBEHREERMA. EUE https:/agr.afa.gov.tw/afa/afa_menu.jsp#

THEEZEEERAMNFEES. BB https:/data.coa.gov.tw/Default.aspx

THREEZEERIEE PX-Web st ERIE. BB
http://210.69.71.166/Pxweb2007/Dialog/statfile9L.asp

REEMRTERNENH. REEEESR. NE

https://agrstat.coa.gov.tw/sdweb/public/inquiry/InquireAdvance.aspx

|

RBEIPRFEFE. HUE https:/e-service.cwb.gov.tw/HistoryDataQuery/index.jsp

Alaton P, Djehince B, and Stillberg D (2002) On modelling and pricing weather
derivatives. Applied Mathematical Finance 9:1-20, Temperature : OU model with

seasonality. Volatility : constants in each month.
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