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Abstract

Catastrophes include natural and man-made disasters, and the research in this p
aper targets natural disasters that include only earthquakes and floods. In recent ye
ars, natural disasters have brought more and more serious threats to people's life sa
fety and property safety, so it is urgent to establish a comprehensive and stable risk

protection system for natural disaster risks and explore innovative and effective ri
sk sharing methods. At present, China has piloted natural disaster insurance in som
e parts of the country, and has initially established natural disaster insurance funds
in pilot areas. However, compared with the natural disaster risk guarantee system o
f developed countries in the world, China's natural disaster risk guarantee system i
s still imperfect. In order to improve China's natural disaster risk guarantee system,
this paper hopes to put forward some useful conclusions and suggestions from the
perspective of natural disaster insurance fund. The main idea of this paper is to app
ly the mathematical derivation theoretical results in the field of optimal reinsuranc
e to the model construction of natural disaster insurance fund, estimate the natural
disaster insurance fund based on random simulation data under certain assumption
s, analyze and summarize the influence of various parameters on the fund, and pre
dict the amount of natural disaster insurance fund in the next five years.

This paper first introduces the natural disaster insurance systems of the United
States and Japan, and discusses the main structure, classification and operation me
chanism of natural disaster insurance funds on the basis of learning from the experi
ence of developed countries. Then, this paper introduces the two natural disaster in
surance fund models proposed in China, and takes the natural disaster insurance fu
nd model based on VAR criteria proposed by Tian Ling and Yao Peng (2013) as th
e basis for this model. Based on the natural disaster insurance fund model based on
the VAR criterion, this paper introduces the conclusion of Yichun Chi and Ken Se
ng Tan (2013) on the optimal reinsurance cession function, and constructs the natu
ral disaster insurance fund model based on the PH-VAR criterion. Based on the ec
onomic loss data of earthquakes and floods in China from 1980 to 2021, this paper
analyzes the historical data. Based on the stochastic simulation data, this paper an
alyzes the influence of various parameters on the natural disaster insurance fund an
d estimates the natural disaster insurance fund in the next five years. The main con



clusions of this paper are as follows: (1) the higher the risk aversion of the reinsure
r, the larger the amount of the natural disaster insurance fund; (2) the higher the ad
ditional cost factor in the reinsurance premium, the larger the amount of the natura
| disaster insurance fund; (3) under certain parameter assumptions, there is an opti

mal risk tolerance of the insurer, which is a very sensitive factor affecting the num
ber of funds; (4) the increase increases the degree of impact on the natural disaster
insurance fund; If it increases, the impact on the natural disaster insurance fund wil
| also increase; , increase, the degree of impact on the natural disaster insurance fu

nd is reduced; (5) Under certain parameter assumptions, when the confidence level
of the fund is 5%, the natural disaster insurance fund that should be withdrawn in

2022 is 37.62186 (billion yuan), that is, the total risk of the insurer has a 95% prob
ability of being within 37.62186 (billion yuan).

The innovation points of this paper mainly lie in: (1) In the construction of natu
ral disaster insurance fund model, the optimal reinsurance theory (Yichun Chi, 201
3) cited in this paper has not yet been introduced by scholars into the model constr
uction of natural disaster insurance fund. Yichun Chi (2013) concludes that it is ba
sed on the assumption of the broad premium criterion and the broad risk measure,
which means that the natural disaster insurance fund model constructed in this pap
er is more robust. (2) This paper analyzes the influence of various parameters on th
e fund, and provides more comprehensive and effective suggestions for the practic
e process of natural disaster insurance fund.

[ Key words] Natural Disaster Insurance Fund; optimal reinsurance theory; P

H premiums; VAR guidelines
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RPN SE, REOR D AEAE L EYa A, HLAORBG N XURS: B8 RS B2 B 45 A
7& VAR B3 TVAR, ZIRSCHISS IRl A& . A0k 51 Yichun Chi A0
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TRAEN, oA PH AR 2R /£ Yichun Chi A1 Ken Seng Tan (2013) Hi3¢
TORTUENN LI, FLIR PH L 9% HE NG AR DR 2 v U %A L3
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I HE SR, BRI RS T 7K R R 019 Bl KAk, 7% ZEREMR
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RGeS TIE B B KA — AN 78 43 T HE B2 56 A i — A e A IR B AN SE TR
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£, ARAT a1 ELR B EE AT fE L, IR A Rl R 288 T Bk
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1.3 ARABRSHZE

1.3.1 AR

AR SCIIRITEFE N 25 1 B0 N AA R 7

1, ik, AENE TR SOER R, T =N
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T HARRE R IES MG TE, SEl 1 e i e A AR T 50 B b 1Rk ¢
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S HEAR AR, ERAISE AT H AS . By AASER 23R 5 AT H AS (1 5 28 5 3 W
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W= ORISR N AL A GE 1R, BUGAERS S, e 3 ol b iz Oris
28 R B BT UM PR o 38 EiR Bl 0, A PR RE I 7 2 ORI
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3.2.1 RER /X EMBARREREEESHINE

b B AR FHIRBAIRBERRIH &, H AR ORES bl 8242 3R E A1)
WX RIF, MASAFEIN. T 0= AR SR R ARG FE 4 1
e

IRINE 5 DR B A FHRYI T BUR 8% 1l DI AR IS A =TSR, H B kAR
I BT A FEIR N SN B A5 TR AN R 2o By, Bk 34 IR T BURF AR AT
3000 /5 Bi 4 #5r, FEH T ARMABUN B RS IEAT R Erwsat. 7%
B g R il FEAEZE S5 BRI 7 T BURT H B 3800 5T, NatimiR
T SESRAUE 6 LTS AL E RARIG RS, BRI G HBURF 4 500 /3
TCWAL, BT MR S ORI 2 ] Tk 424 B A9 ] AAMIRE A o A il A
KRS (F) LLEMRRIE SR A 55 B B W B 2 A DL
RAE TR ORFS ORI, 28 Z 8 (RIS Bk 4ok B T 42 HL 30% —
500 IR 2N F YRR AR

ATRUR I, R A X S 1 2R 55 ORI 35 < 1) /i 2 B IBURT R 4R
A5F 8 58 BB A 35 B AR O ARB IR B — S0 4 . BURT Y
T SRRt 2 [ B B 28 5 35 ORI T 3 9 R A, R 3R B AR R FH ORI T 1)
HATHR IR . AR RIS T 5 F0 B A T 3 36 [F) 23 | AR o 3 KU,
DA BURF I 22355 s 7 o

3.2. 2 BT REITISEAXARENHNERREFRLESRE

S RIS AT Ml 5 R DR RE AT 1K B AR U T ORISR o el i DUR 22 1
PR, BRI IR 5T DRES 5 6 75 22 [F) I =5 JE OR3P e R fR
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3. H AR K H IR I AR A

RE TR AR 5 T RS R A AT e R ok, Ferb B AR O 3 XU 1R 2% A4 P e d
KR LR IR
CPML(a) =E [L\L >F (1—a)]
Horb L 2RI T AT IR AR FERR, o 2EEKE, B (1-a)2

L R385 RAR A R AL, 251 AT BE SRR R IR s KU £ B A5 7K1 o R ISR
IR . ORI T 37 X B KA PR BE 7T R] LRI

n

>(P +Qi)—znl:E(Ti|L=CPML(a))

HhT=max{R +Q —L,,0} , L F/=&i MRKA M IR B 2R K 15
Ko PFRARFIADRE AR R, Q R 2 i MRE AN BB 2 BEA
P +Q Fn AR AR KA E R, I 7 IRE NI 2 AR 9% 2
Ay BRI RNRIEAT TR N, S ORE A B BRI A 850,

M=

(P +Q) FRRRAT L M A T, |L = CPML(ar) FR1E IR F 4

I
4N

K 44715 CPML(@) BUAAE R 381 A AR ARG 1195 A2
A, D E(T|L=CPML(@)) o 4RI AT et n MR, 1485

R G52 CPML(a) AT T, CRBAT ML ARG 5 2k 2 5 (R A AR 0 2
. WUORRS T 37 1) B KA DR RE 0 55 T ORI AT M R B G B A 0 £ 2R ek 25 PR ISE AT
NTETE AT S 7 R . B T ORBAT b s KR CRBE 7 1 1 AR 0 T IR I i 4
BRI TT AR IR A -

CPML(a) —[Zn:(Pi +Qi)—Zn: E(TIL= CPML(a))j

i=1 i=1

B BE T ORI AT Ml B R DR B T 1) R 0 T ORI B < 55 T | AR 0 3 KUK )
S AT B KA R 25 ORI 11T 3 1 S KR AR B T (R 22

B EIR TR, T ORI AT L B K AR ORBE 71 SR ¢ T IR B 4 48
RUBARRE N 22 U BT A BRI AT SRR F BRI ORBAT ML T 1 IR A
T SHE B IR R E BRI ATIS B4 208 L PRt R I ORI AT b K AR R
RE ST IR 3 BEAT AME2 o AR 2 ORI N R B H R, TR K% ) SIS
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FHISER, HZNS | ZLgER R T IREE, —RinE, REAFIFAZ
U P B s BEAS B AT B 2R 9 RIS A7 2K

3.2.3&T VAR, CVAR NI THBRRERLESERR

FET VAR HENTR B AR 0 T PR 156 o BB PR B DRI A A B B AR 5T R
Bk iR — 8 o3 H AR O UL o DR g FRORRSEN DR BN B B RS In = 7 P 2
RIS N R RS, K 98 93 DRI e SO RIS A XU BRI FE B A 1L
iR E /N N U

VaRa[Zn:T(Xi)} =VaR, {Z(x — (X)) +z(f (xi)))}

Hrp, XORRBIRBERRERR, (X)) Rashnf B E SR E 10
%K R ARG FORSRAB BRKE RS, X, — (X)) FontRE AR E #
RUKE, 7 (f (X)) Famehxt sk R GCHII, PRI NBAAZ TR A1 7
DRPE. T (X)) R Bk F AR R FAR R, ORI T I (KRR, B3

RIGRITRIE. n FoR—E B RXERENIEL DT (X,) Rr—EmR

@A%Em@,Wﬁ{iﬂxﬂ%ﬁ~$ﬁ%@k%%ﬂ@%ﬁ@mﬁo

CVAR #EN () B 98 5 35 ORI e e W75 240 Bk AU i) VAR BCh
CVAR RIF], AR5 & SCEAHIE], fEEAZRIR

i LB ATED, T VAR CVAR VN R I H AR e 2 (R 3k 4
BUBRBATLE B R PR N A BRI RS, b2 7E 28 — 3 Pt -2
i, FRRIEE S BRI E ORI [ U, B AR PR b 2 DR S v Kl
DR A R ¢ B AR B A IE AN VR FRRAE, ORI AN ZRHE (19 XU B K, BT BA
TR OR IS N AR ORI ELIRER ORI U, IXFERR R R A E ) . BT AR S
SREZ AR R E R AR SRR IR SR Ak 4k 2R 32 TR I8 .
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3. H AR K H IR I AR A

3.3 EH T PH-VAR EN THERRERKEESIER

3.3.1 ETFERMAEM VAR EN THHRMABRE S BB

FESET VAR YT 1 280 S (R BE A b, B R AT LA 3K
(1 9 i S T 45k 1 B . E 55— 5 BSOSk L P (e
N TSR TR HE 53— MRS T 47 Ml B B 4R 5 AR A 0 B, FL7E
85— BRI B SR ARG IR R A R b X AT T, A
IEREAFAEIRE— MRS TAT I TR A . 326 (R A T R AR B R
R A RN, HR TR A TR 00 1 2R o KR 5 1 B
R A KR I TERA I, 55 T80 T 1 SRR 23 4 e \FIBORF . s {5
[ A2 U I ZE o I 9 36 T VAR HEIU 0 SR 0 A e . BRLERK)
S ) B P AT 2 TR, MR A ORISR, ST AR
o N3 NP A SR I ZE I I B R 2 T BT (e A
T, (X) AT LAFR -

T (0= 2R, (X)+2(F (X))

So, X, BRI RRER, (X)) T KRR B R4
AT, R, (X)) =X, — F(X,) 2 0K 1 4R v S o 4R A 1 B2,
7 (£ (X)) Foehn Bk 1 ARk e o, 0 A S P AR AP TR 28
n R AR R RO R A IR AR St HOB R £(X,) . B
PRI B 1 B A B AN (0 A B R (O ZE R M A3, T
FAM2E A AR TR

£°(X,) = minVaR, (T, (X,)= minVaR, (R, (X) +7(f (X,))

Fort o SR ORBS A e AU (1) BAG K, A SCRR 2 DRI N IR IR 725 2L B

LI EZAFIZ T, Yichun Chi (2013) 5] N E KRN, CifES:
B 2 R KL £ (X)) AR o T RAR RN Rk 208

&Y =1(X), S,®)=Pr{y>t}
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2(F(X ) =7(Y) =+ p)[ 9(S, (1))t
Hrh p RHHIAARE T, (S, (1)) 24l %%, Yichun Chi (2013) T
RS H AL 7 (X) A O8N
min{(x -B). VaR,(X,)- ﬂ*},VaRa(Xi)zﬂ*
0, otherwise
Hef1S, ©=9(5, (1) » B 2VaRyy,, W), o RARE: A XU E (=K
o, ARCRRZ AR N RS 2, p At AR 2 A A B I e A IR 7
b, T EE T R R L R R HAR A R, BT S

REARRFETR P ORE N H Lo R Ba 3, B ORES  B e e B B3
BB HESAE /N

£(x)

3.3.2 ET PH-VAR N TR A BRI 57 R 2

AR T RPRFE TR 1) PH HL A OR 20 I 4k 28 1 kIS, PH R ZRUE
I B 2 2R IA R
z(Y) =(1+p)j°°g[s ]dt_(1+p)j ﬂdt,B>1
Horp B P ORRS A GE IRUS I DORAR S, B B U BH P RS A B D X

B, PRES AZREN PH it AR SB Ry, Sz PH I A AR SR, S 7
HMHIEE p 5 PH AL ERIEHICR, L ERNT:
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3. AR R T ORI G A i

b
=3 .
x .
% 05 3
04r - =
0.3 :
— W R 52:p=1
02r ‘
- 1B {5 52:p=1.1
04 — Hih B=1. |
— — —Hih R %p=1.3
k{5 ¥%:p=14

0 0.5 1 1.5 2 25 3 35 4 4.5 5

3.2 BR%5S XA

fEEI 32, FLRZEE TR ik DL R ARl DL B AR, A e B
ISR, BEF pEEN, FHORSRHRETH . 2 BrLAiEsE PH CR 3k i
W, fEFE PH AR ZEHA I R R -

(D) X < Xy Ar(X)<z(X,)

EARIEIRAE X BN SR TR X, IR AR & X
WCHLIR) PH GRS AR T4 B 2k A8 i X, WO PH OR3P — i BEL &AL
E X AR
XMPTAL20, #AS, ®)<S, (), WX, < X,o

S ANRFE UL PH R 555 2 fR SR (B2 1, BIDX - XU B /N
1 2R B N AZ ORI A AR 2

(2) %X, < e Xyr Hr(X)<7(X,)

EARE ARG X I RENL SR TR AR R X, IR R AR X
WSCHRLI) PH GRS AN K T 2 2k A8 5 X, WO PH OR 3% . Horb BB L
E XA

P x20, #7 [ S, Odt<["s, @dt, WX, <X,
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55 AMFFEBRT PH (R %030 2 PRI R S T B 2B R 4, B
3 F SR 8 B 952 T A AR SRR A 3 rhoAR X BRI B A
S R 9 15 R AR SR LLA, ERI AR

AR FAE N 7Y —>[0,00) 2 FABERLOE, ELE(Y,)=E(Y,) M

-

(3) IHEEHAFFRE UV, §HE: 7(U+V)=2U)+z(V)

AR AT = R A 1) PH R 2 A2 ml b o 3 e [ RO 11
X

RAATERU R &z A I R fL 0, A X, =(2),X,=9(z), W
PRURSE X, AR X, A2 [R5 P

B=ANRHEUC PH ORZRORAE T IR T AN TR 1. 4 PH {R 2Rk
T2 FARNIE T I AR ZRHE JURT VAR HETU N (6 55 00 F AR RS 43 HH o 3015 1) 0
T PH-VAR JE M R 5 A FE ORI 73 H R 5 H A D F

min{(x ~ ) VaR,(X,)- ﬂ*},VaRa(Xi)zﬂ*

0, otherwise

f7(X;) 2
HbS, (1) =9(S, @) =S, (0, B 2VaRy, ,W). N7 H%HeERk

BT ESAIE, BRI R X IRINSHON 1, o FIXRBUES A6 . 2T
PH-VAR Y U ) 55 P AR 4t B B e S I R . B ek T g A=
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ﬁ* 2 Va'Rl/(l+p) (W )

* 1
=g

1

1
A
=Pr(X,>p)=(1+p)"

= Pr(Ln(X,)>Lng")=(1+p)”
Ln<><) p_Lng uJ (

= Pr

1+ p)fﬂ

= Pr(Ln(Xi)_ﬂ L _’qul—(]A-p)'B
(o2 O

od™ (1 (l+p) )+,u:|

= f :e[
HikVaR, (X)) AR T

Pr(X; >VaR,(X;))=«a

= Pr(Ln(X,)>Ln(VaR,(X;))) =«

j Pr( Ln(X)) -4 Ln(VaRa(Xi))—ﬂ]: .

o o
— Pr(Ln(Xi)_ﬂ < Ln(\/aR“(Xi))_ﬂjzl—a
(o} o

:>V3.Ra (Xi) _ e[ocb—l(lfa)m]

B 2 HEVaR, (X,) > § H 28 20 S Fe
VaR,(X,)2 f

_ gl tea] e[f’“’ {rwee) " eu]
= a<(1+ p)_’B
B Ja 13 AT PH-VAR T B S 0 ORI 20 H ek B B0 A 08
- o) ,ema]w]_e[a@l@wmﬂw},as(lw)ﬁ
F(X;) = .
0, otherW|se
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3.3.3 FTF PH-VAR EN T BERAREFRREESRENANES

ARG R BRI H AR R FHORB S AR T AR R IR 4, IR E AR
KERGES A B - KERKEMRE, FEARRFREESE R FH
HARKEFEMR . T PH-VAR HE ] 1) 5 A0FOR 70 R BT VAR
THE ) H AR U H5 AR B ik 4 A R A5 21 B T PH-VAR #EI T BB IR H AR R 35 Ok
(58 SR A G /N W R
VaR, (Tf,(xi)) ~VaR, [Rf*(xi)w(f*(xi))}
= VaR, {Xi — (X)) + @+ p)_[: S, (t)/lfdt}
=VaR, | X, - f*(Xi)]+(1+p)J:SY* (t)%dt
Hrr,

ind[ x _el T T} Joratea] _ o o »
£(X) = mm{[& e +,e e a<(1+p)

0, otherwise
qNEREEEKT, BRSNS BEEKT. T PH-VAR #E
EREH AR K ELRR I ST B2 A N

ZNl:VaRq (Tf*(Xi)) = iVaRq [Rf*(xi)w(f*(xi))}
=N ZN1:VaRq [xi = f*(Xi)+(1+p)J.:SY* (t)zlfdt}

=N E(N){VaRq [X- f*(Xi)}+(1+p)J.:SY* (t);dt}
o,

min {[xi —J“‘D{”“p)”}w]j Joot] _e[o@l[l(lwﬂw}},a <(1+p)”

0, otherwise

N A—4Ed HAR R FER R A B R Z 2 R NS S o, HE
EMEFEKTq, BREABREPEEE g, BRI RIRINERART p

f*(xi):
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