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Abstract ; Catastrophe risk, a key focus in the insurance sector, has been extensively explored. Traditional research on insurability
typically examines either the occurrence probability or insurability theory independently, without combining the two into an
integrated framework . This study introduces an insurability analysis model that merges theoretical and practical aspects. It utilizes
an optimized BP neural network for the first time to evaluate the insurability of catastrophe insurance through fitting the direct
economic losses caused by catastrophes. A correlation test on key parameters validates the model inputs, reducing unnecessary
consumption of computing resources. The performance of various activation functions in a traditional BP neural network and a GA-
optimized BP network is compared. The logsig activation function proves superior, achieving 83. 6% accuracy in the traditional
model and 82. 6% in the GA-BP model. Although the prediction accuracy of GA-BP neural network is slightly lower, it obtains
better robustnerss in fitting catastrophe losses. This validation of catastrophe loss fitting introduces a novel method for assessing the
insurability of catastrophe insurance, significantly benefiting the insurance industry’ s development.
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Table 1 Elements of flood disaster insurability evaluation
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Fig.1 Principles of BP neural networks
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Fig.2 The process of BP neural network combined with genetic algorithm
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Table 3 Interpretation of evaluation indicators
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Table 4 Statistical data of flood disaters in selected years (1992-2009)
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1994 1 651.00 1 096. 00 2 128.80 551.00 71.70 27.38 755. 87
1995 580. 07 348. 84 966. 02 170. 00 8.09 10. 84 104.50
1996 1 060. 80 623.50 1 687.57 401. 00 68.97 19.62 329.22
1997 477. 67 269.03 824.55 128. 00 5.55 10. 21 84.72
1998 815.03 592.45 1532.87 156. 00 10. 86 21.35 234.31
1999 260. 56 135.42 445.10 82.00 1.28 6.97 42.88
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2008 1 291. 82 698. 14 1 988. 60 57.00 10. 12 39.68 251.10
2009 322.21 168.97 762.13 6.00 2.14 11.79 60. 59
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Table 5 Spearman correlation test results
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Table 6 The effect of different activation functions

T PR By i B A RMSE MAPE MAE MSE R T AERG =R/ %

tansig 10 17.523 0 0.340 833 14. 696 1 0.002 188 0.988 95 0.659 167
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Table 7 Hidden layer weights and biases
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R 2 4 -1.984 2 -2.014 20 0.893 7 1.899 7 -2.033 4 -1.7750 -2.402 90
W 1 ANE 2 & 3 I 4 i B
U= -0.628 23 -1.618 00 -0.356 86 -0.202 82 1.129 30

3.3 GA-BP #ENI&E 5 &R A
AR AL 2 (GA) X BP il 2 W 4% # 4T
Al KO GA-BP #5571 5 FF 2 5206 ) N [R] 3006 PR AL

T ABIRIPERESS R UL 8,y UL L B3t A Bk o
FALAERA A A RSCR , 22 GA DAk 15 J5L 46 vl
RS HARARIEL, 4 5 R

F8 HEBRBHBR

Table 8 Effect of the activation function

O PR GA TRALMERN R/ % JRIINAER R/ % RMSE MAPE MAE R
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elliotsig 72.796 9 60. 968 6 42.807 3 0.272 031 27.534 00 0.921 39
90 AR AL 2 Ry T R 2 S LA R
o PRIGIE £9 GA-BP B EARE FIESEE
60 Table 9  Actual values, predicted values and errors of GA-BP
1:\::( 50 model
g% e bR BP f e
zg 1 260. 620 0 227.9415 -32.678 5
10 2 69. 660 0 79. 690 6 10.030 6
0 3 54.680 0 51.909 5 -2.770 5
tansing logsig elliotsig 4 162.530 0 181.630 6 19. 100 6
W B 5 24.260 0 24.586 3 0.326 3
BS5 GARUSRIAERER 6 59.370 0 39.873 8 ~19.496 2
Fig.5 Comparison between GA optimization accuracy and original 7 53.190 0 66.507 0 13.317 0
accuracy 8 14.910 0 10. 644 4 -8.265 6
X HE IR 2L 5 (GA) TRAL S, & 300
15 RSO I B HERR R G 52 T, Horp logsig 18015 R 250 TUHTUTE
" e . N i
BOGH N AR Y 2 IR A, DAL otk AT 4 52 JE T logsig 4 00
15 PRI GA-BP i 25 [0 28 485 AU X6 1 9 438 2 ) 400 65 o
Sy N . s — ¥ 150
ROR R = F b, Sl Wk 9 Fw B
FETF logsig G PRI ALY GA-BP 1 25 o) 25 45 100
AEA KA MR SIOME A3 T elliotsig F0T% 50
PRER, H ST R /N S5 RS a) , A  AN Zad A v 0

AWELEIER . AT tansig J00G PREL, logsig P4IG
PRIEICTE H ) DX B2 R, SR T ST, AT 42
T TARIHERRE . 25 1, 3£ T logsig T4k GA-BP
P25 I 28 R B 68 AT A5 L A R A 1 0 T
UEREBE R ARG EL I XU AT DRk 25 IR Y
FONZCR SR 22 OLAnE 6 Fros, @t XT e GA-BP
BRI R 5 PR, ] A R s A5 AL A I R A

1 2 3 4 5 6 7 8
AR G
E 6 GA-BP #EILER{E S HIMETLE
Fig. 6 Comparison between actual and predicted values of GA-BP

model

4 HERIE

ASCRY L) GA-BP A [ 26 R, 7 iy A 224>



5 8 1]

RIE, G5 BT BP M ML KT SRl AR oY 51

FS RO IS RE S 5 7 M I & B K B R A B Ok
{8, BUFTPE R BP B 28 0 25 503 51 A AT R4 0 A
Jrgh Al R RS 2N A AT IR g B A, o
TR ¢ 5 AR SR F ) FH of 20 o) 45 B R 7
JEFFAI T | FAS IR X AN [] 9 5 S Y 1) 35 38 P A
RR, T S SC AR AR S P e, T ) o T LA
ERA,

H AT A B AAAE LAF SR R«

(1) M2 W 25 7 By BLAT R 0, Wl 21K
WAEA fefS S s R

(2) Y FT LA 5 00 25 5 RN B SR A H, R B
5 BTt 23 1] 5

(3) S22 9 T 1 e B0 o B o], 700 5 B2
W REVIGA R R i, VI GRERt ik

JRUEA OIS T B0 P 98 )8R, {2 BP &
W8 ATI A [ SR PR, L B B R A 25 ] | S5 e it
FEAT G| AT SRk | it — 20 P AR A TR B
PR, ROk T DAY KBRS )R, 4
TR S | K 22 VR B 5 TR 1 2 ) O i A
gELy ARTHRR A B B RE T

Sk

[1] 2% pREE RS HENE 558 (D], l#. limns
K2, 2006.

[2] W, WEHE, @R ERRERETFR[T]. RS,
2013, 34(1): 3-13. DOI: 10. 13497/j. cnki. is. 2013. 01. 004.

[3] A, WAl FRIE B TR ol fR M i B 5 [T ], RIS B
¥, 2011, 32(11) ; 20-30. DOI: 10. 13497/j. cnki. is. 2011. 11.
011.

[4] TR, B IR W] O 53R E B U PR & A58 [ D]. Mt
MR B TR K, 2014.

[5] Xu, A0F0, Foge, % FE R 9RHE B A S5

DB AT ORPERIFSE[ ], HEETIAR , 2022,39(6) : 90-94.

[6] Wi, #LIk. EREE R A] G2 S 52 . L3
AN KA HFI[T]. B S5E, 2024, 33(1): 132-137.

[7] #4214+, A study on financial risk transfer in national storm and
flood insurance program[J]. Journal of Korea Water Resources
Association, 2025, 58(11); 965-975. DOI; 10. 3741/JKWRA.
2025.58. 11. 965.

[8] tiligk, #E4L. T BP M2 L% (1 1T 48 ) W 45 2 A
[J]. R TAREIS SR, 2005, 25(1) ; 12-18.

[9] FFAE, BRTE. T BP M b 26 A H T AR 8 1 BF 5% 5 07
[T]. AE2£T), 2005(2) ; 44-47. DOI; 10. 16405/j. cnki. 1004-
129x. 2005. 02. 009.

[10]# €. JT BP M& ML Rk 528 FH i & MATLAB 52
B [D]. ® . R T R, 2005.

[11]EEE, %, FHEW. T GIS ZMENTEM 5 BP #2824
P92 TR 57 9 3 XU B UL, AT = M ML DX R I [ 1], 9 35 2,
2021, 36(1); 192-200.

[12] DT, B JEF BP 28 00 46 119 11 107 5% 45 XUz 2735 Bk 5
[J]. BlArsE, 2013, 35(1); 27-31. DOI: 10. 13902/j. cnki.
syyj. 2013. 01. 008.

(13N, BEApk, XIMEEE, 5. b EERs 50 ORI . BRI B
HOALLT]. P ER 2 EEE, 2023, 3(11) : 15-30.

[14]5kE. BERREFRMEZEMEZRID]. 3 RIUKY,
2012.

[15]% Ht, BHbR, BRASFH. TR 2R AY 5 TS XK
KBS X RIBEFE[T]. KRR 53t, 2024, 34(12) : 6-11.
[16] BAFHE. FT & KT Tk 1Y B K i3 A8 EUR & 1 BiF

FE[D]. mMA. MR EETERY:, 2024,

[17]90%, 220 77, S B3 0 & KU PP 55 XU A SR 5 [ 1.
BT AR BT A, 2024, 47(13) ; 146-148. DOI:; 10. 13612/
j- cnki. cntp. 2024. 13. 038.

[ 18] 48D, LB WUBSIIE S5 b A A 1 9 RURS A8 BT[]
TIE, 2018, 37(35) ; 43-44. DOI; 10. 19699/j. cnki. issn2096—
0298. 2018. 35. 043.

[19]5K 51, FHT. T RKUBS TR PRI A 9 U A7 4% 14 ] k4
5[], XFHNZERR, 2018, 32(4) . 101-105.

[20]FRHA. MATLA B #1142 JFHL 5 S0 e [ M. bt iR K
S RRAE, 2013 103-121.



