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Abstract: Objectives: Flash floods are natural disasters caused by sudden rise in water levels in mountainous
rivers, which are characterized by instantaneity and great destructiveness. In recent years, the frequent
occurrence of flash floods in Longnan city, Gansu province, has posed a serious threat to the safety of local
people’ s lives and property, thus it is urgent to carry out a risk assessment of flash floods in this region.
Methods: This study takes LLongnan city as the study area, and utilizes the MaxEnt model combining with
the particle swarm algorithm to evaluate the vulnerability of study area based on 834 flash flood hazard
points investigated and 32 disaster—causing factors. It also predicts the spatial pattern changes and potential
mass migration trends of the future flash flood vulnerability areas based on three periods of climate data
from the current period (2021—2040) and the future period (2041—2060, 2061—2080, 2081—2100).

Results and Conclusions: The area under receiver operating characteristic curve of the results of the study
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in each period is above 0.85, which indicates that the precision of the results of the method is good. The

main cause factors in this study area are driest month precipitation, monthly mean diurnal temperature dif-

ference, coefficient of variation of precipitation, warmest month maximum temperature, land use, distance

from the river, soil texture, profile curvature, elevation, and topographic relief. The flash flood—prone areas

in the study area varies in different periods, but are mainly distributed in Wudu District, Wen County and
Tanchang County, and the simulation results for the three future periods (2041—2060, 2061—2080, 2081—
2100) reflected a decreasing trend compared with the current period (2021—2040).

Key words: particle swarm algorithm ; MaxEnt; Longnan city; flash flood disaster; flood—prone areas;

disaster—causing factors
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5k IX 6370.37 5585.15 5687.46 5698.48 5737.82 5416.58 5658.61 6168.30 5816.73  5810.66
o kX 1150.81  1116.34  1021.58 1079.94 1121.62 1132.67 1137.23 1256.69 1032.12 1157.44
RERGRX 752118 6701.79  6709.04 677842 6859.44 6549.25 679584 742499 6848.85  6968.10

2061—2080 4F 3 Fl i 5 T, 9 3 45 Ko X i AL T2 w1 4 sk /N T 672.33 km? 1 118.69 km?,

SEHIME A 6 734.843 km?, Hiv 2070s_SSP126( Il
S(A))EF T, KEMR X 1AL 6 859.44 km®,
5 R AR A 1 121.62 km?, AH#EE T 24 Aif 70 396k
T 661.74 km®F129.19 km®, 2070s_SSP245( W, &l
8(e)) T, R E K X LN 6 549.25 km?,
by K X T LN 1 132.67 km?, AHES T 24 1T 40 591 Vs
/NT 971.93 km?#1 18.14 km®, 2070s_SSP370( &
(D) T, K EFMER X WA 6 795.84 km”,
Sy Kk X1 LR 1 137.23 km?, AHEE T 24 1T 40 91 U8
/NT 725.34 km® 1 13.58 km?,
2081—2100 4F 3 F & 5 &, 9 F A& B X 1 FR
SE-H {8 A 7 080.65 km?, Hid, 2090s_SSP126( I
KI8(g)) &R, KEME X AN 7 424.99 km®,
5 R K AR g 1 256.69 ke, AH AL T 24 Bif 43 1) sk
/NT 96.19 km* FIBE AN T 105.88 km?,  2090s_SSP245
(W B 8(h)) 1 & T, K F Gk X mH >
6 848.85 km”®, & &y & X AN 1 032.12 km®, HH#K

2090s_SSP370( WL 8(i) )& 5t F , 9 F & & X T
TR 6 968.10 km?, & &y & X THI AR R 1 157.44 km?,
AT 24 | 43 0 98/ T 553.08 km® B T
6.63 km?,

SORE RS 3 IR [ 5T K
& 5 X 55 2 i B T AE L R ., LS
AP DLVE Y Lk R A B DCAE AN (W] A S A 22
S (5 SN T 0 = [ O W Y P i ]
L = O s = Nt I W= e S W e (N}
1B B R 43 b X R L e R S X
35 LHEREGFAXTEAEELZK

6 A A G T itk B kX S ] AR
&, B9 S A ok B 30 Lt o B R X2 ) A R AR
fbo NF 6 FTIE 9 n] LI i, A5 I 215 ok i 1
B T Lk O By A X v R A B D B
2041—2060 4 , th 3t 5y & X F ¥ 45 0 1 R S
3469.1 km?, P-4 sk m A 1 868.0 km?, V- ¥4 45
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(8) 2090s_SSP126 ~ (h) 2090s_SSP245 (i) 2090s_SSP370

A (‘)_5(.)_1‘00 km
CORME S K X mm ik 55 R X O 55 K X w5 K X
(K18 A [m] iy 3 Ll ik i T W T Bk IX 45 18] 3 Al 4% Jmy
Fig. 8 Spatial Distribution of Patterns of Potential Flash

Flood-Prone Areas in Different Periods

VRS- 8 5 3k R 4 iR 12.5% F16.7 %65 206 1—
20804F, Lk b) e X P-4 (T AR A 3 172.4 km?,
SER Y AR R 1 436.7 km?, 5 & IX T 24 45 K
AP 5K R o 5 11.4% 1 5.2% 5 2081—
2100 4F Lk By e XY 4 i AR Ry 2 711.2 km?®,
SR sK AR 2 014.2 km?®, - X5 45 3 3R F0 - 1
Pk Ry 5k 9.7% F1 7.3 Yoo 4y X b T E
A AR AR IXAR BB 8 4 DA P 2 B R R
5 A 43 DXk A R AL EL A B35 43 X35 P 5k X I
F2 A v A A XV R 4 b X, RS X AN
B BN E 4 BAg A A SCE (KT R
K B B AL HLIX

5521 i AR 1L, 20505 SSP126,2050s_SSP

245 F1 2050s_SSP370( WL 9(a) ~9(c))EHR T,
- 345 4 s TR R A K, 4 s T AR50 2 3 620.1 km®
3557.4 km®F1 3 229.4 km®, 45 98 % 43 5k 13.0% .
12.8% A1 11.6 % , 46 Uk X 48k 3= 22 4 v 8 2 X AR
/038 43 b X BRE B R BL v 5 A 43 b IR AL
B 5 N R O T QT AR i N /1 1 12 o |
71 938.3 km?. 1 885.5 km?F1 1 780.3 km?, " 7k %
435K 6.9% . 6.8% F1 6.4 % ; - 4 45 Ak T FR — ik
235091 682.1 km? .1 671.9 km* il 1 449.1 km?, 78
3550k 6.1% .6.0% F15.2% . 2070s_SSP126 .
2070s_SSP245 1 2070s_SSP370 ( WL |8 9(d) ~9(f))
T8, 7 248 s AL — L 43 514 2 994.0 km®
3500.1 km?#1 3 023.1 km?, 45 9 %43 51 K 10.8% .
12.6% F110.9% ; °F ¥ ¥ 5k i 8L & /b, 4 5l
1 528.8 km® .1 211.6 km*F1 1 569.8 km?, #" ik % /3
B A 5.5% (4.4% F1 5.6 % ; - 34 28 fb 1 B K, 4y
5114 1 465.2 km?. 2 288.5 km?Fl 1 453.3 km?, 25 1k
AP R 5.3 % .8.2 YA 5.3 Y, K-35 2% Ak T AR
K6 X 5 & IX 5% 4% K o 2090s_SSP126 .
2090s_SSP245F12090s_SSP370( L& 9(g)~9(i))
5T, V¥ 40 0w AU /N, 43 30 2 317.1 km®
2 853.2 km? 1 2 963.4 km?, 45 ¥l K 43 51 Jy 8.3% .
10.2% 1 10.6% ; V- ¥ 47 5k 0 B & K, 40 5 K
2463.7 km?.1 773.2 km*f1 1 805.7 km?, ¥ 5k 43
Wil 8.9% .6.4% F16.5% , § ok (1) 32 b X 7F X
PN | = A = 1 = = vl o =
R4 b X SO B R VI R DL B B B AR
b DX 7 #4948 Ak T AR SR /D L 43 i R — 146.6 km”
1080.0 km? Fl 1 157.7 km?, 25 fb & 5 5] N
—0.6% .3.8% A 4.1%.

x6 FARBRETLUHRESEX=HEEL
Tab.6 Spatial Variation of Flash Flood Risk Areas Under Different Scenarios

T A /km” AR %

ENGLEE SN ps - - —
5 3] ik 21 o (3] Pk i
2050s_SSP126 3620.1 22188.3 1938.3 1682.1 13.0 79.7 6.9 6.1
2050s_SSP245 35574 22 395.1 1885.5 1671.9 12.8 80.4 6.8 6.0
2050s_SSP370 3229.4 22 828.3 1780.3 1449.1 11.6 82.0 6.4 5.2
2050s F34 3469.1 22 470.6 1868.0 1601.0 12.5 80.7 6.7 5.8
2070s_SSP126 2994.0 23315.2 1528.8 1465.2 10.8 83.8 5.5 5.3
2070s_SSP245 3500.1 23126.2 1211.6 2 288.5 12.6 83.1 4.4 8.2
2070s_SSP370 3023.1 23 245.1 1569.8 1453.3 10.9 83.5 5.6 5.3
2070s V-3 3172.4 23 228.8 1436.7 1735.7 11.4 83.6 5.2 6.3
2090s_SSP126 2317.1 23 057.2 2463.7 —146.6 8.3 82.8 8.9 —0.6
2090s_SSP245 2853.2 23 211.6 1773.2 1 080.0 10.2 83.4 6.4 3.8
2090s_SSP370 2963.4 23 068.9 1805.7 1157.7 10.6 82.9 6.5 4.1
2090s V- 2711.2 23112.6 2014.2 697.1 9.7 83.1 7.3 2.4




1452 B K A (R D

2024 8 H

SNy

(¢) 2090s_SSP126 () 2090s_SSP245 (i) 2090s_SSP370

A 0 50 100 km
AR R ORE X m X oy kX
B9 RS L k0 B e IX 25 [T Jmg A2 Ak
Fig.9 Spatial Pattern Change of Flash Flood-Prone

Areas in the Future Periods
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Tab.7 Location of Centroid Shift of Flash Flood Risk Area in Different Periods
P 2021— 2041—20604F 2061—2080 4 2081—2100 4
2040 4F SSP126 SSP245 SSP370 SSP126 SSP245 SSP370 SSP126 SSP245 SSP370
ZRE/(7) 105.14 105.10 105.09 105.09 105.10 105.08 105.10 105.13 105.10 105.10
41/ 33.69 33.68 33.67 33.66 33.65 33.68 33.67 33.68 33.67 33.67
4R /m 1654 1709 1711 1753 2031 1607 1939 1307 1604 1734
JL i /km 0 4.8 5.9 6.2 5.8 6.2 5.4 1.8 6.1 6.4
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