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Abstract ; This study delves into the flood dynamics of the Jiayu River’s small watershed in Zhengzhou's mountainous region
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during the July 20 rainstorm. It explores the spatiotemporal impacts of landscape features on flood inundation depth
intensity, and offers strategic suggestions to bolster flood resilience in Henan province’s mountainous area, thereby easing
socio-economic and ecological issues. Utilizing Gaofen-6 remote sensing data, Advance Land Observing Satellite ( ALOS) -
PALSAR surface elevation data, and hourly rainfall figures, we constructed a two-dimensional hydrological model of the
Jiayu River Basin via the MIKE 21 hydrodynamic model. This allowed us to analyze flood inundation depth and area across
the river's upper, middle, and lower sections on July 20, 2021. With the aid of the bivariate spatial autocorrelation model,
we examined the spatiotemporal correlation variations between flood inundation depth intensity and landscape composition
and topographic factors. Our findings reveal that (1) the submerged area of the Jiayu River Basin swiftly expanded from
0:00 to 6:00, reaching its peak at 9.59 km® at 18:00. Here, the submerged area percentages were 18.88% in the lower
reaches, 8.25% in the upper reaches, 12.03% in the middle reaches, and 36.11% in areas with over 3 m submersion
depth. (2) Topographic elements ( mean Moran’s /=0.159) exhibited a more significant influence on flood inundation
depth intensity than land type ( mean Moran’s I =0.096), with the main drivers being Relative Elevation ( RE),
Topographic Wetness Index ( TWI) , percentage of mining pits area, percentage area of water bodies, percentage area of
construction land, percentage area of crop land, percentage area of forest land, and percentage area of grass land. Their
correlation with flood inundation depth intensity peaked between 18:00 to 24.00. (3) Multiple factors’ combination
amplified the influence of landscape features on flood inundation depth intensity. In the upstream, mining pits and relative
elevation were the dominant drivers, while water bodies and TWI were key in the midstream and downstream. (4) The
“high-high” and “high-low” areas between the average flood intensity and the landscape characteristic index, comprising
approximately 0.47% to 9.85%, were primarily located in the central mountainous area of the upper reaches and
surrounding the northern river channel, along the river channel in the middle and lower reaches, and around the
Changzhuang reservoir. We recommend transforming the upstream open mine into a reservoir, enhancing vegetation,
improving the riparian green space in the middle and lower reaches, boosting the green infrastructure in downstream urban

areas, and minimizing urban flood risk by improving connectivity to the river.

Key Words: flood; landscape characteristics; MIKE 21 model; bivariate spatial autocorrelation; hilly areas
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Table 1 Information on the 3 areas of the Jiayu River Basin
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Subregions Total area/km? Construction land ratio  Major landform Altitude range/m Mean altitude/m
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Table 2 MIKE 21 model parameters table

Parameter types Data types Data source
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Table 3 Water level of Changzhuang Reservoir on July 20, 2021

P i) S K AL R AL Y X iR 2
Time Measured water level/m Simulated water level/m Absolute error/m
8:00 126.63 126.58 0.05
10,00 127.87 127.81 0.06
19.00 131.31 131.41 0.10
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Table 4 Statistical table of maximum water depth of Jiayu River rainstorm on July 20, 2021

Mk BRI BRI

Sites Actual water depth/m Simulated water depth/m
TA#KSF Donglin temple 1.5—2.0 2.2
MR 2% B Zhengzhou university of science and technology 1.0—1.5 1.2
RN E K AKIZHR Zhengzhou hengda linxi apartment complex 0.8—1.4 1.3

HBIH 8 B 2 4G Ll 24 # Zhengzhou shuqing medical college 0.5—0.8 0.6

BT 3 = W12 & Xintian city apartment complex I 2.0—2.5 2.2

HBMHAE I L 7K 3% — ) Zhengzhou hengda apartment complex 1T 1.2—1.5 1.7
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Table 5 Accuracy of land type classification

e TR EANE L % FAFORS L/ % M TR % ARSI %
Land types Producer’s accuracy User's accuracy Land types Producer’s accuracy User's accuracy
1ML Construction 96.34 78.38 Ml Grass 81.37 78.58
Mt Forest 89.98 91.61 #RHb Bare 85.91 94.52
KA Water 98.27 98.72 W3 Mine 98.62 97.34
HEHb Crop 74.31 93.87
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Table 6 Factor interaction type and basis for determination

SEH A FIW AR
Interaction types Judgment basis
LM I8 55 Reduction of nonlinearity q(x1 N a2) < min(q(x1),q(x2))
K FH4558 Two factor enhancement max(q(x1) ,q(x2)) < q(x1 Nx2) < g(xl) +q(x2)
R FAEL IR TS Nonlinear attenuation of single factor min(q(x1),q(x2)) < q(x1 N 22) < max(q(x1),q(x2))
L AYHE5R Enhancement of nonlinearity q(x1 N a2) > q(xl) +q(x2)
AHIL A 37, Mutual independence of factors g(x1 N a2) = q(x1) +q(22)
3 #R
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Fig.2 Flood distribution at different time periods in the study area
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Fig.3 Area proportion of each depth type in the study area
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Fig.4 Total inundated area of the study area

3.2 VLKA R B ROV 4 B AR S

TR X K T TR R 5 45 SO AIEFE 501 4% Moran's 1 {EAYZE L WA (£ 7) ,FID 55 CONSTRUCTION,
HI CROP, 22 )24 5 i 2 kA &% ( Moran's 1<0,P<0.01) , 5 MINE, Fl RE 2 i) £ i 3 7 41 5P ( Moran's 150,
P<0.01) , BT = A~ X IR ZE5E 00 FID (9 500RRIEHE 208 7 R R R AR e AR 1L

TE UR, AHSCPEAI X 4838 B AT 4 254 PR KK . MINE, >RE>FOREST, >CROP,, , HiAH Pk R AL 24 1 AYSF
PIE 4> 91K 0.189 ,0.136 ,—0.083 . ~0.061, H:H' FID 5 FOREST, #il CROP, & i & /i A1, 5 MINE, fl RE &
i TEAR DG, AR S5 3 Bt Aot 10 25 1b 328 9 184 588, 276 24 BF 3k 31 B s AH S M, KK - 0.105,-0.08 ,0.234
0.207,

76 MR, AH S PEAR XS 4808 B AT 4 2500 TR . WATER, >TWISRE>GRASS, , A &1 2 850 19 F- 218 43 591 g
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0.308.0.227.0.148 .0.084, FID 5 WATER, #l RE 5 &} 2 1IEAH G A OG0 B 3t 3, 7 24 Bk 8 5 Kl
0.374 F10.160;FID 5 CROP, & . & fi A5, 5 GRASS, Fl TWI 5 5 E A5G AH OGRS & S s ka4 7F 18
ik ik 1] Fge oA OGP I -0.068 ,0.122.,0.297

16 LR, AH AR A0 AT 4 28 TN : WATER, >TWI>CONSTRUCTION, >RE , #H XM 2 50071
B354 0.379.,0.281 ,-0.179 ,0.143, FID 5 CONSTRUCTION, .CROP, .BARE, & i # i3, 5 WATER, I
TWI 5 58 35 1E A G, R DG R 3 S8 1 i 44 437 21 I35 3 i KA, AR I R —0.246 .- 0.069 . —0.136.0.546 .
0.380;FID 5 RE 2 3 1EAH ¢ A DGR B 3o s 5 7 18 AR B i R AE 0.177,

A AT & B, FID A I PR 22 (6] HAG B i A0 A S | LR S PR 50 B 7E 0—24 B 19 -3 UR : Moran's
1=0.077 MR :Moran's 1=0.188 LR : Moran's 1=0.212, H:JKJ& FID 1+ 2B 20 JiE K 7 22 18] B9 AH G, oA ¢
PESR EEAE 0—24 B F A9 F34{E UR :Moran's 7=0.058 MR : Moran’s 7=0.080 .LR : Moran’s 7=0.121,

®7 HOKELEEMSUHEESN = EEXESITR

Table7 Spatial correlation table of flood inundation depth intensity and landscape feature index

SCOWRFIEHE %L X 35, Moran's 1
Landscape characteristics indexes Region 3 6 9 12 15 18 21 24
AR M TE R E 43 L UR -0.037*  -0.029* -0.030* -0.034* -0.029* -0.024* -0.031* -0.035"*
CONSTRUCTION,, MR -0.041*  -0.059" -0.038* -0.039* -0.037* -0.032* -0.033" -0.035"
Percentage of construction land LR -0.013 -0.071* -0.176" -0.220" -0.227*° -0.240" -0.246" -0.241"
MR TE AL E S e FOREST, UR -0.042%  -0.053* -0.089* -0.089* -0.089* -0.094" -0.100" -0.105"
Percentage of forest land MR 0.015* 0.025* -0.052* -0.051* -0.062* -0.077" -0.068* -0.063"
LR 0.008 0.045" 0.124" 0.130* 0.144" 0.166* 0.157" 0.148"
R R 43 L WATER,, UR -0.005 -0.002  -0.005 -0.004 0 0.001 -0.001 -0.003
Percentage of water land MR 0.120* 0.155" 0.355" 0.360 " 0.368 " 0.365 " 0.368 * 0.374"
LR 0.056 * 0.112* 0.313* 0.505* 0.484* 0.487* 0.546" 0.532*
B A E 4 Lk CROP, UR -0.037* -0.036* -0.055* -0.057* -0.066" -0.076* -0.077* -0.080"
Percentage of crop land MR -0.015* -0.023* -0.059" -0.059" -0.062* -0.068" -0.064"  —-0.064"
LR -0.027*  -0.037* -0.057* -0.066* -0.066* -0.068" -0.069"  -0.066"
R EBUE 4 L GRASS, UR -0.003 -0.013* -0.004  -0.004 0.003 0.009 0.011 0.012
Percentage of grass land MR 0.041 " 0.042" 0.087" 0.082" 0.098 0.122" 0.104 " 0.094 "
LR -0.005 0.028* 0.023* -0.018* -0.012  -0.014* -0.031* -0.025"
BRI FUE 43 LG BARE, UR -0.005 0.012 0.044 0.046 * 0.051* 0.049* 0.044 0.039*
Percentage of bare land MR -0.036*  -0.032* -0.026* -0.026* -0.024* -0.021" -0.024"  -0.025"
LR -0.005 -0.031*  -0.098* -0.123* -0.123* -0.133* -0.136" -0.129"
T YLHEAUE 73t MINE, UR 0.135* 0.142* 0.192* 0.195* 0.192* 0.202* 0.218* 0.234*
Percentage of mining pits area MR 0 0 0 0 0 0 0 0
LR 0 0 0 0 0 0 0 0
HAXT I RE UR 0.074* 0.065* 0.099* 0.122* 0.152* 0.180* 0.191" 0.207 "
Relative elevation MR 0.112* 0.129* 0.156* 0.157* 0.156* 0.158* 0.156 0.160*
LR 0.081* 0.143* 0.200* 0.127* 0.159* 0.177* 0.126" 0.130*
Hi TV FE 4L TWI UR -0.022* 0.018* 0.015 " 0.003 -0.006 -0.012 -0.026*  -0.037"
Topographic wetness index MR 0.079°* 0.113* 0.255* 0.251" 0.274* 0.297 " 0.280 " 0.268 "
LR 0.073* 0.121* 0.242* 0.356 0.350* 0.352* 0.380 0.371*

* Fm KR P<0.01 ;UR: L Upper river; MR ; H1ii% Middle river; LR : FJi# Lower river

3.3 SOWRRIEFR B 0] (4 AH AR FIRT G K A 5 B A5 A P 5 il

TIF 5% DX 45 DXIUAE AN [ e (] %) b 7K D50 B A8 A0 BIK )y ) A7 7 25 57, 28058 B - (93.33% ) % ik 7K s T ik
JE Y 5y B A T) S b R 5k B, OF 7E B S ] 18—24 B A B f% 3% {H 7E MR, FOREST, N
CONSTRUCTION,, 4t 7K 8 15 e i AR Ak 10 A B B AN Bt st [ i 284k (1 S) o 3 FAR I 25 S 2 0 | 4% i 301 ) [ -7
A& HAE X 7K 0 FE AR A ) R Y R TR VR HL A B 45 SR 4 3R 3 R A 4 3 5 UL PR -1 58
ANFEAEAR LA 355 AR B0 N7 B0, 100 BH Tt 7 o 18 5k B A0 b 2 45 ol DR 38 A0 BV TR W 25 51, 2% 2R IR 7
Z ] B A EL AN Tk 7K I V50 B A 1) B DR 280 AN R R A 1
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Fig.5 Summary of interactive influences of the nine landscape characteristics indexes on flood inundation depth intensity along the

Jiayu River

CONSTRUCTION,, : £ % FH i1 1 X 5 43 LE Percentage of construction land ; FOREST, ; #iH1 1 £ 43 L Percentage of forest land ; WATER,, : 7K
IRTEFUE 43 H Percentage of water land ; CROP, . k11 TR B FT 43 LU Percentage of crop land ; GRASS,, ; % i 16 B 43 L Percentage of grass

land ; BARE,,

FRUB AL 43t Percentage of bare land; MINE, ; 3 0 £ 43 L Percentage of mining pits area; RE: #HXF 5 2 Relative

elevation; TWI; i JE ¥ BE 464X Topographic wetness index

http ; //www.ecologica.cn



8370 JAE = 43 4

£ UR, RE, TWI Hl MINE, 7£ 5 H Al [N+ 09 3¢ B A F 3% 3 90 o A0 0 %) ff B B2, b TWI N
CONSTRUCTION, .TWINFOREST, .TWI N WATER, . TWIN CROP, . TWI N GRASS, .TWI N BARE, 1t 6 X 5% &
S5 TR S [R] AR Ak S N B, HoAth 22 B A5 AR LI SR s A B TWI 5 oAl P 7 10 28 B85 R P2 E7E 9 ik
F 5 KAH 0.105, RE Fll MINE, 5 HoAl H #9238 B 25 R34 (E7E 24 BHRRR R, 439078 0.124 F10.145, 78 MR
LR, TWI Fl WATER,, 5 HoAth PR 119 58 ELAE FH A 21t 7K IS V0 3 A8 Ak 1Y) S 2 PR3, LA e B T s ] A2 £
EITRESTE MR, TWI Al WATER,, 5 HAB K 1928 B 45 -V 2ETE 18 BF AR5 K, 735104 0.304 F10.503,
MAE LR FAP (A 21 BHAEI K, 439120 0.466 F10.600,

3.4 oK T RN SOULARAE 48 B0 SR 2 [ AR S A

XA LISA B 7R T K i B H8 B0tE 0—24 W 3B (FID,, ) 5 9 AN S WU AE 48 50 =2 1] () o il
ANTRI SR 2 ) AR O, Hod - A -G 2 ) [X sk LAt X el 52 7 5 P2 A LK IR . AN 6 it
75, UR MR Al LR ", -3 F e AR X3 A0 1 4 Lb 435914 0.88%—8.31% il 0.47%—9.85% , “ fik-{%” 0l
“AR-T 7 X 43 F A3 0—30.819% 11 1.52%—23.52%

7£ UR,FID, S5t AR EFE A0« -7 RAEAY M X = ZE T 7E UR 3% GRASS, \MINE, #1 RE =AY -
BeibIX , LKAt CONSTRUCTION, \BARE, Al TWT (= {E A T A i L IX , 78 MR, “ - 7 B AEHL X F 2401
1E1% X IR A &8 CONSTRUCTION, \WATER, .GRASS, .BARE, RE HI TWI /= {1 it ] 35 J& i1 1 X, st ANE A5 B
# FOREST, il RE (S {E Y Fe b XA /D R34, 78 LR, - " R IX £ 253 A 7E FOREST, \WATER,, |
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Fig.6 Clustering of local spatial correlations between flood inundation depth intensity and landscape character indices
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