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Abstract: It is very important to fully grasp the spatial and temporal variation characteristics of rainfall erosivity in large-
scale watershed for soil and water conservation, flood control and disaster reduction, and ecological environment protection.
Based on the 57-year daily rainfall data of 119 meteorological stations in the middle and lower reaches of the Yangtze River,
the rainfall erosivity of each station was calculated by Xie model, and the Rotated Empirical Orthogonal Function ( REOF')
method was used to divide the rainfall erosivity. The spatial and temporal variation characteristics of rainfall erosivity in the
middle and lower reaches of the Yangtze River were analyzed by Mann-Kendal test, rescaled range ( R/S) method and
correlation analysis method, and the relationship between rainfall erosivity and vegetation coverage was revealed. The results
show that: (1) the erosive power of rainfall in the middle and lower reaches of the Yangtze River is on an overall upward
trend, with an average annual erosive power of rainfall of 5,643MJ mm hm™ h™'. (2) The spatial distribution of rainfall
erosivity in different seasons is different. The spatial distribution of rainfall erosivity in the cold season is uneven, and the
high value areas are mainly concentrated in the west and northeast of the basin. The rainfall erosivity in the warm season
shows a spatial distribution pattern of decreasing along the northwest direction with Jiangxi Province as the center. The
maximum and minimum values appear in the Poyang Lake area ( Area III) and the lower reaches of the Yangtze River and
the Taihu River system (Area IV). (3) The change rate of rainfall erosivity in the adjacent geographical divisions of the
middle and lower reaches of the Yangtze River is quite different, and the regional difference of rainfall erosivity is
significant. Among them, the annual average rainfall erosivity in Area III, Xiangjiang River and Ganjiang River Basin
(Area 1) and Area IV showed a significant growth trend (P<0.05) and would maintain this trend in the future, which is
the key area of soil and water conservation. (4) There is a negative correlation between rainfall erosivity and vegetation
coverage in the key areas of soil and water conservation in the middle and lower reaches of the Yangtze River in this study.
However, the notable exception is that Area 1 shows a positive correlation in the cold season, and there is a significantly
positive correlation in the upper reaches of the Xiangjiang River. Studies showed that rainfall erosivity is a key factor
influencing surface erosion processes, and that erosive precipitation affects vegetation cover, which in turn affects surface
erosion processes. Therefore, it is necessary to focus on the areas with high rainfall erosivity and at the same time strengthen
the vegetation protection. The results of the study can provide a scientific basis for soil and water conservation and ecological
environmental protection in the middle and lower reaches of the Yangtze River. Vegetation cover, as an important type of

ground cover, can influence the erosion process of the ground surface under high rainfall erosion.

Key Words:; the middle and lower reaches of the Yangtze River Basin; rainfall erosivity; rotating empirical orthogonal

function; vegetation coverage
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Fig.1 Overview of the middle and lower reaches of the Yangtze River Basin
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Table 1 Classification standard of vegetation coverage in the middle and lower reaches of the Yangtze River
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Fig.2 Trend analysis of annual average rainfall erosivity in the middle and lower reaches of the Yangtze River from 1963 to 2019
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Fig.3 Spatial distribution of rainfall erosivity in the middle and lower reaches of the Yangtze River ( 1963—2019)
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Fig.4 Spatial mode distribution of rainfall erosivity rotation in the middle and lower reaches of the Yangtze River
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Pl R B T, Hop 1 ORIV Xl 95% W MRS, 43 2L 31.30,30.30M) mm hm™ h™" a™ 48 {k
BRI VT T DX 2000 A M e R A= 1k 7 8 34 %) R e M 2 i) e o B 8 32 DX R ok 1) R R A2 okt ) 8 2%
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Fig.5 Geographical division of the middle and lower reaches of the Yangtze River
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Table 3 Geographical division of 119 meteorological stations in the middle and lower Yangtze River

X5 @ 3 B
District number ~ Meteorological station Number

| ey Kb B OB UG R AR BRI AR (VIVE ) VAR KRR B R T R R 30
W G i B GER BN R SHE | BB UKE R T TR T e

- FE JAM SRR S AT R (CWAEE ) L TR o G BH ORE AR R DOkR R LA 26
DEVE AR VT RO B A SR B R R

11 EAK B PV BT (HIAEA ) (T GERH AT R R R i % R 13

v SR 220 DL R GBR L R R RS REE L E Y AR A SR Sh R g B EB (Rl "
SEEZRI F il B A T E W

v PP BRPG | HE G BT BERH R RS CGRTRE A ) (B EE BEM ORHE AN GRS iR Uit T 16
LIPNN!

VI KB BUR BT REL SH RIRE Pk AR R 10

F4 1963—2019 ERIIHFTHZHIEBESREHERBRADTER

Table 4 Annual average rainfall erosivity analysis results in middle and lower reaches of the Yangtze River ( 1963—2019)

A [ TR A2

o AW Al 059 I
= verage annual o Hurst 8%k i
. . Change rate/ 7 95% Significant .
Zones rainfall erosivity/ P Hurst index Future trend
(MJ mm hm2 1) (MJ mm hm™ h™ a™) trend

I 6554 31.30 2.29 [TE N1 0.75 TREFLLE
il 5643 14.36 1.37 ENTE NI 0.53 LEESEA
111 7621 27.54 1.85 ENTE NI 0.65 SRFLLE
v 5395 30.30 2.26 % BTt 0.65 LEESEA
\% 4435 -6.95 -0.92 PNTE BN 3 0.34 5 AR
VI 2871 5.48 1.00 ARE LT 0.66 LEESES R

Z 1o =£1.96 J3 95% F 15 B K

A% S ], T T Ui B 2 AR T A ok g B R R e /M 40 i) HE BRAE LI XD VI X, 43 93 A 5528
2551MJ mm hm™ h™" AH&B IS5 X 5] R FRAR g 354 TR AR A 25 S 0 25 100 WY 102 2 B4 R 42 1okt ) A2 7 I 3 X
WS, 6 ANHLELAR DX AT 1 AN [B] 53 DX RA TR A 0k ) S T B B 5 A iR (1) 4 DX ) o R4 1ok
F B TS Hoh AT XM IV X8 95% 8 AR, I BILL 21.94 36.11M) mm hm™ h™" a™ {254k
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BRI KV R 1D I XA VI DX 25500 2R SR R T 422 1okt g R 32 A e e e 52 il e oA W) 40 349 2 IR R
P T XRIV X o SR 8 RN ARl g B 3 S B0 55 I Rt Rt S R | RIS SR B 11 IX [ T AR ith J A7 AE R e
AASHAIASN AR X B TR %45 W] 1963—2019 AFRK VT A Y 25 e 1R 422 1ot oy o ok 522 30 i 2%
B H o T X I ORIV X B R i) AR Rk i 3 1 K, Byl 32K 1420,

£S5 1963—2019 ERIHTHESFTEHESXREHEMERNITER

Table 5 Annual average rainfall erosivity analysis results in middle and lower reaches of the Yangtze River ( Warm Season, 1963—2019)

H A TR A= 1 g . .
. FHRER A A 059 I » ,

X5 Average annual i R Hurst $5 %% fER:]

) o Change rate/ A 95%Significant .
Zones rainfall erosivity/ P Hurst index Future trend

(MJ hm=? h1) (MJ mm hm™ h™" a™) trend
mm nm

I 4584 21.94 2.09 W Tt 0.76 TREFELE
I 4447 9.90 1.07 ARE LT 0.45 CEN RS EA
111 5528 14.68 1.45 AE LT 0.66 TRFFLLE
v 4376 26.11 2.35 B et 0.63 CEESEA
\% 3791 -7.11 -0.79 NTE N 0.34 R R
VI 2551 7.02 1.20 ENTE NI 0.68 TRFFLLE

Z 1o =£1.96 1 95% E 15 B K

M 6 WA KV H RIS 28 6 /43 DX AR B4R W A= 1l g d5e RSB A e /M H BAE T KR VT X, 4351
2093 ,320MJ mm hm™ h™" A b3 53 DX 1] B3 R 45 ol 0 3 St A AR Ab 2 S Wb 2, U 2 088 W AR ol ) A7 A W 3
IR 22 5, 1963—2019 AFHAN], VI XA B R 42 iy S 0 R B 34 O AR & IX I B AR il ) ¥ 22 80 B T+
B AT KR T G 95% 2 B PERES: , 3E 43 2L 9.36 . 12.87M) mm hm™ h™" a™' (AR fL HURIE K | K
YL UE T XA T DX R AR R R AR Ik ) R34 A R S e i dpe o B B, B R B 3 I K 8 11 XTIV X
F VI XA AR AR T A R B Rt iS5 SRR B 1963—2019 4F K VL e AR M A=l )
AR IR R o T RN TIT X ARl ) A R e BHOA 4P 482 Wl 5 36 4 (R T3 AR IR 22, 2 4=k
FEEERIN,

F6 1963—2019 FRKIPTIHASTEMHIENREHETMEMANINER

Table 6 Annual average rainfall erosivity analysis results in middle and lower reaches of the Yangtze River ( Cold Season, 1963—2019)

e T 42k N et
e fiﬂg& Bt ? AL 95% it 4 o ;
= verage annual ., . Hurst $5 %% fEE
. . Change rate/ VA 95%Significant .
Zones rainfall erosivity/ P Hurst index Future trend
(MJ mm hm=2 h-1) (MJ mm hm™ h™'a™") trend
I 1970 9.36 1.98 BE LT 0.71 [iEss 2 s
il 1196 4.46 1.27 ANEFE LT 0.65 GEESEARY
11 2093 12.87 2.15 B ETt 0.68 [HiEsE 2R
v 1019 4.19 1.58 YNTE NS 0.54 SRR
\ 655 0.16 -0.19 ENTE NS 0.46 559 RSk
VI 320 -1.54 -1.04 AW TR 0.63 EEESEo 4

710y =%1.96 9 95% B A5 B K-

323 KILP R S IR AR i ) RS a3 bt R

R T g A R A W X e 2 7 A AR N KRB T R R A DX R ARk g Bt s AR Ak A T 2
SR, R A R Rk g AR R K 10 = A IX S g TP R A (T X T R TV B0 A B SRR X0, 32
(10— 4 H) FEZE(5—9 ) #E47 A RERER 1 @t ik 7,

HIZR 7 AT VL b T AU A AT R M ARk ) e e L PR AE B 21 6 F L 1 IX (I XA IV X 6 H P HR%
WA 143014 1556 2080, 1212M] mm hm ™ h™' , Hi TIT X 6 H SFXRE MR 00 1 b &4 fem (i, K RN
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3.93MJ mm hm™> h™' a™', KITH F RN 6—9 H =X Eh 51 22 580k ,5 A B 10 H—k4E 4 A
IV X B R 7 B AT 1 ORI X, B2 5—8 H SFXy R R0 13 5 T8 2, HoR ok 5 P2 Ko
#,9 H VRN R IR KT B 0, 10 X 9 AR R TS B8Rm0 m (A e 3—
4 7 B ITE T X 4 A SERERT R J 812M) mm hm ™ h™' 34K AR 2.70M) mm hm 2> h™' a™' 82
B IAE IV X 12 A PR 200 ) 4 48MJ mm hm ™ h™', (HAATERE AWM IXM1 H 3 H 4 A
PIRCT X 3 11 BRI A AR E R, 435k 2.05.4.47 270 3.57 3.40MJ mm hm™ h™" a™",

F£7 1963—2019 FRIIFTHEAXIFAYEREMEASTER

Table 7 Monthly average rainfall erosivity analysis results in key areas of the middle and lower reaches of the Yangtze River (1963—2019)

= AR Iy - AR -
eI P 5 WEA b L A%
Monthly average Monthly average
Warm . .. Change rate/ Cold . . Change rate/
rainfall erosivity/ (M) = bl ! ) rainfall erosivity/ (M b2 b a! )
season (MJ mm hm™ h1) mm hm a season (MJ mm hm™ h™) mm hm a
month month
I 11T v 1 11 v 1 11 v 1 1 v
5 1189 1336 560 2.44 1.74 -0.92 10 229 208 194 -1.58 -0.68 0.68
6 1556 2087 1212 6.67 3.93 9.01 11 207 185 122 3.40 1.97 0.10
7 783 1122 1265 8.94 4.33 7.06 12 99 88 48 1.48 0.98 0.63
8 703 656 856 3.47 4.95 8.89 1 114 119 67 1.23 2.05 1.73
9 354 326 484 0.41 -0.27 2.07 2 201 218 94 1.97 1.38 1.24
— — — — — — — 3 427 462 183 3.57 4.47 0.67
— — — — — — — 4 692 812 311 -0.71 2.70 -0.65

3.3 KT R IR seor b 7 5 P A A A AR

KALH U B 2 5 2R (HAS R b X A 7 55 AR AR 25 57 AR SO VLR R Ui 1999—2019 4F 1%
ZE A ZE A 0l 7 i B EAT S () b VTP AR A 5 s (R AR B 6 TR VT i S A A B 7
T FEEPAERIT T RRDL T B KIBIAK R (IV X)), Fi 8 N 58 2 b 90 8 o5 o 42 i, £ 2 LA S At
Bae R 5 AR R 25 R AR P ARV R VT K R (1 IX) R BH I S ) DX (T [X)
1999—2019 4FA VLA N ViR ZoAE 9 7 2 P IR 2 Il b 34 | e DX 0l 5 R VI P I T o Sl B T R 66% , 32
BLMARTE V IR VI X, 34% 1 IX Sghe w7 26 7 2 LR bk 3, E 250 7e 1 IX 1 XA IV X, 1999—2019
AR YT R USRS R M R A, A DX I RV T R SR TR 61% , A AE 1
XL XA VI X, 399% Fty X el b #3478 55 B S R Ak B 3, AR 7E T X IV XAV X,
3.4 RKILA TSR o DI R AR ik T S AR 5 B A G AT

AR SCH P AR PR A3 BT A3 B RS 36 K VT P T W 18 1999—2019 4F 198 25 Ve 25 i o, [X el ok 42 ot g 45 4
B ZMIMOCR K 7 B, IR 7 AT, B8 22 K5 wR AR il T 55 A e A s B 22 T) A R DG R B - 0.90—
0.96, Horr #HOC R FCH IEME GRSV e 380H B 56.4% , 253 A A8 11 XAV X A3 ¢ R 5L
Jy B R C IR 43.6% , EEMAETE T IX I X IV XA VI X 85 O (11X T IR TV X)) FERR 43 ik
IS HE B T R EE MG, BN R S 35 Z R A AR O R B -0.86—0.90 , Hid G &R
A IEAE ST AL KT P R R AR 41% , FEATATE 1 X A R ECh U Zocim ALY 59% , &
BEAPARAE 1L X L X IV X VI ORIV X 350 DX 3 45 ol g 5 e 7 B 8 2 AR O AR 0 R 451 S
S T IXTEVR 2= 5 I AH G 1T HL o A9 R VT Dt e 00 8 S TR A O

4 e

FEE K S 52 M+ SRR ) T R 2R 1963—2019 4 VT A T Ui I Bk R4 ok B AR R B0 P b 1) 45
I A [P AAR SR IS R S HE IR A R —2 0 N R R B TR B AR IME
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Fig.6 Annual average vegetation coverage and its change trend and its spatial distribution in the middle and lower reaches of the Yangtze

River (1999—2019)
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Fig.7 Correlation coefficient between rainfall erosivity and vegetation coverage and its significant spatial distribution in the middle and

lower reaches of the Yangtze River Basin (1999—2019)
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Rk g 5 M 7 5 2 TR AE A S 56 3R, 6 B S T Xk T X1 X TV X R B BOR A 5, i 5 3 ik
AR 25 SR —5 7 (B B BN T X4 2 32 B S B E A G, 1 L rp g 9 v i 3 3 o PR 2
IEARDG . KT R U X AR I 5 AR VA | 3848 LA L DK BHLPY , 25 50 18 2 7K 85 B 65 VRS A 0 3 Y 3
M, 5 5500 T 174 B i DX A A 7 o R R B, 1 X A T VLV A R P4 |, Hb 3 22 ok Bl AL
T i b 55 A R A %) A A RN i ) TR BT, B 32 B R RRAR DU e e, 3 AR AR AR R D) R Rk
(I 4 SE 0], 2 b DX 08 ZEA 2B R B & AR s, S ECRE D AR K 25 B K Al 9 7 o5 22 IS ke 34 (A5 1
XV Z MR Ik ) SR 5 BRI OG , 53 AM T RS 44 WL e 2B B B B R = AR R0l S
FEH X TR B AR RE R SRR ) R X, B SRR B LA R K 2 R % IX A
VEMITES ZA5 2 R AR HE IR 0 R AR AS T 38 2 AR K A 38, S BCR VRS 7 B W 2 0 K 39D 7 Ml e 7 =5
R —ERE I LSS 1 R A ob A T, 5 2 B8 3% M DX 30 B 5 0l KT 45°, 205 BE UM K Tl
BB AT F1 A, [ R X b X - SRl A 5 i [ Bt 2 18 3 DR ISR T 9t S A R AR ok S Al T o
Z AR IEAI R, L8 LR X W R ot g 2 5% i DX A 9k 7 2 5 0, 328 7 2 Wi 2 ol 2 e K XS
MR AR AR AT D AR 2 b DRI [ - 8 0SSR IAE ), LA RIS 7E A= b P B KR8 ) — FBeAE B IR 2 )
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