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Note: 1 Songhua River Basin, 2 Liaohe River Basin, 3 Haihe River Basin, 4
Yellow River Basin, 5 Huaihe River Basin, 6 Yangtze River Basin, 7 Southeast
River Basin, 8 Pearl River Basin, 9 Southwest River Basin, 10 Northwest River
Basin.This map is based on the standard map with the approval number GS
(2019) 1786. Data on Hong Kong, Macau, and Taiwan is currently unavailable.
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Fig.2 Distribution of annual rainfall erosivity and characteristic indexes of erosive rainfall averaged from 1961 to 2023 in China
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Table 1  Annual rainfall erosivity and characteristic indexes of
erosive rainfall averaged from 1961 to 2023 in ten river basins of
China
bk ARE/ AER/ AERD/ AERV/

River basins  (MJ-mm-hm 2h"a’) mm d (mm-d")
FATETT 1522.6 342.0 15.9 21.4
L3 2433.6 4423 17.2 253
b 2368.1 407.7 15.2 26.6
HEm 1437.6 317.3 14.6 21.2
e 3952.8 648.3 22.6 28.6
KT 48379 898.7 34.4 25.6
FREG ] 7151.5 1288.5 47.4 272
RIL 7919.9 12735 425 29.5
iRz 2979.0 679.8 30.7 20.5
(B4 30) 262.0 76.2 4.5 13.7
i 3713.8 673.4 25.6 24.4
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Fig.3 Changing rates of annual rainfall erosivity and characteristic indexes of erosive rainfall from 1961 to 2023 in China
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Table 2 Changing rates and significant of annual rainfall erosivity
and characteristic indexes of erosive rainfall from 1961 to 2023 in
ten river basins of China

binkz) ARE/ AER/ AERD/ AERI/
River basins(MJ-mm-hm 2-h"'-(10a) ")(mm-(10a) ")(d-(10a) ")(mm-d "-(10a) ")
FALET 60.5 10.3 0.3 0.1
L3 25.1 3.6 0.1 0.1
i3} -13.0 0.7 0.1 -0.1
] 252 2.3 0.0 0.2%
e 90.5 7.0 0.1 0.3
KL 100.0 9.3 0.0 0.2%
RG] 230.9% 24.4 0.4 0.3*
BRIT 131.6 12.2 0.0 0.2*%
(A0 —86.7* —21.7% —-1.0% 0.0
Pokig T 12.0* 3.6% 0.2% 0.3*
FHE 61.2% 5.6 0.0 0.2

VE: *NIEIT a=0.05 KPS R E R .
Note: * means the changing rates passed the trend significant test at a=0.05 level.
AT - P W AR Tk 77 B9 AR A B PR BT K b OR RS
Jit )i B A AR R =55 S0k [19] 7k, ek A
Spearman FkAAH < 5 120 W 4F 15 R AR 1l g 542l vE B
(1) 3 ANMFFAEFE AR B AH OC R & W3 1, e 2R
K7 (£ 3), RIF0H =& 5EEWRMIIZEE
P — BRI B BN, HE SR WR AR
TR A K S .

®3 19612023 FHE+ARRBFFERRBASRMAIERER
FHIEFEARRIE X R
Table 3 Patial correlation coefficients and significant test between
annual rainfall erosivity and characteric indexes of erosive rainfall
from 1961 to 2023 in ten river basins of China

925 i
Rivé’:i’ims ARE & AER ARE & AERD ARE & AERI
FALELT 0.66* -0.13 0.65%
L3 0.67* —0.31* 0.45%
RET] 0.70* -0.22 0.62*
H] 0.83* —0.58* 0.19
biam) 0.66* -0.14 0.57*
KT 0.82% —0.4% 0.51%
IREG I 0.57* -0.03 0.74*
BRIT 0.59* -0.19 0.55%
6 ] 0.68* -0.24 0.35%
padb i 0.95*% —0.84* 0.30%
o 0.83* —0.43* 0.47*

TE: * FRRAR KR EE (P<0.05),

Note: * means that the partial correlation coefficient is significant (P << 0.05).
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Fig.4 Changing rates of annual maximum daily rainfall erosivity
and daily rainfall from 1961 to 2023 in China
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Fig.5 Distributions of 10-year return period of event rainfall erosivity in the period of 1961-2023 and the absolutive/relative difference to
the period of 1961-1990 in China
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Table 4 Dangerous conditions of rainfall erosivity change in ten

river basins of China from 1961 to 2023
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Note: Type 1, 2, 3, 4 indicate the four types formed by the combination of indicators

(annual rainfall erosivity, 10-year return period of event rainfall erosivity): Type 1,

two indicators decrease; Type 2, The former increases and the latter decreases; Type

3, The former decreases and the latter increases; Type 4, two indicators increase.
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Table 5 Trend projections of annual rainfall erosivity in ten river
basins and China in future
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Variation and trend of rainfall erosivity in China during 1961-2023

GAO Ge'”, CHEN Tao® , XU Yuanxin*

(1. National Climate Center, Beijing 100081, China;
2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters(CIC-FEMD), Nanjing University of Information
Science & Technology, Nanjing 210044, China; 3. Tibet Autonomous Region Climate Centre, Lhasa 850000, China; 4. Sichuan Climate
Center, Chengdu 610072, China)

Abstract: This study aims to estimate the variation characteristics of rainfall erosivity in 10 river basins in China. The daily
precipitation data was then selected from 1961 to 2023. Three characteristic values of erosive rainfall were combined, such as
the total erosive rainfall, erosive rainy days, and mean erosive rainfall intensity. The trend and cause of annual rainfall erosivity
were analyzed by the linear regression and Spearman’s rank partial correlation analysis. The extreme variations were obtained
from the trend of annual maximum daily rainfall erosivity and difference of event rainfall erosivity under a 10-year return
period during the two periods 1961-2023 and 1961-1990. The recurrence period was statistically fitted for the goodness of fit
using the Generalized extreme value distribution (GEV) function and Kolmogorov-Smirnov method. Then, the dangerous
situations of rainfall erosivity were comprehensively determined to consider the overall trends and extreme variations in China.
At last, the annual rainfall erosivity was predicted using the Hurst index by rescaled range analysis P/S. Some recommendations
were given on soil erosion prevention and control in different key erosion regions. The results show that: 1) The ever-increasing
trend was found in the annual rainfall erosivity in the Southeast- and Northwest-river basin from 1961 to 2023. But the
Southwest-river basin showed a significant decreasing trend. There was no outstanding increasing trend in most other river
basins; 2) The positive rate of change was observed in the annual erosive rainfall, rainy days, and mean erosive rainfall
intensity in most river basins. Particularly, the significantly increasing trend was found in the mean erosive rainfall intensity in
the Yellow, Yangtze, southeast, Pearl, and northwest river basins. The different causes contributed to the trends of annual
rainfall erosivity in the 10 river basins. The annual mean intensity of erosive rainfall and/or rainfall was dominated by the trend
of annual rainfall erosivity in most river basins. 3) A positive rate of change was found in the maximum daily rainfall erosivity
in most parts of China. The number of stations with the extreme maximum historical value was increasing over time, with the
peak in the 2010s over that in the 1990s. The ratio of stations with the increasing event rainfall erosivity under a 10-year return
period between the two periods 1961-2023 and 1961-1990 to the total was 64.3%; 4) Either the total amount or the extreme of
rainfall erosivity was damaged to the soil and water conservation. The rainfall erosivity showed a proportion of more than 80%
of total stations in most parts of the country over the past 60 years. Among them, both the total and extreme rainfall erosivity
were the most prominent and widespread in all river basins; 5) The annual rainfall erosivity in most stations in most 10 river
basins was predicted to continue the ever-increasing trends during 1961-2023, except for Southwest river basin with ever
decreasing trend. The current and future climate conditions are not optimistic for soil erosion control in China. It is very
necessary for long-term plans and effective measures, according to the total amount and extreme changes of rainfall erosivity in
specific regions. The findings can also provide scientific references for the prevention and control of soil erosion.

Keywords: rainfall; erosion; variation; extreme; trend projection
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