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Projection of Rainfall erosivity changes in Northeast China

using a high-resolution regional model

Xin Yutingl’Z'A, Zhang Wenxia’, Zou Liwei’, Zhou Tianjunz's, Zhao Yong1

1 School of Atmosphere Sciences, Chengdu University of Information Technology, Chengdu 610225
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Dynamics(LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

3 College of Earth and Planetary Science, University of Chinese Academy of Sciences, Beijing 100049

4 Jilin Meteorological Bureau of Jilin Province, Jilin 132000

Abstract Soil erosion is an important factor affecting ecological environment and
agricultural production. The three northeastern provinces of China have an area of
793,300 km?, accounting for 9.3 % of the total land area. It is one of the four black
soil regions in the world and an important commodity grain base. In the context of
climate change, soil erosion in northeast China and its future risks are still unclear.
The main meteorological factor affecting soil erosivity is heavy precipitation. Based
on this relationship, observational precipitation data of CNO05.1 and APHRODITE
were used to reveal the observed characteristics of rainfall erosivity in northeast
China. In the mean climate, rainfall erosivity is strongest in the southeast of
Northeast China. The rainfall erosivity shows an evident annual cycle. Rainfall
erosivity in summer (June-July-August) contributes to more than 80% of the annual
total. Based on the observational analysis, the RegCM4 dynamic downscaling model
is evaluated and bias-corrected. The future changes of rainfall erosivity in northeast
China under different shared socio-economic pathways (SSP1-2.6 and SSP5-8.5) are
then examined. With future warming, the mean rainfall erosivity in northeast China
will increase by 9.90% and 26.70%, respectively, by the end of the 21% century.
Under the high emissions scenario (SSP5-8.5), higher risk of rainfall erosion is
expected, with a rainfall erosivity increase of 2.7 times greater than that under
SSP1-2.6 scenario, and 77.69% of area is projected to experience more severe rainfall
erosivity. Therefore, it is of great significance to deploy effective emission reduction
measures and take the path of sustainable development to reduce the soil erosion risk

of black land in northeast China and ensure food security.

Keywords: rainfall erosion, dynamic downscaling model, climate change, Bias

correction
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AR R N ST I 11 5 77 B PR PR AN A A R ] j . —, X Rk A = g A
Al FRE K A % OB (Pimentel et al., 1995; Pimentel, 2006; Lal, 2004; Van
Oost et al., 2007) o FZMA IR PRI R 7~ F EAFE e F = HIEEZEMA A
# (Liand Fang, 2016) . #aguil, A5k H HIEE MR R Z LI RE N 10
] 20 fif, H 5 100 £ LAE, SR T SRR A, A B A AT IR R0 (Yang
et al., 2003; IPCC, 2019; Zhang et al., 2010; Verheijen et al., 2009) . 4xBR¥F £ FH 5
A X A8 52 B 4 542 Tl Y fE S5 FIR2 M (Lee et al., 2018; Verheijen et al., 2009;
Gerald et al., 2008; Siavash et al., 2016; Angulo-Martinez and Begueria, 2012) it
2 2050 4, AERH TR IE SETEDR KL E] 150 H /AW (FAO and ITPS,
2015) .

[ AR A R YRR X 2 —, R=A i AR o b E R AR
9.3%, EttF/LER LN —, REENRH BRI, 250
g, o EHHE, BAERATE ( CGEERAERLE R HRE)
2015) . CABAIRM, ik 70 FRERITE BFRUKILEM T 12.7cm
(48, T AR T 4 M X ) B R IEAE LARRAE 4~45t ha! IDIEERIR, BAE
AR, XA IZI X R AEY P B (Liang et al., 2009; Yang et al., 2003)
. ARIGX RN B A A, WA R R ARk, e B ARk
Ak, SPRPEESIK R HE KRR R R R A R e A A
R

TERT NI FE R, 2480 3R DU R SR 5 Th S A [i) e Xy 3843 b 75 5
41 USLE. RUSLE BA%E, XSG dh 2 A0 | KRy g s4. +i%
ATPPERR T FEHR A O BEHE HE%E (Sun et al,, 2014; Latocha et al., 2016)
bR K IR | 20 A R i AR g e o S 1) — T ) B 0 R e B
B E K5 (Verheijen et al., 2009; Gabriel and Carlos, 2018) . £ 4= ERIMHE TS 5
N AR G BN R A B35 8 . A0S E AR AL X, A 4 kA
X A A TG TE 2016~2040 4 RCPS.S 15t A B /K SRR iy B K R84k, 25
RERE) BIIniass, $plie 2 ZFEKR EZ RN (Zou and Zhou, 2013) .
RegCM4 [X 1 f2 CMIPS 20 B 28 & Ty A ke v [l Wi e /K A8 4, 45 SRR B
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AFE AR IEHB X AE N 1) F XIRAE 21 A (2039~2058) &AM (2079~2098)
ety B /K P H8 K i T 5 ST (Qin et al., 2020)

B /K ARk g 2 L AR b ) — AN FL LR, AR K R AR AR 5] e B K AR Tk
A4, BT AR A 7 A R T f R, 2 21 0ok il TR KA
T B AL BRAKER B2 (e e b P 32 B PRDIRT AR T XU K (Li et al., 2017)
BT 6 N AERBEAET X AR 3 AN A o [ AR A6 DX R K A2 i 70 78 2R SR TG 17 5
A2. AIB Al Bl FIARLITEAE R, 21 tHhad v R K AR 1k 77 75 123 X 55 35 18
hn, AR R K E SR A EFEA -3 (Zhang et al., 2010). fE3£
LB A P e, 3R U T 45 R, Rk (2010~2099 4F) £E ATF1 .
A1B I BT 155K, 0% R4 2 B K A2 778 LE T SR RS (1959~1999 )39 1 49%
28%. 7% (Siavash et al., 2016) .

AERA AR TG AR SRR M B T, IR PR A B Rigm,
(RT3 LAHERR A I8 1 A S A % . ARSI MERE R . R 45 Rt BRI RRAE,
P25 AR X R iR 258k (Meehl and Bony, 2011; Yu et al., 2000; Zhou
and Yu, 2006; Zhou et al., 2009; Chen et al., 2010; Li et al., 2008) , X LLiE I < f%
AT FANBU R TR o Bk, I A BRI AS R 3K 3 X st 20 30
B RBETI AR BN 2 N o X330 77 B ROBEASE 200 T 2R S 34 X () A AL B A
LTS, U AE S 5 RS 4 SRR B K A3 8] 0 A 15 225 (Gao et al., 2016;
Zou, 2021; Zou and Zhou, 2021; Yu et al., 2019) - XIS A8 20 AL [H 23 3
B H KT A RS, Rl RIEIE Z 2 LI, 9Tl A sk g2 k12
BT EE RIS (Guoetal., 2021) . fE RCP4.5 HERUIER T, T 5 4Bk
SRS T RegCM4 X U2 UFE AR W1 X 3511 1) g B RUBE B 45 SR R g 21 40
AR e [ R e [ R AR A 22 4 B B X AU 2R 2 R AR SR AR A S it 1 SRS B X3S
A5 R (CREESE, 2022) o RegCM3 X $5 A5 A5 xUNT 7R 7 B 2 JRU R 7K B A 400 A
2 AR BETOE (F2EALE, 2010) o xR ERIE=4 X, RegCM4
DX IR S R B M AL L A P 2 K DU = oK B AR, AT LR AL = oK &
FH 7R P 1) 75 A3 3 2 [ AT REAE s ARSI B K b adl, B 7K B B Al
O H R K IR T 428 (EH5E, 2016) o tbAh, FBIE X e
(REMO)  RERHER HA I H r [ ZR AL b DX AR AN B K B 23 [ o AR AE. (B2
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455, 2016)

AT TN T 2 B K BURLAT RegCM4 11 70 7 3 X sk Ui iS5, 7
5] 2R Al DX B K AR ot 7 FRD AR AT I TG AR SR AR AL o AR SCHULIEI 25 DA R B2 ]
A (1D RAGH X KR M IE R B 23 A PRI KSR A B B I RFAE
2 (2) B ARRBEKFFIER RN, RICHIX EARR M ERZL? AR
JBOIE S5 B KA ik XU A ] 22 57 2

2 BRI
2. L A F R
ARSCAE PR F LI e K S, (e

(1) H R 2400 22 A4S0 5 B8 AR i A i R A H B /K Kt S (i
FRCNOS.1) , /K Por#Eg 0.25°%0.25°, B[] E 1961~2020 4F CRAERIE
FA, 2013) o HTIZEREN SRR, oFEREGE, HAER A E
HATBGRAESEAE, P2 8 T8 7t b B K A2 4 S A 0l v (Zhou
etal., 2016; Zhao et al., 2021; Xin et al., 2021; Wang et al., 2021) &

(2) H A& APHRODITE(Asian Precipitation-Highly Resolved Observational
Data Integration Towards Evaluation of Water Resources)fiff 7T v+ il & 37. ¥ 15 73 # %
3% H VoM I [ 7K B0dE #2 APHRO _PR_V1101 (Yatagai et al., 2012) . EhRF2AN
JARZEE (2012) VAL 1 IX 2 BORME o [ RS X i Ak o SCrb i (s )
RIEFERX FHAREE, K3 HE%0 0.25°%0.25°, BORHIIN K 1951~2015
F(http://aphrodite.st.hirosaki-u.ac.jp/ ). ATTELLEL, #HIGERISE CNO5.1 [F]—
% b

2. 2 A HLHE

R SCASE P PR 2R I DX 3 v 4 % 2 A A D B ok B T2 s 7S il & s L
TR CCMIP6) i E RBF B8 (CAS) FGOALS-g3 4 FRiE S # & 1530 (Flexible
Global Ocean-Atmosphere-Land System Model: Grid-point Version 3) 3R & i [X 1,
SRR RegCMA4.6 11130 77 46 ROBERCLEE SR, 048 7 st S AL IR A 3L 22 44
LAV (SSP) RHITARRES . BEURRIG BE T A R 0 R, A48


http://aphrodite.st.hirosaki-u.ac.jp/

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

1% W, Zou and Zhou (2021)

CAS FGOALS-g3 H H E R} 2 Bt KW 78 B KSR 2 AT ER A 775
BUE A E X TS0 %= (LASG/IAP) Pk (Lietal., 2020a) . iZiEAREHK
A RS MUK, BRTANRS S I (Lietal, 202020 o oy, RAURLHR
g RS GAMIL3 (Grid-point Atmospheric Model of IAP LASG) , 7K-F
YRRy 2° % 2° (Lietal, 2020b) o VPAl4h %], CAS FGOALS-g3 Xf4=¥k
RRPBEAAETIE . BRAEHLHAIRGFIEEIGE S (Lietal, 2020a) o iX
e FRATT 1% B AR Ay XA 2B g B RN 5 B 47 1) E R A

Pt SR 60 50 3 B R T B RegCMA4.6 11 75 K [ Br 280 ) B8 vhot JF
(Giorgi et al., 2012). RegCM s 1EREHIX A &) 72 (Gao and Giorgi,
2017) . B2 E—hiA RegCM3, RegCM4 Hia0AE &3k 2 i X # R B T 1
[ B (Giorgi et al., 2012). 3 /7 FF REEEFEH R H MBS #2250 7 R
fil T A% 2, (CLM)4.5 it A< (Oleson et al., 2013), K&K 77 % (Pal et al., 2000),
S ) AR & i i B2 U7 & (Holtslag et al., 1990; Giorgi et al., 2012) , NCAR
(National Center for Atmospheric Research) ] CCM3 (Community Climate Model
version 3) ST ER (Kiehl etal,, 1996) . X T =SHtk, KA 7RG RS
b 75 58, Rl oA 5 {3 B Emanuel X 2404k 77 % (Emanuel, 1991; Emanuel
and Rothman, 1999) A A E K Tiedtke % i 2 #1k J7 % (Tiedtke, 1989;
Nordeng, 1994). iX 2 it & 7€ 7 [E (Gao et al., 2017, 2018)F1Z< W 3th [X (Thanh et
al., 2020)R I RUFIBURCR . E3) /B R FEH, RegCM4 HIEH
X158y CORDEX %V [X 35 (Giorgi et al., 2009; Jones et al., 2011) , /KF-73 ¥k
HONIEIE] 25 km, BEANFEECH 240 (&) %320 (i) , TETFIN 18 E,
T2 10 hPa.

AR B =20 30 g b R RS 45

— 72 1986-2016 F 1 s At Es, RIF]H CAS FGOALS-g3 [ 20 th:
20 7 AR B —N i) IRBEMILE AN 6 /N — Ik A 1E
KB X I T RegCM4, X 1986~2016 411 [y S AR 34T FE R, 7EIX 4
I, RIZWGE SST MUK R 14 55Tt i CAS FGOALS-g3 (1) JJ s 58
PRt . AR M I By 1987~2016;
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" j& SSP1-2.6 F1 SSP5-8.5 i 5 N 2016~2100 AL Ak ik 5% . IK3h
RegCM4 1% 6 /N —IRIMIL S5 8005 . WIME IR = SRR, ¥R E CAS
FGOALS-g3 1) SSP i St Tifli &5 R o ARy 21 4K, 45 b WAl s B =2
2081-2100 4F . 1ZEBEHE 5 WA CNOS.1 K HRAH IR, TG 7 (il (H
AbEE

2. 3 WA IREIT IET

B T A A B K 2 A E M2, Bk, 77 Z0 M 2 HETITIE . AL
BT BRI Gvt o A RFAE AT 1T IE, RV T A [R] 580 B8 S5 4% 1) B /K R AT 49 3303 T I
(Coffel and Horton, 2015; Zhou et al., 2018) . % & %] CN05.1 % £l 4 APHRODITE
TEPE XIS T HEZ GUEEE, ASCHET CN05.1 BRI TIIT IE. Hkin
hE

(D EHERUTESENB AR ZE . R, =S
BEEL CNO5.1 1 1995~2014 “£1% H /K THPHES, 40 R 20 AN 5REEER (BF> iR
FEER AL S%IREARLD , THEFAE R AKREC RN A D,
% L& BB U B KR AR AE — B 72, X B R A RKH (RIFKE
Immvday (THED o 0 THERMBEAGRE, BmEN -, KK
ERNmZEITERE (R (D )

- == W

Ho 9B, Rhs AL R SR, R Rs s AN EKSES (=
1,23,..,20) .

(2) T mZEIT 1L RBOH AR K AT IT . B eI —
RITBEK T & R sm 24, TR UM M 22T IR &R % (38 (2) ), UK
IIERE IR, A5 2T I )5 B8 H B K -

": _ X (2)

Hop R A RDRATIERT . JE R ERREK
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2.4 KB ATRITHHE 7 (R-factor)

AR H B KBSk SRR KR (BECss, 2002) , %7 AR ARSI,
B34 (Li and Ye, 2018; Liu et al., 2020; Li et al., 2021) &

PAH BE7K S Al 2 FAR b 77 AR AR 5 SR
Ri=a L0 (3)
A, RIS AW BRI AME, k R HBNMRE, DRRY:H
B BN 2R R AR e H &=, 2R H & KT 12mm, B0 L0 +F 5, BI{E 12mm
LR E R b K bR — 80 (R SCIHEE, 2002) . o BRBEMGESE. FH
PLEEH 25 15 HoRAY, B S iRk ok 24 AN B
B =0.8363 + 18.144Py;, ' + 24.455P, 1, (4)
a =215863"18%1 (5)
e, P % R A T4 T 12 mm B0 HFRIRTRE, Py 3R H R T2 T
12 mm I =
2.5 2 R K ) 8 X

Z [ Lietal, (2021) X F20E KR E L, Y HBKERTET
12mm B 5 XZ R N R M % 7K H o R Freql2 A1 Int12 53 53R 742 b B K 1)
AR FNGRIE, RIARAER sl PR K H AR A B K R

2.6 B FTR B A X 45

AT BB A b H X T [ 9 38°~55°N, 115°~135°E, EHL 1995~2014 4F
VE R RPEAG IS B I B . NN AR 5200, 38 2081~2100 A1 AT
fEIN B, B Sy MK AR it iz 1 AR A

3 R

ASSCE S P WLIN B R HE 7= o B A< b X B /K AR o 0 BRI R AIE 0458 L
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RGP PRI AE AR . AEREEAL b, PR QAT PR AV 22 1T I, O
AT 1R 5 (R 2R ROR TG P K AR 1 77 (AR RAZ A

3.1 R K 5 B K AR P 7 B IR AR AIE

FEYRETAE T (1995~2014 SEZHWT B , =PMERFEAKMIZE (Freql2) . &
FE (Int12) FIRFKIZIEE (R-factor) #BRILA H AR AL HLIX 7R 5 5 ) 76 Jb 35056
TRIREAE, PR R R —8 (B D o MMRIREREKIZE (Freql2) K
G, TERE A B TR — 80 RPN AR b DX PG b 542 b K A e 5
M, AR E KK El—a s, 2k K R E oo HIE K A X,
A 20 RUAE. PIEMN ZERE S BIKH ZE 5, CNOS.1 7E 4 X3y 44
-t APHRODITE & H 3 K —28 (XI-FAHEZE 1.86 KD, JUHAEBRILIE
N ZE R BOR (B Ta-b) o R0 R K o B2 110 723 ) 43 A7 5 48 Tl P e /K e 2540,
H 2 A P AL, A8 BB EERE . 20 K LA s (0 X HH B AE K
Al bk —, X TR R A X SRR K 4y 2, SRR E R AT
JEE Ll DX I e TR A%, 20200 o PEEMINFZORISE Rtk — 5%, &
SRR B IE AR IR ILE, LM% 3~5mm/day 47, CNOS.1 H
FAB 0y AT IA F) 27mm/day PL_E, 17 APHRODITE & 24mm/day PA E (B 1c-d) .
22 I A K AR 1k g £ 2 (8] 43 AT R AIE 5 42 Dl vk B /K A A5 S Freq 12 Int12 AH
L, B AKAR b e ™ B R B IX AR I T 48 AR BRI ZR 2 %, Wik #3000 MJ mm
ha'hlyr! L (B e
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Fig.1 Spatial distribution of climate states (1995-2014) of erosive precioitation indices Freq12

(a-b; unit:day yr') , Int12 (¢c-d; mm /day) and rainfall erosivity factor R-factor (e-f; unit: MJ mm

ha'h'yr') in observation data CN05.1 and APHRODITE
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2) . BHZF6~8 HRM/KRMBN™E, X5 7 HHa% 8 H FAIWMHHERIH
XIERAILIX AT ¢ (T 0%, 2018) o PEMIIRT 5B K R h
feHE —E %5+, CNOS.1 Lk APHRODITE #EHESAH W RS we, 757 H
8 A Z RN, Ji# 7~8 AAEX 1) B KR 7179 319.82 MJ mm ha! hr!
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Fig.2 Regional mean annual cyclic distribution of rainfall erosivity factor(R-factor, MJ mm ha'!
hl yr!)during the reference period(1995-2014)

FH 2= 15 A AT 0 2R Lt DX ) P /R AR o B el B o K i o ik, T DUE
B R FRK RS SFERE S, WE 3 (@ A (b) B, PISLINE R
iR, BZFERICKER M IX B AKAR g AT o5 4 S B KAR Tl ) 80% LA L,
I H RAZR A HB X PG A6 HB R D% 22 0 PH AR I X B M s, 24915 90% A b, ZRAEHIX
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265 Fig.3 Spatial distribution of the percentage of rainfall erosivity in summer (June-August) in the
266 annual total rainfall erosivity in observational data (a-b) and model data (c-e)
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Fig.4 Time series of mean erosive precipitation frequency Freql12 (a; unit: day yr'!), erosive
precipitation intensity Int12 (b; unit: mm/day) and rainfall erosivity factor R-factor (c; unit: MJ
mm hah"'yr!) in Northeast China during historical period (1951-2020). The black and gray
solid lines represent CN05.1 and APHRODITE observation data, while the red and blue solid

lines represent the results before and after model deviation correction, respectively
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£ 316.96 MI mm ha'h'lyr! (£ 1) .
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Fig.5 During the reference period (1995-2014), the frequency of erosive precipitation before
RegCM4 model deviation correction (a, c, ¢) and after the correction (b, d, f) Freql2 (a-b; unit:
day yr!), erosive precipitation intensity Int12 (c-d; unit: mm/day) and precipitation erosivity

R-factor (e-f; unit: MJ mm ha'' h! yr'!) after subtracting observation data CN05.1, respectively
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321 Fig.6 Spatial distribution of erosive precipitation frequency Freq12 (a-b; unit: day yr'), erosive
322 precipitation intensity Int12 (c-d; unit: mm/day), and rainfall erosivity factor R-factor (e-f; unit:
323 MJ mm ha!' h!yr'!) before RegCM4 model deviation correction (a, ¢, €) and after RegCM4

324 model deviation correction (b, d, ) in the reference period (1995-2014)
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Table.1 Spatial correlation coefficient and root mean square error of climate state simulated by
RegCM4 model and CNOS5.1 observation before and after revision (Freq12, Int12 and R-factor

units are day yr-', mm/day and MJ mm ha'h"' yr!, respectively)

Freql2 Int12 R-factor
A A< R 1T IEHT 0.96 0.99 0.84
NI 0.99 1.00 0.98
VIR ZE 1T BRI 3.19 2.29 604.93
(RMSE)
NI 2.67 0.77 316.96

3.3 REKBRIH R R TG

A FIF PDF 3T 1E Ji5 A 2 B 7K T B 7K AR ot 7 PR AR SR AR A o FE R SR TR o
R RE K91 Freql2. SR Int12 FIRE/K 20 R-factor S FREBG AN, (AAF
EHENXEZER (B o ERFABUERT, =AMRMIERK I HeR 55,
HARE KRB EE (B Ta,e,1) o EEHERE R, 20 BEKHESE
ARACK o3 b XOF 5 2 30, RE AR ARILHL X PEE (B 7b, £ )« RIhEEREK
$A Freql2 {£ SSP5-8.5 1f 5t FAEARALTEHS . & MONI R R VL AR Hi b 77 7 52 S AH
e, EORRIHEhN 4 KL E; SSP5-8.5 15t N Lk SSP1-2.6 1 S 7E X 45T
EZHn 137 K (B 7a-c) o 211K Int12 £ SSP1-2.6 15 5 Nk
WA, (HTE SSP5-8.5 1F 5t N ARALIKHS 4 Hh X Bk B BE R I, X3 34 1
i 0.80 mm/day; SSP5-8.5 1 5ttt SSP1-2.6 5 5t £ /1 0.51 mm/day (& 7e-g) .
MG S R BRI R R E G, XICPIIM S, SSP1-2.6 1 5t FREK
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Fig.7 Changes of erosive precipitation frequency Freql2 (a-c; unit: day yr'), erosive precipitation

intensity Int12 (e-g; unit: mm/day) and rainfall erosivity factor R-factor (i-k; units: MJ mm ha"!

h! yr!') under SSP1-2.6 and SSP5-8.5 emission scenarios in 2081-2100 compared with the
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357 reference period (1995-2014), ¢, g and k are the spatial distribution of SSP5-8.5 minus
358 SSP1-2.6.The histogram shows the results of regional average (d, h, 1), with dotted areas
359 indicating passing the 5% significance test
360 FEARRZETEA L (K8, MAMERIRE BT ARE, HEE
361 TESRMIIEI, FEWNIEAME. E5F 6~8 HEKF/KRMTENI (K8 , &
362 HHFB (1995~2014 4£) W, HZFEFHIM KR BLE 256.70 MJ mm ha' h' yr!
363  /oAi, SSP1-2.6 15 NHGHNZA 281.45 MJ mm ha'h''yr! (RI385% 9.64%) , 1E
364  SSP5-8.5 1 5t N MM A F] 330.50 MJ mm ha'h'lyr! (28.75%) o MZEH{EI I
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Fig.8 Absolute changes (a; unit: MJ mm ha' h'! yr'!) and relative changes (b; unit: %) of annual
circulation distribution of rainfall erosivity on regional average during 2081-2100 under
Historical, SSP1-2.6 and SSP5-8.5 scenarios. The solid black line represents the results of the
reference period (1995-2014), and the solid blue line and red line represent the results of
SSP1-2.6 and SSP5-8.5 in the future prediction (2081-2100), respectively
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(b) and rainfall erosivity factor R-factor (c) in 2081-2100 compared with 1995-2014 under

SSP1-2.6 and SSP5-8.5 scenarios.The abscissa is the change of each index of grid point scale
(unit: day yr'!, mm/day, MJ mm ha"'h"! yr'!), and the ordinate is the percentage of area with

corresponding change.The blue and red solid lines represent the results of SSP1-2.6 and SSP5-8.5

in the future projections (2081-2100), respectively
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