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Precipitation trends during 1961—2010 in the Loess Plateau region of China

WANG Qixiang, FAN Xiaohui, WANG Mengben *
Institute of the Loess Plateau, Shanxi University, Taiyuan 030006, China

Abstract; Precipitation change could exert considerable impacts on the soil and water conservation and ecological
construction in the Loess Plateau region. In this study a dataset of daily precipitation series (1961—2010) from 214 surface
meteorological stations was used to investigate the spatiotemporal change trends in annual precipitation ( PTOT) , annual
erosive rainfall (R12mm) , annual flood season rainfall (RJJAS) and annual torrential rainfall (RS0Omm) over the Loess
Plateau region (LPR) during the period 1961—2010. The examination was made at three hierarchical levels: the entire
LPR, the Loess Plateau (LP) and the five divisions of integrated management of the LPR, and the Mann-Kendall and

Mann-Whitney methods were used to test the monotonic and step trends, respectively. Results showed that (1) a similar
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spatial pattern of distribution of change trends at all the stations was found for PTOT, R12mm and RJJAS over the LPR,
with a decreasing magnitude of negative change from the southeast to the northwest, besides a slightly positive change in the
far northwest and far west areas. However, no clear spatial pattern was observed for RS0mm over the region. The spatial
patterns for PTOT, R12mm and RJJAS were more profound on the LP than on the LPR. (2) On the LPR, approximately
83% of stations showed a negative change in PTOT, and 69% of stations showed a negative change in R12mm and RJJAS,
while 20% of stations showed a significant decrease in PTOT, and 10% of stations showed a significant decrease in R12mm
and RJJAS. However, approximately 68% of stations showed a zero slope in RSOmm. The proportion of stations showing a
negative change or a significant negative change on the LP was higher than on the LPR, about 92% of stations showed a
negative change in PTOT, and 80% of stations showed a negative change in R12mm and RJJAS, while 24% of stations
showed a significant decrease in PTOT, and 12% of stations showed a significant decrease in R12mm and RJJAS.
Approximately 62% of stations showed a zero slope in RSOmm on the LP. (3) As a whole, a significant negative trend ( P<
0.05) in PTOT and a nearly significant negative trend ( P<0.10) in R12mm were found on the LPR, with a linear trend of
-9.9mm/10a and -5.9mm/10a, respectively; while the decrease was not significant for RJJAS and R50mm over the LPR.
A significant negative trend for PTOT and R12mm, and a nearly significant negative trend for RJJAS were found on the LP,
with a linear trend of —13. 4mm/10a, —8. Imm/10a and —7. 6mm/ 10a, respectively; while the decrease was not
significant for RSOmm over the LP. (4) The first and the second divisions of the LPR showed a significant negative trend in
PTOT, and they showed a nearly significant negative trend and a significant negative trend for R12mm, respectively, while
the rest three divisions showed a non-significant positive trend for PTOT and R12mm. A significant negative trend in RJJAS
was only found in the second division among the five divisions. The first, second and fourth divisions showed a non-
significant decrease in R50mm, while the third and fifth ones showed a zero slope in RS0mm. (5) One abrupt change was
detected in PTOT for the LPR, LP, and the first and second divisions, but not for the rest three divisions, with a significant
decrease occurred since 1986 for the LPR, LP, and the second division, and since 1991 for the first division. Overall, the
PTOT, R12mm and RJJAS decreased substantially but the RS0mm did not change significantly over the LP, especially over
the key area of soil and water conservation of the LPR (i. e. the second division) over the past five decades. These results
indicated that if the trends are hold in future, although the soil erosion resulted from R12mm may decrease as a whole, the
shortage of water resource will become severer, and the situation of the extremely intense soil and water losses caused by

R50mm will not have considerable change.

Key Words: precipitation; spatiotemporal change; the Loess Plateau
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Fig. 1 Distribution of 214 meteorological stations in the Loess Plateau region and the 5 divisions of integrated management of the region
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Fig. 2 Spatial patterns of mean annual precipitation, erosive rainfall, flood season rainfall and torrential rainfall (A,—D, ), and the

change trends of annual precipitation, erosive rainfall, flood season rainfall and torrential rainfall at 214 meteorological stations (A,—D, )

during the period 1961—2010 in the Loess Plateau region
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Table 1 Statistics of the change trends of annual precipitation ( PTOT), erosive rainfall (R12mm) and flood season rainfall ( RJJAS) series

(1961—2010) at all the 214 stations selected for this study over the Loess Plateau region

l}fdtj)\; X5 PAS PBNS ﬁ:i:;/o NAS NBNS ﬁ'l?l“aol/b No. ‘tr!)fj fzﬂfions
PTOT I 4 (4.4) 4.4 20 (22.2) 66 (73.3) 95.6 90
I 7(9.2) 9.2 22 (28.9) 47 (61.8) 90.8 76
m 3 (42.9) 42.9 4 (57.1) 57.1 7
v 13 (46.4) 46.4 15 (53.6) 53.6 28
\4 1(7.7) 8 (61.5) 69.2 4 (30.8) 30.8 13
LpP 14 (8.1) 8.1 42 (24.3) 117 (67.6) 91.9 173
LPR 1(0.5) 35 (16.4) 16.8 42 (19.6) 136 (63.6) 83.2 214
R12mm I 20(22.2) 22.2 9(10.0) 61(67.8) 77.8 90
I 13(17.1) 17.1 11(14.5) 52(68.4) 82.9 76
| 228.6) 28.6 5(71.4) 71.4 7
v 20(71.4) 71.4 8(28.6) 28.6 28
\4 1(7.7) 11(84.6) 92.3 1(7.7) 7.7 13
LpP 35(20.2) 20.2 20(11.6) 118(68.2) 79.8 173
LPR 1(0.5) 66(30.8) 31.3 20(9.4) 127(59.3) 68.7 214
RJJAS I 23(25.6) 25.6 7(7.8) 60(66.7) 74.4 90
I 12(15.8) 15.8 14(18.4) 50(65.8) 84.2 76
| 3(42.9) 42.9 4(57.1) 57.1 7
v 17(60.7) 60.7 11(39.3) 39.3 28
\Y 1(7.7) 10(76.9) 84.6 2(15.4) 15.4 13
LP 38(22.0) 22.0 21(12.1) 114(65.9) 78.0 173
LPR 1(0.5) 65(30.4) 30.9 21(9.8) 127(59.3) 69.1 214
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+V); PAS, PBNS, NAS F NBNS 435l 38/R 384 0 H w35 A 3 p8ib H 2 WA 3 RS P i e s i 2 B0 Sk B0
Horl

AEREK & AR IR K AT K &, DL (R AE R K B AR il A 7K TR B2 /K A 119 2 [1] A7 e 34
AN H A S DR AL T HLEE R 5 (B 2) o 580 b s B XA L LAY B 4 5 AR R K o AR Tl PR R K
TRV R K 1 2 0 3 py il A L B S v HG v 52 0 8 vl i 3 ol a5 LU I Y8 it v . 2
XFIE, AR 7K AR b 8 7K AR TR e K i 2 184 e A 1% 3 s L 91 2 B S 02 | L MG i A AR B 3 (3R
1) BRI, 58 4 g R X IS R0, 22 B0 A 28 W AT 284k AR A Bl B (il ), Fovp Sl 208 (2l ) Ay
F(R2),

FEAAR b B 8 S A AT K it TR T vk 3 K o A A 34 At Wb 20D i 3 S Ul 3 i 1304 mm/
10a F1 8. 1mm/10a, HHMA R K S/ #3420 835, 3B R R 7. 6mm/10a; 2 W & /0 U AN 3 (&
3LP,—LP,),

F T DA H B 8 T AT R K AT AR o e 8 K ) 3 il s 8 B R T A = TR ML IX, 43531
LU 1R 35. 1% F137.9% o Hii# TR K 28 (e B IR I 5 B A A
2.2 LEARIRTRIX MR K AR AR A
2.2.1 55T XS I IX[EKARE

WA IS A X (1) A+ SR AR RFEE s X (T 4300407 T 88 o b X 2R R A A g
DI, R B DI AFAF KL (525. 6mm) T )5 4 (485. 0mm) o #5051 X AFFFOKAE AR i ik e 7K o TR
[ ST et A Sk DI o T RN 2 GNE 2 G By G S N R e R e 1| e A S € 1 s G
FEZ R L3 3 e hm A8 Ab S 3G e 5 iyl a5 00 53] o5 A /D AR D ECRI DB (3R 1) o ZERX A IX R0k 55 Ty
AEFR IR A AR, ARl 5 /DRt i R R A St e R A b B e e 2 b S A AR Al
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S TN A SR 1), HL vl A B S I (3 2) o XA DX A R R MR A A R D R e R
13. 6mm/10a, HARPEREKE SR AN B SR 025 3B 080R 0 8. Tmm/10a, 1M AR TRIYIFE K 8 A1 2% 1 1
S ER A RE(E3T —1,).

*2 E50a EXBEMKX 214 MEFHFETE(RSOmm) EUEBHNSEITER
Table 2 Statistics of the change trends of torrential rainfall (R50mm) series (1961—2010) at all the 214 stations selected for this study over the

Loess Plateau region

X5 “it% “it% : Hit%

Division No. PAS PBNS Total NAS NBNS Total ZAS ZBNS Total "
I 3(3.3) 9(10.0) 13.3 7(7.8) 26(28.9) 36.7 3(3.3) 42(46.7) 50.0 90

I 2(2.6) 8(10.5) 13.2 3(3.9)  8(10.5) 14.5 2(2.6) 53(69.7) 72.4 76

I 7(100.0) 100.0 7

v 1(3.7) 1(3.7) 7.4 4(14.8) 21(77.8) 92.6 27

\Y 10(100) 100.0 10

LP 5(2.9) 17(9.8) 12.7 10(5.8) 34(19.7) 25.4 5(2.9) 102(59.0) 61.8 173
LPR 5(2.4) 17(8.1) 10.5 11(5.2) 35(16.7) 21.9 9(4.3) 133(63.3) 67.6 210

4T ZAS Fl ZBNS 20 B RmBER AR H B3 BN EEAR B EZ AN, HA R 1

S5 T X BT YR VD S A e V0 = BORVR X 2 AR [/ AR b o 7 o 2 A S5 0/ o A8 1 3 1 R 43
S 4 R 2B R 280 AP 555 1T DO B, A7 B 7K o RIUR Dl P e 7K it 52 300 38 il /2 A A8 1l DU XoF 84 0
HRIBIRE K 12728 Al St /D e Ayl G R 24, 5 W s D e Sl S e R (R 1) o XA X 2 8k
SR RN A AR, I A e RN B IR 8 3 0540 ) o /D BORAR A0 B, i B i e D B
WEERIN(FR2) o XA X AYAEREK R AR Il R K R AR R K e B R L 2 R R D A SR A B
15.0mm/10a 8. 8mm/10a 1 9. 3mm/10a, (A& HAE B W &/ @ #IRA B E (EF 30, —10,) .

2.2.2 SBEIIX IV VIX KA

Berb Fepz b X () (ST B XIP X (IV) FIE AR m R IX (V) 23 57 T 2 s Ji s XA 5 3 vE A6
FlR P, HDTAEAE R MoK KR M 392, 8mm 241, 7Tmm 1 409. 4mm, 45 IV X Z AR H4 FE K B e i, X 3
AN G BSR4 W) 1932, 9m 1138, 4m 1 2360. 9m, &5 ML ANES V X (38 W 0 i T 2 s Ji i 1XC
SEHTER (800—1500m)

FEIX 3 AKX AFE R K B AR PR R Kt sl IR A o S22 D R Ayl o5 LRt/ FESR TITIX, 22400
SUAEREK A= PR R K AT R K S 7R IV NS V X ARRE K & | = kMR K a2 AU R K
T AR AR b DR s s R Hg DRI AR B SR R, AR X 3 AN X AERE KR
12 P R K TR A AR A S R 34 A i A L B R vk 3 &2 RS 48 V X 1 ANl AR K & R
Tl R K B RIS BN, X 3 N X A mligs K Bk S AR R A AR U VIR 14
SRR K AR 2 BRI (R 1) . WEBIR EF,X 3 AN X IAFEREK R 2R I R K
FIR TN BRI B (R 3) .

®3 EBISFEMXEN—VERKERXIE 50a(1961—2010) F£HEKE (PTOT) B EMEKE (RI2mm) (BB KE (RIJAS) MEWE
(R50mm) 4L # % (mm/10a) B9 Mann-Kendall #3625 5
Table 3 Monotonic trends for the time series (1961—2010) of annual precipitation (PTOT), erosive rainfall (R12mm) , flood season rainfall

(RJJAS) and torrential rainfall (R50mm) over the third, fourth and fifth divisions of the Loess Plateau region based on the Mann-Kendall test

X PTOT R12mm RIJAS R50mm

Division no. 7" 0 Z Q Z Q Z Q
I 0.164 1.12 0.715 3.00 -0.164 -0.79 0.026 0.00
Y 0.026 0.28 0.509 2.30 -0.351 -2.12 -0.937 -1.22
v 0.871 4.63 1.440 4.92 1.233 4.04 -0.930 0.00

# R Z AR R IR EIEGE B K IV VIS LR 1
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Fig 3 Trends in annual precipitation (PTOT) , erosive rainfall (R12mm) , flood season rainfall ( RJJAS) and torrential rainfall ( R50mm)
over the Loess Plateau region (LPR), Loess Plateau (LP), and the first and second divisions ( I and Il respectively) of the LPR during the
period 1961—2010

EARFEED, ¢ F1d M58 0.01,0.05 F10. 10 FKF-

ML EXS 5 AN X 4 AR AR SR AR RS0 3 o] DUE 8 oK AR E s X (D) AR K &2 2
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TP A K s RV 7K 20 Ak d5 o B G 3 i 34 B 3 B R I K . O B BB 4 R S A 1 X
(1), AR R K R b R K e 3 ol A 3 o0 31 Ay 2 R W 3 B IR IR 2 (R LU B /K 3o
PR E, XD XAERTEB/DERARE . HR 3 D XIERKE =R S A TRIREK &
FLZE T AR IR R B AR 25 X b — 25 U, 7698 - v DR i X, AR /K AR A i) 25 1) 25 S AR B &, T A
M55 3 XA 222508,
2.3 B R RO X R K B AR

DL X 50a B 4 i i DCAR R /K B AR IR R K i | TR R 7K S R T () 2 M 722 Ak e 3 B =3 ) 4
A SR HEAT T 5307 o X85 ZEBE K LM AR A S ik — 20 4 B s | 76 3 v Dttt DR AR B sy D, D) R
R M X A T DRSS T IX, 3 B Bk 3 Ffok B s D ka3 (R & FR oK Ams A 38 m . Hoh Bk ZRFoK
WD IR IR BFEEME R 2 50 (AR (A48 02, & BREK D Sl S A %, EHR3 A
XM XA H 43 BRI EINESE KZERKISA D, BIVIXE Bk A ZREKA 3, B 2R K
WEATUR BV XA TR B RN, X 3 AN XY 4 RGBSR FERE R B E

T3 50a 4522 (8K AR (L AA $ AN i 2 | AR S0 F2 BRI K I Y R A A AT T 400, 45 R o 1
B IR X SR R DA B R XA T ORI T X, DI AEAE R K B 7E 1986 4Fmk 1991 4F B T
AR [ 1986 AEUG ¥ 4 b X MR B s R AR T XA R K B s [ 1991 AR AR 58 T X RRK
IR (R 4) . HAy 3 DX DT R K a8 WIRTAAE FAREAE

M 50a FEK &R R A 780 w5 X A8 3 1 T, DKol vy ol D T IR I I
154 20 tHhat 90 AFEACRE K R /D 21 28 EA) 10a FEKEIRZ 3T 50a - FEK G248 H BL7E 1986 AR5 1991
4F, 5 H 20 g 90 AR IR BB K IS AR O

£4 FFTBHFEMKIE 50a(1961—2010) F Pk BHIRE# A Mann-Whitney (MW ) 564 R
Table 4 Step trends in annual precipitation time series (1961—2010) over the Loess Plateau region based on the Mann-Whitney (MW ) test

X5 TR fit B SRR HfH fREE ERAN MW £ %
Division no. Sub-series no. Period Year Mean Std Dev CV 7 P
- 1 1961—1990 30 543.9 78.8 0.145 2.772 0. 006
2 1991—2010 20 498.2 80.3 0.161
I 1 1961—1985 25 510.0 84.3 0. 165 2.241 0.025
2 1986—2010 25 459.9 65.7 0.143
PL 1 1961—1985 25 526.9 74.5 0.141 2.668 0.008
2 1986—2010 25 478.2 70.5 0.147
PLR 1 1961—1985 25 482.2 70.5 0. 146 2.435 0.015
2 1986—2010 25 442.6 62.0 0.140

« [ I .LP Fl LPR (& XA 1

3 i
3.1 ZS[alk AR S S

R R e R R O X HAE S KR S AR R I P R i TRIDIRR K R R TR R A 1A 43
A% JEARAR RN, 241 5 AR A 1] PG AL 38 R AT (9 4 it (18 2A, (181 2B, ([l 2C, FTEL 2D, ) o HARERK 28101
25 8] 43 A7 A% Jey 5 42 ol oA K e R PR 88 I 72 A 1) 2 8] 0 A A SRy AR AR, LR AR R 8 (4 xe ) o A
) PG AL 2R 72 /)N, 28 G S R e P ¥ S A AR R AR (18] 2A, (B 2B, FIEL 2C,)

AL A TR R AR R 2 [A] 1 Pearson A1C R B, & L, 7685 - R B i X, HE 214 N3 S A0 4F
Rk 5 AR M R K B TR A 7 i 3 T o 22 ) ) AR DG P 8 3 3k Bl A A AT K AR AL R 5 R b vk
TK AR AL R TR R K AR (6 22 ) A A SEME IR (23 (R 5) o X UEIA LA A 23 ] 3 A A% J ALARLE | 43331
SHAAFRIR 2 B A AR PR b R 2 (0] 0 = BEA DG E A — 2 R R

http ; //www. ecologica. cn



19 14 FRLF 55T 50 4F ¥ 4 JRUh X RR K 25 AR fL AR 5521

T T4 R T AR A Y 43 8] 3 A AN I (81 2D, ), PRI T 2 T f A8 A 3 5 AR K R (3 2 R Y
AR R PR AR AR (3R 5) .

BEAN ARSI M R I 7 7 B e SO X, G 214 Aol i AR B [ K i sl AR S fR il PR K i AR (R
ZIALHA 2 R OGN . e SR B L, O 173 ANl AR R K R AR R kPR e e AR A R 2 ]
IREA R ORSCHE . AT UL 70 B o g D DX (SR o i ) | R K (Rl R i i) iR, G R
AR, RV ISR BEBOR b IR T W, bR R K B AR A (R b R K iR AL ) B S 1) oy S LR A Ak B S
R KA (R PR ) RN B

x5 EMEKE(PTOT) 5EMMEMEKE (RI2mm) EAEKE (RIJAS) . BT & (R50mm) Z 8, PTOT T ZE (Qpror) 5 R12mm,RJJAS
R50mm ZEWZE(Q 1500 +Q pyjas ~Qnsomn ) Z EIHJ Pearson 8% R
Table 5 Pearson correlation coefficients between annual precipitation ( PTOT) and erosive rainfall (R12mm), flood season rainfall ( RJJAS)

and torrential rainfall (R50mm ), and between the change rate of PTOT (Qp;) and the change rates of RI2mm, RJJAS and R50mm ( Q

R12om > Q ryyas A0 Qg s )

. .IZ% PTOT/ PTOT/ PTOT/ Qpror/ Qoror” Ose Qoror” Qrsom Hzﬁfﬂl
Division no. R12mm RIJAS R50mm Q Ri2em No. of stations
I 0.982 a 0.788 a 0.725 a 0.780 a 0.772 a 0.1974d 66
I 0.960 a 0.964 a 0.623 a 0.727 a 0.509 b 0.244 ¢ 76
mm 0.990 a 1.000 a 0.840 ¢ 0.322 0.933 a 31
I\ 0.997 a 0.996 a 0.918 a 0.297 0.726 a -0.224 28
\ 0.966 a 0.995 a 0.236 0.653 ¢ 0.921b 13
LP 0.965 a 0.908 a 0.698 a 0.755 a 0.769 a 0.213 b 173
LPR 0.959 a 0.959 a 0.711 a 0.813 a 0.664 a 0.193 b 214

I 2V ,LP Al LPR & LR 1; AR EE a b c Al d 43 51380% @3 35 0,001 ,0. 01 ,0.05 F10. 10 E A5 K

3.2 ZE[Esr A

LIRS AR R AN K ER bR A A AR A A ) o 5 . EERIMAETTM AN SR AIR X S
G 3 NEEAIREX Z AR 225

WX 5 ANEERIREIDCORE B | XBYAERoK &5 HARMPER K & TUHROK Sl W a2 6], )R 28
bF 5 G = FH AR Z A A B, BT X558 T XKPEEEAR -2, R, 7S X IV IXHM
VX IEENR AR, FERIAEAE KR AR R 5 2 b M 5K AR A3 5l 5 R i A8 b 238 22 ] i A DG 1
SN B A R N AR R M N B SRR AR R Z AR e (R 5) . XD
— AT, BT X 55 3 X Z A B 22,

L b as a2 S g, HR PR LA A2 2%, mT B -5 2 0 2 AU 1 At 2 IXURT 45 DX ) 53 T e 559 AN [) A
Ko BRR B 4 i SRR X B K K PR R BT AR ZE XL, 1 7 0 28 XL 2 B AR i B A DX 3™ A 5 i
RV IXEEA A TR, BT LU AR AR R i e/ (241, Tmm) |, FEREZK AR AR 555 T R4S 11 X B
WANTE A I XANES VX PR A0 5 5 e S, AN R4 ) i 1 T 8 v i b IX P30 7K | e J %o <
e FZ M R A B G L, SR TV IX R K AR Ak an AN ], AR 7T BB 5 2R 30 2 R L B2 M8 /N A 6 T 465 TIT IXC AN
55V IX B A AL an A ], IUIAR BT 66 -5 7 7 e i 2 XU H B i e KA ¢
3.3 b 2 R R

AHGE KB, 7R 8t i R X T 50a AYAFREZK & AR il R K B AR 43l 5t i 8 RN B I 2 kb
EF GBS H 9. 9mm/10a F1 5. 9mm/10a, (HAZHAR R R & I BRI 2, RS + )5t i
50a FYAF R 7K Gt AR il itk R K it AR A 38 5 el 2 s/ i 3 i3 20 0 R 13. 4 mm/10a F1 8. 1mm/10a, U
KK Fb /D AT 3 3B IR K 7. 6mm/10a ; 2 1 f s/ D B RN 3%

A [ PR, T 1956—2002 AT (A7 A K B i A St /NI 38 Tt 44200 LR TR K A0 2 Tl 35
SRR, 23 () 22 5 0B B, WFSE B, [ 1961—2000 45 | MR8+ 25 S A AR R K B S S B [t 34, 38
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PP A AT TAESE A M AL IE
4 e
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