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Abstract

Chinese meteorological station data have limitations such as relatively short records (with signifi-
cant data gaps before 1951) and uneven spatial coverage (denser stations in the east but sparser in
the west), which hinder the study of decadal precipitation variability in China. This paper utilizes
the monthly average precipitation dataset of global land (TS3.22) from the Climatic Research Unit
(CRU) of the University of East Anglia, UK, with a resolution of 0.5° x 0.5° and a time span from Jan-
uary 1901 to December 2013; the monthly average precipitation dataset of global land from the
Global Precipitation Climatology Centre (GPCC) of the German Meteorological Service, with a reso-
lution of 0.5° x 0.5° and a time span from January 1901 to December 2010; as well as the monthly
precipitation data from 2782 stations in China, which are interpolated into grid data with a resolu-
tion of 0.5° x 0.5° and cover the time period from January 1901 to December 2013. Methods such as
trend analysis, wavelet analysis, Mann-Kendall mutation analysis, and power spectrum analysis are
employed to analyze the variation characteristics and laws of precipitation in different regions, aim-
ing to reveal the spatiotemporal variation characteristics of precipitation in China over the past
century. The results show that: 1) The precipitation trends in the CRU and GPCC datasets are basi-
cally consistent with those in the Chinese station data. 2) Precipitation in Northeast China and North
China has shown a linear upward trend over the past century, while that in Southwest China has
shown a linear downward trend. 3) Wavelet analysis indicates that there are periodic characteris-
tics of about 2~3 years and 22 years in Northeast China; about 1~2 years and 3 years in North China;
about 2 years in the Jiangnan region; and about 1~2 years and 2~4 years in Southwest China. 4) By
power spectrum analysis, there are periodic oscillations of precipitation in Northwest China, and
there is no significant periodic characteristic in the other regions of the precipitation in the north-
west of China. 5) The Z index reflects the drought degree of nearly one hundred years in each region.
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1. 518

HEGEIES E AR K EZ R EF L —, HAERFEN I E B AR A =m0, e N AT A 25
PAESIEEN . PEgiTE, Attt AR A AR R AU AR 2R T BLIA ] 600 AZPA E . ARAEAIR R EEH
SRRFH EAZ KM, oK, T8, KK, Himi R AL, Hrp R ek H R E P L Lk
FEMRRRKELZ—, Frglisik R, MR —MoX, H2EaRURRK R EZ bR 2K, FEK
BIZ DX MXRA AR BRI FOKELZ 2 MBIRY, BKkELD2GT5. bl o
50 H R B 2R DX P KR ) AR 2 Y 2 X 7 0 T SRR R [1]-[3] AEHEIR AT T, A BRAT
DA B K A AR T SRR R . TR FZ A T i 0 1 He R R 280K, /K AN M 3R 28 R IR AR A Bie 4 S Bt 32K
ISR A AR DR AT A SR KB R 28 BT 4l 5 KO8 ST TR AR . THRAR AR 2 M R 45
REW], TR TR R RE 100 43R E UG Fk X B AR PRI, (ESRIEAAFAEAR IR TR
X 2L RN, thn] DG BRI AR S 7R3 50 48, PHALPY Al 2 25 ARV /N K 2 1
INEATE L 2R 0 0 A X I K T PR R 25 X3 DA B 58 70 WY I T LAt 5 ek /K 388 oo s 2 K 7 i
SCHTTR; AEIL 20 4, FREBSEALES, RUE R S BN, (Rt S XSGR Ko, B K
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BN X A R AR S . TR E A W R AT ROy FERRK R N X, TR
FITHET, R T X e X AR EE[4] [5]-

SRR 6 TR AT I RS (1951 47 LA R UL IS R Bk 22 ) R 78 6 TR AN 350 50 (AR ol A2 4
VG 30 3y pi B /D) R A, AT [ B K AEARBR AR S ORI A . RIS 25 0 R B m Bk okl A RT3
2 o T AN ) X3RN [7) 27 v 6] 7K PR AR AR AE R o DRI ) P R 2 3 3 205 o 1) K B T B 7K e
P73~ H ] AR A K PR A 2 AR AL AL

4% NCC120 F1 CRU HA &Lt ml A1, R E BE/KAE 20 iR fEd, A BEMFARREN.
R CRU M MEE (AR LAZG 20 HZCHT LA KB /2. 1954 45, 1998 4. 1973 4. 1915 44
1911; RIFLAKRFEME: 1902 45, 1986 4F. 1929 . 1978 4EA1 1925 4 [6] [7]. M 80 AL+ HIFF4A,
BT BT A IR, P KA RN . AR B ST T R R b 75 0 D i DX el P 4 e /K B A 1A
AR, AR S X TR M A B X R . AR N FUR I, b X AR A K
B R UE AR PE AL X PR AR A R K, 20 DRI T R, 5 RS . 1900
ERPRFFEKRZ, 1910 FFAREUD . 1920~1940 FAREKEL L, 1946 F[F/KR % . TAE 1950~1960 FAL1%
KT BRI . 1970 FEFFKIR />, 1974 ik B (K. M 1980 AT a6 K 20 EFBE#H[7] [8].
HRAE CRU ¥ A1 28 A5 E R /K 41 Hhn] DAAS HH o 6] 2 3 3 X DY 2 /K R AR A RFAEAE i 100 4 I
F 75 FoAR &S . EARE, PR Z XIS AR IRTS, I B K&, SEZHhX A
1R, AVRRITLRE S BB, TR HARE ER[9] [10]. ZE EANA, bk E R KAk 5 TH R R %
M FRE AR X . Aoy PEAbHbIX, (R BT R BRI 7S o A SR B8 I 45 22 1l i B0 R AN
RN ] 1 800 S0 B S B = e <o) 7 G L O & 1 G T

2. BB ENR

ASCR| ¥ [E East Anglia K22 AT 78 H 0 (CRU) A ERBE B 0.5° % 0.5°, BFIA1EE A 1901 4E 1 ~2013
12 HREH PR KER A TS3.22 FIEE S 5 R4 Bk K <A .0 (Global Precipitation Climatology
Centre) & BRFfiHh 0.5° x 0.5°, WK 1901 45 1 H~2010 4 12 H 1iE H P K EdtE S5 E 2782 &
v, HE(EON 0.5 x 0.5°%% 55, ARG 1961 4F 1 H~2013 45 12 A 1R H K BRI LA MK ¥ /N ST
L RS ATRIRARE E AT 1) EEERKEEPR LR 2) 8T B & X F R K
Y., ES R Mann-Kendall 250 78 4 B K ST AR AL, #RoR AR 3) {38/ o AmEFn o e
TS IR E R KR AR 4) B TR Z 1830 i AR AN DX ) S 1 VO o

3. FERIXTEE

FEI3 T AR PR ARALARAE RS, 1565 CRU 1 GPCC WRHE 5rh[E G uli %oRMERTLL, 2RI IE {5
A b, e A E B KB 2 A AR RE

1A B R K SR E R (LA 1), GPCC fEKITLARFHIX . AL LA S b X 5 o [ & 3 7R
W4, T CRU 7EFEL . HAb LA R ARIb X 5cv &, WRp BTk AT 5 B8R &1, R & GPCC fEAH L CRU
LT A E G VORME . I 2 1550 20 40 il 20 4EAR 4 [H PR FEi; 20 20 20 FAREE B K b s
20 2 30 FALRZ W 7 1940 FARNIk 5 FAEE ) 17T 88 78 1960 2 J5, CRU.
GPCC FIH [E &5 FERIHLL, B EAREA—8, FIW A BIREG A IS E. 75 20 581,
WA B R TRE L, AR B & MR 0 A0 2 (A L e . 2R BRTR, FEAEP MK &
1, CRU 5 GPCC A [H &G ulf BRI &, (B(EAS —HE /2, 75 1901 4F % 1930 471X 30 4FH1, GPCC
MfEiZ KT CRU fME, HIEFE S —L 0.
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Figure 1. China’s annual precipitation climatology distribution. (a) CMA,; (b) GPCC; (c) CRU
1. PEFEASIESSME. (2) CMA; (b) GPCC; (c) CRU
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Figure 2. Anomalies of China’s annual average precipitation. Red—GPCC, Blue—CRU, Green—China Meteorological Sta-
tion data. The average value is based on the 1961~2010 climate average

& 2. hEFFEHMEKEET. L2—GPCC, Efa—CRU, Hffa—HEASILAR, B 1961~2010 F£FiE
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3.1. HEIEEFEKEFERREUFIEDH

X FES CRU Fl GPCC FF/K B RMEXT L. WLEE 3, GPCC $d 4 i P /K BERHE il X — [ 4b
TEARP) = A X, FEA S R X A 3, HBE AR R, ERIX AR N 4ERF/E 1901~1930 4EH,
7E 40 AL IZ T8/, PRIk 1901~1930 4E [ RE /K0 3 222% CRU #dE4E. PHALHLXAE 20 ey
80 F—H A T/DRIHA, £ 1990 )5 FE/KE Frighn: ARICLAL A —ilibeKER 7 20 4 30 44K, 50 4
fRLL K 1981~2000 4 (AR Z LLAL, AR BT MK b o Akt DXCRE AR S i > AN i 22 2 TR A
IR R I B S D B w2 IR TLRFHLIX Bk 20 20 30 EARAL TR ASS, /KA 7a 3 5
FE R HL X Bk 20 fH4d 10 AR 90 EARSL, BEAREARA T IRZ . 45 BRTR, —HFERERS T, FdbfiAR
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Figure 3. Spatial distribution of decadal precipitation in China. Columns 1 & 3: CRU data (1901~2013); Columns 2 & 4:
GPCC data (1901~2010). Top to bottom, left to right: Spatial distribution maps for each decade; Climatological mean baseline:
1961~2010

3. FEERFRMEKESHE: E—ME=5]E CRU (1901~2013); FE_FEMFIZ GPCC (1901~2010) M L& T,
NEBIEATHFE—NZE 274 E, B 1961~2010 FFLHHE

3.2. HEAE X8 a9 pEK 3 HHFAE 534

rp DT T AR R AR X I AR R, RO SOR R 0 R AN XORBEA T 0B (B 4) . PEALHBIX DL
F X T DA GPCC %Rl SR =M E X, B4 XIS B2 ik oo 220 B 1 B e Yo 1
m#E 1w
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Figure 4. Schematic diagram of regional division
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Table 1. Value ranges for regional division
# 1. Xk oETER

70 ]
I ARk 120°~135°E, 38°~56°N
11 ik 73°~98°E, 39°~50°N
I Lk 110°~12°0E, 34°~42°N
1\ ANEe) 110~123°E, 26°~34°N
A% L] 96°~108°E, 21°~28°N

3.2.1. BEREKEHBEE MK ZE)TH
B 5() T A1, ZRACHBIX R 1971~2000 FA A N EEHRIN, HRFEABERI N EAES, Fitk
I E S K AR B R IR LT, W MK 848K 56 B T DU H 1923 457 5 A 48 .

K 5(b) AT A1, CRU 23 20 A0 AT T80 N Reass, i 1911 42 J5 844k &%, 1986 4
Ja—NRAZ N 5 CRU BEEEA RN S, GPCC BERHE 1931~1961 AR R TR, M MK KL%
R DARIIE, HRAR L 1903 FE A, HRBAHE,

M 5(c) R LLE H, St X R K A I A AR5 R 2 it T R el vk LAHEaS, iR
HAEMRPRIIAAL . 2GS B DU 1901~1911 4F. 1931~1961 4F. 1991~2010 4F AN _ET-#a%,
1911~1930 4. 1961~1981 £E 4 L a4 . MK 8561570 M 9848 (R 4R 473 1944 4EHi )5 .

Pl 5(d) T %n, YLRgHLIX [ R ARt 2L T AEARPRAR 1 . 1901~1911 4F. 1931~1961 4. 1981~2000
SEA) [ P K A BRI N34, 1 1912~1930 £E. 1961~1981 4E LA K 2001 42 & i /K # & W i R &
FEa . VLR XA B R REA 2 1912 BTG, 78 1912 4E 2 J5 A FREHIRAS .,
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Figure 5. (a) Precipitation trend in northeastern China (MK); (b) Precipitation trend in northwestern China (MK); (c) Precip-
itation trend in north China (MK); (d) Precipitation trend in Jiangnan Region (MK); (e) Precipitation trend in southwest China
(MK). Left—CRU, Right—GPCC

& 5. (a) HRALMXPEKRTLIEE (MK E); (b) FAILHXFEKTUREE (MK E); (c) Lt XBEKHELBEE (MK ZE);
(d) IRt XPEKERIEE (MK 3E); () ARIMXMEEKTLETE(MK %), £—CRU, F—GPCC
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P N A A 1962 A A

3.2.2. BEMKEINESE

MANBE A HT IS5 R (OILIE 6), 30 F R v [ B /K AR AR A7 AE — 52 (0 R BARRAE, P 6(a) T An AR kit
XAFALE 2~3a A1 22a Ao Aq (1) A SAAREAE s PEALHE X /NE o i B e LUK B, CRU BERLEE S5 GPCC Bikl4E
M4 FIEA—E, GPCC FLRMEMLEF 2 2~4 F AL MFAAR L, 1 CRU BRHSE R 1~2 FEDL K 2~4
FEREARRA, SEHANEIEES TR T ICHIXE 2 44 1 BIEE; At XA 1~2 4/ 3 45
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(a) wavelet power spectrum with 5%sig
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Figure 6. Wavelet analysis plot, Left: CRU, Right: GPCC. (a) Northeastern; (b) Northwestern; (c) North China; (d) Jiangnan

region; (e) Southwest

E 6. JNESE, £: CRU, &: GPCC. (3) FRit; (b) Fdk; (c) &de; (d) iIF; (e) R

3.2.3. ThEES R

X % X A F K AT DR AT, A5 A R X S AR AR I . 15 7 () A AR B X Ty A4

SHTE, BCFEE m=22, 15 CRU BRMEM fUld TS, (HFEBIRAEA IR S . [ 7(b) A vE ki
X. B 7 m=25, CRU fl GPCC #HRHEM sm#fmd A, I HAHPIb X EKAEE 4~6 A4 1R
WIEY . It IXEL T m=19, [FFERA CRU FERMEM st TRIIGLL, (HJRi%A B3 0 A IIREE, W
EL7(c)o P 7(d)PEREHM X AT ES] 7(e) VTR HLIX 0 BIHL T m = 19 il m = 20, &5 R LR A~ X IR AN Bk}
SEARBAT I AG I A, B W 1 R RRAE

3.2.4. FEIRXIEEHTIFE
BT — I B P K B — O E AR IR IEZS 20 A, ARG AE B K B IR A Person 11 BY2pAR[3], oM
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3

p(X)=[Ar(r)] [(X-a)/p] e (1)

Figure 7. Centennial-scale precipitation power spectrum analysis across Chinese regions. Red—CRU (1901~2013), Green—
GPCC (1901~2010)
7. PERXEEERKINRIESHTE. 22E—CRU (1901~2013), %fa——GPCC (1901~2010)
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Co=F—s—d= 3)

2

ERTFE 0= 23 (X-X) X=I3 X, .

i=1
¥ Z ZRBHIES A2, R 7 NEHIFE HAHR Z SR, 1F &R,
T2 PR T RERE Z 1650 Whie s XIE0L 5 PRI R B 16 O -

Table 2. Drought-flood classification using Z-index

*® 2. L Z RIERISER

E3) Z1{a Byt
1 Z>1.645 B
2 1.037 <Z <1.645 K
3 0.842 < Z <11.037 7
4 -0.842<7<0.842 IR
5 -1.037<Z<-0.842 I 5
6 -1.645 <7 <-1.037 KE
7 Z<-1.645 R 5

8 mIAN, ZRACHLIXAE 20 20T 24 FERAC Fo i 5 AE, 7E 30 & 40 AN A R0 T IEHE, 1 1951
TEE 1965 A PRI AR Z , AL I TR AT, 5 IR AR AR TR A, fE 1988 4F
KA I T — B 4E; CRU il GPCC B ARMETUALHLX /M 45 I —3k,  7E 20 el 40 4%, W
ANGURMELE LRI R, B SPGALH X (i S % s RIbHRIX 20 A0 40 SEAREAE T4, 2k
I TR AL, TE 1951~1963 AE 7247 EKIE N,  HHEL T KPR B s i, 1963 4F2 5 —E F 1991 4
B il ABEE 2 [y /e il T IEH M, 76 20 tHhad AR M 21 ey E 248 TLthX T2
THOUREAR PG T KRBy, ey, s Ban TIEwE, XH&m TILm X A G R K w2 M EE, 78 20
20 20 AR LA S 60~80 FEARINJE TR PHRgHhIXTE 20 L RT 30 AR KEEA FET KB, HuksE
PRt B T K5, 7E 1958~1968 4L K 21 e Wb X & T 5445, B I T AR IIE L.

4, EipTEss

ASCRI T I 2500 9 2R A i K TR] K 2k} CRU, GPCC LA K H [ 2782 A & uliiZk A Bk Bk}, i
TR F AR AKRFAEREAT T 2. S5 SRR

1) CRU Hll GPCC kL5 Hh[H & il TRk /K a5 AW &, GPCC BRHE 20 4l 30 4EAXHT 5 CRU
2R K, FESE T GPCC 78 Ut X 11 57 3 A /K3 ik o

2) i E DX AR AR R AR A 5 0 3 (0 IXCHARRAE, BRI AR b b, b, VIR R G g 1 X 5y
Sl DX B A B K AR AR AR

3) ARAbAAEILHLIX T B AE B K R BT GPCC BURMEPE LI X 4G R %, 1fi CRU
FORL R 26 b SA TLRIH X BRI AA R, (HEA B3 AR GRIE; TR HhX 24
(KN SESR
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Figure 8. Annual grade values of Drought-Flood indices. Red—GPCC, Green—CRU
& 8. BiFEirMAESFRE. 4&—GPCC, f—CRU
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5) I ThRWE M, PHALH X FRIKAAAE 4~6 SRR IR, 8 XA 83 (0 A I RF 1k
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AR S i 7 s PG AL X HE AR i 2 B B IR WA, AE 1961 R 2 Ja Wi, A LeE o BB Mol 1T
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20 {20 50 AFACHRZ K2, BEAR KA, 1E 21 R0 1ass, mal rs.
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