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Abstract Based on the observation and reanalysis data during 1961-2014, the spatial and
temporal features of the dry and wet changes in summer and autumn in Northwest China (35<
50N, 75<°95<) are investigated. We examine the contribution of evapotranspiration and
precipitation to the linear trend of dryness and wetness. Meanwhile, the large-scale atmospheric
circulations and water vapor budget related to interdecadal characteristics of dryness and wetness
are analyzed. Results show that the drought variability in summer and autumn in Northwest China
is the largest in the four seasons, and these two seasons are the highest probability of drought.
However, there was a significant increasing trend of wetness in Northwest China from 1961 to
2014, in which evapotranspiration and precipitation play a significant role in the upwards trend in
humidity over Northwest China. The increase in precipitation and the decrease in
evapotranspiration both positively contribute to the trend of wetness in Northwest China. The total
contribution rate of the two trends is 93.4% in summer and 67.5% in autumn. The interdecadal
shift from dry to wet happened in summer and autumn around 1987 over Northwest China. Since
1987, the interdecadal humidification was mainly affected by changes in evapotranspiration and
precipitation over Northwest China in summer. The decrease in evapotranspiration has a positive
contribution to the humidification of the area, which is caused by the decrease in surface wind
speed. The anomalous convergence of water vapor transport flux has led to an increase in
precipitation in Northwest China. The water vapor diagnostic analysis further shows that the
increase in precipitation mainly comes from the enhancement of local evaporation, with a

contribution rate of 80%, indicating that local evaporation is an essential source of water vapor
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for precipitation. In addition, the summer water vapor advection term is positive (that is, water
vapor flux convergence is strengthened), which has a positive contribution to the increase in
precipitation. This contribution is mainly caused by the dynamic component related to wind speed.
In comparison, the decrease in net radiation flux and surface wind speed simultaneously led to a
decrease in evapotranspiration in Northwest China in autumn after 1987, which caused
interdecadal humidification in the region.
Keywords: trends and interdecadal changes of dryness and wetness in Northwest China; trend and
decadal; cause; contribution of evapotranspiration and precipitation; water vapor budget
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BUR IR RAA L TR i w (IPCC) S/NIRPHGIRTE (AR6) f5ii, 2006~2015 41
6], Pt P4 L 1850~1999 F Ml 1.63 $RICHEE, BIREELFEHMIR., TR
e A I R RGN (IPCC, 2021) o A [ PEAL Az T BRIV KRG g, 2 [E )+ 5 4
X, XT4eBRAFREIEHHUK (Chen et al., 2012; Huang et al., 2017) o H1T B AS 2 A0 P& R 55
R, FEMXE S RKATE (Dai, 2011a) « FRAREFEHOUK. TEVRUL. LB A
IR, 0T A N2 B T RS SR B LN (He et al., 2014) o (Klit, B
TG AL X B TR AR AL SRR, AT I s oy =52 9 35 0 ) g B2, k) X3 B 2 gk o
HAEEE L.

AR HER, PETREMX QUL T RE L. HHEXE (2002) &#K5E
St T VH AL DX IR R A s B BRI A U O, B R R A RO LA TR . B
SLIEAE (2004) o3#r 1 PEAET R XA ZFA TR H0E 50 F LIRS . SRS
(2011) FIFIIBIEFEEO0T T T 1960~2009 4 P4 b H X 124 1 TR ASALRFALE, A ILPE 1L
DBRAT IR (A S, JF H 1987 fFELIORIBIEIE W RN, Liu et al. (2013) 5
1960~2010 “EPudLbX TR AR E#E T, WAL RREZLES . Yang et al.
(2021) 45iHBEAE 20 el 90 EARPUALIE X A /K E3G I, VO AL A< &0 M X Hh g+ [m) g e
LV, FL b O PE AL BRI E 1 sk B K TR B TR . AR, e T BN B AN,
PG AL X (AR TR ST A 0 4+ . Long et al. (2018) FET-hruEAb K oy BE-F i £t 78 &
Bl 1948~2010 4 P46 V4 UM H1BR T R RIR L A R AR AN L. 5Kk 5% (2007) i 7>
H 1953~2003 4F- PG AL H X M1 /R BT R4 40 (PDSD 4R, LA 100 LAVE 1 76 AL 76 34t [X 2L
G-I
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BExr BTG IEH DCIT 50 4F I THE A K IG DIFKRF 4, Huang et al. (2019) MAUf R
G ARSI A B4R T AR AR Y R o PR A& RNk A (2009) HIF 98 & Wb KT
VEVEBN . ALEERAN N X2 B A 5 1958~2002 4F 5 25 74 b 4 7K F) 78 98 4% i 1715 Bk
Fo WPHEIFG PSR R B P ALt X B ILE R B P R, AR B g
2y, WAL PG AL M X K38 I, I FLURS 1) R 7 52 28 XU T i B o B K SR ¥t 5 5 1 T
REJEA (Zhao et al., 2014) . Li and Ma (2018) Hff 70 K BLEN B AT 12 ) KV FBIBA IR
ST R HIX 1991 4 H R KFEARBR R EZFE K . Li et al. (20160 &I 1987
GRS | vie AR & 5 ) | K RTITE (S S R A=) R R e S o e = DG R R A i S
Zhu et al. (2019) F&H SH /R 1L PHZE R RS 1987 4R AL HA X FEK & H AR A BR AR 0 25 VA
Ko BFFCIERIN, 16 1961~1986 FFEMAR], AIHIAC . F =Rt i BB v By iV 2 T 12 v
I B0 e R ORI P AL X 2R ROK s TMTE 1986~~2015 4EMAT], BRIk 3
SEHT A ZE JE /R JE Wi-F 7 W 2 ARG IR (Huang etal., 2011) .

T RFEEERR T BTSRRI PR ARk, E R T B /K RIS 76 28 B2 IR 467 1) B
XS (Shuttleworth, 1993; Dai, 2011b) . fE+FaiFFHIX, FEAKMIRE N RIS
5y 5 e K SO FE IR 1235 48 4k (Gan, 2000; Ma et al., 2004) . ZEHUE & /KAEIAH — AN 2 (1)
WMEI, EL4EE T RAFTRMIEFRM, R ET R R X x50 — A HE
RPNz =2 0l ) S S W N G 1) /= o R i = iy e T R St 7 g o2
Wi, CAT RT3 B 1955~~2008 4 [ 7K B 1 0 A 28 i kD 1) i [R]4F FH L R] 3 S0 b X ()
TR B FTEM (Huo etal., 2013) o {HE T 70 JbHh DX V8 7E 28 B AR (0 A7 7E — S0 08 J& 45
Wo —FM AN PEALHL X I A& SR TE BT ZE 40 2 I R %y, Hop XU 2 3 B ]
% (Thomas, 2000; Song et al., 2010; Yinetal., 2010) . Wangetal. (2020) %t 1960~2017
TR A R 78 ORI R 7K 1 SRR BT T iRk, % 3O IR TR AR AR e /K o 18 ot e A8 il i 1
%, FECTRX HIREES . B S AREETE 20 (a0 90 ARSI RN
A, IR X TR E 2N (Dong et al., 2020; Li et al., 2013) . M, Li
et al. (2013b) WFFLR I VAL VU AR X IS AE AR AR LA 1993 F e i, HBE NEHENE
# EJt. 1993 fERTHIR NGE A AL fE TR K B PR RS EER: e 1993 £ )5,
AR EE e/« il R XU ) T e HIKTH 1 1 T R ), S BUTE 28 R A

BRI TPGAL X TR AR A B 7T, IR BRI 2= (AN, S50 T4,
AR 3800 2 B AL B /K B I 2K B B VT A R AR A A oIk . R, AR SCEEXS P AL
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SR B AL Z8 ORI AR PE AL 3 X IR AL VB S5 R TR, A0 2 48 7= 28 UM P K AR A o)
VHAbH 1987 5 ARIR I, A Bl T S AR s A G G X R AR A ) A R

2 BHRMTTIE

2. 1 BIERIE

KH 0.250.25 T3 HE A (FkE s BORL, 1Z4% sUBORMEE T P [ 2400 b (FULIN Bk, {3 A RE
PIEITLVE, HAERAEET 0 A S 2R (REREEAR, 2013)  (BUNERR
CN05.1) o HASZRT UMA) #2455 FEFH M AaRkiE H R %EE (JRAB5) , %
HAREERIK- 2 HEE N 1.25<1.25% FEH = /E A 1~1000hPa #£ 37 Z (Kobayashi et al.,
2015; Harada et al., 2016) . MLHUA B2 EBRILER B 1961~2014 4, JRREH S WLk
PEHR(E 9 2.59R 5HINFER .,

Palmer T4 (PDSI) 2 M4 LI ) B /KRG FSE it fr) /K B P S b A, %5
TKG T ERANRFEE AR 3, S T RTIR AR TR E R (Palmer, 1965;
Burke and Brown, 2008; Rind et al., 1990) . PDSI §EW 5 & . vEM A F E L7 T5
FUURE CTAESE, 2004) o NEEAFRIRAFEARIX I 2 (8 1) PDSI {H, Wells et al.
(2004) X iZfa#itiT V1217, & 7 BRI Palmer + 5454 (scPDSI) , Jf1d ]
Penman-Monteith J7 #2317 1R 2 B /M, 1Z TR S TS IR XGE RS20 (Allen et
al., 1998) . scPDSI #8¥im 7 a5 Al b, FEAEH] 1 S SEhR Mg A SR Al i, M2
T HAE RS SR EHME (Van et al., 2006) o« AU Palmer TS50
KJST Dai et al. (2004) fh5EHI43k PDSI M mifidls, JSME1E00 scPDSI 4L, 28 7 %
N 2535 £k PDSI HUE Fr i) HBEH R 1 iR,
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Table 1 Palmer index vs. dryness/wetness grads.
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221 BEE
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1998)
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0 A+y(1+0.34U,)

(1)

H ETy WS HEMZERE (mmd™ 5 A NREKSEHERE (kPa°C™ ; R,
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HEMAFT AR (AR, B G ~0) ; y NBEWHK (kPa°C™Y) ; T, AH
TR (°C) 5 Uy &2 2m sl RGE (ms™h

2.2.2 BHATTERER
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(3)

A Sy, & RBUEZRE RC,, /2 W ) 75 HiCE A B K B sR 542 B O A X A2 4

Trend, M |ave|, 73R NZRE. KBS TR R MRS LTI

XF scPDSI XA %A X (BIZABEEAM KR BURE, R A28 A

BEZ A RFR&ME SR, NTHE RS 250~ =8 (Saltelli and Marivoet, 1990;
Helton., 1993; McCuen, 2010) :

bio-X'
Sy, = L
Xi oY

(4)
Hr og, Moy HHRFFMAZE X; CETy 8 Pre ) MfmiiAE®8 Y (scPDSI) [prife
%, by FoR Y MM T X; MBHRE. o8 18 Tk ST E N BV B E ME, 2
RIS Xy FY AT K-/ N AU ALEE

2.2.3 KR Wi #r
N T ANRZKIRZART DAL X 8 TR AR S A Tk, A TH AT RS0 73 STions i
I 3] 2 1) B K AR AL B A G 2, RS TR 2 KIRISZ U7 #E (Trenberth and

Guillemot, 1995)

P'=E—<@0,q >—-<wdqg>—<V, Vg >-<V, -V,q">+8 (5
Hrh PRI E IR RBKENEER, qRHE, V, RACTER, <> Fom MM s
EHMEERS . —< 80,q" > F —< '8, >4 BUETEE KT B H ) H3h 1%
B FRE, —< V, Vg > M —<V, -Vaq' > 5 0FmAKEKECE IR 2 )

DI TR BRI S AR S TR A 2 A SS B R T .
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3 AR FENKFTIRKIP LR S F K B 28R BIAR X 5Tk
Xt 1961~2014 4 6~11 f°1-¥J scPDSI 47 REOF 73fi#, & 2 FI AT 10 4> REOF HFik
(A X T2 scPDSI L 7 22 DTk R AN RATTIRR , R 2208 61.8%. ARG 1 pos—4H
A TR JAT 1) B (B o A gy, DABREE B ) il 0.1 B 3E R K-F Pr B & B3G9 7y X AR
¥, BE THILHIX (35°60N, 75°95F).
%% 211961~2014 41 [E 6~11 H7¥ scPDSI ) REOF Jie % 24 o) &% £ 77 22 11 5Tk 2 Fll R AR BTk %
Table 2 Contribution and cumulative contribution of REOF rotated eigenvectors to the average scPDSI in China

from June to November during 1961-2014.

FE 1 2 3 4 5 6 7 8 9 10

TIRAE(%) 136% 69% 46% 55% 4.9% 55% 64% 43% 62% 3.9%
REOF
ES A
136% 205% 251% 30.6% 355% 41.0% 47.4% 517% 57.9% 61.8%
(%)

6-11 ts1 .Reg. pdsi_ano 13.6%
55°N
45°N 1
35°N 1
25°N 1
15°N r r r I N —
70°E 80°E 90°E  100°E  110°E  120°E  130°E 140°E

RN T T T T T T TT T T T T
-0.8 0.6 -04 -02 0.0 02 04 06 038

Kl 1 1961~2014 41 6~11 1) scPDSI () REOF 5 — s X HURFAIE 7] & 25 (B 43 Al o 41 fidonilid 0.1
5 2 K
Fig 1 Spatial distribution of REOF first mode eigenvectors to the average scPDSI in China from June to November
during 1961-2014. The dotted areas indicate significant at 0.1 significance level.
Kl 2 /& 1961~2014 FFHALHIX AN ZE TS scPDSI 4R bz k2 2 (1] /A . B 2
AL, DYASZESTH T R EObR e 22 2 A ) AT B AR — 2, (HAEAN =5 ARk 2240 B 22 18] 7
Az AR B IE X PO Z T R R DL 40° N O FRECR I 1 &

FIdLZSE, 40° N LUIEHLIX () scPDSI EL R AR, HARME A OEMEE /R B, R/AMERTE
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FiJ9 0.8~1.4. 1 40° N UAgHX scPDSI S E 8 iy, B8 ARG R R mE
O, RRZBHRAESE 32~3.4 Za. SHEFWHLL, HEKENTRELERER. Hi,
HE, TRAAREKAEALT B BRI VG S A AR X, o RAE 70 ik F) 3.2 A
3.4, METRRRRENEN A E EFFEA B, (HPGAR LG DORZR S X 5 KB Y5
# 3.4, LAEREIPEICH X R T TR A 5 KA TR BIASCE 20 e L
o X AR TR AR .

(a) MAM scpdsi_std {by JUA scpdsi_std
EER] i‘ ; 5N
5N + AN ﬁ
e a0k B E e 'z ke
N N
11214168 2 22242628 3 32 112141518 2 2224 2628 3 32

{¢) SON scpdsi_std (d} DJF scpdsi_std

mw ﬁ ﬁN
A5 AN
' e

H0'E urE
11314168 2 222426038 3 3%

2 1961~2014 A A Z= PG ALH X scPDSI e =R A E 7). (a) FF; (b) B (o) HF; (d)
KT
Fig.2 Spatial distribution of scPDSI standard deviation in Northwest China in four seasons during 1961-2014: (a)
spring; (b) summer; (c) autumn; (d) winter.

Kl 34 1961~2014 FEKEFILHLIX scPDSI T F4RE Lt m o mE . #hik
WIXEZE (& 3a) MtkZE (K 3b) TFIaHUR A A AR — 2, BARARI
BEIRAI L&Y, HEREACh A X AL, R b X AR ) 2 P 2 i i
0.05 BE MK, KEMIE T X5 (2002) faHivEdbE 20 tHhad 80 K LLRIF UGBS
. EREOKARREBAKETE  NHE, P EEARMTRREANEE, TREEE
Hetitn) e f KisF] 1.8/10a LA E. 5EZEMEL, KEEPILHX R E R X i mD>, TR
AL A R AE 0.1/10a~1. 8/10a 2 [H].
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GU'C su°C o0°C

IR TTTTTTIT T TTT T IR T T T TTTTT T TT
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Bl 31961~2014 4F (a) HZFM (b) FZFEFILHLIX scPDSI FZk kst 2= il o4 ($hL: decade. T 4%
Foriit 0.05 i AT
Fig.3 Spatial distribution of (a) summer and (b) autumn scPDSI linear trend in Northwest China during 1961-2014
(units: decade™). The dotted areas indicate significant at 0.05 significance level.

PDSI fa ¥z 21288 K. LR EEAARR YA 7520 (Dai et al., 2004). {HH
TR AR IR B LA RS, ASCK RO e R, AR AR . KRR
HERTX 1961~2014 FPHALHX scPDSI R EK ML S KHbES TR . W& 4a
fis, EEZ, PHALHIX A BCE N T I8N KR A TRy 43.2%, [EKEH
50.2%, —FHITERFANILE] 93.4%; FKF (K 4b) ZABEMTIE N 426%, FFEKEN
24.9%, —FHTTBRFAIN 67.5%, —HFHTTERALE 0K, HILERY, £EFH XK
LRI, ZRHCE AR K B BTk G R SRR . 0 TSR AR AR
A, ZEBTERHZ D XK AR I 1) TTRR B K

BE— 2553 50l 43 AT P Ak [X B R AR R B K A ZS ORI 2R e 34 8 10 (B 4e AT D,
KMEZE (K 4c) PEILHLIX Z&HUEA BE WD s, HoT 2 Ml 348 (A0 % -0.05
mm/10a, i 0.05 R MK, I PE AL X 2% AR D 2 X TR AR 2k ke 34 2L
FIETTHR . B RRK R IR SR et ss, Py K225y 0.02 mm/10a, 76k
b DX 2RV 3 AR VR A TE TR DR bk B G A X AR B ) S 3 U R R K I
I, PR RE 2 54 4E BASE IR . A (B 4d), ZEEURE TR AR (LR N-
0.03 mm/10a, lid 0.05 LFEMAKT. MHKERKERMLEIEEAEED, WHBTZEE.
PRI, KR 3 R AR BORE A I8D 3 B0E L IX s K AR 3
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K 41961~2014 4 (a) HZFAN (b) FKEFPUALHIX DXP 2 LGB ZN scPDSI FEEHI A 3 stk
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Fig.4 Relative contribution rates of meteorological elements to the scPDSI over northwestern China during 1961-
2014 in (a) summer and (b) autumn (units: %); Linear trend of elements over northwestern China during 1961-
2014 in (c) summer and (d) autumn (units: mm d- decade™). The dotted areas indicate significant at 0.05

significance level.
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A ZEMIRKZE IR A PR AL B B2 B A

K 5a. b2 1961~2014 FHEFMFKTEFGALIIX X BT scPDST FaEUMI AL, A
5a Fl b AT, TCIBEAKZE, scPDST 5\ 2 I hni 3 - A7 AE TR AR AAPR R AR AL .
20 T4t 80 FEAKMIZAT scPDST Z NHE, PEALHIX 5 K AET5, ZJ5 scPDST R
AR IEAE, IERT R BUE AL 1.0 BLE, bt X Ab T RIEp B .

FIFFERPRRARE L M-K 71k, 3% 1961~2014 4F fidbth X 5 = F1#kZ scPDSI T
FH B 8] 78T R (B 5e. &) o Bl 5¢ Fl d 1 UF AR5 scPDSI #4821
FrgiitithZk, UB Jy scPDSI fe i Frgeit sk, JEgnE &Mk, ZHa=0.05, I

Rk U =4196 . \E 5cHl dFrfLLAEE, TiEILEZMKZE, UF 5 UB L&A T
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P 51961~2014 4F (a) HZFA (b) KFEFILHIX scPDSI 45 Hnf (8] &1L/ 7 51 1961~2014 4F (c)
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Fig.5 Evolution of the scPDSI over northwestern China in summer (a) and autumn (b) from 1961 to 2014

Significant test for decadal mutation by Mann-Kendall test in summer (c) and autumn (d) during 1961-2014. The
dotted line in (c, d) represents @ = 0.05 significant level, respectively.
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Fig.6 The decadal-anomaly evapotranspiration over Northwest China in (a) summer and (b) autumn between 1988-
2014 and 1961-1986 (units: m d%). (c) Same as (a), but for precipitation (units: m d%). (d, e) Same as (a, b), but for
surface wind speed (units: m s?). (f) Same as (b), but for net radiation (units: W m). Dotted area represents
passing 99% significant test.
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