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Abstract: Under the influence of global warming, drought events are becoming more frequent in China. Moreover, the
dividing line between China’s semi-arid and semi-humid areas has generally moved southward in the past half-century, and
the arid area had an increasing trend. Thus, understanding the trend of drought change in China is of great significance for
protection of the regionally ecological environment. Based on the GLASS dataset and ERA5-Land data, the characteristics of
drought events ( drought duration, drought severity, drought intensity, etc.) were explored from 1982 to 2018 at different
timescales (SPEI-1, SPEI-3, SPEI-6 and SPEI-12) using run theory and multiple linear regression model. Then, the
changing trend of vegetation productivity was investigated in the study. Further study revealed the cumulative effect of
drought on vegetation change. The results showed that severe drought was observed in Xinjiang, the Qinghai-Tibet Plateau
and southeast China based on drought indicators at multiple timescales, while mild drought or no drought was identified in

most of central and eastern China. Drought events with high severity and long duration have occurred in Xinjiang; The
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drought intensity in the Qinghai-Tibet Plateau is relatively high; In southeast China, there are fewer drought events, but
their severity and intensity are higher. The overall vegetation productivity of China improved from 1982 to 2018. The areas
with significant improvement were mainly distributed in the central China, while the areas with significant degradation were
concentrated in the southeastern China, the Inner Mongolia and southern Tibet. A positive correlation between vegetation
and drought was investigated in most areas of China, especially in the arid and semi-arid zones. With the increase in
vegetation coverage, the correlation between vegetation and short-term drought increased. The correlation between vegetation
and drought at the short-term timescale increased gradually from the arid area to the humid area. Drought at the medium
timescale of SPEI-6 had the significantly cumulative impact on vegetation with slight changes, whereas drought at the long-
term timescale of SPEI-12 had the strongest cumulative impact on vegetation with significant changes. Most of the impacts of
drought on vegetation in China are cumulative. For example, Inner Mongolia, located in the northeastern part of the semi-
arid region, has a close relationship between vegetation degradation and medium-term drought. Vegetation in the Qinghai-
Tibet Plateau is sensitive to long-term drought, which is not only affected by precipitation, but also by ice and snow melt
water in the early stage and frozen soil freezing and thawing. This study will help to deeply understand the cumulative impact
of drought on vegetation and improve the effectiveness of vegetation degradation prevention and control measures. This paper

can provide the scientific basis for achieving the land degradation neutrality initiative.

Key Words:; drought event; vegetation change; SPEI; run theory; China
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Fig.1 Distribution maps of dry and wet zones and land cover types in China

1.2 5l

1.2.1 NPP %

ARG A 7 1 2 MR AG R 1) FE BTG B R AR S R G T Ral kR i BB T8 45, Homf
FEAR AR XA A S e A A S R A T AR P NPP B SOk IR T R R R AR RS
HHBE 77 5 (Global LAnd Surface Satellite, GLASS) , GLASS % 2 3 T~ 22 Y5 3 BB 5 Hb 1) 52 0 45 5 e T 15
B A I BP0 | G B 1 SR S = Y ARFGT R IR 1982—2018 4R NPP 45 , i B0 7T
FHER R BB B8 W0 (hitp :// www. geodata.cn/ ) 3RH

http ; //www.ecologica.cn



19 4 XU A5 AT 40 AR P E SRR B R AR AR AL R 7939

1.2.2 ERAS5-Land

ERAS-Land Y B B o4 K 74 7.0 ( European Centre for Medium-Range Weather Forecasts, ECMWF) |
JETE ERAS HIC0 3t 1 Xt i by DX 3 a4 7 2B AP0 A 130 B M i 42 | HL2 ) 43 B i3 F ERAS Y (0.1°x
0.1°) . ERAS-Land (i[RI G- BE30 1 h, %46 2R IRt A0K ISR 7 . ERAS-Land 048 R4 ECMWE [
¥k (https : //www.ecmwf.int/ en/forecasts/ dataset/ ecmwf-reanalysis-v5 ) , 1% 545 45 00 5 SR L W 7 28 80Uk LU K %
KA A FE B IO P iR K S I E 28 UK BUIE THAE SPEL T 4685k,
123 T REEERE

HR B VR TR 2R R A KA 35 2 B B 22 5, B Antonio Trabucco LA 1 km f 25 [ 43 FE T B4 21 AT 5t
VY HHT 2B SR T AR B AL B HE R S X HEA TR 43 AR I 5T A X Rl TR 4k
K TR (A1<0.03) , F54(0.03<A1<0.2) , 7 (0.2<AI<0.5) , 118 (0.5<A1 < 0.65) R iE (Al>
0.65),
1.2.4 LRI R4

M) FH S F R AT K S5y ( ESA) #2438 (https : //maps. elie.ucl.ac.be/CCl/viewer/) , H AVHRR ,SPOT il
MERIS $U ik A% R A T RAF A Tt A0 4%, B BER MR L O 7 ORI 43 3 30— B0, ) XLk
SR NPP & | oA PR A S48 BOSds 82 61T 0. 1 F0 R AR, LAPUAC ERAS-Land #a%E
1.3 Rk
1.3.1  FriEfbREKzZEHUL 7648 SPEL

SPEI H4& Z I ] RUBE JHA S AR R B 25 (] AT etk | TRl S8 oK SR R E 2R L, BRI A
SCAETT SRR SRR FAA T, ZEHC SPEL 15458, i 1982—2018 4F ERAS-Land $dliit5 i 4
AN ] R (SPEI-1,SPEI-3 SPEI-6 SPEI-12) RUSRHEALIE K 28 UL F8 5, IF i AR RE B SPELRIRR T
B8 A e SR AR R R il () B[] RUBE T LA [) RUBE B4~ B —AME 14, SPEL- 1 524 A BY{E, 1) SPEI-3
2 H L e Z B A i BBUE . HHETE NIMIFTE 2 BOR IHZA8 80, Z2 W [B]RUEE SPEL AT AL i1 R AE T 5445
fiF, R BRSBTS

SPEI + SR8 BT e 2P IR T .

B, TR (P,) SIEZEHUK (PET,) Z2EITR, WA(1) .

D, =P, -PET, (1)

K, m R0, D, Fm5E m A WREK 51Z A M TEZE R 2ZH., D, &8t 7R 704 A REE#K 53 ok
FEBARNHEIR S D, >0, WK 5 H AL TR RS 102 D, <0, BEHT 5 H AL T T R rpRE

HWR 4 D, R BORE IR RUBE (B A ) R EE T 20, Ban 44 & BE R 6 A A REER, H 2 72
WAH(2),

{ D RIS YL R ! @)
2

ertm = Z ;n:m_kH D, ., if m =k
U, X, FORWEZEHCR (PET,) SHOK (P,) TE kA H IR T RUE E55 n 48 m 00 BUIMH

AT K8 TmA A, KT 22Xt D, RIESE AT PRI AL B, K3 Vicente-Serrano' ™ 45, i FHl Log-
logistic A3 BRI D, ENMESAThREL AL PR s ﬂ‘f_@ﬂﬁ%ﬂ/é&fﬁ( 3).

o Al
F(X)=[1+(X_7) } (3)
b, By MRERIE JEAR AL ESE A LTS 3 S R A (4) —(8) .
o= X (-F)D, (4)

http ; //www.ecologica.cn



7940 xR 43 4

m — 0.35
Fo="y (5)
_ 2w, - w,
B_6w1—a)0—6w2 (6)
-2
o= (‘”01 w1)ﬁl (7
F(l ; j r(l - j
B B
vy=w,-al'(1 +1/8)T(1 -1/B8) (8)
Krf, T(B) & B 1 gamma 7311 BREL, 0, 0, .0, FREIETF I D, M IIEUERE
BJm, 58 SPEL A LA (9) —(11) .
p=1-F(x) (9)
_{«/ —2lnp if p=<0.5 (10)
J/=2In(1-p)  if  p>05

C, + Cw + Cow”
SPEI = w - . ; (11)
1 +dw + dyw +dyw

A, €, =2.515517,C,=0.802853,C,=0.010328 , d, = 1.432788 ,d, =0.189269 Fil d, =0.001308, LI K%k
F1F Vicente-Serrano " 25 _

—MAE LT AN T RUBE Y SPET B X T 5 sl S5 A AN R A SUER . AEARTF S, a0 e % 1 4>
H 34H .6 4~ HA 12 4~ H R RJE () SPEI {H ( SPEI- 1 ,SPEI-3 SPEI-6 SPEI- 12) kiR yr 119 6 359 . sp by
KT R FARE
1.3.2 e

TS Yevjevich ™ $H  BLE B 2 W 1T 2 WU T AR i . — AW 35 76 i 1] 7 51
R S Q1 R (A =R R T i (= N1 =1 i =0 R 29153 o T A i =0 [ R E S i
iR, MG McKee' " S50 R R 00 58 SO, ARRFFE 8 S LR =AM bR 1@ — R TR 348 25, SPET {H#54k
<0; FoR  TERRZ/INT 0 WIIH] SPEL SAFLEIT T =2 /> H 5 )5, SPEL fe/IME <— 1, AHEE T w9 BE 1Y T 534
FREE B ARR FE T R RIS XA A DA SO M A2 S R GRSl ks, BRI, ZEAS SO i B 5 50 B — IR
B/MA<-1 BFRZERE =2 A A et B 2 $dR 17— R S EEARE

BT WA IS A T R R E SGEGOTH AT T BRSO AR, T AR AL HE . T R 4r4t
A 8] ( Drought Duration, DD) /5 & ( Drought Severity, DS) T 55% & ( Drought Intensity, DI) 5 [a]f&
( Drought Interval, DIV ) #1152 K% ( Drought Times, DT), T4 [ F5 40 T+ FRE T MRt RHC R, B
FEIIREF RV S 25 A ) 22 [ 0 A 8, T2 E B4R T 255 -5 H SPEL 2 {E i) 4a % i, WA X
(12), TRRERETRFAMEE SPEL HAFHE, & TR EE S T 2R R HE, WA (13)

DD

DS =Y |SPEL | (12)
i=1
DD
Y, " |SPEL|
DD

1.3.3 B2 RHMHOC Rk
FETLMERNE L BRI G ARL  ARLRE R P A g i B 25 B A 3, B2 bR iy 1155
UUR N
WS kx-S xS
Slope = (14)

mY (XD

http ; //www.ecologica.cn



19 4 XU A5 AT 40 AR P E SRR B R AR AR AL R 7941

1.0
.1
3 FFHI ] W] ORI
£ ost ! | i
" Ak—ﬂlﬁ;ﬁémra s
% % | | |
®: °
&2 |
# S '
R8 05p Sy 0787777777777
g2 TR
B KU i
&
= -
= 1.5F
T e
g
2] -2.0 L L L L L )
5 10 15 20 25 30
It 1] Time/H

B2 EFHEERPNTREEGREBEREEM

Fig.2 Diagram of drought event and its characteristics based on the Run theory [+
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