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The study of shrubland drought dynamics in China and its impacts on vegetation

growth

WANG Yalin®, DING Yi, HU Yan, CHEN Jing, FAN Wenwu
Chongqing Geomatics Center, Chongqing 401147, China

Abstract; Existing studies showed that a persistently increasing trend of aridity will dominate the global climate change in
the future. Shrubs, which are widely distributed in China, with their excellent drought resistance and tolerance may play
more important-roles in the global ecosystem function. In this study, we calculated a drought index ( Standardized
Precipitation Evapotranspiration Index, SPEl) to analyze shrubland drought dynamics in China from 1961 to 2013. We
found that the SPEI of shrublands in China decreased significantly and the trend was significantly changed in 1992,
indicating that shrublands in China experienced a persistent drought period that intensified in recent years. We also analyzed
the effects of SPEI variation on EVI ( Enhanced Vegetation Index, EVI), and found that different shrubland types
responded differently to SPEI variation. Summer SPEI affected high-cold desert, temperate desert, and temperate deciduous
EVI positively, but affected subalpine evergreen and subtropical evergreen EVI negatively. Temperate deciduous EVI
responded positively to spring SPEI, but negatively to autumn and winter SPEI. Furthermore, subtropical evergreen EVI was

also positively affected by autumn SPEI. In terms of location, the shrublands in Northern China were more sensitive to
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drought dynamics than shrublands in the South. Additionally, shrublands in the humid area of Southern China showed strong
drought resistance. Learning the response of shrublands EVI to drought dynamics will contribute to the understanding of

ecosystem process variation in the background of the global persistently increasing trend of aridity in the future.

Key Words:; shrub ecosystem; EVI; SPEI; drought
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Table 1 Temporal trends of China shrub ecosystems SPEI from 1961 to 2013

AR R AR Feti FALIHIZE LI PR AR
Shrub ccosystem type Change rate/ 107 SPEI o™ Turming point Change raleﬁbefol-e tu{nmg Change I-atie after turillng
point/107% SPEI a™" point/107% SPET a™"
DSRTHC -1.85""* 1989* 0.65 -4.727%*
DSRTTP -1.72 *** 1988 ** 1.02 -4.81"**
DCDSTP -1.38 *** 2009 -1.84**" 6.53 """
EVGNMT -0.51 * 2000 0.44 -5.93"*
DCDSMT -0.84 *** 1985 1.07* -2.15"**
EVGNST -0.92 *** 1998 -0.05 -4.22"**
CONTRY -1.40 *** 1992 *** 0.23 -4.33***

DSRTHC ; 5 FE T B A A, High-cold desert shrubland ; DSRTTP , i 417 72 35 A M A, Temperate desert shrubland ; DCDSTP , i 47 # -1
A, Temperate deciduous shrubland ; EVGNMT, WV 75 L1 % 4% ¥ K, Subalpine evergreen shrubland; DCDSMT, V. i 111 #% M- #£ A, Subalpine deciduous
shrubland ; EVGNST , 37 #4543 K | Subtropical evergreen shrubland; CONTRY , 2> [EI#£ A | Countrywide shrubland; © # *, © ** * F1¢ *** * S35t 3k
P<0.1, 0.05 #10.01
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Fig.1 Temporal trends of different shrub ecosystems SPEI from 1961 to 2013
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23R SPEI TEREAT AR AR bR 3, LR M RO SPEL FERE 3T ki LUJG BB AL a3
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2.2 ARIFEAREZ RS SPEI 1 EVI 1E 2001—2013 4 (8] 1728 1k a3

T MODIS-EVI $4 i e - H 9 REIE 3 21 2001 47, S T 208 EVI Xt SPEL A8 AL i B, 4% SC A [ s
] REERY SPEL JF 41 A E T 2001—2013 AEA9 5 7 50317 708 (3 2) o 6 FIEARIS A ks v it HE AR 1Y
SPEI LA 6.13x107% a™" ( P<0.05) FA)3 B i S5 30 0 , 2 WA T4 T IE A AR 25 R GU AR Wi AR T 10 10 00 o3 L
RN EZAHR , Lh-4.59x107% o' (Y3 1 25 TR SRIHEAE T 240, HAh, S FETREE A T B AR R
DL 30 5 SR IEA I SPET R34 52 T B A B 34, 17 0 737 LU 7% IS R 19 SPEL ) 522 386 o ) e 34, (R3OS (3
A E R EERE , hEREAL A RS SPEL 7 2001—2013 4E[E] L -1.88x 107 a™ (P>0.1) f3 i T [, B
EEAAE S REEAZH AT R, £ 2001—2013 420, 2 EFEAES RS EVI DL 1.01x107 a™' 1 (P<0.01)
PR P N R FETE A R R TR AR R IR AT VR I AR R SRR 9 EVI Y
BRI 1L SRR EVI R N 1R R EVE MBS B3

F2 HEEARESFRES 2001—2013 £ 8 SPEI #1 EVI BTk #5 5
Table 2 Temporal trends of China shrub ecosystems SPEI and EVI from 2001 to 2013

HEAREERG KM AEFRASALHR Annual change rate SPEI {125 {L# R Seasonal SPEI change rate/107%/a

Shrub ecosystem type EVI/1073/a SPEI/1072/a # Spring 2 Summer K Autumn £ Winter
DSRTHC 0.36 " -1.21 -2.72 1.17 1.09 -3.12
DSRTTP 0.55** -2.48 -6.20 2.50 -1.06 0.05
DCDSTP 1.89""" 6.13"" 4.87* 530" 5.02 -1.66
EVGNMT -0.64" -4.59" -2.28 -4.85 0.23 -3.43
DCDSMT -0.04 0.30 -2.48 1.00 0.79 -0.08
EVGNST 1.88""" -2.67 -2.03 -4.81"" 4.99 -5.68"
CONTRY 1.01 """ -1.88 -3.71 0.02 0.91 -1.77

L EVI SR BRI 735 47, Enhanced Vegetation Index; SPEI; 47 i fk [ 7K 7% B +8 %, Standardized Precipitation Evapotranspiration Index; “ * 7,
“ow T s 7 JPIRIR P<0.1.,0.05 F10.01

TEBEZ AGRATTE AR SPEL 52100, i Hfth 5 AR R SPEL WX SN a s, e85 % IR
VR RER SPEL I 345 (P<0.1) , E I F 28 E R SPEL W I 2 T B (P<0.05) , BLAk, PRIFR 5 B AR
A B IR T R LR SRBEAR WA R RS, G H SRVER SPET ZEARK 2R It 1 I(H AR 4 22 i 25 T %
T A LRSS B R (Y SPEL FEIX A ZE 1 0 & AR fa s, A ERF , SPEL £ 4 W1 247 I/
rkass B BRI MR R HERIAH] a=0.1 B R EFMIKT,

2.3 PEBEAREZZRSG SPEIAE 2001—2013 4E 6] 284k 4 301 23 6] 45 AL

L EMEALEZS RS0 1.04% 09 XY SPEL & 48 i, HL 2240 0 TR J5 i R X8 (22 3, /1 2) . T
SPEIL & 298/ NC TR AR LG Ry 1.88% , 0 A #E 2 B 48 LA K U )1 (%) VG e 8, =82 SR I 3 L S E A LA BT 34y
WERMEAR , SPEL WAMER B3 1 X3 Y 31.92% , H =240 i F AR L ARE LA I M 1K, T v/ IMEAS (g 3
FIHLIX (5 65.16% , H B 40 T4 PERE LA PG AU HBIX , SPET 4 #4125 18] 43 A5 435 AF 5 A [R] 9 A 2 A (14 78
AR IR I MOV 5

#3 HEEAKREDRL 2001—2013 £ 8 SPEI = @ BB ST ER
Table 3 Statistical results of China shrub ecosystem SPEI variation from 2001 to 2013
Theil-Sen ¥ 5rHT Mann-Kendall £;56 SPEI Ak #a3 AL /%
Theil-Sen slope analysis Mann-Kendall test SPEI trend Area percentage
>0 >1.96 LTES )| 1.04
>0 -1.96—1.96 NTE Sl 31.92
<0 -1.96—1.96 AN N 65.16
<0 <-1.96 )N 1.88
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Fig.2 Spatial distribution of China shrub ecosystem SPEI variation from 2001 to 2013
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DCDSMT, /& 111 7% H-# A , Subalpine deciduous shrubland ; EVGNST , MF #4443 £k A | Subtropical evergreen shrubland

3 g
3.1 hEEAESRG EVI X SPEL AL R

ARSCRF Z2 Je 2 vk RN B AR 2001—2013 4R [B]4EF-3 EVI 5452277 SPEL #4714, IFR15 1015 3R 4L
LA BT ZEST SPEL ARALXT EVI A5 (3 4) = FE R B A HE AR AT 7 B AR EVI 5 &2
Z) SPEI 2 IEAHSC , T HE 2 SPEI 35752 3% ik 34, 2 B L Jor 7 DX 3ok S22 Wb 1) 174 b 34, 505 A 01 1Ak 1) 7
K, AR AR EVI 5HEZSME 20 SPET 35 1IE A5, i 5 HAK A Z /) SPET B M5, I
L E SR EVI 52275 SPEL 9 A S5 RASRBAR IS 1 B EVI 19284k, B S 3500 = 1L 203K EVI 284k
FJRRIRZ | 4 1) T Sk ST BB AU HA 43 A, o] BB IS A7 76 25 oAb P X EVI A0 7= A2 T 5%
BN AZETE 5%, WG F SR EVI 5 HE 2 SPEI UM SE M 5 kZE0Y SPET IEAHG, WA # 4K E
7 SPEI {1 F ¢ B2 T H B IR T 5 MFK M BB B 28 AR AT 800, i T XA K B 7T
JE KA A SRR B A K A BR 1 T, LA, B K B /N B 2 s i Al DA Rl A K AR 5
AR T A AR K R SR R R R A S BT EVI BB, A, B R R B2 SPEI AY R F i H
B X EVI = A R AR 220 EVI 2 B EE R, O i TR ZEARTHE , MU A Ko
SR PTHE Y . W LLVE MR BV SPET YR AN B 535 1 AR fh ks 4, 0 3 I AH G 1

ASGAFETFHRITRIETTE T EVL 5 SPEL B [H] 7751 (4 AH 0 280, AT T4eih (25,8 3), EVI 5
SPEI 2 I & TR SCHUNFE SC A TR LR /N A5 500 R 1.33% 1 0.18% , T S AN 5 25 IEAH DG 1 L i e K, 3k
F] 55.00% , X Z 504 T 7, i dr i X A /D oA, & IEARSCHY LU Ry 14.17% , H F 20 A fE TR (1Y)
A6 75 (PR TEBEE AR LA SRR Vi AR ) o AN I 3 UM DG Y LU A hy 29.329% , HE =4 A TR A R (P Al
VR LAY P B SRR ) . s SR — R Uil T E R E S RS L T ER SRS
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XA BB . AL TT REAR A DA R K /DN 38 32 BK 3 T aE, DRt AR 4 A9 A A X R AR 8
& T R 77 B TRE AR DA e K B AR S A, K e AN S FEBR A PR3 3 25 9 L B A R AL AR

*4 EFHEVIEZT SPEIZTEEASH

Table 4 Regression coefficients of annual EVI on seasonal SPEI

AR R e SPEI %X SPEI coefficients/1072 EVI - a™' « SPEI™

Shrub ecosystem type Intercept % Spring X Summer K Autumn 4 Winter
DSRTHC 0.0711*** 0.18*
DSRTTP 0.0915 *** 0.54**
DCDSTP 0.3299 *** 0.44* 315 -0.83 " -0.63"*
EVGNMT 0.2743 *** -0.89 "
DCDSMT
EVGNST 0.4143 *** -1.00** 0.79*

Cat s T wnn  AYRIFER P<0.1, 0.05 F10.01

&R 5 EVI 5 SPEI B8] 51l Pearson 18X RE ST LR
Table 5 Pearson correlation coefficients of EVI and SPEI

Pearson F10CREL ARG R E 53 L/ %
Pearson correlation coefficients Correlation Area percentage
<-0.55 2 HURE G 1.33
-0.55<r<0 ENTE - 3i¥i:ES 29.32
=0 NS 0.18
0<r<0.55 ENTENWiBS 55.00
=0.55 2 IEAE G 14.17

r==0.55 XTI 5% (1) 5 Z K F

7 ) P R b X H SPET 48 (A 2l Nk 4, Hob DU 1| 5 25 7 58 Ak LA S 2 T 118 DR -t X G 0 1) 1
SPEIL /N fa# ([ 2) , X U B 7E 2001—2013 4F [B] % i X 52 8 35 19 48 T 5k 3 X 5 HoAth A B9 AF 52 45
BHIWAE ) ViR X A SPEL B8/, 52 2 B8 KR AR SPET 2/ N B0 PR B S EVI
BRI 3) , HABFFE 2 BT 500 v [ G R X A AR B A NPP g/ 24 3 1 B g D7 S b X f 9
38 R G T SRR EAA R T E A
3.2 PERERES RGN SPEI B

SPET i i 157K 73 P AR AS (B K - AR ZE 1) D 15 24 F- BB A2 B2 R R AE T 219 . SPEI<0 RN 1%
M IX KA /N T, 1% H X B APR A T 52 ; SPEL> 0 2878 3% M [X 7K 23 R T 48, 2% 4 X 57
BPRUURIEE . TP R4S RS SPEL A3 1961 ELIRAE 1992 FHEL T B E A MAE (% 1), M 1992
AR Z AT AN 3 L TR RS AR o i 3 R R A I R E A E AR A S RS TR X S TR E A R
IREESHAR—F T8 6 FORTF M AR ISR | U 1S 94 I E R (9 SPET 78 2001—2013 4 [R] 5 & 2 (1 34 fin
fkass (2 2) , HEMNF-1 B8 ETHEIR T 0, R B H R T 5RRES A BRI EARAS, IRAaE AT 5
3 B R A R TR A AR A I AR R A E R e B A ) T 5 R 2 R R A T D 2 ]
TG, i 2 TN BE N TE AR T T b S AL

0T D 2 R A S R GE R BRAR IR, AT LA a5 AR A 04 06 B VR R L AR S R G PR B i
DAL NEE(Net Ecosystem Exchange, NEE) IR A B R G RRIE R AN, TR RES ] Kk
G B B ARBETS Y DL R B & AUEE N )42 A B i AR 28 R ARG I . S ERMIHEAY NPP 7E 2001—
2010 AF[A] [ 5L 8 3 NIRRT i BOAE B T R A2 0 T L NPP 3 R W, Bl 4 A
M R G BRI AS BORRVE ™ TEAR AR A R GE BT R B X T SR A ST MR A R R A BRAR R T SR 0 A9 7
eI B eSS RGP R EEE .,
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Fig.3 Spatial distribution of Pearson correlation coefficients between EVI and SPEI
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TRARB, 7F 1961—2013 4E 1], P EEARLE S ARG AASERE R BEN T 2EE I EAARRIEARES RS
RADRE MR B EN T REE X5 itk R T , T 2k ™ & 1) % — 8, AR SGAFIH
Gy BERAE MBI SPEL B[R F S HEAT T 2087, DA AR 6 B ek s, 2 EEALE SRS
PIFP SR AR AR ZS RGN SPEL Y76 1990 A BT AGIN 2 7 8 3 69T A, S MUR B3 i 38 i 34445 4y
WER TGS X SR ER P OBRAAE 1990 FACHE T RAF A —F, 78 2001—2013 4E[H], AR R
ARG SPEI fE e ERUE L2 T REREE X T AR S RGO UL, BRI % MR 1 SPEL 3834 hn sk
Hoax 5 FEAR LS RGN SPEL Y2 FREBEH (E200T & I H AR B ) |

ASCEFE T ARIFEARLERRS EVI X SPEL Z2ALAgm 1y, 25 R o, s LA AR RS EVI X SPEL 1Y
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