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Compound dry-hot events on Qinghai-Tibet Plateau and their effects on vegetation / CHENG Yujia', ZHANG
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Jor Conservation and Development, Nanjing 210024 , China; 4. China Meteorological Administration Hydro-Meteorology Key
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Abstract; Based on the Copula function combined with the standardized precipitation index ( SPT) and the standardized
land surface temperature index ( SLTT), the compound dry-hot events index ( CDHI) was constructed to evaluate the
compound dry-hot events and applied to the Qinghai Tibet Plateau as an example. The spatiotemporal changes of drought
and high temperature in summer from 2000 to 2019 were investigated to explore the relative contribution of precipitation
and land surface temperature to the compound dry-hot events and the response of different vegetation types to the
compound dry-hot events. The results show that Gaussian Copula is the most appropriate distribution function for fitting
SPI and SLTI as well as CDHI and standardized enhanced vegetation index( SEVI). The summer dry-hot situation in the
study area shows a slight aggravation trend. Among the four vegetation types, the dry-hot situation in grasslands and
forests intensifies, and the dry-hot situation shows a spatial trend of slowing down in the north and worsening in the south.
The continuous increase in SLTI is the main reason for the aggravation of the severity of compound dry-hot events, with
the relative contribution differences of SPI and SLTI in farmland to CDHI changes are the largest, with values of 0. 71 and
0.29, respectively. The vegetation growth in the northeast is easily affected by compound dry-hot events, and farmland is
the most sensitive to compound dry-hot events.
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Fig.1 Location and land cover types of study area
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Fig.2 Temporal variations of SPI, SLTI and CDHI during the summer from 2000 to 2019

.55 .



FETF Sen F1 Mann-Kendall #7777, WM&
JCRUEWT5E E 2= CDHI 251k #4125 (8] 73 A1, 45
il 3 Frs (KL AR & TRy > B R
EREmME, AR ERR), IRKEET
PR iy ™ R R R AR S ARk 2 i S i A
P, BA TR AR W0 Y XA
TEWFFE DA PEALER | i AT 311 , 3k 6 IR ) A AR
RUPLE R Ry 2, BRI SR U, 7 R e R Y K S
HMF BB WAL 02 2 BRI 2 A T4
FLAFRY AR I, 2l R ) 5 b s, B kT
B R R ORI AR

-0.16 -0.08 0 0.08 0.16
E3 EZ CDHI ZHBEMZEI

Fig.3 Spatial distribution of summer CDHI variation trend
3.3 SPIFISLTI MESTFHREHTERETUN
FE %ot s ik FE

Pl 4 S5 2= SPT SLTI %t CDHI A4k A AR X B3 ik
&, T LA SPT AT SLTIT XA A+ #F4 A 52 i 72
JE, AU ZERFSE IX AL SPL X 424 T3 1 v i
TR ARSI 8 T SLTI, T SLITT X g 750 B 5% i) B
K. A E 3 AT R X E A T RS E R
Y DI = A FE RS AR, R W] SLTI I STk 7E L &

0 02 04 06 08 1.0
DOy N e — |

(b) SLTI X+ CDHI ZSALAY AR TEmk
El 4 XEZ= SPI 0 SLTI 5 CDHI U EIHESEE
Fig.4 Relative contribution of summer SPI and SLTI
to changes in CDHI

- 56 -

TR AR I b S, BIEE BT
A TR R A T A AR A RN

R T i — 2B AT AN [ A 28 R 7 35 b X SPT
SLTI AR At 52 & 1 A T 4 7™ 5 B 8 A2 Ak 1 4 X o
TR, XHRIF 5 DX R AN [ A 248 750 5 b DX %) A X6 B
LINER T =R S 1 E I A N =X N (T = o DO~
A T HREER 2 0 AR XT3 R, Ferffe Y SPLLSLTI
X CDHI 224k () AH X BT ik B2 22 531 B K, SP1 % CDHI
ASAR AR TR R 0. 71, SLTI K 0. 29 ; Ak LAY SPI
SLTI X§ CDHI 7% b 1) AH XF 5 ik B 22 1 fe /1, SP1 Al
SLTI % CDHI 72 4k i A6 BTk B2 3598 0. 50, X ]
A2 PR R R b S ) A AR R 3k, BB AE R IROIR 2
F Ky, B —E T 2 A BT AR R
B RANED AR R, BEACR AR BOK 43 1) 223
7RG R Uk,

A H

0.50

0.53
i A

® SPIXTCDHIAE AL AR DRk
© SLTIXF CDHIZEAK IR AR X BTk

B5 HREEAFEHBEERX SPIF1 SLTI X CDHI
T RIEN REEHE
Fig.5 Mean relative contributions of SPI and SLTI
in study area and different vegetation coverage

areas to CDHI changes

3.4 ESTHREAHMNEHRECRLHIMN

ARSCR F SEVI A H8 9 2R K1 B0 A9 1 A
HE, TR T IRE R R A I T A
KRS TG ZEET (T < -0.5) HBUE
KW (I < - 0.5) (I N SEVI {H) () 5114
FOERME 6 s, BA @ AR IX KL
BLTIFFE X ZRACER , 2 DR 70 2 T R A T 57
R I R A A P X, g A i ORE B
VERTAT AR A LG | KA 2 S BURE BTt ]
R RE B PRI ZE A 8 3 T e B K 4y
Pl FE— 2R SR R AR BT R R R Y )
I L, SRR A IR L, BUVATTT 3, X 2e 25 J4IE
52T AT AR L IR O 23 DX, B2 45 T I
SHER AR B Z TR AR AR S A AR DG, R 2 &



A TG R A I 2% XA 52 3958403 1 T g Pk
AR, Al Az 7= R B FSC B

EURIES
[ ee——

0 020406 08 1.0
B6 I.ys<-0.50Ig,<-0.50&EHE
Fig. 6 Conditional probability of I, < -0.5

when I < -0.5
K7 Nk M55 TR EI I DX R AN R R R
T e b DAL A A S B AR AR, R SR 20 i
AR (R, 20900 AR BIE, A N R EAR T 62
B, BEIXIMEN 0.38 4 FifE BRI RN 5
TR IR, SRR I EIA R 0. 55 ARt x5
B TR N RS , SRR II(E S 0. 29,

1.0
08F § B i
3 0.6 '
=

&* 0.4

A
-

omm
D
ooof---[ff -1

o . .
’ WX RE M R PEM
TIFFE X AN [ R e i I
E7 MRERAEEHRBEX Ipy < -0.5 B
I < —0.5 B M %
Fig.7 Conditional probability of I;,, < —0.5 when
Iy < —0.5 in study area and different vegetation

coverage areas
4 4 &

a. 5 Fh & EEBK A 43 1 SR 4L, Gaussian Copula
PRELALA SPI AT SLTI LA & CDHI A SEVI ff 45 52
s, PGB sREIOR A 2 CDHI IR 1 LR 58
AT IG5

b. B[] L, BARBIFGY X5 T2 AU 2 BRI
B RS2 SRR BRI, 2 A T IR S A
RO A4 PIREEE AR T B RO ) &
AT HREOUNE , RS R ZEM, =L, 26 TH
FEPF A 0 S BRI % v 0 A R B
2 A DX 3R A3 A A 5 X A P AL L

1A

c. BORFE ,SLTI B A TG/ E R
JER TS /N T SPL HH L KR ER THE S
TR AN 4 MO g AL R Y
SPI SLTI %} CDHI 28k () #H X BT ik B 22 0l e K, 43
B 0.71 F10. 29, FRHLA 2/, #1280, 50, X 22
5] BE SRR R R AR M A KRR AT

d. B4 TG 5T X AR A0 i A AR K
ABIEMW H 2 A TG R AR % XA S
ZRMA ; BEAN 4 FPAE B A e X E AT A
PN R, X — 2518 R R S A S T TR X R A
TGP AR R A B AR ST X R L R AR
ERREAAMELRE X,

SE Lk

[ 1] MAZDIYASNI O, AGHAKOUCHAK A. Substantial
increase in concurrent droughts and heatwaves in the
United States[ J]. Proceedings of the National Academy of
Sciences,2015,112(37) :11484-11489.

[ 2 ] HAO Z,HAO F,SINGH V P, et al. Statistical prediction of

the severity of compound dry-hot events based on El Nifio-

Southern Oscillation[ J ]. Journal of Hydrology,2019,572 .

243-250.

OB IR sk, 55 PR E R ST R

LA SERaH [ )], K FIK AR, 2021,52 (12) :90-98.

(WU Xinying, HAO Zengchao, ZHANG Xuan, et al.

—
W
[

Distribution and trends of compound hot and dry events
during summer in China [ J ]. Water Resources and
Hydropower Engineering, 2021, 52 (12 ): 90-98. (in
Chinese) )

MIRALLES D G, TEULING A J, VAN HEERWAARDEN

C C, et al. Mega-heatwave temperatures due to combined

~

soil desiccation and atmospheric heat accumulation[ J ].
Nature Geoscience,2014,7(5) :345-349.

[ 5] ZSCHEISCHLER J,WESTRA S,VAN DEN HURK B J, et
al. Future climate risk from compound events[ J]. Nature
Climate Change,2018,8(6) :469-477.

[ 6] WU X,HAO Z,ZHANG X, et al. Evaluation of severity
changes of compound dry and hot events in China based
on a multivariate multi-index approach [ J ]. Journal of
Hydrology,2020,583 . 124580.

[ 7 ] HAO Z,ZHANG X,SINGH V P, et al. Joint modeling of
precipitation and temperature under influences of El Nifio
Southern Oscillation for compound event evaluation and
prediction[ J |. Atmospheric Research,2020,245 ;105090.

[ 8] FANG W, HUANG S, HUANG G, et al. Copulas-based
risk analysis for inter-seasonal combinations of wet and dry

conditions under a changing climate [ J |. International

Journal of Climatology,2019,39(4) :2005-2021.
.57 .



[9] LI J, WANG Z, WU X, et al. A standardized index for

assessing sub-monthly compound dry and hot conditions
with application in China[ J]. Hydrology and Earth System
Sciences,2021,25(3) :1587-1601.

SRYR, /N R ST N AR R R T 4 A [7)
SR JRALE )], 5% ,2015,33(1) :1-18. (GUO
Ni, WANG Xiaoping. Advances and developing
opportunities in remote sensing of drought[ J]. Journal of
Arid Meteorology,2015,33(1) :1-18. (in Chinese) )
IG5 I, 4. T IR S TR R S
JEE[I]. KRR AL H A, 2020,51 (11) :3040. (HAO
Zengchao, HOU Aizhong, ZHANG Xuan, et al. Research
progresses and prospects of drought monitoring and
prediction [ J ]. Water Resources and Hydropower
Engineering,2020,51(11) :30-40. (in Chinese) )

e, BANVE, B35, % T RERIEEARH#ET].
S RHE #ERE 2020, 10 (3) : 10-20. (GUO Ni, WANG
Xiaoping, WANG Wei, et al. Review of drought monitoring
based on remote sensing technology [ J]. Advances in
Meteorological Science and Technology,2020,10(3) :10-
20. (in Chinese) )

TR, kL, K R 20012019 4R KT T iiEAR
Ml 52 S T R e R A BT [ 0] DR 2
WfE BB 2R, 2022, 47 (8): 1245-1256. ( YIN
Guoying, ZHANG Hongyan, ZHANG Liangpei. Remote
sensing monitoring of agricultural drought and vegetation
sensitivity analysis in the middle and lower reaches of
Yangtze River from 2001 to 2019 [ J ]. Geomatics and
Information Science of Wuhan University,2022,47 (8) .
1245-1256. (iin Chinese) )

[14] sz XLR, &8 B4 T80 UK B 2 5 )

Hortr [ 1], b E R B BE T, 2019, 34 (11) : 1264-
1273. (ZHANG Jianyun, LIU Jiufu, JIN Junliang, et al.
Evolution and trend of water resources in Qinghai-Tibet
Plateau[ J ]. Bulletin of Chinese Academy of Sciences,
2019,34(11) :1264-1273. (in Chinese) )

VEIEE, 5K 77 B, GRACE S A7 7 78 e St SO & A
T st oK AR A [T ] K BE IS K TR 2 4R,
2013,24 (1) :23-29. (XU Pengkun, ZHANG Wanchang.
Inversion of terrestrial water storage changes in recent years
for Qinghai-Tibetan Plateau and Yarlung Zangbo River
Basin by GRACE [ J]. Journal of Water Resources and
Water Engineering,2013,24(1) :23-29. (in Chinese) )
FEIRISE, SR, 7 H . 75 5 St R A g A
XEZ 9 2 DK B30 (9 5 i [ 1], 5 &R, 2008, 27
(1):19. (WANG Tongmei, WU Guoxiong, WAN Rijin.
Influence of the mechanical and thermal forcing of Tibetan
Plateau on the circulation of the Asian summer monsoon

area| J ]. Plateau Meteorology, 2008,27 (1):19. (in

- 58 -

[

[

[

[

[

[

[

Chinese) )
COUMOU D, ROBINSON A. Historic and future increase
in the global land area affected by monthly heat extremes
[ J]. Environmental Research Letters, 2013, 8
(3) :034018.
R B, BRI AT, S T BB R R
[J]. K EAR 47, 2021,37 (1) :36-45. (WU Zhiyong,
CHENG Dandan, HE Hai, et al. Research progress of
composite drought index|[ J]. Water Resources Protection,
2021,37(1) :3645. (in Chinese) )
LT R EAE IR, 2R T R 2
AR RA R AT [ ] AL AR K L 24 (AR
Bl R, 2020, 41 (5):1-9. (MA Mingwei, CHENG
Yujia, CUI Huijuan, et al. Multivariate characteristics of
streamflow drought at Tangnaihai station of the Yellow
River [ J ]. Journal of North China University of Water
Resources and Electric Power ( Natural Science Edition) ,
2020,41(5) :1-9. (in Chinese) )
SIS . Kb X RGOK SR T R RO T 5
PZ AR [ 1], K B B4R 41,2019, 35 (4) : 17-23. (SU
Xiaoling, LIANG Zheng. Meteorology-hydrology drought
index and spatial and temporal characteristics of drought
in Guanzhong area[ J |. Water Resources Protection, 2019,
35(4) :17-23. (in Chinese) )
MCKEE T B,DOESKEN N J,KLEIST J. The relationship
of drought frequency and duration to time scales[ C]//
Proceedings of the 8th Conference on Applied
Climatology. Anaheim: Colorado State Universty, 1993.
179-183.
GRINGORTEN I I. A plotting rule for extreme probability
paper[ J]. Journal of Geophysical Research,1963,68(3) :
813-814.
MANN H B. Nonparametric tests against trend [ J ].
Econometrica: Journal of the Econometric Society, 1945,
13(3) :245-259.
B gk, 3ka. 2T PDSI By 1982—2015 4EFRE S 4 T 5
SR B 2 A AT [ ] K BEIRAR,2020,36 (5) :50-
56. ( TAO Ran, ZHANG Ke. PDSI-based analysis of
characteristics and spatiotemporal changes of meteorological
drought in China from 1982 to 2015 J]. Water Resources
Protection,2020,36(5) :50-56. (in Chinese) )
SRS RETLAR sk, 45 P b h X i R K T 52 B 25 3
BREHRR T IR T RS m N [ 1], KRR,
2022,38 (1):3442. (SU Xiaoling, CHU Jiangdong,
ZHANG Te, et al. Spatio-temporal evolution trend of
groundwater drought and its dynamic response to
meteorological drought in Northwest China [ J]. Water
Resources Protection,2022,38 (1) :34-42. (in Chinese) )
(ki H #1:2022-08-21 St . 105)



