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Fig. I Location of Central Asia (CA)




540 H % % | % i 37

1.2 EHERIR

PEFE CRU TS4.04, 1ERAT B AR RS o IE /K AT PR DT BC ish 23 AR L St o 180t
LW T XA AT, i) L 1931—2019 4, Fir ik UK SR 56 TR 760 45 [
KL CEERR . BTEZERL, B RIR . SRR RS .
1.3 ARF*E
1.3.1 KIFFE 2K

{50l SR X AR S TR E A R VE A B A I, AR AR 3 R TR IR ) DX A
BRREEMG, Hrh RS, M K R, IR — A A
I8 BOKPCEA OC R IR T, TR — DA IR Te bR, HASRAE X SR PR 2
VR AR TEbR, TR XIS #EEM:; LT UK IO, R AR RS
JET DI K I, R ORI e )y, RAEAK S .

PRI K AR AR Epi e SCh

k=TxSD/100 (1)

Krp: k AKIFRFEEC (°C - mm); T FoRFERFR BT S0  (°C) 5 SD KT
() RO WK 5 RN R 28 2, FIEK BT . k>0, NAKEUEEOEEX, 1t
AP KRS, XK DT EC A GY, HAERRR, AKINVCECERGS; k<0, SAZKIVERFR R (E
X, KI5, K FRDCEC A AT o 02 XA D R K, B 2 FCIR AR B X el iR A
B, WTIEY, SEUKMTRICH R 2, Hoafn o ERk K DT e e A ™ i . K $S
BAEAN BT TR FAE g o2 P A B A 1

ARSCHE DR TR A b, 4 T 2 ROBE KRR E . 2215 K 0B H DX 3R 1k
FE, IR AR B AR A KIERFE BT PN A R T X /K g I
VERCRRRELFIR, (A9 RBNRAI . R AR 0T T 27 % I8 2= K L e 4444, I
I, AR SOKIRICECHE bR o 2 1 K AFFE B, AP K IABUE S KBS EOEMEIX, R IEiX
X IR AV EC A AR 30T s B SR IMA X, ZRAFIZ X SR PRI e 25 4 25
1.3.2 B R

UM R AL TR T AR, SRIBCEL AR (] RUBE R /K AR T8 50RE X A8 b 12 [|] A7k
PA R AR B B JC A HUAE

A$=hmAM{§ﬁ]x(2j (2)
A SRR FHUSEREG v, KA T Av, Tl Ak 435K AR 728 b
IKIAEHE R, S, A0 EROR, P EUBPEROR, IE S R i e fASEE R
1.3.3 BFadrnik
B A HT s BRI RBUEE, S R, Sen #HY, Pertit 587K 50", B
SN R FEEF FH DA R SR AR A Ak B b as (S EPIRAS T K IE F AR AR b #a 3
A ) R SR I TS A PR AR PR At (] 37— JC T, A6 45 7K 3R S A ) 2%
R AKAFFE AR R AT 5 Sen R FH LR 25 R K ADC R YA AL R, 5>0, Fom
T, b<0, FIRBEHETRE, b=0, FIRTCEBAE; Pertit K5 NI P2 K 55, 1%
TP AT B EEARTES S04, AT LI S i P A A s 58 A8 6 8 . Hh SR 32, Sen
R, Pettit Kr 335 0 56T 25 A OB AT, Sk 21 @=0.05 .



248 Wobkbk 2. K B DE RO S AU A 541

2 iR

2.1 FTHIKIRITE B 4FE
2.1.1 KDL A [R] 53 A
ZAEF N K AFFE s B A (F2) BHMT KA EL A R8s (B R AE R 5 2257,
HZE (3-57) AKMBUSEOEAE X AR sl | /- Brilda | iGpR s inn
B[t N =115 QD & RTINS P N s R el o Wi | i 0 VN A S 3] .
138.61 mm LA I [RIAH IEAE X AR BRI AR A 2, AFSIRAE-11.79~6.71 °CZ [A] . X Ik
FEZRHURAR, (K F 2R AR T I e 258, B 28 155.67 mm v Tt 1L b ;
FE X KRB EL A -21.16 °C - mm, 4345 THOERGHE, & FIRKAREX, PR
KH76.24 mm, RINEFNETEAEBR AKX, ZAETHSEN 8.34 °C, WHIEZE U = il ik
422.49 mm.

" =1 =) Cor /o : GS(2016)1666
ﬁfﬁ)ﬂwg%@omm e * f;ﬁmﬂ*ﬂ BuCCmm) e

B 0 —mg XEgm 0 S0km 1861 — gk XEgm 0 S00km

>z

K51 i L A : 25 GS(2016)1666%
Bk AP COmm) TR OS00161666% D T R
wr 9.66 e A wr 3.96 N

B 5395 —pg FEgm 0 S00km B 560 — gy 2Egm 0 S00km

2 19312019 4 1 K AFHEE 1R

Fig. 2 Distribution of seasonal water-thermal product index over Central Asia in 1931-2019
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Fig. 3 Anomalies and accumulated anomalies of seasonal water-thermal product index over Central Asia in 1931-2019
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Fig. 4 Distribution of seasonal water-thermal product index of climate inclination rate over Central Asia in 1931-2019
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Fig. 7 Distribution of annual water-thermal product index of climate inclination rate and
Sen slope over Central Asia in 1931-2019
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Table 1 Climate sensitivity coefficient

FeREUEIE RS PR GRBIRIE RS ORISR R R e R R AL

TR W bR ¥ifi b2 ¥ brifie2z HfE P22
# (3-5H) -0.96 1.35 2.03 1.43 0.22 0.37 -0.53 0.49
" (6-8H) -0.38 0.24 3.16 2.08 0.34 1.37 -0.57 2.68
# (9-11H) -1.00 1.24 1.72 1.88 -0.09 2.56 0.84 3.00
& (REWHE2H) 075 1.13 0.73 2.73 0.37 1.42 0.26 2.98
4 -1.10 1.34 1.20 1.72 0.97 0.36 -0.92 0.57

P, ARFEA ZE K AR BB A FIRE K AR L AT — 8k, HAAZEROK F2MURE +, BUK
PERECK 0.75; A HHERE TR EUEYE R B M IEE, FARET R, Kk
BUHeE LT, AP RBURE AR 22 5, W 2K Es H06 - F- <R R 7 el
fURk, FURPE RECK 3.16, ARG EON - AR A R T USRS AR
MURME ZRIE R . B AFWRERNE ., WRHEME, RESE LT, KRB -
Fhash, REPUBRERECH A, trfEZEER, BUSMEZS B ZERER . FEAAE R RUE
T, IR IR A R AR BB L) = S HUSRPER T X AR U E R A
A HERAERE FRE, KR LT, KRB PGS A m
Z, IR T, KIRFRERECE BT DX AR R AR A B TR RO BN
T PR T, BT DR, SRR, sk SRS £ fh i 3 5 Uk A
TR, fEHF. BEEAFRE L, BPESER T fEREMZ, 380N ARK,

BT AN U R R 004 (E19) : Rk ESUEE R B SHERE LS BE R . =
JE LI E S, BRAEZ 0 A e 0 2 N i b DX, AR R AR X
AT 94% H IV X 5k Sk A K A SRR X, BRI, K INERER BORAIG, AKHRDTE 2k (AR 22,
IR R BN -1.54, HUBME R BON IEEIX o E R, (HAA GRS i
AR R B2 SR R B -0.56, A TR ILNLBKEI , Il 97% X 8 <,
MUK IEAEIX o SRS E B 20 45 1 A8 Ak R 2 PUA I g A i, (H AR S 3R A< T A
AL ARG T R SRR B 5 AR AU 2R 5002 (8] 43 A0 B B K R 3 R B
85T, DX K ARG X AR st S 2 () S e /N, SR vl v o DO AR it A
fed R, XU E AU X R 20 Tradiblx, LRGN,

X444 R T U E R B AT (10), Al K R H8 B0 1k T B U < A
7 Ry XIS, 5 EE 45.76%, I RUERE R AL RHE S 1.61, 434 TARES X 5k ;
HRR IR, A H31.89%, P3RSt RELLXE N 2.25, 7046 T 4 Sy 1 e i
T 5 SRR A 32 B R T DX b 17.65%, ST S0 ME R B4 XHE Dk 1.03,
SERTER LR —7 s e SR BRI T X b, RO R, O
PR m . IR RS A R I T AN 2 T 2R A28 1E, HARBIA R M
HR, XK IRICE A AR E 2%

3 g

3.1 &it
ARICMKPERA EAL M &, BT IRUKFFE B oE, 21 T =W KGRI 8, i



24

Wobkbk 2. K B DE RO S AU A

547

&l

PR SR R Ak

m <4 e D B ds LSO
w150 m>0 — gk 2E mm

IS GS(2016)16665  H AR FEIRNS il

[ ]

S AT UM R A 0 500 km
m<0 @0~1 m=m1~2 e
m=2~3 >3 — JRgk —- [

&S GS(2016)1666Y5 [ SRR Witk

i

SRR T AR R B 0 500 km

m<0 =0~1 =1~2 N 25
=23 m>3 — gk = EHS

FE S GS(2016)1666% [ SRFEIETR Witk
d .

A

r
e R R 0 500km

E<0 @E@0~1 @12 e K
m2-3 m>3 — Rk — EHA

FE S GS(2016)1666% [ SRFEIETR Witk

B9 HR o R T AR s 18] A

Fig. 9 Spatial distribution of climate sensitivity coefficient over Central Asia

IKIABFIRI T R AL, B E Z Ry
%, AR A R OR PILBE A RS
15301, BB K FADC R A DX 2% 5 S i e
e, SERUBIERE, H—L RN
MK FRDE BE 2 AN - e

(1) =3 (8] b A7 7E K DTS 2% 1R AR X
8o IKPVERCAEAFOLH X I Z oA T Pl e
2 Rl R, Anig s se i AL R AR
e, R I—WAR A m R B AT B X5
DK BT P DX 22 A1 T v S R AR T
B, DARPRSIRER . TR F A& 1
2R Z W T LA, HAA RN T A A7

F U T ‘ 0

500 km
= ok m PR .
| ORTSE W SRR — R ER

B GS(2016)16665 [ 4R TS Witk

K10 F U RN 122 [ A
Fig. 10 Spatial distribution of dominant sensitive factor
over Central Asia

FEAEH, JKARIEFEPEH X 22 AR K R EIX R 28 BURE XA UK X E A
IR AVCECAEIE X I 2 o [RITEAE 28 BOR IR RHELIX, KR, (R Rk A e A5 F

DL N R GRARAE DS, Bk {E X

(2) IPIERUEE b PO KR BHIRVC RCAFTE 2 5, Ak P K IR RE 26 PRREAF, &Ik

2, BEEg:, HEEERNy: il E R vl

W, ZEHUERE, HEEKR R R E

TR RO, KEUKRICIE A 2 s 23 n KBk EZ, BUamg, &
BUKIMCEC AN GS s FRMKEROKE L, FHAHEE ) . AR IR T 31k



548 H % % | % i 37

B, PR XK RS KA i, KDL 5 s 2R KA DC i 45 (R4 PR AR A A7 A
5o SRR DX S K ST R AR BRAR AL B ORI 5, 4 K A DT g Ea 338 s i
BER /N AR, XK I IC FC AR AR A 2, A . K AT ECRERT [A] 2 5
BB . TEAEPR R I, AP BRL P 3AAE A R 1970—1995 4F, /K ADTHL F5 1 f
U5 1996 45, AKMBUFE BUEF S T, HK IR A8 3k A 75 1971—1980 4,
1990—2000 4F,

(3) XA KIS SR I T Bk, T REMAE X 0 A TR s, BBk K
PRI B FAE RO A A —8hE, &2 IRER/ N fEmsd . mlRmilbx, 7K
PARFE B U E SR 7 Z oK 55 R ERETHE, KR E02E T X R K ik
PEVES, P RMUSRER I, Hor WA 2 R R R AR T RSB &
L g R DX 3oxs) b i i AR AR R R . 45 R T KBRS B A SRR TR A A E 25 5%
wh . BRAFERE L, PSR, ERRENZE, TS HUSERE T RRK
3.2 itig

X E AR R il K B8 R i, H AR A 58 TR K AR IR DC I ¢ 3R S b
ek, BARGRAYSEPRE Lo VK PR DT D 5 2R b —PU R A I 3, AR SR
UORTRASFRAR . B TR VDU, K AT IR I A 3 DX R K B 5 DG i 2 A DX 0
BESER; ERWHF Fra5E s 6K S TR B AT, RO HHEIE o R IR A
b, ZFE/NA . KSR ENAZAEY), MITER B s i, KB ERAL, K
ATRPRIC R 22, ORI TR, (TR, SMEEEM/NE ; 1E0Prkl
PRVCEC T 22 S ] LUK IR, BB s I b SRk SIS fe sy, PR feAeolb Fhda
BFE] b, MR EIC IR 2 R AR/ NAE 5 AR KRR R I X, T . B
FEXE A BRI, 355 S ST R AR T AR AL 2505 LR B, (L IX IR
TR E ARG PR VT BC e A 0 PO R R, 2% 5 ST IE RN 4 A S Y DI
WEAf bR

TEREREAATE ST, WK AP KA AR B S o vp I R A e B3 I
Fuw, KGR, AR LIRS T, KICE SR R, X SR g
=P R EBEINEE, s Al T K K, R AR EIEL T, IR T X8
JRIAT BT R P K 5K 5 KBS B A A A 2, R R ST X AR L T K
PUCECAFIR, EAEHAOKIF L, KBS BRI BB . annd 5% s 73E B At
BB I 90 AF /K IEAE B R R, AKADCEL S NI, (HIXIERE LA, R yEYE
HIXA mALBE s My Ko, FmER KRR L, TR AEHE B0 XK 4
VERE S5 AT AN RE A A K AT IR L 25 AR AL O ME—FE B, TR A9 12 1 DXl i 7K P
e S NN A

TKINFHE K] 23 22 SR I L T K PSR I 23 Al 2R, RIS FEAE AR X 7K FROZE I T
BCPLFA DN St ] B o /K AT PRVCIC S5 32 KA AR B 2, XK A5 s I L
ARz 25, EAEARRIE T REE, AS[E]ZS A7 BT K G IR DG A 45 AR fh i 5 R R
BAANNE, SBOARSIE RS, HESTRRZH = Tk, Fh vk ICE 50
AR A, TR 555,

S % 3 ik (References):
[1] TEIXEIRA E I, FISCHER G, VAN VELTHUIZEN H, et al. Global hot-spots of heat stress on agricultural crops due to



248 L0179 NI P A ) & 2 N UM L R (NG O A 549

climate change. Agricultural and Forest Meteorology, 2013, 170: 206-215.

[2] BRI A AR AT PG b 5 XK G B 52 ma HLE 5 K % e 2. b R JERE L2, 2015, 17(2): 15-21. [CHEN Y
N. Impacts of climate change on the water cycle mechanism and water resources security in the arid region of Northwest
China. China Basic Science, 2015, 17(2): 15-21.]

[3] GUO H, ANMING B, FELIX N, et al. Space-time characterization of drought events and their impacts on vegetation in
Central Asia. Journal of Hydrology, 2018, 564: 1165-1178.

(4] BUZsil, T, 1992—2015 4% i i [l 4 38 5 5 28 BUAAR L. JB 324, 2019, 74(7): 1292-1304. [RUAN H W,
YU J J. Changes in land cover and evapotranspiration in the five Central Asian countries from 1992 to 2015. Acta Geo-
graphica Sinica, 2019, 74(7): 1292-1304.]

[S] ZHANG M, CHEN Y N, SHEN Y J, et al. Changes of precipitation extremes in arid Central Asia. Quaternary Interna-
tional, 2017, 436: 16-27.

[6] Bl X7k, W, 45, 1961—2010 48 i [5] Fif /K i 25 8 LA AR Boxd i 3% TR AR BLRE . H AR BRI 3, 2019, 34
(11): 2440-2453. [CHEN J, LIU Y J, PAN T, et al. Spatiotemporal variation of precipitation in China and its impact on
surface dry-wet conditions during 1961-2010. Journal of Natural Resources, 2019, 34(11): 2440-2453.]

(7] 2Bk, ZEWEZR, BB, 5. 75U BRI U AL Ay S B B U . F AR T IR2741, 2019, 34(7): 1496-1505. [LI
L, LI X D, XIAO R X, et al. The heterogeneity of climate change and its genesis in the Northeastern Qinghai-Tibet Pla-
teau. Journal of Natural Resources, 2019, 34(7): 1496-1505.]

[8] VEMLAR, EVLIN, ZeF2, &5, MY il T 5 DX L PN K FATT IE 5 A ) A HATE B PE 47, T 5 IXIFSE, 2019, 36(1):
52-57. [PAN X D, WANG J L, WU L, et al. Adaptability of biology and agricultural technologies to the water-heat coor-
dination in the arid oases in Central Asia. Arid Zone Research, 2019, 36(1): 52-57.]

(9] i, ffd, sI . HhBRA: 2522 AT B AR RO CHON IR, R4 2577431k, 2004, 28(6): 853-861. [MENG M, NI J,
ZHANG Z G. Aridity index and its applications in geo-ecological study. Chinese Journal of Plant Ecology, 2004, 28(6):
853-861.]

[10] &K, Ph, B2l e, TR X QI st . s pERb 43t |, 2011, 30(1): 17-26. [MAO F, SUN H, YANG H L. Re-
search progress in dry/wet climate zoning. Progress in Geography, 2011, 30(1): 17-26.]

[11] HOLDRIDGE L R. Determination of world plant formations from simple climatic data. Science, 1947, 105(2727): 367-368.

[12] BUDYKO M H. Climate and Life. New York: Academic Press, 1974.

[13] KIMURAR, LIU Y, TAKAYAMA N, et al. Matsuoka. Heat and water balances of the bare soil surface and the potential
distribution of vegetation in the Loess Plateau, China. Journal of Arid Environments, 2005, 63(2): 439-457.

[14] LIUM X, XU X N, ALEXANDER Y. New drought index indicates that land surface changes might have enhanced dry-
ing tendencies over the Loess Plateau. Ecological Indicators, 2018, 89: 716-724.

[15] B, PMER. /K POEATIE R AR, HiF2Ed, 1979, 34(2): 169-178. [CUL Q W, SUN 'Y J. On the correlative equa-
tion of the heat and water balance. Acta Geographica Sinica, 1979, 34(2): 169-178.]

[16] Mt skATINT. K PR RO A4 5 SO v [E RS S OC R TS P RS R 241, 1997, 39(12): 1147-1159.
[NI J, ZHANG X S. Estimation of water and thermal product index and its application to the study of vegetation-cli-
mate interaction in China. Acta Botanica Sinica, 1997, 39(12): 1147-1159.]

[17] SR rhlr il DR /K - BE IR IT HE K R T 3 DXRIE 5. Abat: i R RR Bt %, 2019. [CHAL C H. Research on
matching characteristics and utilization zoning of agricultural water and land resources in Central Asia. Beijing: Univer-
sity of Chinese Academy of Sciences, 2019.]

[18] LI W, LI C G, LIU X F, et al. Analysis of spatial-temporal variation in NPP based on hydrothermal conditions in the
Lancang-Mekong River Basin from 2000 to 2014. Environmental Monitoring and Assessment, 2018, 190(6): 321-336.

[19] BEVEN K A. Sensitivity analysis of the Penman-Monteith actual evapotranspiration estimates. Journal of Hydrology,
1979, 44(3): 169-190.

[20] RAO A R, BHATTACHARYA D. Hypothesis testing for long-term memory in hydrologic series. Journal of Hydrology,
1999, 216(3): 183-196.

[21] HARRIS L, OSBORN T J, JONES P, et al. Version 4 of the CRU TS monthly high-resolution gridded multivariate cli-
mate dataset. Scientific Data, 2020, 109: 7-25.



550 H % % | % i 37

The matching characteristics and sensitivity analysis based on the
water-thermal product index for the water and thermal resources
in Central Asia
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Xinjiang, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Based on the water- thermal product index and the reanalysis data for the period
1931-2019 obtained from Climatic Research Unit (CRU), we examined the matching spatial
characteristics and temporal variation trends of the water and thermal resources in Central Asia
on a time scale by using the method of multi-time series analysis, and explored the sensitive
climatic factors of water- thermal matching combined with the sensitivity coefficient. The
results show that: (1) the water and thermal matching conditions in Central Asia are relative
merits in space, and the dominant regions are mostly distributed at high latitudes and on alpine
plateaus, while the regions with poor water-thermal matching resources are distributed in the
southern deserts. Most of advantageous areas coincide with the high-value area of precipitation,
low-value area of potential evapotranspiration and low-value area of air temperature in the
same period, and the annual change of water-thermal product index is not obvious or shows an
increasing trend. The disadvantageous areas are mostly the high- value area of potential
evapotranspiration and the high-value area of air temperature in the same period, while the low-
value area of precipitation has a decrease of water- thermal product index and a large inter-
annual variation. (2) There were seasonal differences in the matching of water- thermal
resources in Central Asia, characterized by best spring and autumn, better winter, and worst
summer. On the annual scale, 1931-1974, the matching conditions of water and heat presented
an upward trend; 1974-2000, the water and thermal matching conditions fluctuated; 2000-2019,
the water and thermal matching condition decreased, and the water-thermal matching condition
mutation was observed in periods of 1971-1980, 1981-1990, and 1990-2000. The variation
trend of water - thermal matching in spring, summer and autumn was roughly consistent with
the inter- annual trend, while the fluctuation range in winter was relatively small. (3) The
sensitivity analysis showed that mean temperature was sensitive to the water-thermal matching
conditions in spring, summer and annual scale, and precipitation in winter and autumn. In the
high-latitude mountains of the study area, precipitation was dominant in the sensitive climate
factors. In the southern part of Central Asia, the sensitivity of precipitation factors decreases
while that of mean temperature factors increases. The absolute value of mean temperature
sensitivity in the northern part of the region will be lower than that in the southern part; the
high-latitude mountains were sensitive to the extreme temperature variation.

Keywords: Central Asia; arid and semi-arid regions; water-thermal matching; water-thermal

product index; sensitivity analysis



