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Abstract; Water use efficiency ( WUE) is the regulation index of leaf photosynthesis on the water physiological process, as

the key to link the relationship between the ecosystem carbon cycle and the water cycle, and directly reflects the rapid
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adjustment of the ecosystem to the site environment and the adaptation strategy of resource changes. The Gross primary
production ( GPP ) temporal and spatial characteristics derived from the data of MODIS-NDVI by the Light Energy
Utilization Model, and the Evapotranspiration ( ET) temporal and spatial characteristics derived from the meteorological
data by the Thornthwaite Evapotranspiration Model during 2000—2019 in Shiyang River Basin (SRB). In this research, we
estimated the spatial pattern and temporal variations of the GPP, ET and WUE in different vegetation types from 2000 to
2019, investigated the co-relationship between GPP/ET/WUE and Vapor pressure deficit ( VPD), and discussed the
response of adaptation strategies for water utilization and stress in the arid area among the different vegetation. The results
show that: (1) from 2000 to 2019, the average annual value of total WUE, GPP, and ET in SRB were 0.80 gC m™> mm™",
256.52 ¢C/m’, and 302.52 mm, respectively; The spatial patterns of average annual WUE, GPP and ET in the SRB's
vegetated areas varied widely, and the values decreased from upstream on the south side of the Qilian Mountains and middle
to downstream on the north side of the desert. (2) During the 20 years, the average slope of WUE, GPP, and ET showed
an obvious upward trend in almost whole basin, with the rate of 0.017 gC m~ mm™" a™', 6.99 ¢gC m™ a™' and 3.80 mm/a.
The change rates of WUE, GPP and ET within the basin exhibited an upward trend, except for Liangzhou and the areas
surrounding Minqin cropland according to the urbanization and industrial adjustment. (3) The WUE, GPP and ET annual
average values, and slope of trends among the different land use types also varied significantly. Among various vegetation
types, the highest values of WUE, GPP and ET appeared in forests, and the lowest values presented in wetlands; the
highest change rate of different vegetation was forest, and the lowest one was the wetland. (4) Correlation analysis and
statistical results indicated that the correlation distribution characteristics of GPP/ET/WUE and VPD in the study area were
highly consistent with the runoff direction of the SRB. As the WUE was determined by GPP and ET, the correlation
distribution between WUE and VPD had obviously spatial heterogeneity with the land-use and SRB runoff direction. The
positive correlation was distributed in the eastern part of the Hexi Corridor oasis and the eastern desert area, and the
negative correlation was distributed in the high-altitude areas of the Qilian Mountains, the middle of the Hexi Corridor oasis
and the western part of the desert area. Overall, correctly revealing the spatial differentiation and changing trend of GPP/
ET/WUE of inland river vegetation and its response to the driving factor VPD was the premise of understanding the adaptive
strategy of vegetation in arid areas at the watershed scale to the intensification of global drought, to provide decision—making

services for ecological protection.

Key Words: water use efficiency; gross primary production; evapotranspiration; vegetation type; vapor pressure deficit;

correlation ; Shiyang River Basin
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Fig.3 The trend of vegetation GPP, ET and WUE in SRB from 2000 to 2019
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Fig 4 Annual changes of vegetation GPP, ET and WUE in SRB from 2000 to 2019
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Table 2 Trend of WUE, GPP and ET of vegetation types in SRB from 2000 to 2019
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T 20 AR A0 AR B WUE 3418 K 0.80 ¢C m™ mm™', 55 GPP Hl ET 25 [6] 434 A [7], WUE 25 [6] 434
SRS R AR AR AR (& 2) RIS 0 A AR L AT AR BE X, WUE SEIEAE 1.2 ¢C m ™ mm ™' DAL,
JEHEFEHIX WUE $0{EAE 0.80 ¢C m™ mm ™' LAF , ZEA Vs 6 R B 28 M b R AKIW WUE V-2 {E i,
9 1.43 ¢C m™ mm™" 5 MEHUAE B A%, 3K 0.41 gC m™> mm™' (£ 3) . B T LW LXK E RS
5 REYERIMN K A3 S5 22 540 R AEY) WUE 205 83, BUER 0.9 ¢C m™> mm ™, FIEN 1.2 ¢C m™ mm ™, 33
SEREH 1.29 ¢C m™ mm™" 5 B WUE 7EAE % X WUE KT 1.2 ¢C m™ mm™", FIFHLIX A T 0.3—0.6 gC m™>
mm™" AN 0.83 ¢C m™ mm™,

R3 2000—2019 EAFATHZEHLE WUE GPP.ET £EFEHE
Table 3 Annual value of WUE, GPP and ET of vegetation types in SRB from 2000 to 2019

T AR FE AR B

AR HEM AR e Wetland Desert
Forest Shrub Crop Grass o -

vegetation vegetation
AEK A3 F IR Annual WUE/(gC m™ mm™") 1.43 0.58 1.29 0.83 0.41 0.47
AE BT J1 Annual GPP/(gC/m?) 616.56 148.10 404.69 312.43 89.79 110.49
SEFRI K Annual ET/mm 431.53 263.08 323.32 356.09 209.25 238.61

2.3.2 WUE 5 28 fBERAE

2000—2019 4F, Jisk N WUE R S 38 i ka3 in i) e LU A 3 sk 8 AR Y 97.19% (&1 3) . WUE i
FEl M 0.58—1.60 gC m™> mm™" , P46 EHN 0.017 ¢C m> mm ™" a”' (K 4) , BT 20 482850 1 mm 7K, e
PR BT Y RS N F AL CO,29 0.017 g, WUE AR 388 1 1 DX 35 3 243 A7 26 AR LU W 4K X 3T 94 2 JER 4
PR X 32 A0 R Bhag Dkt | o s R FR Y 12.52% ; WUE 28 88 A0 A4 X s S WAk 2 A, 32 200 A 7 2
SRR A AL o5 PR T R 10.45% 5 3 8 R HR 2 b DX ) WUE 5240 58 38 08 ks 32, o 3 386 T ALY
76.58% ; WUE 22t 2 Y /b TR 4 28 ek 20 1y DX 3k = 2 43 A A Hho i 3 DXORT  h S kb — 572 S X A2 24k o it 3
SRR 0.45%

FEAR R R B SR A, WUE 2R (LA R HA I (0 25 S v (181 3) L (HE S Kk, ik 2 R,
WUE “F-Y 38K R By AU R AEY) (0.019 ¢C m™> mm ™' a™") , HG KUK FRM(0.018 ¢C m™> mm™ a™") KL
(0.015 gCm” mm™" a™") FEM(0.008 g€ m™> mm™"' a™") FEEAHIH(0.006 ¢€C m™ mm™' a™') , WUE B R E AL
R HAE B, KR 0.004 ¢C m mm ™ a™
2.4 GPP/ET/WUE %5043 5 VPD BYAH G

I 20 4F A EIR GPP 5 VPD SIEAHCE R ITIBUN 41.1% , BB AR AEAR I L b = i AR L DX T v
A JER 53 P 21 308 RS T DX 2 38, JH v 2 J 28 T AR DG RTIARE k 25 1 A D 5 2R B4 M IX. 32 B2 4 A A 08 2 L) A 35 g 1
JERERIN AR, o5 BB ALY 5.01% ; GPP 5 VPD 2 fAH S R R W T FUN 58.9% , 3 ZL 434 78 ] VG 1 i 2 i
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PR | R B2 U R S 435 T DX DX JHL v 2 I8 R O R S 3 7 DG G 2R 19 1 X 2 B 0 A A [ B g D
HER, LS AR 4.56% (181 5) . ET 5 VPD BUAHICE R /04 5 GPP AL, Wil ET 5 VPD 2 IEAHG
KAMTRUN 31.4% , 5 1 35 IEAH DGR 35 15 AH I OC R B X 0 A FEARTE L AR B, 7 Bt LR T ALY 0.11% 5
ET 5 VPD 2 HAHE R IHFR 68.6% , I b 2 1 AH SCRIAR 58 35 17 AH DG G R 1) b DX 8 2 4317 7 IR B4 il
SR P S JEE S I VS, o TR AR 13.90% (K] 5) . WUE 5 VPD R IEMER R MmN 78.5% , 5 .
S TEAH SRR . 35 1FAH DG O 2R 114 1l DX 3 2 204 7630 D 38 JER 2R N AR TR IS B IX AR 35; WUE 5 VPD S A5G ¢
R FR 21.5% , F B0 A AEARTE 1L 3 VA b DX 30 PG 3 JER 2 v 0 A VD P 3, 2 3 R S R (g 3 £
A ZR B b X B AR FE HPE X, o5 TR T AR Y 0.65% (& S) , ANF g s R e R 9k GPP/ET/WUE
5 VPD AR B B XS RRAE a0, ZRARFIE RS GPP/ET/WUE 5 VPD ¥R IEASE5E &R R Al
P 5 GPP/ET 5 VPD ¥R FAH X R AT A # 1) WUE 5 VPD R IEAHICCR ;R a ) i1
DAL FAE S RS R VISR M A B4R 2 1L X ) GPP/ET/WUE 5 VPD 45 1IEAHSE 6 2R, 40 A 78 I 388 75
DL R b33 X i GPP/ET/WUE 5 VPD R Al &,

ET5VPD ﬁé

B

B REEAAR ] ABFEAAAR Wl BEEMR
0 BAAEk B ARFEMX RS

B 5 2000—2019 F£RFEMREEE DR EFH(GPP) B A (ET) Tk 4 F R (WUE) 57KKEE (VPD) WX = @S
Fig.5 Spatial distribution of correlation between GPP, ET, WUE and VPD in SRB from 2000 to 2019

3 g

3.1 FRIKHE

A1 2R DR L T R A B A T 5T AR TR AE NPP R R ET B XH4EFR GPP FlIl ET 3 &
AR A D | Joiam o BB LU SCHR 2518 S iE A 58 B BE AL S8 45 5 . MODIS (9 GPP Fl ET 7= i & 7F
SERER K AE FRAE 5T T AR B 7z 0, B R AR B AL B A5 R 5 MODIS GPP Fl ET 7= @i AT %k, BT
MODIS GPP/ET 7= ShfE A BRI T - M1 2 R 2480, ZE R A /0 0 3 85 DX R R, GPP RN ET 3%
TCfH, AU e R A A A5 R (81 6) o PET 20 AR F-359(E A1 2250 51k 42.78 ¢C/m*F10.04 mm,
GPP il 4% JL 45 31| i AR BR 1 2 (166.46) B = T MODIS 7= & (156.93) , ET A4 53 45 S5 21 () B b vfE 22
(71.67) B&AIL T MODIS 7§ (101.01) , GPP ET A3 #1522 (RMSE) 43l R 96.35 il 68.52, V- B AH X} 15 2=
G331 16.97% 1 16.68% , SANKTE A5 W GPP M ET £FH A1 2 Ji s i SE bR vt
3.2 2000—2019 A #E WUE 25 shZ28 1k

A ST S A A TR ST — K R ST Y B 2 SR RRAE DL B OK B2 S T AR A XA
A e AU AR A3 AR AR 2022 22T A A SRy DX IR AR R R B WU sk 52 B M i v R 2 1) 0 A £
P R AR R AR K S AR ANA R, ISR R BRI 2E K, T R A N T N R
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Fig.6 The regression analysis between estimated GPP/ET and MODIS GPP/ET Product

FMERAE T IR B AR 7 T AT A K A R IX GPP RN ET i =5 A4 B 22 I A5 U v X b R K (R
Bl b 2R AR AN A SRR IR T 1) VB B R 15 N GPP /N Y B R AL, R ET N A
(FE2)™ sk 6 Rk g2 b WUE f5 e {8 20 1 76 B 3 AR AR, S fIRAE 20 Ai 72 AU 3B I X 9 i b 3
&l FAEARE L X & R K FE R AR TR A K A, BRI PRS0 3 45 T s m AL T4
AR JE GPP M E SR N A0 & B A R AR TOCAE I S 28 EH AR K &, B35 ET b
BLAAT XA SE 1 SRR WUE BUE = FH A g A AR A R N, FE iR g A S R b, KSsm g,
KM/ 78 KA At (AR AR S R GE ET o T AR e 2 T8 5 55 85 DX e A X IR AR 4 i, 2 GPP IR T4
5 DX bR B 28 700 0 B LSRN R I T R B 25 7 WU G T 3 3 P e fl b e 28 78 (181 2)

T WUE 1175 [B] 4347 FEAE R AE T AS [5] DX SRR 2 U AR 28 R S8 K 40 R I REAE , T WUE 4R Br A8
PERUHE N 58 5 T ML RE K R 5 20 7 0t 1 AR BRI Ko A T A 1005 2 5 2R 1% 2000—2019 4E i
BN WUE 3809 3252 i DR R A ol 2R 7= R T 03R T WUE R IR X 32 82 th T i d sk Al =l il %
TR GPP FERS IR (1 3) , WAL WUE S8 KB/ T A VEY FRbk B JEM i
BB VEHAE YL . RVEY WUE AR L3z N\ JETE S sg i o 25 FAR LRI R/NE #E h GPP e, RAE
Y GPP (R £ e B I B AEY 5 S MR BT DL R St 5y K TR R AR A DX i el B
ARl AE FREE =K A TSR, RIRE K B AH [ A AT 82 B AR 77 0 2 A ) S i, DU AR = i 22 B a8 2
AR GPP i T e A S A8 b (4 MORE B % W ST 22 A A PR 5™ [ P o 5 et ) A Kt B o8 T A
I 2% (AR X LR (E AR 20 AR5 R P AR AR ET 35K /T GPP Y K iR (£ 2) , Wbz
BARGH WUE 23 nas WRHAEY WUE 78 K5 PR REAR e #a 3 3= R o 2E T el e 2 T
FEB X, Z NN TN Fa e (1) SR PR G HUAE B 7K 43 R FBCR 52 0 AR K, T RIS T AR 9 WUE 38
TN IX 3R 3= B4 A AR LR S T B X A S AL X B T 1980 4R St Bk 44k R iEAL AN TR VD TRE LK, 2RI 5 e i
[X 28 G0 N T AR B R, 7 26 3 S 3 R 34> Rl T Syl ol s ks 48, DR G s 45 5 B A8 A A
B WUE 7831 20 Ak fa b1 K (B 3) |, B AT TG B 2R 9% WUE AR feia s g rp et
3.3 GPP/ET/WUE 5 VPD WAHENESHT

VPD J&it B T SO0 T 0 B sk, 2 Sr TR AR AR A IK Bl PR 2R | J2 52 il i A= 2 R B8 19 SN B
J112 0 2000—2019 4E[A], A 2EI R IX R P GPP/ET/WUE 5 VPD A G R E LA B35 09/ N X SRR E
AR NS R URZI A ) 1 A A B R, 0 A TR AR B R A AR 342 LU X K S A SEAR , VPD B 3G Bk 25
MBI [ B FN 7% B FE K R QBG4S0 Kt GPP/ET 5 VPD S IFAESE (& 5) s Vsl Pa b6 v T et X &8
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TR O A X, BN KA CO, ¥ B 238 ek O AT PR 40 S L LA o [0 i R 2 i ke %) PRI I i
X3 GPP/ET 5 VPD 2 F A (K 5), 7EF AR B B b, iy VPD 2 5 8ok ot ik i <L 5 B F%
7400 R AT LA PR 1 K B B B (B, CO, % 42 1) A BTN, XA 4 7K 4 A 1) G2 i A R F Rk
4375 I e A A B e £ P DI R i B R AR T AR S R G I K A3 75 3R, 4R s Al /K o R R
It WUE R 5 VPD IEARA SR N /D EX 8 WUE 5 VPD 2 A, 200 FHEB X RIIR X, 3%
JEHTAE GPP Sy ad 72 rp 3ie 185l X 5080 %) o Gt A9, DA Rl T Pk 2 2 6 D A R T 2%, 5 B0 7= T Ao
ALY,

AEFEHZEAY GPP/ET/WUE 5 VPD AHSCHE /3 A 4 Jay 1) S B M (i 53X 2 2002 th Sr LA BE (2, TR IX
WRFEIK o 468 S S Edee 24 I, JE N GPP/ET/WUE 5 VPD AH &P (923 ] 20 A 45 4F 5 41
AR ] ELA = B — B R WUE 5 VPD A SCHE A R AiF 5 = b R B 280 LA R 3t 442 38 T 5 ]
I3Ai—3E, WUE 55 VPD 5 IE A5G A X 8k 32 524015 75 1] PG 02 JER o P A< 300 R STE V6 DX 4R 3 , 52 7 O IX R 2 %243
AR 1L o VA ML X YT PG 3 JER R 35 IS T DX VS, A [ Bl 28 70 25 ) 4 A pR 8 T %M 2R 8 WUE
5 VPD e, X 5 HAb A E E AN R s o ) WUE 55000 PG e e A — 2

4 #ig

AR 530 1 e R PR TR RN 25 0 e 4 AR TR | 2 4 0 308 Je ORI M T UL 5040 , A 4004 23T 3 38k 2000—
2019 FAEPL DI M7 1 (GPP) FIZEHRUL (ET) Bdis , A5 T 2000—2019 4EAN[RIAE # 2 A (1) WUE %5 [H] 5347
FHIE, 20T T GPP/ET/WUE 5 VPD AHIGHE 4855 T 5 AN [ 28 A 1 6T 7K 3 B 7K 3 I8 )3 1o SR s
T PRUEASEAEL A S A R ARG B R A T IR, RSB .

(1) 2000—2019 4FA7 230 i 4o [X 38 9 M 9% WUE A9-F-34{E 4 0.80 ¢C m™ mm™', GPP F-¥{H Jy 256.52
gC/m’ ,ET “F3JME R 302.52 mm , =35 25 [8] 73 A7 R Ak 20w s AUARG, BV Pl 3t 308 S 2 o ik 2> 19 25 ) 3 A
)5,

(2) 2000—2019 4E , il N WUE “FH4 72846354 0.017 ¢C m™? mm ™" a™', GPP ‘FI25 L% K 6.99 oC m™>
a”'  ET PR K 3.80 mm/a, S AR I ) b T3 {8 rbifedak DX AT B BBk b - i 5 58 e b S N () A
MU EE

(3) WA ARFEZEBAEG R WUE V35908 56 2 b BRARS A AEY) > 50 b > A ST WA 9> 18 M A B, WUE 28
LR IIE I RN  ARAEY) > P> Bt > FE S TEBAR B> IR AR BE , 5 GPP JEA —S(, ET 7EVEI Tt |
T b [X 2 PR A

(4) WA GPP/ET/WUE 5 VPD HH 5P 1) 25 [8] 43 A RRAE 5 A SE AR I8 7 ) 43 A HA o B — B0k,
WUE 5 VPD #HCHE SRR S - MR FHZERUAHUEE = . WUE 5 VPD 2 1EAH S Y X 8 3 22434 78 1] 74 2 AR
SR YN AR BT RSG5 DX 2R 0, 228 A O DX sl 2 B 43 A1 A A0S 322 L g YA i DX VT 1Y 2 R o S R S 1 DX P 3
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