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Abstract; Vegetation precipitation use efficiency ( PUE) serves as a crucial indicator for evaluating the productivity of
vegetation in response to spatial and temporal precipitation dynamics. Using annual net primary productivity ( NPP) and

precipitation, the spatial and temporal distribution of PUE and its topographic effect in the Qinghai Lake Basin from 2000 to
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2020 was calculated. To examine the relationship between PUE and various factors, geographic information system ( GIS)
and remote sensing ( RS) were utilized by combining annual mean air temperature, annual mean land surface temperature ,
annual mean surface soil moisture, annual fraction of absorbed photosynthetically active radiation, and annual fractional
vegetation cover. The results indicated that; (1) the mean unit pixel (1 km®) PUE in the Qinghai Lake Basin ranged 0.4—
0.7 ¢C m™> mm™" | with average about 0.54 gC m™> mm™'. Moreover, there was no marked trend in PUE across the years
assessed (R*=0.05, P=0.05). The average of multi—year PUE in the Qinghai Lake Basin was distributed unevenly around
Qinghai Lake, except for the eastern shore, where PUE decreased with the increasing distance from the lake. High-value
areas were mainly concentrated in semi-annular areas on the western and southern shores. The slope of the annual PUE trend
ranged —0.05—0.04 ¢C m> mm™' a”', with significant changes observed across 29.63% of the basin area. (2) The average
PUE over several years was found to vary in the Qinghai Lake Basin depending on altitude and microtopography. A 50 m
increase in altitudinal gradients led to a 0.02 gC m™” mm™' decrease in PUE. Additionally, an upward trend in slope
gradients resulted in a decline of PUE, with ranged 0.3—0.61 gC m™> mm™' from flat slope to dangerous slope (>45°);
different slope aspects also resulted from the northeast to the southwest, which ranged 0.52—0.56 ¢C m™> mm™'. (3) There
was spatial correlation between the PUE and land surface temperature, fraction of absorbed photosynthetically active
radiation, fractional vegetation cover and leaf area index in the Qinghai Lake Basin in the last 21 years was correspondingly
obvious. Along the altitudinal gradient, air temperature and land surface temperature showed highly significant positive
correlations with the PUE (R*=0.94, P<0.01; R°=0.98, P<0.01), fraction of absorbed photosynthetically active
radiation, fractional vegetation cover and leaf area index were significantly positively correlated with the PUE (R*=0.89,
P<0.05; R*=0.90, P<0.05; R*=0.86, P<0.05), and surface soil moisture had no significant correlation (R*=0.16,
P=0.05). This paper examined the PUE in the Qinghai Lake Basin and the correlation with different factors. It elucidated
the precipitation use capacity and water consumption characteristics of vegetation, providing theoretical support for

conservation practices in the Qinghai Lake Basin and the development of the National Parks.
Key Words:; precipitation use efficiency; spatial and temporal characteristics; correlation; Qinghai Lake Basin
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Fig.1 Location of the Qinghai Lake Basin
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Fig.3 The spatial distribution of mean annual vegetation precipitation use efficiency and the slope of spatial change trend and its

significance test in the Qinghai Lake Basin from 2000 to 2020
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F1 0 2000—2020 EEBHRBEEREEKFAREREEER(y) MBREE(x) HEREXR
Table 1 Linear relationship between annual vegetation precipitation use efficiency and various factors(y) with altitudinal gradient (x) in the

Qinghai Lake Basin from 2000 to 2020

R WE T TS LS R A A
Factors Fitting Equation Adjusted fitting coefficient  Significant Test

[ IK R FH AR
RO AR - y=-0.02x+0.85 0.96 P<0.01
Annual precipitation use efficiency

<S4R
P , y=-0.36x+0.77 0.99 P<0.01
Annual mean air temperature

DAY YH RE
PR y=-0.49x+19.54 0.96 P<0.01
Annual mean land surface temperature
SR8 IR
FEOARLREE y=-4.09x10"x+0.18 0.10 P<0.05
Annual mean surface soil moisture
R PG A BRI R L

'==0.01x+0.27 . P<0.01

Annual fraction of absorbed photosynthetically active radiation y=-0.01x+0 0-80 <0.0

= ke {2 B
@*ﬂ%ﬁﬁm&u . y==2.66x+95.13 0.79 P<0.01
Annual fractional vegetation cover
A [ AR AR
Annual leaf area index y=-0.09,+3.14 071 p<0.01

KA FAL 2R (AR
R K*Jﬂﬂxﬁl?ﬂﬁxfht?} - y=-1.21x10"*x+4.30x 107 0.74 P<0.01
Slope of annual precipitation use efficiency
b WIEREHIN 1, FRR B BRI 50 m
0.7r - 4.0
T Rk AR
06 /] 2 AP

0.5

04t 7 —_—
2.0
02} 7 0

AEREK R PR P
Precipitation use efficiency/(g C m2?mm™)
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0 0
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Fig.5 Slope and aspect characteristics of annual average vegetation precipitation use efficiency and its S in the Qinghai Lake Basin from

2000 to 2020
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3 e
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1, N2 32 SR o B i B A AR AZ AL RS2 (36 2) 30 NPP R AIK, h s O ARy D98 IX PUE (B DR 1% ;
1M 2013 1 2020 4 FEK &R /D , R 22 R ILFE W (% 2) T30 NPP R, i % PUE R 5

K2 HEEHPUE SREZNHEXEY

Table 2  Correlation coefficient between PUE and each factor in typical years

F 2 Factors 2007 4 2012 4E 2013 4 2020 4F
SR Air temperature 0.73* 0.74* 0.67" 0.69"
iR Land surface temperature 0.60* 0.64* 0.65* 0.66*
1% + 3R Surface soil moisture 0.20 0.15 0.20 0.05
& T A R ST R R 2

ﬁ::-tiffnaﬁjiizg:hﬁifyiﬁtically active radiation 0.56 0.32 0-55 0.687
AHP% 7 35 B Fractional vegetation cover 0.78 " 0.77°* 0.76 * 0.71"
T R 4L Leaf area index 0.65" 0.65* 0.62" 0.66 "

# Fn il VAR R

3.1 FRBEDR 0] T TR 2 A A A R K R R A5 )

DAAE R B[R] LA, 1158 2000—2020 AR 75 1 1 i 3 2 4F PUE {5 4R 3 2 4FAF 1 b 28 5 1 B F
SARH KA A SRS W R B AR OC 28, 04T PUE (B RY4ERR 2L SR T 10 6 R, ZAR4ER R
(AT) 55 PUE fEfIFHC R AR -0.54—0.67 (161 6) . AT 55 PUE {19 IEAHE 0K ) 3B 53 4 15 300k 0V 385 ol 718
Wb, SR DG DX 2 A A A s PG L AR, 20 o5 SR R 97.43% 1 2.57% . AR EAR A b X
TR, HA 5 7K IR 3 R A7 52 TE R G G 3R 5 1T /0 B8 v VA i, XA 8 s s, X A 1A 7 A%
SRR L T = B A B B S KRG 2R R R A E G R . AT X PUE SRS S8 3840 G, 0 35 T AR
TR 5.15% (P<0.05) (P 6) , X574 de % X o [ 52 X SRR o W 7K R 46k 36 1) 0 9
Zhang 2SR B SRR Bk ]URE L OB 285 SR — 8, LR DR AT B2 22 4k B 1Y), — O TR RE B T e At T
MWL R AR SR B e G A 7= 0 ARk TARIR ML IX. PUE A48T 59— D7 TSR A T
2N UK Mk, S B NPP Al PUE 72 AF £ 50
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J10.07 gC m™ mm ' (& 6), PUE %A AT 7 3086—3500 m & 4 . #7481k, 7 3500—5141 m, P2 & S 31
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Fig.6 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual

vegetation precipitation use efficiency and annual mean air temperature in the Qinghai Lake Basin in the last 21 years

0.6 F

0.4}

02}

TS Jidintis

AERRE KR PR I P4 4E
Precipitation use efficiency/(gC m?mm™")

B P=0.05
B P<0.05
0 100 km
= —4 = 3 -3
kAR s o @ 08’ (0405i6.98x1(;2):( 0.13+7.2x107%) —
e AEH MO 25 T . .
1157 & Pl 47505141
5 23 06 o 45504750
1122 & M £ o 4350—4550
5 B3 o4l o 41504350
= :=)
1° fé 3 ) 39504150
le B¢ €2 ool ! 37503950
&2 &g 0:05+1.25x10 %)+ (-0.11£0.02) * 3550—3750
13 &g #* R2=0.98 o 3350—3550
o - 2 0 P<0.01 * 3086—3350
SRR R R RRRRRRRRT g 0 4 8 12 16 20
MRS SRR R
JITTTTTTTITIITTTTT it
RIS SISISS3ISsS Land surface temperature/°C
SANNT OO — AN T VO ~00
cnenenenenenenenen<t sttt r <t < <+
¥4k Altitude/m

7 BiEWREE 2 FEREEKFANESEY T EMREETEAXE BEEERE BRBERSHGERBENREXR

Fig.7 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual mean

vegetation precipitation use efficiency and annual mean land surface temperature in the Qinghai Lake Basin in the last 21 years
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Fig.8 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual vegetation

precipitation use efficiency and annual mean surface soil moisture in the Qinghai Lake Basin in the last 21 years
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Fig.9 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual vegetation

precipitation use efficiency and annual fraction of absorbed photosynthetically active radiation in the Qinghai Lake Basin in the last 21 years
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Fig.10 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual vegetation

precipitation use efficiency and annual fractional vegetation cover in the Qinghai Lake Basin in the last 21 years
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Fig.11 Spatial correlation, significance test, altitude effect and linear relationship along the altitudinal gradient between annual vegetation

precipitation use efficiency and annual leaf area index in Qinghai Lake Basin in the last 21 years
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