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Spatial-temporal dynamics of precipitation use efficiency in grassland
and its relationship with climate changes on Qinghai-Tibet Plateau

TONG Lin-jing, LIU Yang-yang, WANG Qian, LI Xiao-yu, LI Jian-long
( Department of Ecology, School of Life Science, Nanjing University, Nanjing, Jiangsu 210093, China)

Abstract; In this study, the Carnegie—Ames—Stanford Approach model was used to simulate the NPP of the
Qinghai-Tibet Plateau from 2000 to 2013, PUE was calculated as the ratio of NPP to annual precipitation. Based
on the measured data, meteorological data and land cover data, temporal and spatial distribution characteristics of
PUE, PUE of different grassland type, and its response to climate change were also explored. The results showed;
The PUE of the Qinghai—Tibet Plateau showed an increasing trend with fluctuation, with an annual increase rate of
0.0035 ¢+ m™> « mm™', and the average value of 14 a was 0.38 g - m™> - mm™'. The spatial distribution of PUE
had obvious heterogeneity, and basically showed a decreasing pattern from the east to west. The grassland PUE
mainly distributed between 0.2 and 0.4 g - m™ « mm™', accounting for 55.63% of the total area of the Qinghai—Ti-
bet Plateau. The areas where grassland PUE showed a decreasing trend mainly distributed in the northern and west-
ern regions of the Qinghai—Tibet Plateau, as well as the eastern border area. The regions showing increasing trend
concentrated in the central and southern parts. The variation coefficient of PUE was between 0.07 and 0.85. The ar-
ea with stable trend accounted for the largest area(43.43% of the total area) , which mainly distributed in the Tang-

gula Mountains and Hengduan Mountains. The average PUE values of different grassland followed the order of:
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meadow (1.06 g - m™

pine and sub alpine meadow (0.29 g - m™
2

alpine grassland(0.094 g -+ m~

- mm™") >slope grassland(0.80 g - m™
- mm™") >dessert grassland (0.23 g - m™’

- mm™") >plain grassland(0.30 g + m™> - mm™") >al-

- mm™") >alpine and sub

- mm™'). The grassland PUE was negatively correlated with precipitation but posi-

tively correlated with temperature. It was more responsive to precipitation.

Keywords; precipitation use efficiency; spatiotemporal dynamics; grassland; Qinghai—Tibet Plateau; climate

change ; Carnegie—Ames—Stanford Approach model
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Fig.2 Comparisons between observed and simulated net

primary productivity ( NPP) on Qinghai—Tibet Plateau
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Fig.1 The distribution of grassland type on
Qinghai-Tibet Plateau
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on Qinghai-Tibet Plateau
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Table 1  Classification of average grassland

PUE on Qinghai-Tibet Plateau
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Class of grassland PUE Percentage

<0.2 0.01
0.2-0.4 55.63
0.4-0.6 14.82
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0.8-1.0 10.53

>1.0 4.71
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Fig.5 Variation trends of grassland PUE (a) and its significant test (b) on Qinghai—Tibet Plateau
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Table 2 Percentage statistics of PUE variation in grassland area
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e f i
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Slope>0; R
" )
s 0.01<P<0.05  Significant increase 13.24
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Slope>03 . emely significant 4.87
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Fig.6  Spatial distribution of PUE variation coefficient
of grassland in Qinghai-Tibet Plateau
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Table 3  Statistic of variation coefficients of grassland
PUE on Qinghai—Tibet Plateau
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Table 4  Statistics of significance test of PUE variations for different grassland types
e X . ST SIS EIA=IIE 1R L5 0 R L R
TS /% pEe PR R gesten DL TEUIRE SIS LLG
. Alpine and sub Alpine and sub
Percentage Slope grassland Plain grassland Meadow  Dessert grassland . .
alpine meadow alpine grassland
ST
ﬂiﬂﬁﬂ/ . 0.00 1.24 0.13 1.01 0.26 0.92
Extremely significant reduction
TER 0N
. Jk%‘{)ﬁ/ . 0.00 0.58 0.13 0.45 0.14 0.48
Significant reduction
2
Z:E%_M/ . 2.94 9.37 56.22 9.29 7.78 7.87
No significant reduction
ITE
i 82.36 74.22 37.02 81.19 62.21 83.73
No significant increase
I
. jﬁ% E:j][] 11.76 9.78 4.01 7.50 21.53 5.84
Significant increase
% 10 3 4
B 5 2.94 4.81 2.49 0.56 8.08 1.16

Extremely significant increase




232 T XA 5T

537 %

22 ERBREM PUESEEEENER

22.1 HFREHRABLE KRG T T 8 M
TR e JFR AR 5 7K ) AT PR AR A R AR AR, TR
WD DI X A AR, AR B DX £ e
F5E X A R R, AR AL A 434 -0.27 ~ 0.073 C
Z a1l (1 8a) . AFBRARML I, A B0 s/
AR AR AE T AR S - 0.0044°C , {H A AL AR b
F(P>0.05), 14 a PN -0.84°C , 2009 4
IR F i KAE-0.47°C , 2008 H 3/ ME-1.12°C (1
8¢) o FHIEK I AL F AT A 7E - 12.96 ~ 13.54 mm
2 J8] WK A A AR v X8 o A0 A 7 7 e R Y
AR HIIX A8 A AR A5 I 1l X 5 B3 A 7 v 3 A e
(& 8b) , BFIEARfk b, 5 78 e i B 7K S22 30 2 AR
B AR IR R R -0.59 mm , B LR

)

(a)

ER TR AT
Variation of temperature

' 0.0731

—0.270
80°0'0”E

0 250 500 750 1000 km
O — —

25°0'0”N 30°0'0”N 35°0’0”N 40°0'0”"N

100°0"0”E

)

90°0"0”E

(b)

A 1 B K AE f/mm

Variation of precipitation

I 13.538

0 250 500 750 1000 km|
e — —

25°00"N 30°0"0”N 35°0"0”N 40°0'0”N

—12.964
80°0'0"E 90°0"0"E 100°0'0”E
—0.4r 1480
(c)
—0.6 1460
g
&) g
E =
2 —08 {440 £
< 8
g z
g 3
S —1o} 420 2
= %
= fia
—1.2} | 400
T t
‘“‘J)\:"]ll—o.eégzetfﬁ(ir;.w P=0.69
—o— MK Precipitation
gl =059+ 161366 =081, ) ) 330
2000 2002 2004 2006 2008 2010 2012 2014

E 4y Year

B8 BRSESE(a) FBAKTHIEE(b) RZEHWERTL (c)
Fig.8 Temperature (a), precipitation (b) and their interannual

variation (c) on Qinghai—Tibet Plateau

IREN MK (P>0.05) . BEKE 2002 455 2 e
KAH 465.22 mm,2009 4t B /ME 385.73 mm, 14
a MK = 429.89 mm (18] 8¢) .,

2.2.2 PUE 548 WGKkegraktk RN
SR R B PUE 5200, X 2000—2013 45 1)
FH PUE 350550 B ARG TTHEA T AR DG PE 73 A O
XA 96 2 Bas a4k R 25 SR AR 9a TR, B
PUE 5/ 5 1F AH 5 1 1T AR (5 2 DX Al 1 AR 1Y)
70.15% , il 52 S AH DG 19 L R 29.85% , Sk AT IA
R T IR e SR X B PUE 5500 IR ARG, Bt
PUE 55 B S70RA 5% 9 DX 38, 32 B AL 3R 4085 11 ik L 98
I v E b X R Ll b, T IE A DG R b, PUE 5
IRBIA SN RBOIAE 0~ 0.4 22 [6] 6 [X 35§ 1 £
K, FEAERAE B 1L DR FRE T L KB, A OG
PETE 0.8~ 1.0 Z 8] By T AU/ N, BT o LU IS 2 1%,
LA 5 A O Y DX 804 43 A A6 8 o p Ll koA
FHE LK B 3T o 3 AT 7R o b 248 A8 55 S0 Y A G
P, SR SRR e L T e LR S R
SEIEAHSC, TR SR R LS W Ll A
SREAAICCR, BRF ) (P<0.05) Fb, HAh BT i
KA GBI A E (£ 5) .

PUE-"T i A G R 4
PUE-temperature correlation coefficient
|

0 250 500 750 1000 km
—1—08—040 04 08 1 C————

25°0"0”N 30°0'0”N 35°0'0”N 40°0’0"N

80°0'0"E 90°0"0”E 100°0'0”E
Z| o N
S
g A
2l R -
L -
? R: oy ¥ b —\‘_)_
o . - Y 4
° : 5
2 2 -y ,-5 {g;;&~
z NG e f
> A u‘;,«" s - : >
o L Y e i" 1 £
PUE-F# KM 1 R 5 . = R
3 PUE-precipitation correlation coefficient »
£ I 0 250 500 750 1000 km
n|—1-08—0a4 0 02 1 ——————
o
80°0'0”E 90°0'0”E 100°0'0"E

9 Eih PUE 550E(a) [FEK (b) FEXME
Fig.9 The correlation coefficient between grassland PUE

and temperature (a), precipitation (b)



I A 452 - 7 7 e it e 2R K ) P 2803 2 8l 285 w2 A ey 1 233

x5 AEEM PUE SEKIBTMEKMNEXEERE

Table 5  Correlation coefficient between different grassland PUE and temperature and precipitation

LEESE S

Correlation coefficient

I T - J i

Slope grassland  Plain grassland

(ISR A=A
Alpine and sub

o LT L A
i S Alpine and sub
Meadow Dessert grassland

alpine meadow alpine grassland

Bl PUE-S R
Grassland PUE between temperature

Fh PUE-F#K
Grassland PUE between precipitation

0.08 0.49

-0.33 -0.50

-0.19" -0.20 -0.58 0.52

-0.36 -0.51 0.20 -0.39

o R eEL R P<0.05 /K-,

Note: * indicates that the correlation was significant at P<0.05.
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