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Abstract; Global warming has led to significant vegetation changes in the past half century. Grasslands in China are mainly
located in ecologically fragile regions, which are sensitive to climate change. During recent decades, grasslands have
experienced prominent warming and drying. Therefore, investigating the response of grasslands to climatic variations is
necessary for a better understanding of the cumulative consequences of climate change. Grassland net primary productivity
(NPP) is an important indicator for evaluating grassland ecosystem conditions. We used multi-source remote-sensing data
and meteorological data to estimate the grassland NPP from 1982 to 2010, based on the Carnegie-Ames-Stanford approach

(CASA) model. The spatial pattern and change trends of grassland NPP were evaluated. The response of grassland NPP
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changes to climatic variations was also analyzed. The results revealed that the spatial distribution of grassland NPP showed
an increasing trend from the northwest to southeast across China. During the period from 1982 to 2010, the grassland mean
NPP was 282 gC/m°/a, and NPP exhibited apparent spatial heterogeneity, being highest (710 gC/m’/a) in the dry heat
savanna shrub and grass and lowest (58 gC/m’/a) in the alpine desert. The total annual NPP was 988.3 Tg C. Grassland
NPP has increased slightly in the past 30 years, at a rate of 0.6 ¢C/m’/a. Regions showing increasing NPP accounted for
67.2% of the total grassland areas, within which, areas with extremely significant ( P<0.01) and significant ( P<0.05)
increases accounted for 35.8% and 8.0% of the total grassland area, respectively. Regions showing extremely significant and
significant decreases encompassed only 5.8% and 4.8% of total grassland area, respectively. Clear increases in grassland
NPP were observed in the west of the Qinghai-Tibet Plateau, the Alxa Plateau and western area of Xinjiang. Areas with a
decrease in grassland NPP were mainly distributed in the western regions of Inner Mongolia. Furthermore, the increasing
rate of NPP showed temporal variation and differed among different grassland types. The correlation coefficient between NPP
and precipitation was larger than that between NPP and temperature. Moreover, the response of grassland NPP to
temperature and precipitation differed for different grassland types. There were significant positive correlations between

annual precipitation and NPP in temperate desert steppe, temperate steppe, and temperate meadow steppe.

Key Words: grassland net primary productivity; spatio-temporal dynamics; temperature; precipitation; the coupling

relation analysis
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R1 TREMEIESF T NPP F1 5 NPP
Table 1 The mean and total NPP for different grassland types

K SFHNPP - NPP B g SFHNPP - NPP
Grassland types Mean NIZP/ Total NPP/ || 1° O iypes Mean NFZ‘P/ Total NPP/

(gC/m*) (TgC) (gC/m*) (TgC)
TR ) B Temperate meadow steppe 438.6 71.0 HLPERL R Temperate steppe 292.4 117.2
TR APEFE IR L Temperate desert steppe 161.8 33.3 I ZELI A BEJE Alpine meadow steppe 167.1 10.9
M FEHE Alpine steppe 132.8 59.3 R FEFELBLRLE Alpine desert steppe 63.0 7.0
TR MBS JEAEFEIE Temperate steppification desert 105.6 11.7 TRPEFEIE Temperate desert 78.4 37.3
R FETLBE Alpine desert 57.7 3.6 BEPER A Warm grass 497.5 23.1
BEMEHERE A Warm shrub grass 549.2 34.2 PNEB I Hot grass 658 72.5
FAMERE RN Hot shrub grass 602.6 76.0 T AFEAE R Dry savanna shrub 710.2 4.4
K15/ Lowland meadow 337.1 95.0 111 %54 Mountain meadow 535.4 75.2
I FEH A Alpine meadow 368.4 249.3 7B Swamp 396.1 6.4
P KL 53 Tmproved grassland 391.6 1.0
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Fig.4 Inter-annual changing trend of annual total NPP of
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NPP S/ R4 3 o BB K 85% , HLWR S 28 08/ B U9 R 35.9% 5 B B DA I P o A R B DA 30
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Fig.5 Grassland NPP changing trend (a) and significance test (b) from 1982 to 2010

F2 TEEHMEE NPP THHBEESIT

Table 2 Statistical analysis of significance test of different grassland type’'s NPP

> . . e . NN
_— Betn s R PR O N e RN N
A Extremely o o L o Extremely
o Significant Insignificant Insignificant Significant L.
Grassland types significant . . significant
decrease/ % decrease/ % increase/ % increase/ %
decrease/ % decrease/ %
1 34.1 15 35.9 11.4 1.4 2.2
2 10.3 8.5 38.2 24.7 4.3 14
3 1.7 3.1 23.3 45.8 8.4 17.7
4 0 0.1 3.1 10.1 7.6 79.1
5 0.2 0.3 4.1 10.3 7.4 77.8
6 0 0 0.5 3.6 6 89.8
7 2.1 1.9 10.6 39.6 15.2 30.6
8 0.5 0.8 7.6 24.2 18 49
9 0.1 0.1 1.1 4 5.9 88.8
10 21.2 13 41.7 19.4 2.6 2
11 13.3 12.3 42.8 21.6 4 6
12 4.9 8.8 50.8 29.6 3.1 2.8
13 7.6 11.2 50.6 24.8 3 2.8
14 14.2 8.9 42 29.8 3.6 1.5
15 16.5 11.5 34 15.1 5.3 17.6
16 7.2 8 33.2 32.9 5.8 12.9
17 0.7 1.8 19.5 31.4 8.3 38.3
18 12.9 9.5 37.7 22.6 5.6 11.6
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e E R e e N ey LS aTE I
. S WD RRERS  REEH R Lt
Grassland ?: ) emifice }t Significant Insignificant Insignificant Significant . f . ’t
rasstand types signiican decrease/ % decrease/ % increase/ % increase/ % signiican
decrease/ % decrease/ %
19 14.5 13.3 37.4 28.4 2.5 3.8
20 5.8 4.8 22.2 23.4 8 35.8

1 5 55 4) B Temperate meadow steppe ;2 : i M %2 J5L Temperate steppe ; 3 ; I 4 317 15 5% Jil Temperate desert steppe; 4 : i 7€ 514 5 Alpine
meadow steppe; 5 ; 5 FELLJE Alpine steppe; 6.; 15 FE 3¢ 5 0 J5 Alpine desert steppe; 7 ; i P 55 JFUAL 35 B Temperate steppification desert ; 8 ; ik ¥4 375 1
Temperate desert;9: = FEFTH Alpine desert; 10 BB M Warm grass; 11 B PE#E H N\ Warm shrub grass; 12 #PE R Hot grass ; 13 : M R Hot
shrub grass; 14 ; T #F B HE M Dry savanna shrub; 15 fEHBE ) Lowland meadow ; 16 ; Ll #1545 fa) Mountain meadow ;17 ; 55 F€ /) Alpine meadow ;18
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Fig.6 Change trend of annual mean temperature (a) and precipitation (b) during1982—2010 in China
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Fig.7 Correlation coefficient between grassland NPP and temperature (a), precipitation (b) in China
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Table 3 Coefficient between grassland NPP and annual mean temperature and precipitation

AT f)ﬁ_‘iﬂ#ﬁﬂ‘é%ﬁ —ﬁﬁ%ﬂ;ﬁ*ﬁa‘é%?ﬁl 5 2K Q%(Eﬂfﬁaé?ﬁt 55%7{(%*#!3‘%,%?&
Grassland types Coef‘flment correlation Coefﬁclem f’,o‘rrel.atlon Grassland types Coef.flclent correlation Coefﬁcnent f:o.rrel-anon
with temperature with precipitation with temperature with precipitation
1 0.03 0.40" 2 0.03 0.40"

3 0.06 0.44 "~ 4 0.25 0.05

5 0.19 0.19 6 0.17 0.36

7 0.12 0.34 8 0.23 0.23

9 0.24 0.37 10 -0.11 0.17

11 -0.06 0.12 12 -0.06 0.15

13 -0.1 0.16 14 -0.13 0.11

15 0.13 0.23 16 0.06 0.03

17 0.2 0.01 18 0.12 0.18

19 0.06 0.27 20 0.12 0.22

1—20 & X [FF 2; * 2R BB (P<0.05) , ** Fomthk i EH 5 (P<0.01)

3.3 458

(1) E B AR NPP Ol 282.0 gC/m’/a, 4F E NPP 4 988.3 TgC, fE 1982—2010 4F[d] , KL NPP 5
RIS (0.6 gC/m?/a) , S 38 e 55 0 F i 1R (o [R5 S ET AR Y 67.2%

(2)z3 )53 b, i E B NPP 522 BAS R 3 e PH L AR A R AR . NPP b 25 16 iy DX sl o7 7 8 ey D 7
5 B R S BT A AR, 0 RN A DX T S X

(3) H EFHL NPP 7EAS [ A A B A [7] 5 H 28 80 i AR AL FOR R, 1980s—1990s it NPP 23 i #4
20108 S5 5 I rf iR 9 by DXCOREC TR STE T 1 X B S FL NPP AR T 30 AF 357 22 B M 4% iy A4yl IX 8
A NPP FEJfE 30 AFY R

(4) Bk sl rp [E Bt NPP Y5200 b AT Y 52 0 5B S A (] B 280 NPP XHE R AR SRk
PR AR o AN [, v Y P Ve S R R ) L NPP 55 [ K ) A 3] I 3 TE AH G (P <.
05) , MBEPEFLA BEVERE RN PRI N FRPERE RN T IR E A NPP 5 88 5 5RO
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