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Abstract: Herbaceous marshes have a faster rate of carbon sequestration than other types of marshes and play an essential
role in regulating the regional carbon cycle and climate change. As a sensitive region to climate change, the Qinghai-Tibetan
Plateau has large areas of herbaceous marshes, which are important for ecological security and carbon cycle in East Asia.
Vegetation net primary productivity ( NPP) is an important indicator of the carbon sequestration capacity of marsh
ecosystems. Climate change can significantly affect the NPP of marsh ecosystems. Under the background of global climate
change, the change of NPP in herbaceous marshes vegetation and its response mechanism to climate change on the Qinghai-
Tibet Plateau are not clear. In this study, NPP data and meteorological data from 2000 to 2020 were used to analyze the

temporal and spatial variation of the NPP in herbaceous marshes vegetation and its response to climate change on the
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Qinghai-Tibet Plateau. The results showed that the annual average NPP of herbaceous marshes vegetation was 122.80 g C/
m’. The annual NPP of herbaceous marshes vegetation presented a significant increase trend (0.79 g C m~a™") from 2000
to 2020, and the most significant increase was mainly concentrated in the northern part of the study area. The NPP of
herbaceous marshes vegetation on the Qinghai-Tibet Plateau was mainly affected by the average annual temperature, and the
effect of average annual precipitation on the NPP of herbaceous marshes vegetation was not significant. In different seasons,
summer and autumn warming could significantly increase marsh NPP, and the increase of nighttime minimum temperature in
summer had a larger positive effect on the NPP of herbaceous marshes than the daytime maximum temperature in summer.
By contrast, the increase of daytime maximum temperature in autumn had a larger positive effect on the NPP of herbaceous
marshes than the nighttime minimum temperature in autumn. This study highlights the different effects of seasonal climate
changes on the NPP of herbaceous marshes in the Qinghai-Tibetan Plateau. Under the background of global diurnal
asymmetric warming ( faster warming trend during the night than during the day) , when simulating the NPP of herbaceous
marshes in the future, we should also focus on the different effects of day and night temperature changes on the vegetation
growth of herbaceous marshes. The results are helpful to evaluate the carbon sequestration potential of herbaceous marshes

and provide theoretical guidance for the ecological conservation of herbaceous marshes on the Qinghai-Tibet Plateau.
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Table 1 Variation trends of climatic factors of herbaceous marshes on the Qinghai-Tibet Plateau from 2000 to 2020

fif 1] K&K/ (mm/a) B/ (°C/a) i/ (°C/a) AL (C/a)
Time Precipitation Mean temperature Maximum temperature Minimum temperature
444 Annual -0.046 0.554 " 0.260 0.653"*
#Z% Spring -0.166 0.316 0.155 0.533"

¥ 7 Summer 0.009 0.494 0.366 0.589 "
Bk Autumn -0.218 0.512" 0.445* 0.563 **
428 Winter 0.406 0.365 -0.053 0.177

1 H January 0.297 0.302 -0.213 -0.078

2 J1 February 0.231 0.128 0.099 0.165

3 J1 March 0.181 0.228 0.153 0.319

4 J April 0.045 0.346 0.190 0.551 "

5 J1 May -0.347 0.061 -0.036 0.203

6 1 June -0.196 0.350 0.232 0.440 "

7 H July 0.179 0.209 0.113 0.344

8 H August -0.051 0.568 ** 0.452* 0.597 **

9 H September -0.159 0.584 ** 0.562** 0.635**

10 4 October 0.100 0.332 0.279 0.394

11 H November -0.197 0.336 0.171 0.401

12 7 December 0.227 0.119 0.008 0.140

w% 7E0.01 KF LB, « £ 0.05 KF L B3

8 AR K #/(mm/a)
m-32—15
-m-15—10

-1.0—0.5

0

0.02—0.04

8 A FHiik 3/ (°Cla)

= -0.03—0.02 0.04—0.06
-0.02—0 = 0.06—0.08
0—0.02 == (0.08—0.11

8 A ik 94/(°Cla) 8 A Al $/(°C/a)

= -0.05—0.02 0.04—0.06 -0.05—0 = 0.06—0.08
-0.02—0 = 0.06—0.08 0—0.02 == 0.08—0.10
0—0.02 == 0.08—0.12 0.02—0.04 == 0.10—0.12
0.02—0.04 0.04—0.06

3 2000—2020 EEWSRERDEMK 8 AKEK(mm/a) (FR(C/a) BHIR(C/a) RIKB(C/a)ThHES
Fig.3 Variation trends of precipitation ( mm/a), average temperature (°C/a), maximum temperature (°C/a), and minimum

temperature (°C/a) in August in the herbaceous marshes of the Qinghai-Tibet Plateau from 2000 to 2020
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Fig.4 Variation trends of precipitation ( mm/a ), average temperature (°C/a), maximum temperature (°C/a) and minimum
temperature (°C/a) in September in the herbaceous marshes of the Qinghai-Tibet Plateau from 2000 to 2020
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Fig.5 Variation trends of precipitation ( mm/a ), average temperature (°C/a), maximum temperature (°C/a) and minimum
temperature (°C/a) in October in the herbaceous marshes of the Qinghai-Tibet Plateau from 2000 to 2020
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Hb T = R A TR AR E NPP 5 8 H B /K 230 I 2 A G (P<0.05) (3R 2) o FEANIA) 2= 19 ik B 5 e 1T, o
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Table 2 Correlation between NPP and climatic factors in herbaceous marshes of the Qinghai-Tibet Plateau from 2000 to 2020

P[] Rk FHR H5e e ik AR
Time Precipitation Mean temperature Maximum temperature Minimum temperature
4£ Annual -0.246 0.342 0.258 0.546*
#Z Spring 0.181 -0.001 -0.146 0.242
K2 Summer -0.208 0.508* 0.465 * 0.529°*
#*Z Autumn -0.389 0.435" 0.453 0.340
A2 Winter 0.280 0.209 0.123 0.357

1 A January 0.309 0.040 -0.159 -0.126
2 H February 0.150 0.381 0.389 0.378
3 H March 0.224 0.020 -0.052 0.143
4 A April 0.329 0.064 -0.073 0.283
5 H May -0.074 -0.112 -0.220 0.054
6 H June -0.074 0.298 0.165 0.415
7 H Tuly 0.009 0.209 0.106 0.337
8 H August -0.440* 0.644 ** 0.623 ** 0.498 "
9 H September -0.346 0.566** 0.588** 0.465
10 A October -0.112 0.490* 0.533" 0.351
11 A November -0.079 0.028 -0.097 0.073
12 A December -0.067 0.264 0.043 0.252

w% 7E 0.01 KF LR, « 7 0.05 /K L 35 s NPP . I 2 7 77 Net primary productivity

IR 8 H .9 A0 H TGN T2 1 78 I B A TR PR NPP B9 S 35 52 Wi , E— 20 b 1 e
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NPP 58 A .9 H (10 A BRI SN 423 6] 30 IUAEHEAS — 2, 5 oK 22 SR S Y IX O 32 2400 A T IX Y
AT B S, 5 A K S TE AR DG A DX B A TR ST XA LA (151 6— 181 8) o BRI Z Ah, 7 7 i S AR TR
AP NPP 5 8 H .9 A 10 H AP e il | e AR AR 5SSk 1 2 18] 0 A AR — 2, 5P B B i
PRt 12 TE AR SC 14 DX SO BIF 5 DX R B AL TS , 22 SFOAH S Y IX I 2 AR 5T IX B P g 8 (18] 6— 141 8)

3 it

3.1 HREGEREARTE A G NPP AR AL

2000—2020 4F- 7 i i L AR VR AR B NPP ZA4FF {0 122.80 g C/m’, %45 /T Shen 21 4347
2000—2020 4F7 i =5 LB M 0% NPP 259 (184.37 g C/m?) o /MM HS 2 R4 Shen 45 BYBTF 5T X5 4 0 BT
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Fig.6 Spatial patterns of correlation coefficients between NPP and climatic factors in August in herbaceous marshes on the Qinghai-Tibet

Plateau from 2000 to 2020
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Fig.7 Spatial patterns of correlation coefficients between NPP and climatic factors in September in herbaceous marshes on the Qinghai-

Tibet Plateau from 2000 to 2020
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Fig.8 Spatial patterns of correlation coefficients between NPP and climatic factors in October in herbaceous marshes on the Qinghai-Tibet

Plateau from 2000 to 2020
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