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Abstract; Climate change and human activity are two main factors driving vegetation dynamics during grassland recovery or
degradation. In this study, the net primary productivity ( NPP) was selected as the index, the improved Carnegie-Ames-
Stanford Approach (CASA) model and Thornthwaite Memorial model were used to estimate actual net primary productivity
(ANPP) and potential net primary productivity ( PNPP) determined by climatic conditions, respectively. The residual
trend analysis (RESTREND) method was applied to analyze the residuals of potential and actual net primary productivity

and further identify non-climatic effects on vegetation dynamics in four types of natural grassland, including meadow steppe,
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warm steppe, desert steppe and warm steppe desert of Ningxia. Results showed that the ANPP in 97.84% of the grassland
increased from 2001 to 2019 generally. The PNPP of the whole region presented an increasing trend, revealing that climate
change had a positive effect on vegetation recovery across the study area. During the grassland restoration, 61.68% of the
recovered grassland resulted from climate change, while 38.32% of the recovered grassland from the combined effects of
climate change and human activity. Anthropogenic activities were considered as the absolutely dominant influencing factor
for vegetation degradation. The driving factors of vegetation dynamic showed differences in the four types of grassland.
Climate change was the dominant factor for the recovery of warm meadow (68.94% ) and warm steppe desert (70.51%).
The combined effects of climate change and human activities were the main factors for the recovery of warm steppe
(62.30% ). The recovery of warm desert steppe resulted from the combined effects of climate change and human activities
(97.93%) . The improvement of hydrothermal conditions, especially the increases in precipitation, was the main influencing
factor for grassland restoration in Ningxia. The implementation of ecological protection policies produced significantly
positive effects on the restoration of grassland, and the unreasonable occupation of grassland was the main anthropogenic

factor leading to grassland degradation.

Key Words: Ningxia grassland; vegetation dynamics; climatic factors; anthropogenic factors
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PESE T R B B AL TR AR Y ANPP 433114 605.44 gC m™ a™ 356.46 gC m™> a™' |185.79 gC m™> a1 137.98
oC m™a™' 4FH4 PNPP 43518 765.46 ¢C m™> a™' 696.95 oC m™> a™' 444.44 oC m™> a ' f1363.04 gC m > a™',
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Table 1 Scenarios for assessing the relative effects of climate change and anthropogenic activities on grassland restoration or degradation
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Grassland degradation Tt 2 <0 <0 Fi bR A Bl AR A S | R
1557 3 <0 >0 iR AL i A SEEIE A S R

B EBRFHRIRAE = 11 AEE  Slope of actual net primary productivity; B, : WS TEHHII A 7 J1 4% | Slope of potential net primary productivity ;
By : NG SIEZ WA B B AL 7 F 8%, Slope of net primary productivity determined by human activity
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Fig.3 Spatial pattern of average annual ANPP and PNPP of grassland in Ningxia from 2001 to 2019
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Fig.4 The average annual ANPP and PNPP of different types of grassland of Ningxia from 2001 to 2019
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Fig.5 Spatial pattern of change trend and its significance for ANPP, PNPP and HNPP of grassland in Ningxia from 2001 to 2019
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Table 2 Area and percentage of net primary productivity of different types of grassland in Ningxia

N . e E B RV i
ANPP S i3 ANPP WU B3 %ﬂﬁ:ﬂtﬁn_ BiESSIR Aot
(B,>0) (8,<0) AL (B>0) HLHIR AL (B,4>0) HHIPK S (B<0)
FHR Y 4 A, Recovered grassland Degraded grassland Recovered grassland
Grassland t Increasing trend Decreasing trend esulted from climat lted from h ted from hume
srassland type of ANPP of ANPP resulted from climate resulted from human resulted from human
change activity activity

HA/km?  BHAN/%  EE/km® BAW%  ERV/km? BAH/%  ®RVKkm? BAN/%  ®RVKkm? BAOH/%

P )

1481.36 6.40 2.57 0.01 1483.72 6.42 1026.50 4.44 457.44 1.98
Meadow steppe
(Hlﬁz *R 7244.94 31.33 13.31 0.06 7258.25 31.39 2741.84 11.86 4516.42 19.53
Warm steppe
ey e
RIETRAR 12784.86 55.29 442.63 1.91 13227.70 57.20 9851.97 42.61 3375.51 14.60
Desert steppe
s
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Fig.8 Relative roles of anthropogenic and climatic effects on restoration and degradation of grassland in Ningxia
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Fig.9 Changes in mean annual temperature and annual precipitation in Ningxia from 2001 to 2019
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