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Abstract. China is one of the countries with serious land degradation
problems in the world. Land degradation directly threatens the food
security of our country and determines the sustainable development of
social economy. In this paper, the potential evapotranspiration and
moisture index are calculated to divide the climatic zone of China. Based
on the NPP and precipitation data, the national rRUE is obtained by the
edge function. With the climate "relative benchmark", the rules of
threshold analysis is used to comprehensively evaluate the land
degradation in China. The results show that: excellent land is concentrated
in northeast China, western Xinjiang and eastern Qinghai-Tibet Plateau;
mildly degraded land is widely and sporadically distributed in the eastern
plain of China; moderately degraded land and severely degraded land are
concentrated in western Inner Mongolia, southern Xinjiang and northern
Qinghai-Xizang Plateau.

1 Forward

Under the strong interference of human activities, land resources are faced with land
degradation problems such as desertification, soil erosion, soil pollution, grassland
degradation and sharp reduction of wetlands. The qualitative change process of land
degradation is the transformation process from land resource types with high productivity
or ecological service function to sandy land, bare land, bare rock gravel land, saline land
and non-agricultural construction land which are difficult to use or have very low
productivity[1]. From an ecological point of view, land degradation is the deterioration of
plant growth conditions and the decline of land productivity. There is a very close
relationship between vegetation cover and land degradation. Deforestation, overgrazing and
vegetation destruction are the direct causes of land degradation. The study shows that there
is a negative exponential relationship between vegetation cover and land degradation, and
the correlation coefficient is 0.8[2]. Vegetation degradation is not only the cause of land
degradation, but also the result of land degradation. Rain use efficiency of vegetation (RUE)
is a comprehensive index to describe the productivity and health status of vegetation in
ecosystem. Yin selected the RUE with high time resolution from remote sensing inversion
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as the evaluation index, and used the time series analysis method to evaluate the
development trend of desertification in Inner Mongolia Autonomous region[3]. Wang
monitored and evaluated the land degradation in Beijing-Tianjin wind-blown sand source
area based on net primary productivity(NPP) and RUE[4]. Gao also discussed the remote
sensing evaluation method of desertification based on RUE[5]. However, there are few
studies on large-scale evaluation of land degradation. Based on NPP and climatic data, this
paper selects the index of relative rain use efficiency of vegetation (rRUE), combined with
the significance test of the correlation coefficient of NPP with time, quantitatively evaluates
and rapidly monitors the situation of land degradation in China.

2 Methods

2.1 Technical route

First of all, the RUE is calculated from the NPP and precipitation data. Secondly, the
potential evapotranspiration and moisture index are calculated by using meteorological
data[6-7]. And then, with reference to relevant standards, the land of China is divided into
18 climate gradient zones. Next, based on the climate gradient zone, the edge function
model is established, from which the relative rain use efficiency of vegetation is obtained,
and the threshold analysis method is used to classify the land production capacity of rRUE.
Finally, on the basis of considering the "relative benchmark" of climate, the significance of
the correlation coefficient of NPP with time change is used. The annual average and annual
maximum of rRUE are used to comprehensively evaluate the land degradation situation in
China in the past 10 years. The research route is shown in Fig. 1.
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Fig.1. Technical route.

2.2 Comprehensive evaluation

The mean value of RUE (RUEmean) represents the long-term vegetation productivity and
production capacity of the ecosystem, while maximum value of RUE (RUEmax) represents
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the resilience of the ecosystem after disturbance, especially the interference of the
interannual variation of annual precipitation [4]. The threshold analysis is used to classify
the land production capacity based on the mean value of rRUE (rRUEmean) and the
maximum value of rRUE (rRUEmax). The evaluation method is as follows:

* Severely degraded land: when rRUEmean < 0 and rRUEmax < 0 in the study area, it
means that the ecosystem production capacity in this area is lower than the minimum of its
potential production capacity, that is, the land in this area has almost no production capacity,
and the resilience of ecosystem anti-interference is also lower than the minimum of its
potential elasticity, that is, the land in this area is almost unable to restore its productivity
and does not have ecological recovery elasticity. These areas are defined as extremely poor
production capacity in the study.

* Moderately degraded land: when #RUEmean < 0 and 0 < rRUEmax < 1 in the study
area, it means that the ecosystem production capacity in this area is lower than the
minimum of its potential production capacity, that is, the land production capacity in this
area is very low, but the regional ecosystem has normal anti-interference resilience, and the
land in this area can also restore its productivity. When 0 < »RUEmean < | and rRUEmax <
0 in the study area, it means that the ecosystem production capacity in this area is within the
normal potential range, and the land production capacity in this area is at the annual
average level. But the resilience of ecosystem anti-interference in this area is lower than its
minimum potential elasticity, that is, the anti-interference ability of land in this area is low
and does not have ecological restoration elasticity.

* Mildly degraded land: when 0 < rRUEmean < 1 and 0 < rRUEmax < 1 and Rnpp< -
0.5214 in the study area, it means that the ecosystem production capacity in these areas is
within the normal potential range, the land production capacity in this area is at the annual
average level, and the ecosystem has normal anti-interference recovery elasticity, the land
in this area has the potential to restore productivity. However, Rnpp<-0.5214 indicates that
the vegetation is degraded. So, these areas are defined as land with mildly degraded land.
(Rnpp represents the correlation coefficient of NPP index and wetness index with time, and
0.5214 is the critical value of significance test of correlation coefficient at 0.1confidence
level. )

* Good land: when 0 < rRUEmean < 1 and 0 < 7rRUEmax < | and Rnpp=> -0.5214 in the
study area, it means that the ecosystem production capacity in these areas is within the
normal potential range, the land production capacity in this area is at the annual average
level, and the ecosystem has normal anti-interference recovery elasticity, the land in this
area has the potential to restore productivity. And Rnpp >-0.5214 indicates that the
vegetation is restored. So, these areas are defined as land with Good land.

* Excellent land: when rRUEmean > 1 and 0 < rRUEmax < 1 in the study area, it means
that the ecosystem production capacity of these areas is very strong, and the ecosystem has
normal anti-interference resilience, and the land in this area has the potential to restore
productivity. When 0 < rRUEmean < 1 and rRUEmax > 1 in the study area, it means that
the ecosystem production capacity in these areas is within the normal potential range, the
land production capacity in this area is at the annual average level, and the ecosystem has a
strong anti-interference resilience. When rRUEmean > 1 and rRUEmax > 1 in the study
area, it means that the ecosystem production capacity of these areas is very strong, and the
ecosystem has a strong anti-interference recovery elasticity. This area is defined as land
with excellent production capacity.

» Abnormal: when the study area (rRUEmean < 0 and yrRUEmax > 1) or (rRUEmean > 1
and rRUEmax < 0), it means that one index of rRUEmean and rRUEmax is less than 0,
while the other index is greater than 1. Thus, it is defined as an anomaly area.

According to the above threshold analysis, combined with the correlation between NPP
and MI and time, the rules of comprehensive evaluation of land degradation are
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summarized, as shown in Table 1. Rnpp represents the correlation coefficient of NPP index
and wetness index with time, and 0.5214 is the critical value of significance test of
correlation coefficient at 0.1confidence level.

3 Results

The annual average temperature, precipitation, potential evapotranspiration, NPP and RUE
data are obtained or calculated, and the edge function fitting equations of RUEmean and
RUEmax are established. The results are shown in Table 1.

Table 1. RUE upper and RUE lower bound edge function models based on MI data.

y x Edge function model

¥ =0.0582x" - 0.3505x° + 0.9242x7 - 1.1621x +
0.5539

y=-1.3533x"+ 12.621x° - 46.595x" + 86.198x° -
81.714x> + 32.773x + 2.3314
y=-0.0313x"+0.1013x" + 0.304x" - 1.5361x° +
2.0817x” - 1.2363x + 0.3768

¥ =-0.0343x° + 1.3229x° - 10.011x* + 31.39x° -
45.935x* +27.314x + 1.1375

RUEmeang s | MImean

RUEmeanygs | MImean

RUEmax o5 MImax

RUEmMax g5 MImax

The annual rRUEmean and annual rRUEmax are calculated according to the formula:
rRUE=(RUE-RUE ¢5)/(RUE 95-RUE os). €]

According to the rules of comprehensive evaluation of land degradation, the evaluation
results of land degradation in China are obtained (Fig. 2).
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Fig. 2. Comprehensive evaluation of land degradation based on rRUE index by remote sensing.

The total area of degraded land in China is about 800000 km?, of which the areas of
mild degradation, moderate degradation and severe degradation are about 460000 km?,
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140000 km?* and 200000 km? respectively, excellent land about 530000 km?” and good land
about 8.17 million km’.

4 Conclusion

Based on the analysis of national regional climate and NPP data in recent 10 years, a
remote sensing comprehensive evaluation map of land degradation in China is obtained
based on NPP change trend and rRUE index. The study shows that excellent land is
concentrated in northeast China, western Xinjiang and eastern Qinghai-Tibet Plateau;
mildly degraded land is widely and sporadically distributed in the eastern plain of China;
moderately degraded land and severely degraded land are concentrated in western Inner
Mongolia, southern Xinjiang and northern Qinghai-Xizang Plateau.
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