
Introduction

Qinghai Tibet Plateau is known as 'the roof of the 
world' and 'the third pole of the earth', which is the 

'River source' of China and Asia [1-3]. At the same 
time, it is the strategic base of water resources security 
in china [4-5]. Qinghai Tibet Plateau plays a significant 
barrier action for ecological security of China and Asia 
[6-8]. Qinghai Tibet Plateau is the one of the sensitive 
regions for climate change to global change and it is hot 
area for global change research, too. In recent years, 
climate especially atmospheric precipitation of Qinghai 

Pol. J. Environ. Stud. Vol. 30, No. 6 (2021), 5765-5774

              Original Research              

Response of Ecological Environment to Climate 
Change in the Source Area of the Yangtze River 

Based on the Observation During 2005-2015
 

Ling-Ling Song1, Qing Tian1*, Zong-Jie Li2

 
1College of Forestry, Gansu Agricultural University, Lanzhou, Gansu 730070, China

2College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China

Received: 5 February 2021
Accepted: 27 April 2021

Abstract

Ecological environment in the source area of the Yangtze River has also undergone significant 
changes under the context of global climate warming. Based on the long term observation data 
(observation data of vegetation, soil moisture and desertification was from 2005 to 2015), desertification 
degree gradually decreased, vegetation height increased, the change of coverage was weak, above 
ground biomass significantly decreased and soil moisture significantly decreased after 2009 thorough 
analysis of correlation and annual change of wind erosion, wind deposition, vegetation situations and 
soil moisture from 2005 to 2015. So atmospheric precipitation wasn’t a directly specially important 
factor to ecological environment in the source region of Yangtze river in the context of climate warming 
and wetting and atmospheric precipitation was indirectly affecting the ecological environment in the 
source region of the Yangtze river. Rain could reduce environmental temperature and temperature was 
also an important factor for vegetation growth. Atmospheric precipitation didn’t play an important role 
in wind erosion and wind deposition in the study area. Precipitation increase could reduce height and 
coverage of vegetation in the source region of Yangtze river. And above ground biomass of vegetation 
might increase with the precipitation increase and climate becoming warm and wet. Atmospheric 
precipitation only directly affected soil moisture under the context of climate warming and wetting. 
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Tibet plateau occur significant changes in the context of 
global climate change [1, 3, 9-12]. 

Climate change has a series of impacts on water 
resources, hydrological system, species migration and 
grain yield. The fifth assessment report of IPCC points 
out that the global surface temperature is expected to 
exceed 1.5ºC from 1850 to 1900 at the end of the 21st 

century[13]. In the future, extreme events are likely 
to occur more frequently and last longer. China is 
more seriously affected by global warming, which 
is higher than the global average in the same period. 
As a sensitive area of climate change and ecological 
environment, the source region of the Yangtze River is 
affected by both climate change and human activities, 
especially since the implementation of the ecological 
protection project in the early 21st century [13-14].

With the continuous change of climate, the water 
shortage in the original water resource- poor areas 
will be more serious, and many water quality will 
also change greatly in this process [15]. Therefore, the 
amount of water resources available for use is reduced, 
which leads to the failure of its function to be effectively 
played. With the influence of human activities, a series 
of changes have taken place in surface processes, such 
as land use change, urbanization process, conversion of 
farmland to forest, which lead to the change of water 
cycle elements in time and space, and the change of 
water resources [12-13].

Climate change drives the change of water cycle 
on the global scale and causes different responses on 
the regional scale. Meanwhile, the change of surface 
processes on the regional scale further causes the 
change of water resources or runoff on the regional and 
watershed scales [16]. As a matter of fact, the process of 
multi-scale interaction of surface water, surface water 
and permafrost is the result of multi-scale interaction 
Water circulation in the surrounding area. The shortage 
of water resources will fundamentally affect agricultural 
output, cause food crisis and threaten human survival 
and development. Moreover, climate change is a new 
and important factor that aggravates the global water 
shortage and food crisis. As time goes on, its impact 
may be more widespread and far-reaching. To deal with 
the global water shortage and food crisis, people need 
to pay more attention to the factors of climate change, 
further clarify its impact mechanism, degree and scope, 
and take effective measures to reduce carbon emissions, 
curb the trend of global warming, and restore the global 
water cycle [17]. This is the fundamental way and long-
term plan to solve the double crisis of global water 
resources and food.

The source region of Yangtze river is an area that 
the most complex ecological environment and the most 
concentrated area of biodiversity [5, 18-19]. Meanwhile, 
the source region of Yangtze river owns the largest 
wetland area and the most rivers in high elevation. The 
unique location and fragile ecological environment of 
the source region of Yangtze river faces great challenges 
under the double influences from global warming and 

human activities [3, 5, 20]. Since 1980s, with the rapid 
development of China western economy and population 
continuous growth the fragile alpine ecosystem began 
to suffer more and more pressure from human activities 
[21-26]. However, under the background of the global 
climate change, What is the effect of atmospheric 
precipitation in the source region of the Yangtze River 
on the ecological environment of the region? How about 
the relationship between desertification situations, 
vegetation growth and soil moisture and atmospheric 
environment? These urgent questions need to be solved 
further. 

Material and Methods

Study Area

The source region of the Yangtze River 
(90°43′~96°45′E-32°30′~35°35′N) is located in the area 
above the hydrographic station of Zhimenda (Fig. 1). 
The Basin have 5 major river: Chumaer river, Tuotuo 
river, Gaerqu river, Buqu river and Dangqu river, 
respectively. The average altitude of this area is over 
4500 m, and many peaks are over 5500 m, which is a 
Typical Alpine frozen soil area. The source region of 
the Yangtze River is one of the main distribution areas 
of the plateau wetland on the Qinghai Tibet Plateau. The 
glacier area accounted for more than 89% of the entire 
Sanjiang source region, meltwater runoff accounted 
for more than 25% of the source region of the Yangtze 
river. Climate is dry and cold. Solar radiation is very 
strong and the frost free period is very short. The main 
vegetation types in the study area is alpine meadow and 
steppe.

Observation 

Budongquan, Wudaoliang and Tuotuohe as 
the observation point, soil moisture, wind erosion 
and vegetation situations in the study area were 
systematically observed from 2005 to 2015. Soil 
moisture was measured mainly by soil tube profile 
moisture meter. This instrument can directly measure 
soil moisture. It can simultaneously measure the soil 
parameters at different depths and upload them to 
the data center through the GPRS (GSM) network. 
Vegetation coverage is mainly measured by Vegetation 
Coverage Observation System. Surface vegetation 
coverage photogrammetry system includes portable 
vegetation coverage photogrammeter and automatic 
calculation system of surface vegetation coverage. 
One part is the hardware part. Even with the portable 
vegetation coverage photogrammeter, its function is to 
take vertical photographs to obtain vegetation coverage 
images. Another part is the PCOVER software. Its 
function is to process the acquired image and calculate 
the vegetation coverage automatically. The height 
of plant measured by steel tape. Desertification is 
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mainly monitored by the Wind Erosion Observation 
System. The sampling period of each collection point is  
15 seconds or 30 seconds. Usually the sampling period 
is from 15 seconds to 2 hours. 

Firstly, this paper analyzed meteorological 
data of Yushu, Qunalai, Wudaoliang and Tuotuohe 
Meteorological Station (Fig. 1) from 1959 to 2015 to 
make sure climate change situation. Then, systematic 
analysis the variation of desertification situations, 
vegetation growth and soil moisture and the relationship 
between desertification situations, vegetation growth 
and soil moisture and atmospheric environment in 
Budongquan, Wudaoliang and Tuotuohe station in the 
source region of Yangtze River from 2005 to 2016 
(Fig. 1). Finally, to explore the effect of atmospheric 
precipitation in the source region of the Yangtze River 
on the ecological environment of this region. The 
results are also helpful for further providing reference 
data for the whole Sanjiang source protection area and 
the whole Qinghai Tibet Plateau and providing scientific 
basis for effectively prevent and control the ecological 
environment problems. Meanwhile, provide scientific 
basis for further research in the future.

Results and Discussion

Analysis of Climate Change

In recent years, greenhouse gases increasing 
and heat balance of Earth’s surface have caused 

global climate change. So climate change has an 
important influence on the ecological environment and 
hydrological cycle and runoff formation [6]. Through 
analysis of meteorological factors, such as temperature, 
precipitation and wind speed from 1959 to 2015, 
the results showed that average temperature showed  
a significant increasing trend (R2 = 0.5343), the other say 
was that the temperature of source region of Yangtze 
river showed a significant warming trend in the past  
56 years (Fig. 2). And variation range of annual average 
temperature was 0.331ºC/10a. Precipitation showed an 
increasing trend (R2 = 0.1872), with variation range was 
14.4 mm/10a (Fig. 2). In short, climate of the source 
region of Yangtze river was becoming warmer and 
wetter. Extensive research suggests that temperature 
of Qinghai Tibet Plateau was lower from the end of  
19 century to 1920s. Temperature of Qinghai Tibet 
Plateau begun to rise since 1920s. As a result of water 
vapor transfer and water content showed significant 
seasonal variation and geographical distribution, 
precipitation of Qinghai Tibet Plateau showed an 
increasing trend but not significant. Recent studies 
on climate change of the source region of Yangtze 
river have convincingly argued that temperature and 
precipitation of the source region of Yangtze river 
showed an increasing trend. This is mainly due to ocean 
evaporation and enhanced land evapotranspiration, 
land-atmospheric water cycle accelerated in the 
context of climate warming. However, what is the role 
of atmospheric precipitation in the source region of 
the Yangtze River under the background of climate 

Fig. 1. Sketch map showing the source region of the Yangtze River.
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warming and warming? What is the environmental 
significance? This requires further analysis in the 
following parts.

Desertification

Desertification is one of the most important 
problems in the source region of the Yangtze river. 
Desertification of the source region of the Yangtze 
river not only affects ecological security of the source 
region of Yangtze river, but also affects sustainable 
development in the whole Yangtze river basin [24]. 
Through analysis of wind deposition and wind erosion 
in the source region of Yangtze river from 2005 to 

2015, the results showed that wind deposition showed 
a significant decreasing trend (R2 = 0.5932) from 2005 
to 2015 (Fig. 3) and the wind erosion also showed  
a significant decreasing trend (R2 = 0.5102) year by year 
(Fig. 3). But the decreasing trend of wind deposition 
was higher than wind erosion. Average wind deposition 
was 0.17 cm and average wind erosion value was  
0.18 cm from 2005 to 2015 in the source region of 
Yangtze river. The highest value of wind deposition was 
0.22 cm, which appeared in 2005 and 2008. Highest 
value of average wind erosion appeared in 2005, with 
the value was 0.24 cm. The lowest value of average 
wind deposition and wind erosion were all happened 
in 2012. But the lowest average wind deposition was  

Fig. 2. Climate change of the source region of Yangtze river from 1959 to 2015.

Fig. 3. Desertification situation of the source region of Yangtze river from 2005 to 2015.
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0.13 cm and the wind erosion was 0.14 cm. From 
seasonal variation analysis, May was an important 
month for desertification in the source region of Yangtze 
river. Before May, the value of wind erosion was greater 
than that of wind deposition, but it was opposite after 
May. This further suggested that there was obvious 

seasonal changes for desertification in study area. The 
highest of wind deposition showed in June (0.25 cm) 
and lowest in April (0.14 cm). However, The highest 
of wind erosion showed in April (0.21 cm) and lowest 
in June, October, November (0.16 cm). This showed 
that wind erosion and wind production might show 

Fig. 4. Vegetation situation of the source region of Yangtze river from 2005 to 2015.

Fig. 5. Variation of soil moisture in the source region of Yangtze river from 2005 to 2015.
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negative correlation. With the increasing precipitation, 
rising of temperature and decreasing of wind speed, 
wind deposition and wind erosion showed significant 
decreasing trend in the context of climate warming and 
wetting.

Analysis of Surface Vegetation

Alpine meadow is one of the most vegetation types 
in the source region of Yangtze river [7 ,27]. Alpine 
meadow dominated by low temperature and cold 
plants faced more serious ecological threat under the 
influence from global climate change [28-30]. Certainly, 
the influence from climate to grassland vegetation was 
long term, slow and large area [31-34]. The height of 
vegetation in the source region of Yangtze river showed 
a significant increasing trend (R2 = 0.207) from 2005 
to 2015 (Fig. 4). And the coverage also showed an 
increasing trend, but not significant (R2 = 0.028). But 
the above ground biomass of vegetation showed a 
significant decreasing trend (R2 = 0.6903) from 2005 
to 2015. Height of vegetation increased, coverage also 
increased and above ground biomass decreased in the 
context of climate warming and wetting in the source 
region of Yangtze river. Owing to precipitation and 
temperature increased made the height and coverage of 
vegetation increased, too. However, the above ground 
biomass showed decreasing trend, which indicated that 
precipitation and warming time wasn’t conducive to 
improve vegetation above ground biomass. This mainly 
duo to severe water shortage in the green period and 
lack temperature in mature period of forage grass. 
Certainly, this point was also a result for climate 
change.

Analysis of Soil Moisture

Soil moisture is key factor for soil-plants-atmosphere 
linking. It is the carrier of soil system nutrient cycling 
and flowing, too [18]. Soil moisture not only directly 
affects soil characteristic and plant growth, but also 
indirectly affects plant distribution and microclimate 
change to some degree. Take the annual change as the 
point of view, soil moisture in 2009 was a special node, 
because of soil moisture in 2009 was the largest. And 
soil moisture showed an increasing trend from 2005 to 
2009, but decreased from 2009 to 2016 (Fig. 5). Average 
soil moisture increased with the increase of soil depth 
(Fig. 5). The order of average soil moisture for 0-10 cm, 
10-20 cm, 20-30 cm, 30-40 cm and 40-50 cm was  
40-50 cm>30-40 cm>20-30 cm>10-20cm>0-10 cm, with 
the mean was 13.26%, 12.90%, 12.78%, 12.06% and 
11.58%, respectively. Meanwhile, soil moisture for all 
years (from 2005 to 2015) showed an increasing trend 
from 0cm to 50cm except soil moisture in 2009, 2010 
and 2011. Soil moisture in the source region of Yangtze 
river showed increasing first and then decreasing trend 
from 2005 to 2015 with the climate warming and 
wetting.
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Relationship between Atmospheric Precipitation 
and Desertification

Climate change is an important factor for 
desertification. Desertification is closely related to 

arid climate [35]. Drought and windy, especially wind 
season and dry season happens in the same time is 
main climate condition for desertification development  
[35-36]. Through correlation analysis and annual 
variation, there was a positive correlation between 

Fig. 6. Relationship between atmospheric precipitation and desertification.

Fig. 7. Relationship between atmospheric precipitation and surface vegetation.
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and above ground biomass, but significance also  
was not high and correlation coefficient was 0.019 
(Table 1). Vegetation height showed an increasing 
trend from 2005 to 2015 (Fig. 4). This indicated that 
climate factors were beneficial to vegetation height. But 
negative correlation between height and precipitation. 
On the one hand, because annual average temperature 
was below 0ºC and there was a large proportion of 
snowfall in the annual precipitation. So precipitation 
wasn’t an especially important factor to vegetation 
height in the source region of Yangtze river in the 
context of climate warming and wetting; On the other 
hand, rain could reduce environmental temperature and 
temperature was also important factor for vegetation 
growth in the source region of Yangtze river. In a 
word, precipitation increasing could reduce height and 
coverage of vegetation in the source region of Yangtze 
river in the context of climate warming and wetting. 
And above ground biomass of vegetation might increase 
with the precipitation increasing and climate becoming 
warm and wet.

Relationship between Atmospheric Precipitation 
and Soil Moisture

There was a very significant positive correlation 
between precipitation and soil moisture, and the 
correlation coefficients of soil horizon water and 
precipitation was 0.902 (0-10 cm), 0.867 (10-20 
cm), 0.817 (20-30 cm), 0.754 (30-40 cm) and 0.761  
(40-50 cm), respectively (Table 1). The variation trend 
of soil moisture was similar to the change trend of 
precipitation (Fig. 8) from 2005 to 2015 in the source 
region of Yangtze river. Atmospheric precipitation 
directly affected soil moisture and the variation trend 
of soil moisture is basically consistent with the trend 
of precipitation. Soil moisture played an important role 

precipitation and wind erosion (Fig. 6), but the 
significance was not high, the correlation coefficient 
was 0.27 (Table 1). As the same with wind erosion, 
there was also positive correlation between wind 
deposition and precipitation (Fig. 6), the significance 
was not high, the correlation coefficient was 0.182 
(Table 1). In general, more precipitation could make 
plants grow vigorously, that is to say, it can indirectly 
prevent the spread of desertification. But in the source 
region of Yangtze river there was positive correlation 
between precipitation and wind erosion and deposition, 
which indicated that precipitation in study area couldn’t 
effectively prevent wind erosion and wind deposition. 
The main reason was that the alpine meadow vegetation 
recovery in the Qinghai Tibet Plateau was very long 
and sufficient precipitation couldn’t meet the rapid 
restoration of vegetation. Atmospheric precipitation 
didn’t play an important role in wind erosion and 
wind deposition in study area in the context of climate 
warming and wetting.

Relationship between Atmospheric Precipitation 
and Surface Vegetation

Climate change is the decisive factor for vegetation 
growth and precipitation change is main factor for 
affecting ecological environment change [37-38]. 
Through correlation analysis and annual variation, 
there was a significant negative correlation between 
precipitation and vegetation height (Fig. 7), with the 
correlation coefficient was 0.621 (Table 1). There 
was a negative correlation between precipitation and 
vegetation coverage, but significance was not high and 
the correlation coefficient was 0.04 (Table 1). However, 
there was positive correlation between precipitation 
and vegetation coverage from 2012 to 2015 (Fig. 7). 
There was a positive correlation between precipitation 

Fig. 8. Relationship between atmospheric precipitation and soil moisture.
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in vegetation growth and preventing wind erosion and 
wind deposition in the source region of Yangtze river in 
the context of climate warming and wetting.

Conclusions

The influence of atmospheric precipitation on 
ecological environment in the source area of the 
Yangtze River has also undergone significant changes 
in the context of global climate warming and wetting. 
Desertification degree gradually decreased, vegetation 
height increased, the change of coverage was weak, 
above ground biomass  significantly decreased and soil 
moisture significantly decreased after 2009 thorough 
analysis of correlation and annual change of wind 
erosion, wind deposition, vegetation situations and 
soil moisture from 2005 to 2015. The pitched terrain 
of the source region of the Yangtze River was high. 
Himalaya Range and the Tanggula Mountain stopped 
the India Ocean warm wet flow direct pass from 
south to north. So the climate of the Yangtze River 
was a typical continental climate of plateau. Because 
of annual average temperature was below 0ºC and 
there was a large proportion of snowfall in the annual 
precipitation. So precipitation wasn’t an especially 
important factor to ecological environment in the 
source region of Yangtze river in the context of climate 
warming and wetting. Rain could reduce environmental 
temperature and temperature was also important factor 
for vegetation growth in the source region of Yangtze 
river. Atmospheric precipitation directly affected soil 
moisture in the context of climate warming and wetting. 
Atmospheric precipitation didn’t play an important 
role in wind erosion and wind deposition in study 
area. Precipitation increasing could reduce height and 
coverage of vegetation in the source region of Yangtze 
river. And yield of vegetation might increase with the 
precipitation increasing and climate becoming warm 
and wet.
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