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ABSTRACT
As the largest ecosystem in China, Grassland not only provides abundant natural resources for the regional economic
development, but also safeguards the environment of north China as it acts as an ecological protective screen. However,
because of the arid and semi-arid regions, most grassland are limited by climate seriously, changes in precipitation and
temperature can affect the community composition and primary productivity within and through grassland ecosystems.
Based on the long period climate data and observational data of vegetation in DAMAOQI grassland Inner Mongolia,
the study analyzed the climate change and its effect on community properties by using the linear trend method, etc. The
results showed that climate change presented increasing temperature and fluctuant precipitation in the last decades.
More precipitation could increase species diversity, and precipitation was better than the temperature for diversity exponents. According to these results, the strategy of soil and water conservation ecological rehabilitation would be provided to respond to the climate change. Increase the vegetation coverage and alleviate soil erosion relying on the selfrestoration capability of natural ecosystems under ecological theories, erect a development system on the balance
among the water, the forage and the animal. Transform those traditional extensive methods and enhance family farms
vigorously by local conditions, the most important of which is water resource. The strategy of ecological rehabilitation
advocates in the soil and water conservation and the ecological construction can be adjusted to the aim that establishes a
conservation-minded society and a friendly environment society.
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1. Introduction
With rapid economic development, the world population
is growing fast, more and more greenhouse gases have
been emitted into the air due to the immoderate and infinite activity of humankind. Increasing levels of greenhouse gases influence the Earth’s radiation budget and
the Earth’s-atmospheric system has had to adjust with the
raise of greenhouse gases to keep the energy balance, so
the global climate has been irreversibly changed. Lots of
results show that temperature will continue to rise and
precipitation will increase in China over the next 100
years under the background of global climatic change
[1,2].
The area of grassland is about 3.9 million square kilometers in china and grassland type is rich. Inner Mongolian grassland is in the middle of Eurasia, which is a transition zone among the arid region of Northwest and humid region of the North China. It becomes the sensitive
zone of global climate change by formidable natural conCopyright © 2013 SciRes.

ditions, climate fluctuation and complexity of social
economy [3]. So studied the technology of soil and water
conservation ecological rehabilitation responding to climate change will be improved the quality of regional environments and sustainable development of animal husbandry economy will come true. The research would provide the basis for the response of biodiversity and ecosystem function to temperature increase, and it would be
better to carry out ecological rehabilitation work for the
soil and water conservation of desert steppe under the
climate change.

2. Materials and Methods
2.1. Nature Survey
Making DAMAOQI grassland in Inner Mongolia as a
research object approaches its climate change and the
dynamic monitoring of grassland resources. It is the
warm temperate zone which is continental monsoon cliNR
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Figure 2. Mean temperature variation of different date.
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Annual mean temperature is 4.1˚C in DAMAOQI from
1954 to 2010, the minimum of mean temperature is 2.1˚C
in 1956 and the maximum is 6.3˚C in 1998 (Figure 1).
Temperature has a clear and fluctuant uptrend during the
last 60 years based on the Figure 1. Annual mean temperature of 21st century is 2.2˚C higher than fifties on the
date variety (Figure 2).
The climate change would cause the distribution of
some plant species decreasing, even some plant species
vanished, and some plant species distribution space increasing according of several researches [5-7]. Wang Yuhui et al. [8] results suggest that the identification of key
elements of temperature change is very important for understanding and predicting the impacts of global warming to grassland communities. So the temperature increase will effect the community composition and structure of grassland and the plant will change to respond the
climate warming.
Annual precipitation emerges a great fluctuation from
1954 to 2010 which is not an obvious regularity by using
air precipitation information (Figure 3). The maximum
precipitation reaches 425.2 mm in 2003 on record, the

1963

y = 0.449x + 2.4311
2
R = 0.9415

5.0

1954

3.1. Annual Variation of Temperature and
Annual Variation of Precipitation

1960

6.0

ln s

3. Results

1957

1954

0

Figure 1. Annual mean temperature variation curve.
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S is species number, Pi is relative coverage, relative
density etc. Important Value (IV) = (relative density +
relative coverage + relative frequency)/3.
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Analyze dynamic changes of meteorological factors, including temperature and precipitation, from 1954 to 2010
in DAMAOQI. Analyze regional land use and grassland
productivity based on the TM image and third statistics
on grassland resources Inner Mongolia. Calculate diversity exponents: Shannon-Wiener index, Simpson index
and Pielou index [4]. Shannon-Wiener index, Simpson
index represent the plant species diversity and Pielou
index represents the species richness.
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Figure 3. Annual mean precipitation variation curve.

second best is 400.1 mm in 1979 and the minimum is
138.4 mm in 2009. The mean precipitation is lowest in
the sixties and most in seventies (Figure 4).

3.2. Effect of Climate Change on Plant Species
Diversity
Reserving globe biodiversity has a great value for holding back globe warmer according to the positive feedback causality between the globe warm being warmer
and biodiversity [9,10]. Changes in plant species diversity were studied in the DMAOQI grassland Inner Mongolia. Based on the correlation analysis, Shannon-Wiener
index, Simpson index, Pielou index are positively correlated with precipitation, especially, Shannon-Wiener index is significantly correlated with mean precipitation in
NR
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Figure 4. Mean precipitation variation of different date.

August (P < 0.01), which correlation coefficient reaches
0.965. On the other hand, Shannon-Wiener index, Simpson index are negatively correlated with temperature,
annual evaporation (Table 1). The results show that the
species richness and diversity of the communities rise
with an increase precipitation, and with decreasing mean
temperature and annual evaporation.

3.3. Variation of Grassland
The total grassland is 1551.4 thousand hectare in 2010 by
the TM image, which is 85.35 percent in the whole area
of DAMAOQI. That utilizing area of grassland is 1396.3
thousand hectare and accounts for 90 percent of the total
grassland area (Table 2). Comparative analysis of grassland resources between 2010 and 1980 S, the total area
and the utilizing area of grassland has declined 106
thousand hectare and 111.7 thousand hectare respectively
for last several decades, which reduce benefits are 6.4%
and 8.0%. Different types of grassland have different
changes comparison with 1980s, the quickest decrease of
those types is typical steppe, its total area and utilizing
area have reduced about 84.2 and 73.9 thousand hectare
respectively, the next is desert steppe, decreasing 22.8
thousand hectare and 34.1 thousand hectare respectively.
The area of lower-flat meadow has increased 9.9 thousand hectare that is the main azonal vegetation in
DAMAOQI grassland. The land reclamation and use
irrationally is the main reasons of grassland degradation,
the climate change may accelerate the process.

4. Conclusion and Discussion
In this study, the regional temperature rises fluctuated,
climate become warming in DAMAOQI Inner Mongolia
which is corresponding with global change, annual precipitation varies widely and it is not obvious regularity.
The structure and function of the grassland community
could be altered if mean temperatures continue to increase. Researching the response of grassland community
to climate change not only pays attention to common
meteorological factors, such as mean temperature, annual
precipitation, but also understands extreme climate facCopyright © 2013 SciRes.

Value are significant at *P < 0.05; **P < 0.01.

Table 2. Comparative analysis of grassland area between
2010 and 1980S in DAMAOQI (thousand·hm2).
2010
Grassland
types

The
total
area

Comparative 2010
with 1980s

1980s

The
The
The
The total
The total
utilizing
utilizing
utilizing
area
area
area
area
area

Total

1551.4

1396.3

1657.4

1508.0

−106.0

−111.7

Typical
steppe

397.7

358.0

482.0

431.8

−84.2

−73.9

desert
steppe

852.2

767.0

875.0

801.0

−22.8

−34.1

steppe
desert

212.8

191.5

221.9

208.3

−9.1

−16.8

lower-flat
mead-ow

88.5

79.7

78.6

66.8

9.9

12.8

tors. Compared to 1980s, grassland area has dropped by
6.1 percent and mean productivity has reduced 14.7 percent. Grassland ecosystem has been suffered grave
threats by those traditional methods of production and
operating activities that mostly emphasis on the consumption and ignore the protection in animal husbandry.
Human’s living environments, health and safety are suffering unprecedented threats by the temperature increment, distribution of rain and extreme events of weather
endless emergence. So the technology of soil and water
conservation ecological rehabilitation must be Strengthen
Urgently. Now, many successful methods were popularized and applied for preventing soil erosion and protecting grassland environment on the basis of scientific researches and experiment for years.

4.1. The Technology of Comprehensive
Improvement of Natural Pastures
Enclose is one of most efficient and important technologies to realize the ecological rehabilitation in grassland.
The main excellence is the rotational grazing; vegetation
would be sufficiently and well utilized on desert steppe
[11]. It has been applied in many regions to prevent degradation and better results have been obtained. Other
effective methods include rain-fed artificial pasture,
NR
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over-sowing etc.

4.2. Utilization of Groundwater Resources and
Water-Saving Irrigation Techniques
Because of the arid and semi-arid region, the climate of
most grassland shows the dryness and little rainfall,
shortage of water resource effects plant growth, and then
restricts the animal husbandry and herdsman’s life. Many
technology, equipments and methods are adopted for rational development of water resources, especially groundwater, such as water supply well, main pipe of irrigation
system, hydrant, groundwater irrigation well, portable
pipeline and motor-pumped well building etc. Constructing forage land would considered a successful combination of the water-saving irrigation technique, which
would help to solve the problem of forage shortage and
then accelerate the soil and water conservation on ecological fragile regions.

4.3. Forage Land Construction with
Water-Saving and High Irrigation
Building forage land with water-saving, high-yield, highquality and efficient irrigation may increase the yield per
unit area and grass quality greatly, which will solve the
problem of supplying the forage to raise livestock. Combining with the full house feeding and semi house feeding, forage land creates conditions and convenience to
carry out enclose, rest grazing and rotational grazing.
The management mode may divides into two forms substantially based on the development of forage land construction, one is the large-scale and concentrated professional irrigation, and another is the family farms with
small and scattered irrigation.

4.4. Scientific Management of Grassland
Utilization
The most important of ecological rehabilitation is how to
realize the grassland ecosystem sustainable development,
regarded the scientific management as one of most efficient means. Carried on the policy of the household contract management in conjunction with forbidding grazing
and delaying grazing to protect degraded grassland, enforce contracts with households and consolidate the protection and utilization of pasture resources.
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