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Preface
|

Desert ecosystems have an extensive distribution throughout China. This classification
includes extremely arid, arid, semi- arid, semi- humid and other bioclimatic zones and
includes ecosystems ranging from temperate desert in the west to temperate grasslands
in the east. Annual precipitation from west to east in China increases from 50 to 450
mm. Desert regions in China are experiencing increasingly severe and frequent climatic
events such as wind storms leading to land desertification. Desertification refers to land
deterioration leading to the presence of sand or gravel and is caused by various factors
and diverse climatic conditions. Arid and semi- arid regions are experiencing the most
severe changes to climate and are also the most densely populated regions in
China. These regions not only have high biodiversity but are also important areas for ag-
riculture and national development and in terms of strategic position. The area is over
300 000 km? and includes a multitude of ecosystems including deserts, oases, the
desert-desert grassland transition west of Helan Mountain, the four main sandy lands in
eastern China, and the neighboring transition region of cultivated land and range-
land. Sandstorm hazards have caused direct economic losses of more than 54 billion
yuan every year. Climatic hazards have become an important factor restricting the
sustainable development of the economy as well as societal and ecological safety of
northern China. These regions in northern China have been the focus of extensive
vegetative sand-control and ecological reconstruction and restoration.

Efforts to prevent desertification and implement ecological reconstruction and
restoration began in the 1950s. Ecological projects combining artificial vegetation recon-
struction and spontaneous restoration have a long history in China. The construction of
the northwest- north- northeast China network of shelter belts was implemented in the
mid-1970s. Additional projects returning farmland to forests or grasslands implemented
at the beginning of this century have effectively contained the spread of desertification
and reduced the frequency and severity of sand storms. On December 29, 2014 the
State Council Information Office held the *“5" National News Conference on
Desertification and Desertified Land Monitoring™ . In 2014 the area of desertified land
nationwide was 1 721 200 km?, or 17.93% of the national territorial area. This is a
reduction of 9 902 km® since 2009 and an annual average reduction of 1 980 km® per
year. The area of land with significantly desertification was 30. 03 km®, accounting for
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3. 12% of the national territorial area. The area of effectively controlled desertified land
was 203 700 km*, accounting for 11. 8% of the total desertified land. At present, the
area of desertified land accounts for over 1/6" of the national territorial area. Although
the area of desertified land shows a decreasing trend as a whole, control and protection
is still an large task and desertification is still one of the most severe ecological problems
in China.

TheOpinions on accelerating the construction of ecological civilization published in
2015 stated that more than 50% of desertified land in China will be effectively controlled
by 2020. However, the natural conditions of desert regions are harsh, and ecosystems
are fragile making restoration difficult. A total of 55% of desertified land has been
effectively controlled, however maintenance of conditions and continued restoration are
difficult. Re- desertification is common when there is misuse following restoration. For
example, past afforestation initiatives planted Populus alba var. pyramidalis on
desertified land in the northwest of Shanxi Province. However this species caused a
serious reduction in ground water and the native sand-fixing vegetation which had once
reached 80% was greatly reduced. This resulted in a failure to stabilize desertified areas
and lead to a deterioration of the soil water environment. In recent decades, ground
water decline has caused the death of a large area of Ulmus pumila in the Otindag
Sandy Land. In the 1950s, a sand- fixing forest with extensive Elaeagnus angustifolia
and Populus planted in Mingin Desert Area in Hexi Corridor was reduced from 44 000
hectares to 30 000 hectares due to a decline of ground water levels. The area of
Hongjiannao Lake in the Mu Us Sand Land has shrunk from 67 km? in 1969 to 32. 8 km®
at present. In addition to the climate change, human activities also impact desertifica-
tion. Improper selection of sand- fixing species, monocultures, and excessive plant
density all lead to restoration failures. In addition, poor understanding of the
relationships between soil moisture capacity and the scale of vegetation restoration
projects, as well as vegetation succession and hydrology has led to failures. Recent de-
sertification has been observed in many sand- control regions in Horgin Sandy Land,
Ulan Buh, Qinghai Gonghe Sandy Land and Xinjiang Desert Region. Studying and
solving these problems is of scientific and technological importance to China to prevent
and control desertification.

Overgrazing and exploitation of water resources can have serious implications in
desert regions. These factors seriously affect areas of East China. From 2010 to 2015,
the area of arable land in desert regions and desertified arable land increased by 3. 60%
and 8. 76% , respectively. Additionally, the area of inland lakes was reduced, river
blanking was observed, and the level of ground water in many regions in East China
declined each year. Currently there is lag between theoretical research and practices. As
aresult, there is a lack of effective ecological system management practices. Ecological
reconstruction and restoration in desert regions and the sustainability of restoration still



face many challenges.

Ecological reconstruction and restoration in desert regions is a complex. Long-term
ecological studies and monitoring of the relationships between vegetation and hydrology
in desert regions is an effective way to understand the processes and mechanisms of
ecological reconstruction and restoration. Shapotou Desert Research and Experiment
Station ( Shapotou Station) of Chinese Academy of Sciences, established in 1955, is a
leader in the study of ecological reconstruction and restoration in desert regions in China
and globally. The station has over 60 years of research on the ecology of vegetation (in-
cluding artificial vegetation) and continuous monitoring of hydrologic process in desert
regions. An irrigation-free vegetation construction in China’'s desert and arid regions was
established by researchers at the station creating an internationally recognized
vegetation prevention system for the Shapotou Section of the Baotou-Lanzhou Railway. In
1988, this system won the * National Scientific and Technological Progress Special
Award” and the honor of “Global 500 Roll of Honor for Environmental Achievement”
issued by UNEP.

The center also has a research focus on sandstorm prevention and control of traffic
arteries in desert regions, centering on succession experiments using artificial sand-
fixing vegetation. Sand- fixing vegetation areas established with the same methodology
from 1956, 1964, 1973, 1992 and 2002 are used as a chronosequence. A
comprehensive water balance observation network was established in 1997 during the
“Seventy-five Year Plan” period facilitating comparative ecology research sample plots
a long-term observation network for the study of ecological reconstruction and restoration
as well as eco- hydrological process of artificial and natural vegetation in desert
regions. This water- balance study was initiated from the previous work of scientists at
Shapotou Station in response to the State’s demand for the development of restoration
ecology and ecological hydrology with the support of the National Science Foundation for
Distinguished Young Scholars, the Major Program of National Natural Science
Foundation of China (40825001, 90202015, 40930636, 41530746) and the National
Key Basic Research Program of China (2013CB429900) . The research not only covers
the succession of artificial vegetation and the coupling of hydrological process in the
southeast margin of Tengger Desert but also in the Hexi Corridor, Gurbantunggut
Desert, Alxa Desert Region, Ordos Sand Land and Horgin Sand Land. This research
focuses on the core scientific questions concerning ecological reconstruction and
restoration, prioritizing vegetation establishment and hydrology.

This book highlights the long-term ecological research of the Shapotou Station. Nearly
60 years of monitoring of sand-fixing vegetation and local hydrology has led to a thorough
understanding of soil hydrological process and vegetation establishment in desert
regions. Initially, high-density planting of Elaeagnus angustifolia, Populus, Pinus
sylvestris var. mongolica, Pinus tabuliformis and other tree species was adopted. Soil
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moisture and ground water decline was immediately obvious at this initial stage, and
vegetation survival rate was high. During this period large-scale sand control and
reforestation was common. After 20 years of this practice, soil moisture in large sand-
fixing forests, and ground water levels started to decline despite normal precipitation
and the vegetation began to die. From this, scientists realized the importance of species
selection of sand-fixing vegetation, as well as density and coverage. Now, low-density
vegetation establishment projects based on local conditions is practiced throughout
desert regions in China. Soil moisture and ground water levels have increased and
stabilized forty years since artificial vegetation projects were established. This experience
high- lighted the importance of water balance in maintaining the stability of sand-fixing

vegetation and led to optimized models of sand-fixing vegetation projects. With these
optimized projects and ideal soil-formation conditions, vegetation succession has led to
complex structure and diverse plant composition and with a herbaceous layer of native
species and a biological soil crust. Overall, these studies have high-lighted that the key
to ecological resotarion in desert regions is in fact soil restoration. Long-term ecological
study is the most effective way to understand regional hydrology, ecological process
and their interactions and in turn, the most effective way for successful restoration.
This book provides an overview of the innovative long-term ecological reconstruction
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and restoration research in desert regions. Using a theoretical approach to traditional ec-
ological restoration, we have analyzed the influences of ecological processes on local
and regional hydrological processes and the feedback mechanisms of soil hydrological
processes. Aimed at ecological system management and the stability and sustainability
of sand- fixing vegetation in desert regions, we have studied the following ecological
processes and mechanisms: the source, circulation and redistribution of soil moisture in
the vegetation-soil system; the quantification of water-use characteristics of sand-fixing
vegetation; the response of vegetation to different hydrological stress; water balance
mechanisms; a quantitative method for assessing the stability of vegetation; a
simulation of the sustainability of vegetation systems; the vegetation carrying capacity of
soil water in different desert regions and the experience in defining the capacity; and
the eco-hydrological threshold values of vegetation stability and sustainability. These
studies have provided a basis and reference for eco-hydrological regulation and control
as well as ecological system management of sand hazards and desertification.

This book consists of seven chapters. Chapter | and Chapter Il discuss the
scientific problems, the State's great demands, relevant progress as well as relevant
theories and hypotheses at home and abroad, achievements made concerning
sandstorm control and an analysis of their role in China's sandstorm control practice;
Chapter Il discusses hydrological process and mechanisms in desert regions; Chapter
IV studies soil processes and evolution after initial sand-fixing vegetation establishment;
Chapter V highlights the ecological patterns and succession after artificial vegetation es-
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tablishment, including the response of animals and plant diversity to changes in local
hydrology; Chapter VI introduces the response and adaption of important artificial
vegetation in desert regions to different hydrological dynamics and stresses; Chapter
VI, analyzes the response of vegetation patterns and processes to soil hydrological
processes, the influence of vegetation on hydrological processes, and the mechanisms
of intermodulation and presents the vegetation carrying capacity of soil moisture for the ec-
ological reconstruction and restoration in desert regions, the eco-hydrological threshold
values for distinguishing and maintaining the stability of artificial vegetation, and the eco-
hydrological control strategy for the stability of vegetation. This book is a collective of
research achievements of Shapotou Station. Over the past nearly 20 years, more than 40 re-
searchers and graduate students have participated in field observation and experimental an-
alyses. We would like to acknowledge Dr. Huang Lei, Dr. Zhang Yafeng, Dr. Hu Rui,
Dr. Wang Jin, Dr. Bao Jinting, Dr. Feng Li, Dr. Tan Huijuan, Dr. Pan Yanxia,
Dr. Zhao Yang, Dr. Liu Yanmei, Dr. Chen Yingwu and Dr. Liu Meiling.

We also would like to thank National Natural Science Foundation of China
(40825001, 90202015, 40930636, 41530746), National Key Basic Research Program
of China (2013CB429900) and the Program of Northwest Institute of Eco- Environment
and Resources of CAS (STS-HHS) for their funding and support.

This book is the basis of nearly 20 years of work done by scientists at Shapotou
Station. However, the ecology and hydrological processes of desert regions are very
complex, especially in the context of global change. As such we acknowledge that this
is not a complete study of these ecological processes and greatly appreciate your
comments and suggestions.

By Li Xinrong
In Shapotou, Ningxia
August 30, 2016
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FERDXETENMAELRR 75° ~125°, b4 35° ~50°, A
T—H&AEBEAZMAEER, REMBEER, ERAEIL, £it
MR, KRG 4500 km, BIEZE 600 km BYBTEEINFE bR &
(BfFEDM), BETER, ¥ TRERAFEESES, A52EME
NH28% , RRE/NKDE, MADHBIHX, Kb, 28
ZAFENDEESEN, ESTREERSETESND BRERA
FEHXE, BAKMNKERAE 450 ~100 mm, 2EWF (TEH)
FHTHTHEYED, £5EESRENXBMXMERIEAES
BEHHNEERERX (Lietal, 2014a; FIBRIPBIMPER
BT, 2015),

FEDPX —MBZIENREED A OFERILURDH . BRI D
. EEAEDM, ESRSBREBROIETREZETIS
B, EfRFIDR. SERMWE, BREDE, BESEKRIME E
HREEARIDR, BIAARIR, BRNBTIHIR, SRR HENRE.
SEEMb, MEABRES P B XA ESEMNTE
X, MESTETEREHK, HbxkXm, PEERIBERE
BEARELXR, RERAEF 30 F km?, BXRFE, XEHX
BREMRE, £YVETNES, AKENRE, ETE. £T2
WXHNFEALERX, £5KE+HSRFAES,
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