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ABSTRACT:  The purpose of this document is to introduce the Chinese Academy of Sciences’ (CAS) Institute of Tibetan Plateau Research (ITP) to the international scientific community.  We begin with an introduction into the significance of the Tibetan Plateau, as a reason for the Institute’s creation.  We then outline the ITP’s goals, objectives, and preliminary plans, describing the monitoring network – referred to as the Field Monitoring and Research Platform (FMRP).  Through circulation of this planning document we hope to solicit collaboration and contributions from international researchers who share our vision.  

1. Significance

As a unique geological and geographical unit, the Tibetan Plateau dramatically impacts the world’s environment.  This region provides a key for understanding geodynamics, offers a field laboratory for studying global change, and holds a natural gene bank of alpine bio-species.

The uplifting of the Tibetan Plateau since the Mesozoic is one of the most important events in geologic history.  Along with Antarctica and the Arctic, the Tibetan Plateau – sometimes called the “Third Pole” – controls many global climatic and environmental changes.  The Tibetan Plateau critically affects the world’s climate and environmental changes, especially in the northern hemisphere.  It also reflects the structure and tectonics of the earth through the exchanges of mass and energy from deep within the earth and their interactions with the hydrologic and atmospheric cycles.
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In the last decade, scientists have begun to pay more attention to the interaction between the atmosphere and the earth’s surface.  In addition to increasing our understanding of the environment and developing new science and technology, the study of the coupled tectonic – surface – climate systems can provide new insights for forging a better future.  Many successful case studies focused on such coupled systems have already been published.  These studies include the interdependence between (a) wetting and drying cycles in South American, and diving speed of Pacific Plate, (b) uplift of South American Plateau, and the change of sedimentation rate in front arc basins, (c) the interaction between monsoon rains in the East Himalayas and the erosion rate, and (d) crustal fusing and high pressure metamorphic geology.  The Tibetan Plateau is one of the best regions for studying the interactions between the atmosphere and the land surface.

With greater awareness of global climate change, more and more people realize that the study of global change indicators, mechanisms, influences, and responses needs to be expanded in middle and low latitude regions, in order to fully understand global change.  In the past, most research was conducted in high latitudes, and the importance of middle and low latitude regions, including the Tibetan Plateau, was largely ignored.  Now, scientists have recognized that more studies should be undertaken in middle and low latitude areas, especially dealing with geodynamics, environment processes, and related land surface processes in the Tibetan Plateau.
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The Tibetan Plateau directly affects modern civilization in the surrounding regions, particularly in eastern China, via its surface processes and climatic changes.  Changes in snow cover on the Tibetan Plateau can influence rainfall, especially the Spring Rains in east China by affecting the strength of Asian Monsoon.  Consequently, environmental changes and land surface processes will be principal topics of Tibetan Plateau research.

As a major glacier country, China has 50,000 km2 of glacier, of which more than 40,000 km2 are located on the Tibetan Plateau.  Because most rivers in China originate from those glaciers, the Tibetan Plateau is also named “China’s Water Tower”.  A great storehouse of detailed and precise information on climate changes has been deposited in those glaciers.  At present, most glaciers on the Tibetan Plateau are rapidly retreating.  This retreat will reduce the water sources for important rivers.  Furthermore, this retreat threatens to waste away the precious historical record of climate preserved in the glaciers.  This impending loss emphasizes the importance of establishing an ice core study network to obtain data while possible about glacier changes and their environmental impacts in the region.

The Tibetan Plateau contains more than 1500 lakes, some of which cover more than 1000 km2, such as “Na Mu Co”, “Se Lin Co” and “Zha Xi Nan Mu Co”.  Forty-seven lakes cover more than 100 km2.  The total lake area exceeds 24000km2, approximately one third of the entire lake area of China.  An observation network on lake ecosystems and their environment is urgently needed to record the extensive data on human activities, natural resources, the environment, and their interactions with global change.
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The Tibetan Plateau holds many forest types.  The number of tree species in the sub-alpine coniferous forests of the Plateau is over 60% of the total tree species in China. 

Furthermore, some Himalayan cypresses are older than one thousand years.  These trees could provide high-resolution data on the history of climate change.  Building an observation network of tree growth and environmental changes can provide valuable data to determine the relationship between annual growth rings and climate change.

Conditions on the Plateau vary from the southeast subtropical forest to the northwest arid areas, and from high altitude glacier – covered areas, to various forest types, encompassing many vegetation types.  Different underlying topography and surfaces form complex air circulation flows, such as mountain and valley wind systems, and glacier wind systems.  These underlying surfaces and circulatory flows build up an unique atmospheric boundary layer on the Tibetan Plateau.  Mass and energy exchanges between this layer and upper free atmosphere control the atmospheric circulation system of the Tibetan Plateau, and then impact the global circulation system.  The complex underlying surface results in unique exchange regime, and poses difficulties in weather forecasting.  Studying these earth – atmosphere exchange processes in the Tibetan Plateau can lead to more accurate weather and climate forecasting.
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The high altitude of the Tibetan Plateau makes it closer to the free atmosphere of Northern Hemisphere.  Therefore, the heating action of the Plateau makes the tropopause of this region extend higher than elsewhere at the same latitude.  As a result the Tibetan Plateau exchanges mass and energy between troposphere and stratosphere more vigorously than most regions.  Fully understanding of this 

exchange is critical for comprehending global mass and energy balances.

Solar radiation in the Tibetan Plateau is much higher than in most other regions.  Strong solar radiation accelerates ground surface photochemical reactions.  Increased ultraviolet 

radiation makes the lower atmosphere more oxidative, accelerating the formation of secondary pollutants, such as ozone (O3), and acids.  At the same time, more ultraviolet radiation speeds up the photolysis of organic contaminants, and introduces new processes of the atmospheric photochemistry of pollution.  Hence, the Tibetan Plateau can become a natural laboratory for research into atmospheric photochemistry processes.  Since the Tibetan Plateau is far away from major human industrial and agricultural zones, its environment has been little affected by human activities.  Thus, the atmosphere of the Tibetan Plateau could represent the typical background of the northern hemisphere’s atmospheric environment.  Accordingly the Tibetan Plateau provides the most pristine atmospheric environment for monitoring global contamination outside of the Polar Regions.

Current trends of international science show that information sharing and field observations have attracted more and more attention of scientists and governments.  In 2003, one of the topics at G8 Summit was information observation and sharing.  The Summit participants discussed coordinated global observation strategies, sustainable agriculture development, bio-diversity and clean and efficient energy utilization, as key principals of science and technology.  The global observation summit then put foreword four methods appropriate to implement these principals: building integrated and coordinated global observation systems, providing help to developing countries to setup and improve their observation systems, strengthening communication and sharing of data, and drawing up a decade-scale plan.

Based on the unique geographical and geological characteristics, a monitoring platform on the Tibetan Plateau will not only collect data, but will also lead the advancement of science relating to the Tibetan Plateau.
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2. Objectives 

To investigate: the structure of the earth’s crust and upper mantle in key regions of the Tibetan Plateau; the tectonic systems of the western margin and middle of the Tibetan Plateau, the orogenic processes of the Tibetan Plateau and their interactions with the environment and climate; and the relationship between hydrologic processes and the Plateau uplifting.

To study the characteristics of the Plateau’s climate and its interactions with global phenomena, to determine the effects of global warming on the Plateau’s glaciers, lakes, and frozen soils, and the ways these changes feedback to global climate change.

To understand the roles glaciers, lakes, rainfall, and soil moisture play with respect to greenhouse gasses and aerosols.

To learn more about the cyclic processes of stable isotopes in the hydrosphere, the cryosphere, and the biosphere, especially the interface processes between ice and air, and between water and air.
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To establish relationships between modern climate and physical, chemical, and biological proxies, using remote sensing data and the high resolution Plateau record.

To search for relationships between global change and the Tibetan Plateau climate, and relationships between land surface processes and the atmosphere, based on long-term observations of atmospheric conditions.

To conduct the above research in a way that is harmonious with the existing environment and peoples.

3. Establishment of the Platform of Stations

3.1 Long-term Plans (10-15 years)
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 Five first-order monitoring stations will be constructed for geophysical, environmental, and atmospheric research, distributed to cover the major regions of the Tibetan Plateau.
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Eighteen long-term, dynamic, high resolution, digital geophysical monitoring stations will be located as follows: Kemuli, Ritu, Shierhe, and Zhada, in the western Plateau; Qiemo, Gaize, Cuoqing, and Dingje, in center of the Plateau; Geermu, Wudaoliang, Anduo, and Dangxiong, in middle and the north of the Plateau; and Maduo, Yushu, Changdu, Zuogong, Chayu, Yajang, Daocheng, and Xiaguan, in the east.

Four stations for monitoring environmental and modern processes will be established as follows: a glacier and environmental monitoring network (including land rainfall and isotope), a remote sensing monitoring network for the environment, a lake and river monitoring network, and a network for monitoring annual growth rings of trees.  These four networks will be located in different ecological zones.  The north base includes the Guode ice cap, Qinghai Lake, and Delingha observation station.  The south base includes Mt. Qomolangma (Everest), Mt. Xi, Pumoyongco, and Nienamu station.  The middle base includes the Puruogangri glacier (or Malan ice cap) and Donghu (or Taiyanghu) station.  The west base includes the Guliya ice cap, Guozhaco station, and Namuco.  The east base includes the Gonggashan glacier and the annual tree ring monitoring station.

Four stations will be built for atmospheric monitoring: named Wudaoliang station at the north base, Mt. Qomolangma and Linzhi stations at the south base, Gaize station at the west base, and Changdu and Gonggashan stations at the east base.

3.2 Short-term Plans (3-5 years)
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To build integrated monitoring stations for Mt. Qomolangma and Mt. Xixiabangma (or Namuco Lake);

To build the Linzhi monitoring station;

To build the Delingha portable monitoring station.

4. Observations

4.1 Long-term (10-15 years)

The ITP plans to construct the Field Monitoring Platform on the Plateau to be combined with the construction of the CAS station network, integrated with the construction of national stations, and coordinated with international monitoring program plan.  The FMRP is intended to service all requirements for research on the Tibetan Plateau, environment restoration and sustainable development endeavors, and cooperative international programs.

4.1.1 Geophysical Monitoring

(1) For long-term monitoring

(A) Build eighteen permanent, dynamic, high resolution, digital seismic monitoring stations on the Tibetan Plateau.
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Establish two gravity monitoring stations.  Make long-term observation with state of the art gravimeters (such as the latest model Lacoste & Romberg gravimeters).  One of the corresponding stations will be on the Tibetan Plateau, the other is in Beijing.  These will become reference bases of field gravimetric studies.

(C) Build a GPS network.  There are currently three GPS stations, one each in Lhasa, Delingha, and Xining.  Fifteen more GPS observation stations are scheduled to be setup and connected into a network.  They will be located in Kemuli, Ritu, Zhada, Cuoqing, Sage, Dingjie, Anduo, Dangxiong, Cuona, Yushu, Changdu, Chaya, Chayu, Yajiang, and Xiaguan.  Fifteen GPS receivers (GPS/Glonnas, such as Ashtsch, Trimbal, Javad) will be deployed.

(2) Mobile geophysical monitoring systems

(A) Seismographic observations for earth quake and other seismic events:

Two hundred sensors will be available for seismic profiling.  Other cooperating departments can supply 40 sensors, so ITP will need an additional 160 sensors.
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Mobile magnetotelluric system for electromagnetic sounding: 

MGS-60 magnetotelluric sounding equipment, made in German, will be deployed.  This unit has a frequency band from 20 kHz to 4096 s, has 24 bit A/D converter, and includes the sampling and power systems.
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Field gravity observations:

A network of gravity base stations will be established and high precision gravimeters will be available for field survey.

(D) Magnetic observatory:

At least one magnetic observatory compatible with worldwide networks will be established on the Tibetan Plateau.

4.1.2 Environment and Process Monitoring

(1) Baseline surface monitoring.  These observations include changes taking place in glaciers, snow, lakes, rivers, rare or endangered vegetation, and the thickness of frozen soil.  Snow changes include cover area, volume, and mass.  Lake changes include area, evaporation, discharge, etc.  Typical rivers include the Changjiang (Yangtze) River.  Rare and endangered vegetation will be surveyed by remote sensing.  The thickness of frozen soil will be plotted along the path of the new Tibetan Plateau Railroad.

(2) Process monitoring.  This research includes hydro-chemical studies (such as salinity and conductance), biological studies (such as diatoms and TOC), and observations of life processes under extreme condition, deposition of spores and pollens, precipitation of stable isotopes, and sedimentation rates.

(3) Interface reaction studies.  This study includes aerosols, sand storms, chemical deposition processes from air, origin and sedimentation features of heavy metals and particulates, properties of soil at the base of the trees, and growth processes of tress.

(4) Studies of proxies that can be used to reconstruct pre-historical record of modern process.  These studies include the relationship between tree ring records and climate, between fixed stable isotopes and temperature, and between intensity of photosynthesis and plant respiration. 

4.1.3 Atmospheric monitoring

Six stations are planned.  They all monitor stratosphere, troposphere, subaerial layer, boundary layer, atmospheric radiation, precipitation, soil moisture, and other ground surface processes.  Two stations, at Mt. Qomolangma and Mt. Gongga, will also monitor aerosols, atmospheric chemistry, and the vertical distribution of ozone.

Suggested atmospheric monitoring stations:

	Station
	Existing condition
	reference

	Gongga 
	CERN station
	Atmospheric chemistry

	Changdu (Qamdo)
	Routine Meteorological station
	

	Qomolangma
	Meteorological station, GPS
	Atmospheric chemistry

Ozone sounding

	Linzhi
	Routine Meteorological station
	

	Gaize
	Meteorological station, GPS
	

	Wudaoliang
	Routine Meteorological station
	


(1) Observations of the stratosphere and troposphere.

GPS air sounding: to monitor the atmospheric structure and movement.  Observed parameters are air temperature, humidity, pressure, and wind.  Spatial resolution is 30 meter, daily monitoring.

(2) Vertical distribution of ozone.

Ozone sounding: weekly monitoring of the vertical distribution of ozone from 0-30 km, sampling 3 to 4 times each week during the change of seasons.

(3) Observation in the layer near the ground

Five level meteorologic survey towers: to monitor air exchange near ground surface, and determine lower boundary parameters, such as five levels of air temperature, humidity, pressure, and wind at 0-20 m.

(4) Boundary layer observations

Wind temperature profiler: to continually monitor structure and exchange features, including wind, temperature, and structure within the boundary layer, from 300 m to 3 km.

(5) Observations of atmospheric radiation

Observation system for sunlight and radiation: to continually monitor atmospheric radiation, including long wave, short wave, scattered waves, direct waves, and reflected waves.

(6) Soil thermal flux observations

Sensors for temperature, humidity, and heat-flow: to continually monitor heat exchange between soil and the atmosphere, which including heat exchange gradient, soil temperatures, humidity and evaporation, at depths from 0-10m.

(7) Precipitation observations

Precipitation observation system: including automatic precipitation monitoring gauges and manual rainfall records.

(8) Atmospheric chemistry observations
Atmospheric chemistry sampling and analysis system: including optical ozone abundance, real-time analysis of CO2, NOX, SO2, and ground CO3.  Experimental analysis of CO2, CH4, N2O, CO, POPs, VOCs, CFCs by weekly or daily sampling.

(9) Aerosol observation

Atmospheric sampling and analysis system: including aerosols, and particulates, large flow sampling and experimental analysis.  Weekly averaged sampling. 

4.2 Short-term Goals (3-5years)

The Field Monitoring and Research Platform will be promoted by the CAS Knowledge Innovation Project.  This Project will facilitate efficient support for international research and cooperation, and create a better research environment for the long term monitoring.

4.2.1 Geophysics

The seismic monitoring equipment will be available to other institutes for cooperative projects.  Broad band, large dynamic range systems with three component sensors should be utilized.  To cooperate with other institutions, one hundred or more deployable sensors should be available.  Five to eight fixed observation stations will be established as the framework for additional seismic profiling.  About 30 digital seismic recorder systems should be prepared.  The observation systems will be equipped with Reftek–130 seismic recorders, which are suitable for both portable and fixed – point observation. 

4.2.2 Process, environment and atmosphere

ITP plans to build one monitoring station between Mt. Qomolangma and Mt. Xixiabangma, another in Linzhi, and a portable station in Delingha.  The main topics of the research are as follows:

(1) Baseline surface monitoring

To observe the changes of glaciers, snow, lake, river, vegetation, and meteorology in Mt. Qomolangma and Mt. Xixiabangma regions.

(2) Process monitoring

To observe atmospheric environment processes (such as aerosols, sand storms, initial and derivative air pollutants), atmospheric chemistry, hydrochemistry, concentrations of stable isotopes in precipitation, physicochemical processes under glaciers, distribution of glacier topography, and sediment grain size and concentration in melt water.

(3) Interface reaction monitoring

This study includes chemical reactions and concentration changes of greenhouse gases (CO2, CH4, N2O), carbon particulates, POPs, SO42-, NO3-, Ca2+, Na+, heavy metals, and particulates, snow and glacier chemistry effected by high ultraviolet radiation in high altitude areas, processes of matter and energy transfer, flux monitoring, properties of soils, and the growth of trees.

(4) To study the relationships between climate proxies and modern process, including the relationship between radial growth of tree rings and climate, between temperature, precipitation and stable isotopes, between intensity of photosynthesis and respiration, between glacial fluctuation and global change.

Postscript
The Chinese Academy of Sciences’ (CAS) Institute of Tibetan Plateau Research (ITP) wishes to cooperate with other international researchers. The Tibetan Plateau plays an important role in the world’s climate, geodynamics, and environment.  The ITP’s goals include: investigating the structure of the earth’s crust and upper mantle, studying the Plateau’s climate and its interactions with global phenomena, understanding the roles of glaciers, lakes, rainfall, and soil moisture, learning more about stable isotopes in the hydrosphere, the cryosphere, and the biosphere, establishing relationships between modern climate and physical, chemical, and biological proxies, searching for relationships between global change and the Tibetan Plateau climate, and conducting the research in a way that is harmonious with the existing environment and peoples.  A major component for accomplishing these goals is to establish the Field Monitoring and Research Platform described above.  If interested in collaborating or contributing to these efforts please contact us at one of the following addresses: 
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Fig. 1 Location of the Tibetan Plateau





Fig2. Glaciers on the Tibetan Plateau





Fig.5 ANNI Synthesis Station





Fig.8  3-D Doppler Radar








Fig.6  Ice Core Drilling on a Glacier





Fig.17  Automatic Weather Station





Fig. 14 A Turbulence Station





Fig.10 Portable Board-Band Triaxial Seismometer





Fig. 16 Third Generation Broadband Seismic Recorder





Fig.12 Field Work on the Tibetan Plateau





Fig. 3 Vegetation Vertical Zonality on the Plateau





Institute Address:


P.O. Box 2871, Beijing 100085, P.R. China


Phone: +86-10-62849252


Fax: +86-10-62849886


Website: � HYPERLINK "http://www.itpcas.ac.cn" ��http://www.itpcas.ac.cn� 


E-mail: �HYPERLINK "mailto:tange@itpcas.ac.cn"��itpcas@itpcas.ac.cn� 








Fig.4  A Herder Family on the Tibetan Plateau





Fig.7  Long-Term Plan – Monitoring Stations on the Plateau





Fig.9  Near –Term Plan – Monitoring Stations on the Plateau





Fig.11 Mobile Geophysical Monitoring System 





Fig.13 Environment Changes Studies via Ice Core





Fig.15  ICP-MS Laboratory





Fig. 18  Tree Ring Study





Director Address:


Prof. Tandong Yao


Director of Institute of Tibetan Plateau Research


P.O. Box 2871, Beijing 100085, P.R. China


Phone: +86-10-62849071


Fax: +86-10-62849886


E-mail: � HYPERLINK "mailto:tdyao@itpcas.ac.cn" ��tdyao@itpcas.ac.cn�
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