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1 Space Science

With the growth of space activities, new progress has been continually
made in space science worldwide. Space astronomical observations have
revolutionized our knowledge of the universe, which propels the evolution of
cosmology from thinking to the era of exact science. Mankind has been able
to take the solar system as an integrated system to realize multi — star joint
detection and hence gain series of new achievements. Recently, in — depth
explorations on solar celestial bodies such as Moon, Mars, Europe, Titan,
etc. have been conducted. In microgravity science, various experiments have
been carried out on the International Space Station (SSI); Meanwhile,
European countries and the United States, Japan, etc. are also active in
conducting experiments by use of the microgravity rocket, weightless aircraft
and falling Tower.

Great progress has also been made in China’s space science. In space
astronomy, a number of novel studies of great significance were carried out.
Particularly, significant achievements were gained in space physics, which
have been awarded with several national and international prizes successively.
The Meridian Project, a ground — based meridian chain to monitor the solar —
terrestrial space environments in the eastern hemisphere, has started in
operation. As for the new achievements in lunar exploration, Chang’'E - 1
precisely impacted on the Moon surface within supposed region near Mare
Fecunditatis and accomplished all its scientific goals, and now China’s lunar
exploration program has stepped into the stage of landing. Progress was also
made in both space life science and space medicine, among which leaping
developments were realized for manned spaceflight. The mission of manned
space flight of Shenzhou —5, Shenzhou — 6 and Shenzhou —7 were sequentially
finished, and the goal of the Shenzhou — 7 extravehicular activity was
realized; By laying special emphasis on the space flight samples for analysis,
the influence of space environment effects on mankind and its mechanism
were elaborated; Since head down bed rest experiments is an effective means
to study the physiology effects of weightlessness on ground, the integrated
protection study of a large scale comprehensive experiment—the 60 day head

—down bed rest experiment and the physiology of weightlessness effect, was

A E B RARE (2011—2012) f A (35 )



2011—2012 ¥ H X EHR L5564
>> ¥ ‘]’ﬂi% 58 ZN %\

firstly organized in China, cooperated with France Space Agency and Chinese

University of Hong Kong, etc. And the extensive research on Chinese herbal
medicine against the physiological effects of weightlessness is also conducted.

In the next few years, the tendency and prospect of China’s space science
development are summarized as follows:

(1)To strengthen the study on X —ray time — varying characteristics, X —
ray polarization observation and dark matter detection in the scope of space
astronomy.

(2)In space physics, to meet the requirement of national strategy, it is
scheduled to carry out Kuafu Project during 2012 - 2015, to carry out the
Magnetosphere — Ionosphere — Thermosphere ( MIT) Coupling Exploration
Program during 2018—2020 and to implement the Meridian Project [[ around
the same time.

(3) In lunar science and comparative planetary science, the lunar
exploration should be stressed to urge on the implementation of China’s
Lunar Exploration Program || and [[[. The international scientific issues and
developmental tendency in deep space exploration should be investigated.
Meanwhile, research and demonstration on the manned lunar landing should
be intensified.

(4) The research on space life science would be guided to turn into based
astrobiology for extraterrestrial life science exploration. By 2015, the two
space laboratories of Tiangong — 2 and Tiangong — 3 should be launched
gradually. The space experiments of space medicine would be well combined
with the ground research, which can pave the way for man to explore space
targets further away ultimately.

(5) Taking the advantage of space microgravity environment to acquire
new knowledge in the frontier of physics, chemistry and life science, hence to
promote the developments of new ground — based subject; to carry out the
theoretic research on micro — gravity fluid physics and combustion as well as
the frontier significant research in the domain of space fundamental physics

like laser cooling of atoms and equivalence principle, etc.
2 Geography

The past five years is an important period for the development of human —
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economic geography in China. As social demands of sound urbanization and

regional sustainable development are increasing continuously in China, human —
economic geography has played a leading role in the important national
regional planning and strategy consultation, a series of important research
results have been adopted by the Central Government and have had a
favorable impact on the society. Human — economic geographers have made
considerable progress in the theories and methods, for example, in the fields
of man — land system and regional sustainable development, new factors and
new patterns of regional development, industrial clusters and industrial
agglomeration, globalization, multinational corporations and foreign
investments, transportation  geography and  spatial = organization,
transformation of resource — based cities and old industrial areas, marine
economic geography, and the regional spatial planning approaches have
achieved significant progress. There has been a great breakthrough in the
National Key Technology R&.D Program and the key projects supported by
the National Natural Science Foundation of China and National Social Science
Foundation of China, the quantity and quality of papers and academic books,
scientific rewards, construction of provincial and ministerial key laboratories
and key disciplines.

In recent years, the development of human — economic geography in
China presents the following characteristics:

(1) The orientation of interdisciplinary sciences and the value of applied
basic researches have been further clarified. The human - economic
geographers are playing a critical role in making major spatial planning. The
main nation — scale spatial planning projects are the Major Function — oriented
Zoning, the revitalization planning for Northeast China, the developmental
strategy of Western areas, the planning for the rising of Central China, the
planning for resource — exhausted cities, the eco — regional development
planning, and other key areas’ planning, such as development planning of the
Yangtze River Delta, Beijing — Tianjin — Hebei metropolis, Chengdu -
Chongqging economic region. Based on the practical research, China’s human
— economic geographers provided the Central Committee and State Council of
the Communist Party of China with a number of the important advisory

reports and exerted great influence on the national policy — making.
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(2) The combination of “human geography+ economic geography” as a
framework of human — economic geography has been formed.

(3) The applied field based on the man — earth system research has been
expanding. With the implementation of the strategy on “building a new
countryside” , a relative research on new countryside construction and
renovation of the hollowed villages has attracted interest of a wide variety of
researchers in China. The recent research results indicated that the process of
the rural hollowing can be identified into five stages, i. e., emergence,
growth, flourishing, stability, and decline. Based on the regional economic
development level and its physiographic features, the types of the rural
hollowing can be categorized as the urban fringe, plain agricultural region,
hilly agricultural region, and agro — pastoral region. Especially, the plain
agricultural region is the most typical one in the rural hollowing, which
shows the spatial evolution of the rural hollowing as a “poached egg” pattern
with a layered hollow core and solid shape. Furthermore, the driving forces
behind the rural hollowing are identified as the pull of cities and push of rural
areas.

(4) The direction and fields of the new subject geared to the social and
cultural development have been strengthened. For example, the tourism
geography has nowadays become one of the fastest — growing subjects. In the
pursuit of knowledge creation and diffusion, the academic standards have
been discussed substantially, the issues related to the researches have been
emphasized, and the self —awareness of the disciplinary development has been
intensified, hence a number of achievements with Chinese characteristics have
been made in the fields of community — based tourism ( community
participation and empowerment in the tourism development, power structure
in the tourism community), event &. event tourism (mega — events such as
Olympic Games, World Expo, Asian Games and Canton Fair; festivals such
as Qingdao International Beer Festival and Wutaishan Buddhist Festival),
heritage tourism Cheritage management &. governance, heritage tourism),
urban tourism (tourism commercialization in historic towns, recreational
business districts urban tourism growth mechanism and tourism — induced
urbanization ), tourist flow & time — space structure, and related

methodological innovations.
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(5) The technology of GIS has received more and more attention.

Compared with the foreign countries, China is still lack of a humanization
tendency in human — economic geography. Although Chinese scholars are good at
providing scientific proposals for the government decision —makers, they have not
reached the required levels of international communication, {rontier academic
thought and systemic theoretical originality. In the years to come, the human —
economic geography research in China should be concentrated on a
breakthrough in the interdisciplinary research, theoretical foundation
construction and disciplinary framework optimization, and methods of data
acquisition and spatial simulation. For example, with the rapid development
of the national cultural industry and the strategic requirement of cultural
construction of a powerful country, we should strengthen the inter —
disciplinary research between the cultural geography and cultural industry
promotion, and construct the subject system of cultural geography based on
absorbing the overseas advanced results. Meanwhile, the theoretical scope
and depth of behavioral geography should be expanded, and the experimental
study should be strengthened. Additionally, the human - economy
geographers should pay attention to the research of new geopolitics, urban
political geography and local political geography, and promote the
development of social geography based on the Sixth National Population

Census Data.

3 Entomology

Insects and humans are closely related to the daily life. Domestic and
foreign scholars attached great importance to the basic and applied research
on entomology. Chinese scientists have paid great attention to the beneficial
insect protection and pest insect control. About 11 900 memberships in the
Entomology Society of China have been registered including 7 academicians of
the Chinese Academy of Sciences and Chinese Academy of Engineering. The
Institute of Zoology of Chinese Academy of Sciences, Institute of Plant
Protection of Chinese Academy of Agricultural Sciences, Zhejiang
University, China Agricultural University, Nanjing Agricultural University,
South China Agricultural University, Fujian Agriculture and Forestry
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University are the superiority institutions and universities in China’s

entomology fields .

In recent years, especially between 2009 and 2011, in order to meet a
challenge from the impact of global changes on the development of resource —
poor insects, pest outbreaks and other hazards, with the support of the
National Natural Science Foundation (736 projects), the National Science and
Technology Support Program (2 projects, 19 subjects), the National
Department Public Benefit Research Foundation (34 projects), “9737”
Project” (6 projects)and other foundations,China made significant progress in
the classification study on the insect fauna, insect physiology and
biochemistry and molecular biology, insect ecology, insect toxicology, insect
biological control, integrated pest management, resource utilization and
protection and alien invasive insect science and other insect branches of
entomology, and took a leading position in some fields of entomology. A
large number of research reports on entomology were published in the
important periodicals at home and abroad. The statistic data showed that
13772 insect — related papers were published during 2009 — 2010, among
which 2625 were published in SCI, 6 in Science, 1 in Nature, 6 in PNAS, 1
in Annual Review o f Entomology . 4 in Nature Biotechnology.

In the past two years, China has made the following significant
achievements in the entomology: the invasive mechanism of whitefly(Science,
318:1769 —1772) , the leaf miner insect (Annual Review o f Entomology ,» 54
127 —145), the solitary and gregarious transformation mechanism of locust
(PNAS, 108; 3882 —3887), the catastrophic effect of locusts response to a
long — term global change ( PNAS, 14521 - 14526), the new control
technologies of cotton bollworm (Nature Biotechnology 1307 —1313)and the
brown planthopper ( PNAS, 106: 22163 — 22168 ), the evaluation of
ecological risk of insect — resistant Bt transgenic cotton (Science, 328 1151 —
1154), the sight, smell and memory study of model insect Drosophila
(Nature, 439: 551 —556), the relationship of fossil pollinating insect and at
the time of gymnosperm plant (Science, 326: 840 — 847), and the single —
base — pair resolution silkworm genetic variation map (Science, 326: 433 —
436).

Meanwhile, in order to meet the country’s needs, take the basic science
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as a key goal, and solve the problems of the major pest disaster and its

control, China’s entomologists have made great achievements in the
entomology study and won a lot of outstanding awards, among which are 13
second prizes for the Scientific and Technological Progress Awards. The
award — winning projects include the agricultural pest monitoring system and
lighting control technology ( Hyphantria cunea) biological control research,
the cotton bollworm regional migration regulity and early warning technology
research and application, the Xinjiang cotton aphid ecological technology in
Xinjiang region, the major alien invasive pest ( whitefly) research and
integrated control, the polymolecular target insecticide development and
application in control of major pest resistance, the natural enemies of
predatory mite products and the biological control technology research and
application of agricultural and forestry pest mites for the protection of
national food security and ecological security, etc. .

However, there is still a large gap between China and the developed
countries in the entomology study, especially, in beneficial insect protection
and pest control technologies. In entomology, China is weak in the basic
research, and lack the originality research and systematic research. In the
future, China should fully mine and use its resource —based insects, put focus
on the pest management and protection of beneficial insects, take the major
pests of agriculture and forest, and the insects of major resources as a
research object, and attach great importance to the interdisciplinary study and
penetration, the combination of macro — fields and micro — fields, so as to

promote the development of China’s entomology.

4 Ecology

4.1 Introduction

In recent years. ecologists in China have been making great efforts in
promoting sustainable development and environmental improvement. Many
new discoveries and scientific results have been achieved, which contribute
deep understanding in complex ecological mechanisms in relation to natural
ecosystems and nature and human coupled systems, while help to meet the

increasing societal needs and build up a fundamental platform for the
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development of science and research. The current ecological research fields

mainly include biogeochemical cycles, responses and adaptation of plants and
animals to the changing environments, restoration and rehabilitation of
degraded ecological systems, ecosystem service and ecosystem health,
biodiversity conservasion and ecosystem management. All these research
fields are approached in a broad context of global climate change.

Compared with foreign studies, the ecological research in China started
late, and the research methods and statistical analysis methods are relatively
backward. There is still a long way to go for China in terms of ecosystem and
global change and ecosystem research, ecosystem service evaluation,
biological invasion and biological disaster control, ecological restoration, and
human ecology, etc.

4.2 Development trends and prospects in ecology

4.2.1 Forest ecology

The future trend of forest ecology is to strengthen the research on effects
of forest ecosystems on global climate change through inter — disciplinary
approaches, different methods, and multi — scale integration studies. It is
particularly important for the mankind to understand the interactive
mechanism of forest ecosystems and climate change.

4.2.2 Grassland ecosystem ecology

The main research trend of grassland ecosystem ecology is as follows:
(DThe study on the potentials and abilities of carbon sequestration in the
grassland, abilities of carbon sequestration as well as influencing factors in
the grassland will be strengthened. @ The long term data collection in the
grassland especially underground biomass will be intensified and carbon stock
and its dynamic in the grassland will be explored. @) The research on the
cultivation grassland and natural grassland will be strengthened. At the same
time, the mechanisms and technology of emission mitigation and sink
enhancement will be conducted. @ The pasture — crop rotation and mixed
seeding grassland model will be further developed, which plays a function of
emission mitigation and sink enhancement. (&) The potentials and technologies
of emission mitigation and sink enhancement of grassland under different land
conditions ( slope, aspect, soil, etc.) will be studied to explore the

mechanisms of emission mitigation and sink enhancement.
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4.2.3 Wetland ecology

The research should be focused on the process of interaction between
lake — land ecotone, and the formation, development and evolution of the
wetland through the long — term orientation monitoring and experimental
research. The research on mechanism of the wetland degradation process and
restoration and reconstruction should be strengthened. An optimal wetland
management mode aimng at watershed ecological safety should be developed.
The long — term monitoring, effective protection and sustainable management
of the wetland should be achieved.

4.2.4 Desert ecology

The research will be focused on the basic theory on the mechanism of
desertification formation. The anti — interference mechanism of desertification
affected ecosystems and its solutions will be explored. The systematic
research on comprehensive measures of prevention and control of
desertification affected ecosystems will be carried out and the eco —
hydrological process in the desertification affected land will be conducted.

4.2.5 Agricultural ecology

The research will be focused on the landscape ecological layout of the
rural areas, the relationship between the circulation design of the agricultural
ecosystem and the agricultural biodiversity. The agricultural ecological
pattern and eco — agricultural technology system in the specific areas will be
explored and studied. The development of ecological agriculture in China will
be promoted. The social and economic dimentions, and the humanities will be
further incorporated. Policies and regulations of the society, economy and
humanities need to be further studied for meeting the needs of the ecological
agriculture development.

4.2.6 Urban ecology

The future research on urban ecology and environment is in following
three fields: urban habitat ecology, urban industry ecology and town life —
support system ecology.

4.2.7 Landscape ecology

The future research on the landscape pattern analysis will mainly include
changes from a static pattern description to a dynamic pattern description by

the use of a variety of landscape pattern indexes, the development of
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landscape pattern indexes based on the process of the multidimensional

analysis for the landscape pattern, and multi — scale analysis for the landscape
pattern.

4.2.8 Ocean ecology

Biological communities and ocean environment will be viewed as a whole
when conducting macro — ecology research. At the same time, a scope of the
theoretic and applied research in the micro — field should be expanded. The
related ecological research in Great Wall Station and the Zhongshan Station of
Antarctic Pole, the Yellow River Station of Arctic Pole should be actively
conducted.

In the face of the challenges of the increasingly changing biosphere, the
future emphasis of the ecology research will include global change ecology,
ecosystem services, biodiversity conservation, biological invasion mechanism
and control, restoration of degraded ecosystem and artificial ecological
design, ecosystem management, and ecological civilization and sustainable

development.

5 Environmental Science and Technology

During the “Eleventh Five — Year Plan” period, China officially
established the strategy of promoting environmental protection by technology
to constantly boost 3 major environmental protection technology projects,
including the “environmental technology innovation”, the “construction of
environmental protection standard system” and the “technical management
system of environmental protection”, and carried out key technology special
projects, including the “national census for nationwide pollutant sources”,
the “macroscopic strategic research on Chinese environment” and the “major
science and technology program for the water pollution control and
treatment” and a batch of strategic scientific research special projects. “863
program”, “973 program”, science and technology support program, social
benefit research, natural science fund, and other national and local science
and technology programs continued to be inclined to the key points of
environmental science and technology. The unprecedented comprehensive

layout was performed for the environmental technology research in terms of
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the field scope and scientific depth. China gave full play to the role of the

environment technology in guiding and supporting the environmental
protection development. In the case that both economic growth and total
energy consumption exceed the planned expectation, the emission reduction
tasks of both COD and SO, were overfulfilled by relying on the environmental
technology and technology support of the environmental protection industry.
It fully shows that China has made great progress in environmental protection
in the past 5 years.

5.1 Fundamental researches and key environmental issues

5.1.1 Water environment science

China preliminarily formed a train of thought of preventing and
controlling water pollution and eutrophication in the lakes and reservoir
drainage basins as well as a strategic approach to preventing and controlling
water pollution in the rivers, put forward a series of theoretical research
outcomes of preventing and controlling eutrophication in the lakes and
reservoirs including the theory of “blue algae growth formed water bloom
formed”, and “generation and flow mechanism of the clear water in the
drainage basin”, etc., established the theoretical system and zoning
technology method of water ecology sectorization in the Chinese drainage
basin as well as the risk assessment and prewarning technology method for
aquatic environments in different types of drainage basins, and constructed a
“census data management platform for aquatic environments in the nationwide
lakes (reservoirs)” to realize the informatization management of the aquatic
environment of the lakes(reservoirs).

5.1.2 Atmospheric environment science

China put forward the synchronizing cascading turbulence theory, which
formed the pollutant source list technology and database with Chinese
feature, created an inversion method of the regional emission list “from top to
bottom” based on satellite remote sensing, established an integrative
regulation and control method for the regional atmospheric environment
quality, and perfected the total amount control theory, method and
blowdown right transaction system of pollutants.

5.1.3 Solid waste and noise abatement

China carried out the theoretical research on the new technology of
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changing solid waste into the resource and pollution — free disposal and

achieved some progress on the acoustic material, acoustic quality and acoustic
landscape, noisy pre — estimate &. monitoring and other aspects. The
fundament research system has been gradually matured.

5.1.4 Soil pollution and restoration

China formed the pollution chemistry, material transportation interface
and ecological process, ecological toxicity and micro ecological effect,
microbion geography and other environmental science theory innovation
systems, and developed a numerical simulation method of the
nonhomogeneous medium multiphase fluid, risk exposure and environmental
risk assessment and uncertainty analysis method, pollution control and
restoration technology.

5.1.5 Environmental management

China expanded the theories on environmental laws, environmental
economics, environmental management system, environmental planning .

5.2 Breakthrough on key technologies

5.2.1 Water environment technology

China focused on breaking through a batch of key technologies and
generic technologies of source control and emission reduction, such as control
and governance of industrial pollution sources and agriculture non — point
pollution, urban sewage treatment and changing sewage into resource, water
body’s water quality purification and ecological restoration, drinking water
safety control and aquatic environment monitoring pre — warning and
management, developed out a batch of key equipments and completed a set of
equipments.

5.2.2 Atmospheric environment science

China established the regional regulation and control mechanism for the
integrated control of the atmospheric combined pollution and broke through
the synchronization control and governance technology for SO, and NOX in
the burning process, the control technology for toxic and harmful organic
pollutants in the industrial discharge, the resource utilization technology for
the desulfuration byproduct(CaSO, and CaSO;).

5.2.3 Technologies of solid waste disposal

China developed a batch of new technologies on the solid waste pollution —
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{ree disposal and resource utilization, achieved great progress on the

electronic waste, hazardous waste, sludge pretreatment and other multi —
fields. The biomass energy technology has been further developed and
applied.

5.2.4 Noise and vibration environment technology

China developed the acoustic material with thin, light, wide and strong
features, and the product structure is basically adapted to the Chinese
pollution governance demand. China developed out a batch of serialized and
standardized universal noise control equipments.

5.2.5 Soil pollution and restoration technology

In the decision — making, the total amount control of pollutant has been
changed into the pollution risk assessment, and the single restoration
technology has been changed into the combined and integrated project
restoration technology.

5.2.6 Environmental policy and legislation

China researched and revised the LLaw on the Prevention and Control of
Water Pollution, the Law on the Prevention and Control of Atmospheric
Pollution, the Circular Economy Law, established 7 environmental protection
administrative regulations, for example, the environmental impact
assessment ordinance of planning, the control regulations for recovery
processing of scrapped electric appliances and electronic products, etc. and
unveiled the regulation documents, for example, the integrative work scheme
for energy conservation and emission reduction, the national scheme for
climatic change, etc; formulated and revised 1 050 national environmental
standards. The regional environmental protection program research
developed rapidly.

In addition, by relying on two strategic special projects, “national census
for nationwide pollutant sources”, “ macroscopic strategic research for
Chinese environment”, China completed verification for production blowdown
coefficient of industry and town domestic pollution sources and centralized
pollution governance facilities, established overall clue, work goal, key task
and safeguard measure of the environment technology in the next 10 — 20

years.
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5.3 Important progress achievements in environmental science

5.3.1 Structural emission reduction

China completed the environmental appraisal for key industry
development strategies in five major regions, for example, Bohai coast, west
coast of strait, etc. ., washed out a great deal of the lagging productive
capacity, which promoted the development and expansion of the
environmental protection industry and other new strategic industries. For the
emission reduction by engineering, a batch of new technologies were
popularized and applied in the town, industry and all classes of waste water
treatments, such as highly efficient denitrification and dephosphorization
waste water treatment, treatment of the refractory waste water, sewage
recycling, etc. For the atmospheric environment pollution control, the
resource recovery in the desulphurising process, highly efficient utilization of
desulfuration byproduct, combustion of low nitrogen and denitration of fume
and other new technologies and new process were extensively applied. For
the emission reduction in management, “three major systems”, including
pollution emission reduction indices, monitoring and examination, were
constructed.

5.3.2 Environmental quality control ability

The new idea of controlling eutrophication in the lakes and reservoirs
developed in the aquatic environment field broke through a batch of puzzles,
for example, a complete set of key technologies for eutrophication in the large
and medium shallow lakes, key technologies and equipments for urban
sewage advanced treatment, systematized techniques for water ecology
sectorization in drainage basin, etc. In the atmospheric environment field, the
control technologies and countermeasures were formed for regional
atmosphere particulate matter, nitrogen oxide, ozone and toxic harmful
pollutants in the air. In solid waste field, the new technologies, new
processes and new equipments were developed out for treatment, disposal and
resource utilization on all classes of solid wastes. In the acoustical
environment field, China developed out the damping steel spring levitation
road bed vibration isolation technology, rectangular array type muffler and a
batch of environment noise and vibration control technologies. Many

outcomes also sprang up in the fields of the ocean environment, radiation
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environment, land and rural environment, etc. , which provided a support for

the environmental quality improvement.

5.3.3 Key drainage basin governance

China worked hard at the research and tech — demonstration in the “three
lakes”, “one river”, “one reservoir”. Its governance effect for control of
water pollution, ecological degradation and other problems began to appear.

5.3.4 Guarantee of air quality

China explored and constructed an air pollution joint defense and control
mechanism of “ unified planning, unified monitoring, unified supervision and
control, unified assessment and unified coordination”, formed * guidance
opinion on boosting air pollution joint defense and control and improving the
regional air quality”, which successfully provided a guarantee of the air
quality for the “Beijing Olympic Games”, the “Expo 2010 Shanghai”, the
“Guangzhou Asia Games” and other important activities.

5.3.5 Environment supervision and control

China successful launched the environment calamity monitoring moonlet
A and B. The outer space and ground integration monitoring ability was
preliminarily realized.

5.4 R&D and personnel training in environmental science

5.4.1 Construction of R&D and application

Two national key environmental protection laboratories were newly —
built. China has also 9 built or building national engineering research centers
(NDRC) and 11 built or building engineering and technological research
centers under the Ministry of Science and Technology. 6 newly — built key
laboratories and 5 engineering research centers under the Ministry of
Environmental Protection. China constructed a sharing platform of national
environment technology resource information. Preliminarily formed a
research and information exchange platform adapted to the environment
technology, environmental management and compound decision.

5.4.2 Higher education

China carried out the pilot work of the environment engineering subject
certification and formulated a certification standard. 196 universities offered a
master degree program of environment engineering. Therein 149 universities

offered a doctoral degree program. In professional management aspect, the
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number of the environmental appraisal institutions and professionals has
constantly increased. The registration of environmental protection engineers
have been brought into the unified planning for the nation — wide professional
qualification certification system.

5.5 Prospects for environment science and technology

(1) The discipline development will be changed from the natural science
field to the humanities sociology field and combined with sociology,
psychology, socioeconomic development, public service and other
socioeconomic subjects on the basis of the traditional discipline system of
pollution governance and ecological protection.

(2) The research field will be changed from the single environmental
element to the overall ecosystem.

(3) The research process will be changed from the microscopic view to
the macroscopic view.

(4) The research content will be changed from the single element to the
multi — elements.

(5) The research scope will be changed from the micro — scale to the
regional — scale or global — scale.

(6) The research means will be changed from the traditional technology
method to the interdisciplinary method, and environment scientific research
will be fused together with high — tech development.

(7) The major research emphasis on the pollution prevention technique
will be changed from the terminal governance to the whole prevention and

> to ensure the

control, and the “green economy” and “low carbon economy’
coordinated development of environment and economy.
(8) The environment technology will be changed from the post — event
emergency to the to pre — event pre — warning and post — event emergency.
(9) The research hotspot will be all kinds of assessing the human health

risks.

6 Resources Science

6.1 Introduction

Along with the global economic integration acceleration and economic
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breakthrough, natural resources shortage and environment deterioration are

becoming great challenges worldwide, which threat the sustainable socio —
economic development in the 21* century. The years of 2010 and 2011 are the
key period for China’s social and economic development. The year of 2010 is
the end of the “Eleventh Five — Year Plan” period (2006 —2010)and the year
of 2011 is the beginning of the “Twelfth Five - Year Plan” period (2011 —
2015). It is an important subject whether natural resources can support
China’s long — term sustainable development. As the status of resources
science in China’s social and economic development rises significantly, its
impact on the national science and technology innovation system has become
more and more prominent.

Resources Science is focused on the formation. evolution, quality and
quantity characteristics, spatial and temporal distribution of resources, as
well as its relationship with the human society development, and is the
production of combination, mutual infiltration and interdisciplinary
development of natural science, social science and engineering technology.
Resources science is an interdisciplinary field with the joint of many subjects
such as nature, society, technology and management. Now it has formed
more than 20 second - rate disciplines. In this report, 4 comprehensive
resource disciplines and 4 department resources disciplines were chosen to
promote the monographic research. They are resources informatics, resource
ecology, resource economics, resources management, water resource, land
resource, energy resource and mineral resource, respectively., The new
viewpoints, new theories, new methods, new technologies and new findings
of resources science are introduced in the report, so as to reflect the present
general situation and progress of resources science in the research, teaching,
communication, etc., and the major applications and achievements of
resources science in the industrial development. The domestic and
international development level, strategic needs and research fields, and
future direction of resources science are analyzed, respectively, and finally,
developmental strategies and solutions are put forward.

6.2 Major achievements in resources science of China

6.2.1 Science of resources ecology

The science of resources ecology is mainly focused on the interaction and
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relationship between human beings and resources. By studying resources
ecology, the regional and /or global ecological issues aroused from the
conflict between the resources exploitation and resources protection are
analyzed, and a scientific basis for the rational utilization of natural resources
and environmental protection are proposed. Resources ecology has played an
important role in ecological engineering, ecological industry, resources
development and protection, land improvement, ecological security, “green”
transformation and sustainable development. At present, ecosystem services
and evaluation, ecological security and ecological compensation have become
the hot topics in the research of resources ecology. Based on a review on the
domestic status and recent progress of resources ecology in the past 5 years,
it is concluded that in order to cope with the challenges of the resource
shortage and climate change, China faces three strategic requirements for
resources ecology, which include: rational utilization and protection of
resources, environmental protection, and implementation of * green”
transformation. The applications of resources ecology in the national economy
and social development are analyzed from the point of view of the ecological
security, “green” transformation, sustainable development and ecological
compensation.

For resources ecology, great progress has been made in the ecological
security and ecological compensation.  Specifically, an ecological
compensation system by shifting the regional experiment into the official
policy specification has been explained.

In November 2011, the State Council decided to establish the first
“comprehensive experimental zone of national ecological protection” in the
Three Rivers region of Qinghai, required to establish a standardized long —
term mechanism of ecological compensation, and put forward a “two —
screen, three —band” security strategy as the main ecological structure. The
security strategy was proposed according to the “main function of the national
division” issued by the state in 2010.

6.2.2 Resources economics

Resource economics is a comprehensive discipline with reference to the
research on the relationship between the economic development and resource

exploitation, utilization, protection, distribution and management. It has an

156~ GONPREHENSIVE REPORT ON ADVANGES IN SCIENGES



2T <

important strategic significance for realization of the sustainable development

to strengthen the research of resources economy. Over the past two years, so
as to meet the needs of national development, China has made significant
progress in the research of domestic resources and resources science. The
new demands have been put forward, the abundant research data have been
accumulated, and practical experience, research methods and systemic and
theoretic preparations for the development of resource economics have been
proposed, which has promoted the resources economy research and the
development of the resource economics discipline, and has made an important
contribution to the national development.

Over the past five years, for the resources economics research, major
progress has been achieved in the theories, experiments and methods. For
the theoretical research, some progress has been made in the interaction
mechanism among the resources, economy and environment, resource tax,
resource curse, and renewable resource development, etc. For the empirical
research, great progress has been made in the relationship between the
natural resources and economic development, assessment of resources
security, etc. For the methodology research, the main progress has been
made in the cross —applied mode of thinking to guide the optimal allocation of
resources, exploring cost and benefit of the development and utilization of
natural resources and so on.

6.2.3 Resources informatics

Resources Informatics is a subject with reference to the research on
theory and methodology of the natural and social resources information, and
it is especially focused on the formation, acquisition, transmission,
management, analysis, processing and application of natural resources
information. As an important branch of resources science, resources
informatics plays a more and more important role in the development of
society and economy.

In recent years, for the resources information research, great progress
has been made in the acquisition and analysis processing technology of
resource information. The access to resources information has become easier
by ways of space resource information, aviation resource information, ground

positioning observation and comprehensive investigation and so on. The
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improvement of the high — resolution satellite data analysis and processing
techniques, reconstruction of a long — time series of resources information,
and the improvement of land surface modeling and data assimilation
technology, etc, has promoted the development of the analysis processing
technology.

6.2.4 Resource management science

Due to the conflict between the limited natural resources and increasing
demands of mankind, the need of natural resources exploitation and
management has been put forward. And a variety of issues caused by the use
of resources have promoted the development of the resource management
science. The resource management science mainly helps to solute the
problems on the resource survey, exploration, development, utilization,
protection, distribution.

Over the past five years, for the research on the resources management
science, great advance has been made in the integrated resource management,
utilization of resource efficiency, property rights, market and price
management, management of resource security. In addition, participatory
resource management, community resource management, resource adaptive
management, process management, coordination management have been
further developed.

6.2.5 Water resources science

Water resources are the foundational natural resources, the strategic
economic resources, and also an organic part of the comprehensive national
strength. At present, water, food and oil have become three strategic
resources in China. The water resources science is a new branch science
formatted and developed through the human long — term water — related
activities, in which major studies are concentrated on formation,
transformation, and movement rules of water resources, water resources
exploitation, utilization, planning, management, protection, etc. However,
with the rapid economic and social development, the contradiction between
the water supply and water demand has become sharper, and the water
shortage has become a bottleneck to the national economic development.
Therefore, the study on water resources has become an important subject for

supporting China’s sustainable development. For the research of the water
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resources science, great advance has been made in the development and

utilization of sea ice resources of the Bohai River, key technologies for
improving the water quality by the Huaihe River — Shahe River joint operation
of water quality and quantity, ecological water standard of China’s sub —
region, integrated simulation and prediction of the water cycle and its
associated process of the Hai River Basin, the simulation control technology
and its applications of the water and national economy coupled system.

6.2.6 Land resource science

Land resources science is a new discipline in which land resources are
regarded as its research target. Land resources science includes:
(Dinvestigation and evaluation of land resources types and characteristics,
quantity and quality; @land resources exploitation and use; (3land resources
renovation and transformation; (@ conservation and management. In recent
years, for the land resources science research, remarkable progress has been
made in land evaluation, land consolidation, land use and cover change,
sustainable land use, land ecological security and resources security, and
optimal allocation of land use. Currently, China’s land remediation change
from the traditional increase in the cultivated land to the construction of the
new countryside and improvement of the capacity of rural development.
Especially, a research team led by Liu Yansui have paid deep concern on this
field and have made great progress.

6.2.7 Energy resource science

Energy is a material basis of the national economic development and
social progress. There is a close correlation between human society progress,
development and utilization level of energy resources.

As an important branch of resources science, the research of energy
resources is focused on various kinds of energy resources and relevant laws in
the exploitation, utilization and management, the relationship between
natural, technological and economic characteristics of energy system, and
social and economic development. In modern society, the energy demand is
more prominent. Energy resources science has become an important subject
to guarantee the sustainable social and economic development. For the
research on energy resources science, China has achieved a major

breakthrough in the “Engineering Technology and Application of West — East
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Natural Gas Transmission Project” and “Daqing oil field more than 40 million
tons of high water content continued to post stable and efficient exploration
and development of technology”.

6.2.8 Mineral resource science

Mineral resources science is a comprehensive science about the
relationship between mineral resources, and technical development and
utilization, environmental protection and management, human social needs
and economic development. The development of mineral resources science
involves mineral resources science, mineral resources economics, mineral
resources management and mineral resources industrial economics, and now it
is mainly focused on the mineral resources industry. Today, scientific
prospects, ready exploration, integrated development, mining area, circular
economy and green mining town are the interrelated and complementary key
points of mining industry.

It is important for us to format and develop the mineral resources
industry, so the characteristics of China’s mineral resources should be
understood and the relationship of key points be clarified. The development
of mineral resources science plays a strategic role. In the period of the
“Eleventh Five — Year Plan” (2006 — 2010), for the research on mineral
resources science, a series of achievements were made in the land resources
management, geological exploration management, mineral resources
management, mineral resources economy and mineral environment
management. The achievements also include new ideas of economy and
management, and new technologies and experiences. In this report, the
statistics on the research institutions, universities, societies, state key
laboratories and state — level important scientific research achievements in the
field of mineral resources were conducted, and the developmental trends and
emphases of mineral resources science were projected.

6.3 Trends and outlooks

At present, global resources research enters into a critical phase, of
which the object is a comprehensive and integrated study on the earth
resources system. In order to achieve the sustainable development, the
countries around the world are all concerning on economic and environmental

issues of development and utilization of international and national resources.
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In future, the countries all over the world will still focus on the strategic

demand, and take the key resources such as water resources, land resources,
energy resources, mineral resources, etc. as a main object to strengthen the
comprehensive study on the regional scientific investigation and resources
science, complexity and sustainable development, water and land resources,
flow of natural resources and its eco — environment effects, assessment of a
trend of the world’s natural resources, national security of strategic
resources, environmental remediation mechanism in the resources utilization

process and development of the waste utilization technology.

7 Instrumentation Science and Technology

The famous scientist Menchiehliehfu had said: The science began from
measurement. As a measuring tool in the early time, the instrument has
developed as a complete instrumentation subject of science and technology
under the course promoted by the modern science and technology and
productive force while promoting the science and technology and productive
force. As the focus expression of the measurement technology, the positive
pole of the instrumentation subject of science and technology is becoming
increasingly clear. It is becoming a common knowledge that the
instrumentation is “the multiplier” in the industrial production, * the
vanguard” in the science research, “the combat effectiveness” in the military,
“the physical judger” in the national commercial activities.

According to the international developing trends and national current
situation, the instrumentation subject of science and technology is consisted
of the industrial automation measurement and control technology, the
industrial automation instrument and control system, the scientific
measurement and analysis technology, the scientific instruments, the
diagnosis and treatment technology of persons and medical instruments, the
information metrology and measuring technology, the electric measure
instruments, the specific test and measure technologies, the various specific
measuring instruments, and the relative sensor, component, material and
their technologies.

In recent three years, China has been rapidly advancing in R&.D of the
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instrumentation subject, which greatly promotes its economic and social

development. Particularly, the basic characteristics and technical level of the
domestic distributed control system (DCS) with the knowledge property
rights have approached the advanced world level. The DCS’ domestic market
share has reached 30% in the large engineering projects, and DCS has been
applied in the large —scale equipments and large engineering projects, such as
in the 600 MW extra — critical, 1000 MW super — extra — critical thermal
power generators, the oil refining equipment of 5 MT/year and 8 MT/year,
the synthetic ammonia equipment of 0. 45 MT/year, the urea equipment of
0.8 MT/year, the oxidizing aluminum equipment of 4 MT/year, the 265 m’
firing equipment, the 20000 m’/h gas separating equipment, the 58 m* PVC
aggregation boiler, and the control system of city track traffic. This has
become a principle focus on the development for the instrumentation subject
of science and technology in China in recent three years.

In this report, the characteristics and trends of the development of
science and technology, and the industrialization for the instrumentation
subject of science and technology are expounded, the basic situation and gap
with the international level of science and technology, and the
industrialization for the instrumentation subject of science and technology of
China are deeply analyzed, and the recent important progress of science, and
the industrialization for the instrumentation subject of science and technology
of China are emphatically expressed.

Finally, the proposals of relative measures and policies for developing
the instrumentation subject are put forth in this report.

Furthermore, the 7 important domains selected from the instrumentation
subject were carefully studied, and 7 relevant research reports on the special

topics were made in this report.

8 Standardization Science and Technology

As an emerging discipline, standardization is a crucial subject that
concerns the development of China’s national economy. New progress has
been made in the basic theoretical study on the subject, talents and

infrastructure as well as interdisciplinary studies, especially the development
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of theoretical construction with the government’'s motivation and

standardization workers’ active participation. The theoretical idea of
comprehensive standardization and the study on the standards by category for
the purpose of establishing standards have been raised in the fifth issue of
Introduction to standardization. This report indicates that an intensive study
mainly on the progress in the basic theories and knowledge system of
standardization as well as interdisciplinary study has been conducted. And
relevant reports of the studies on different fields of standardization discipline
have been made.

8.1 New progress in standardization academic discipline

8.1.1 Progress in basic theoretical study

1. Comprehensive standardization theory

As science and technology become modernized, more and more
interdepartmental, interdisciplinary and inter —subject issues emerge. Almost
all the modern industrial products or services fall into the same categories,
which cannot be specified by one single standard. Therefore, establishing a
series of standards comprehensively and systematically to specify the
categories becomes a leading method of standardization activities as well as
scientific methodology for modern standardization. This report pointed out
that the combination of comprehensive standardization and system theory
proposed by Li Chuntian has been successfully proved in China, which has
made an important contribution to standardization methodology.

The essence of comprehensive standardization is the scientific
methodology of standardization, based on systematic theories. Its prominent
characteristics are to establish a series of standards and coordinate the overall
standards, based on the whole system, and to establish a standards package
with full functions as carefully planned and implemented, follow — up
examination and feedback adjustment during the course of execution until the
realization of pre - determined goals. Therefore, comprehensive
standardization is about the Plan — Do — Check — Action (PDCA)full - process
for the purpose of settling matters.

The study on Comprehensive Standardization makes the standardization
infrastructure move a step further to the conception of establishing Standard

Systems Engineering proposed by Qian Xuesen, in which standardization is
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raised to a systematic level.

2. Category for the purpose of establishing standards

Standards are categorized into public standards and private standards in
the fifth issue of Introduction to standardization. The purpose for
establishing public standards is to obtain the best public interest while the
purpose for establishing private standards is to obtain the maximum
organizational interest itself. It is learned from the report that such
categorization is fundamental, which reveals the fundamental differences
between the two standards as well as the differences in the standards
establishment, form, contents, functions and operation means. Then
different policies will be adopted to ensure the fairness of public standards and
the competition of private standards. It may not only highlight the functions,
but also distinguish between the two standards, and public and private
interests., To deeply explore the different development laws of the two
standards as well as the coordination relations between the public standards
and the private standards can provide not only a new approach on how to
establish the two standards, but also a theoretical basis for establishing
standardization disciplinary infrastructure and legal system.

At present, the Public Management School of Tsinghua University is
engaged in the study on the property of public interests and private interests
of standards, the relations between the two standards and public
management, trying to offer solutions to the design of public policies related
to standardization.

3. Study on philosophy of standardization

Standardization and diversification, standardization and orderliness as
well as standardization space and other philosophical issues have always been
important subjects for standardization workers. Gu Mengjie has proposed a
3W illustration model as per Karl Popper’s three worlds theory and
conception divergence of terminology standardization. The 3W illustration
model could be deemed as the new progress in modern philosophical
epistemology. It has been made clear from this exploration that it has special
significance and value in the study on standardization philosophy. In addition,
the Qian Xuesen’s Systems Engineering theory and comparative analysis

between orderliness and standardization, from the SCI theory toward the DSC
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theory, the environment and internal motive mechanism of practicing

standardization and realization of orderliness are deeply explored.

This study also could be deemed as an evolvement process from nature
world to human society as well as a philosophical analysis on the past,
present and future of standardization activities of human society in both micro
and macro levels. In the future more professional talents should be
encouraged and motivated to conduct the study on the philosophy of
standardization, which will play an active role in the establishment and
development of China’s standardization academic discipline.

4, Re — interpretation of basic definition and connotation of
standardization

Bai Dianyi has proposed that the knowledge system of standardization
consists of 6 modules, standardization definition, general knowledge, basic
theories, methodology, knowledge of application technology, knowledge in
different fields as well as knowledge of special standards. He believes that all
knowledge units at different levels in this system will form a relevant
knowledge structure; the professional knowledge system of standardization is
based on the standardization scientific discipline, on the standard scientific
knowledge system, and on selecting it from the scientific knowledge system
of standardization as well as the knowledge system of other relevant
disciplines and setting it according to society’s demands for talents in different
fields and job duties.

Mai Lubo has proposed a unique idea on the standardization definition,
development stages, theoretical structure and mathematical model of
standardization as well as the establishment of basic axiom. He tries to apply
the methodology of natural science in the basic theories of standardization, to
establish a concept model and mathematical models of standardization, and to
establish the standardization axiom, rationale and laws so that the
standardization phenomena can be under the control of scientific methods and
logic (mathematical)inference.

Affected by the environment of relevant scientific research and academic
atmosphere, the developmental goal of establishing a well — recognized
knowledge system of standardization as well as a link system between

theoretical study and teaching practice will be realized.

A E B RARE (2011—2012) f A (35 )



2011—2012 $# % vz Ak
> FAERARE G K

5. Systematic and localized interpretation of the rules for compiling
standards

In the fields of research and practice of standard compilation rules,
Chinese standardization researchers has inherited and transformed the
theoretical and practical achievements in the ISO standard compilation and
other international standard organizations, and make a deep analysis and
systematic interpretation on the rules and methods of the standard
compilation. Guides for the Drafting of Standards is involved in the
independent standards formulation and how to compile standards by adopting
international standards, including how to determine standardization objects
and select technical factors, text structure of standard as well as compilation
details, etc.

Chinese scholars value the correct selection of normative essentials very
much on standard compilation rules, reasonable text structure of a standard,
clear and accurate statement of standard essentials, articles and contents so
as to make standard texts normative, clear, unified and applicable. Compared
to ISO/IEC standard compilation rules, Chinese scholars have unique
perspectives in systematic interpretation of the theories and special
requirements for Chinese words, which plays an active role in establishing
standardization academic discipline.

6. Historical study on standardization

The historical study on standardization is both a crucial part of
theoretical study on standardization and a basic work for establishing
standardization academic discipline. This report conducts deep investigation
in the studies on foreign and domestic standardization history, and makes a
comprehensive report on the standardization research in remote antiquity and
ancient times, the foreign standardization research in modern times and the
domestic standardization research in modern times, and the research
sequence, characteristics and major viewpoints as well as case studies.

In the period of the “Eleventh Five — Year Plan” (2006 - 2010),
supported by the MOST, some researches and reports on the subjects of
China Standardization Developing Strategy and Construction of China
Standardization System , and on modern histories of Chinese standardization

and foreign standardization have been made. In recent years, the China
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National Institute of Standardization has started the research on history of

Chinese standardization and made new progress.

8.1.2 Progress in interdisciplinary research findings

1. Introduction of entropy theory to standardization

The entropy theory provides brand new perspectives and solid theoretical
basis for standardization studies, which not only further reveals the essence
of standards and standardization, but also guides the research of
standardization towards the development in more scientific direction. In this
research, Wang Jiyun has proposed the conception of standard entropy and
standard negative entropy, which further deepens the application of entropy
theory in the standardization system.

The standard entropy is defined as a measurement of the degree of
standardization system disorder. Compared to the application of entropy
theory in thermodynamics, the standard entropy constantly grows in the
relatively closed standardization system; the standard entropy also constantly
grows in a general standardization system as time passes by, being a positive
value until it turns negative as enough negative entropy is input into the
standardization system. Guided by the goal of the overall standardization
system, applying systematic analysis, it finally and efficiently controls the
factors of influencing negative entropy and inputs negative entropy flow into
the standardization system, so as to provide an orderly and healthy
standardization system.

2. Study on standardization and intellectual property

The intellectual property in standards has become a hot subject in the
international academic circles. Corresponding studies have been made in
China’s standardization circle and law circle.

This study, divided into two parts, introduces new progress in
intellectual property policies of standardization organizations as well as patent
licensing types in standardization. On the basis of analyzing the intellectual
property policies of international, regional and national standardization
organizations, this report takes some typical cases for example, such as W3C
and VITA, and conducts a comparative analysis on patent policies. Then, it
makes an analysis on the effect of patent licensing policies on the

standardization process and the reasonable and nondiscriminatory (RAND)
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terms of patent policies as well as the existing problems of the principle,
which is based on the effect of network economy. It also conducts studies on
the meaning, operational mechanism of 4 types of patent licensing models
(patent pool license, individual license, free license and open —source license)
as well as their pros and cons, and finally an analysis on how to select the
patent licensing model in the course of establishing standards.

3. Study on standardization and quality management

The conception, principle and method of standardization are reflected in
the quality management especially by maturity and popularity of a general and
standard methodology of the quality management as well as the coherence
between basic conceptions of the quality management.

The Total Quality Management (TQM), an outstanding performance
mode, ISO9000 quality management system and the most influential
systematic methodology of 3 applications of the six — sigma management as
well as the remarkable progress made in studying and boosting the quality
management methodology, were in detail introduced in this report.

The revised version of GB/T 19580 Criteria for Performance
Excellence formulated by the China National Institute of Standardization will
be officially published soon, which provides great motivation to implement a
performance excellence mode in business circles. Through over 20 years’
practice and joint efforts, there are over 300000 institutions in China that
have been certified by the ISO9001 quality management system. In the past
few years, the six — sigma management has become a universal management
methodology in China and an effective management tool for many enterprises.

4. Study on sampling inspection technology and standardization

The sampling inspection is an important technical support for the quality
management work, a part of any quality assurance mode and a crucial part of
the quality control system. Two quality assurance modes of sampling
inspection as well as new development of the foreign and domestic sampling
inspection technology were introduced, and studying sampling inspection
technology aims to reflect its features of being economical, scientific, reliable
and applicable (operable)was proposed in this report.

China has made much innovative progress in the sampling inspection

technology and standards. National and international standards have been
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established for supervising sampling inspection. The 1SO2859 —4 Procedures

for Assessment of Declared Quality Levels issued in 2002 is technically
consistent with China GB/T1443—1997. The revision has been made to the
national standards by modification adoption of 1SO2859 — 4 and adding the
sampling plan of the zero declared quality level that 1SO2859 — 4 was not
included. By now, the proposal from China of making revision to ISO 2859 — 4
standards has been approved by ISO. Yu Zhenfan, Chinese senior engineer,
has already started making a revision to the standards. At present, the work
is on the CD stage. In addition, China has made innovative progress in the
studies on the sampling inspection for the small population and sampling
inspection technology with operational characteristics.

8.2 Comparative analysis on the development of foreign and domestic
standardization discipline

8.2.1 Comparative analysis on the development of standardization
theoretical study

Compared to the course of the theoretical development of domestic and
foreign standardization, the systematic methodology has been applied to the
theoretical study on standardization in China. The China — featured theoretical
system and knowledge system of standardization have been formed with the
persistence of comprehensive standardization and combining modularization
technology of the modern industry with the conception of standardization.
However, along with economy globalization and development of the
information, communication and technology (ICT) in 21* century, a new
challenge of the China’s theoretical study on standardization is actually faced.

China is still weaker in the theoretical study on the ICT standardization,
development of the network economy, and special phenomenon in
standardization generated from network externality, standardization and
industrial innovation as well as design of relevant public policies. Although
China has conducted some studies on intellectual property and
standardization, it is still far behind the developed countries. China has not
formed its own system in the study on the public management, industrial
innovation and standardization. The academic exchanges between Chinese
standardization circles and foreign colleagues still need to be further

strengthened. China still has a long way to go in the theoretical study on
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standardization, complying with the fast development of global economy and

technology so as to catch up with the USA, Europe and Japan.

8. 2. 2 Comparative analysis on the development of standardization
education

Compared to developed countries, China is not backward in
standardization education. Some Chinese universities have already made
significant progress in standardization education. China Jiliang University has
received the 2007 ISO Awards for Higher Education of Standardization for its
providing the courses of standardization and quality management, especially
the undergraduate course of standardization engineering that China’s Ministry
of Education officially approved in early 2011.

However, although some Chinese universities have made some progress
in standardization education, the progress is still “sporadical” and the courses
are still preliminary. China’s Ministry of Education has still not made it clear
whether standardization is a learning course or not, although a category code
(410.50) has been given to “standard science and technology”. China really
has a long way to go in standardization education.

8.2.3 Development trends and prospects of standardization academic
discipline

As stated above, some progress has been made in the theoretical study
on standardization. As the interdisciplinary study on standardization is
rapidly developing these years, more progress is expected to be made in the
study on law, economy, public management, business administration and
industrial engineering. However, the current international hot topics have
played a guiding role in the theoretical study on standardization. Therefore,
in the short term, the major progress will still be made in intellectual
property, externality of network, public policy and industrial innovation,
consortia standards, etc. New progress will also be made in the study on the
engineering applicability of standardization with the development of science
and technology.

The education and publicity of standardization knowledge have become a
common need and trend. It is an urgent task to boost the study on
standardization education, strengthen international cooperation and improve

standardization teaching. Chinese scholars and education circles are actively

170~ GOMPREHENSIVE REPORT ON ADVANGES IN SCIENGES ™~



2T <

preparing for the study approaches of standardization for a master degree of

engineering. If this project is successfully boosted, a significant breakthrough
in training the talents majoring in the standardization technology will be
made.

It needs the support from the government, standardization institutions
and universities, and the academic exchanges with foreign peers. It is
believed that, supported by the government and joint efforts of
standardization workers and educators, the theory and knowledge system of
standardization academic discipline will be further developed to make greater

contribution to China’s economy.

9 Computer Science and Technology

In the period of the “Twelfth Five - Year Plan” (2011 —2015), improving
the informatization has been listed as an important part. The computer
science and technology, as an indispensable component of knowledge
economy, serves as a cornerstone of informatization. In the period of the
“Eleventh Five — Year Plan” (2006 —2010), China deployed many significant
research programs in the domestic industry and made considerable progress in
key technologies and industrialization. Moreover, substantial achievements
were also made in advanced sub — disciplines such as high performance
computing, next generation Internet, the Internet of Things, software
engineering, graphics and image, and artificial intelligence.

The computer system architecture, as a core and fundamental component
of the computer science and technology, has played an important role for a
long time. In recent years, plenty of key progress and great achievements in
this subject have been achieved in core chip, information storage, high
performance computing, network technique and the Internet of Things, not
only improving the level of theory and technology, but also promoting the
development of the computer science and technology discipline. In fact, two
petascale supercomputers have been successfully developed through the
heterogeneous system technology. Some homemade high — performance
computers have been ranked among the top 500 worldwide. Among them,

Tianhe I, the supercomputer designed with the homemade Feiteng chip, have

A E B RARE (2011—2012) f A (35 )



2011—2012 $# % vz Ak
> FAERARE G K

been ranked the No. 1. Besides, great progress in the core electronic devices,

high — end general chips, basic software products, mass storage, parallel
algorithm, and high — performance computer software have been made. In the
computer networking technology, an evolutionary Internet architecture,
distinguished from other countries, has been creatively presented.
Meanwhile, progress in the router architecture is also impressive, and the
research in the reconfigurable router has reached the international level,
supported by “A New Generation of High Trusted Network” Program in
National “863” High — tech Projects. According to “Sensing China” presented
by Premier Wen Jiabao, China’s government officials, academic experts and
business entrepreneurs have all agreed to develop the Internet of Things
(IOT) technology with proprietary intellectual property rights, and promote
the leapfrog development in this field. With challenges in efficient
interconnection of the large — scale heterogeneous NE, the efficient utilization
in uncertain sensory information and service support in dynamic system, the
basic research in three key parts of the IOT architecture has been concluded.
The in — depth research on the “data exchange in the large — scale
heterogeneous NE” , “effective integration and interactive adaptation in
uncertain information,” and “service self —adaptation in the dynamic system”
has been made.

In recent years, the research in the computer software and theory has
been keeping pace with the international frontier, and gratifying achievements
have been made in the database, software engineering, system software, etc.
In the database technology, some data management technology leads the
world. In the software engineering, the software production tools and
integrated environment have witnessed a rapid development. In the system
software field, middleware, as a core of the system software technology,
together with the other key technology achievements, have been made. In the
database, research institutions in China have had a lot of papers on the
uncertain data management published on international leading publications
and conferences since 2008, which shows that China’s researches in this field
always keep up with the latest international development and are recognized
by colleagues all around the world. In the software engineering, great

achievements in the middleware have been made. Thanks to the efforts of the

COMPREHENSIVE REPORT ON ADVANCES IN SCIENCES



2T <

China’s research institutions and leading software enterprises, the technology

in the middleware has been substantially accumulated in China. Technological
achievements such as “Orientware” have a good influence on the rest
countries in the world.

In recent years, the research of the computer application technology is
very active. China has achieved the key technology progress in the subdivision
fields and reached the world advanced level. In addition, China has made
achievements in the graphics &. image processing and analysis, as well as
artificial intelligence and machine learning. In the graphics & image
processing and analysis, a number of outstanding papers on the computer —
aided geometric design, graphics real — time rendering, computer animation,
virtual reality, human computer interaction and visualization have been
published. Kernel drawing and physical engine systems of virtual reality with
proprietary intellectual property rights have been initially completed. Some
relevant achievements have been successfully applied in the Olympic opening
and closing ceremonies, and the parade simulation and military simulation on
the 60" anniversary of the founding of the People’s Republic of China,
winning the First National Award for Promotion of Science &. Technology. In
artificial intelligence and machine learning, some Chinese experts and
scholars have enjoyed high reputation in this field. Some of them have played
a pivotal role in the international academic arena by taking important positions
in the leading publications and international conferences. More and more
Chinese experts have made reports at important academic conferences, and a
lot of papers have been published on the prestigious academic journals.
Besides, more and more international conferences in this field will be held in
China.

Though significant achievements in theories and applications have been
made, the development of the computer science and technology playing a
leading role in China’s information industry, is still lagging behind the world
advanced level. China is lack of the research work of original innovation, and
most researches have been limited in the follow — up study mode. Compared
with developed countries, China’s application ratio of achievements in the
core technology is still lower, and China’s competence of the information

technology industry is also weaker in the international market. In the
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valuable research results with proprietary intellectual property rights, China
still has a large gap compared with the developed countries in the world, and
it results in the fact that the domestic enterprises is vulnerable in an
international competence.

In the future, in order to narrow the gap with developed countries,
China should make an in — depth theoretic research in this field. At the same
time, importance should be attached to core technologies and applications and
the research and protection on proprietary intellectual property rights so as to
strengthen the competence of domestic information industry. China should
develop the basic theory research and the industrialized applications. Only by
supporting the development of industrialized applications, can the basic
theoretical research produce core technologies. Only by realizing the
industrialization application, can the value of the basic theoretical research be
reflected, and can the rapid development of this discipline be promoted.

The computer science and technology discipline is needed to make efforts
to research the core technologies which are the bottleneck of the information
industry development. China should master the core technologies of the
integrated circuit and core chip components, large software, high
performance computing, broadband wireless mobile communication, next
generation network, and improve the overall technology level and the
independent development ability. At the same time, China should strengthen
the integrated innovation of information technology products, improve the
design and development level, and focus on the challenges to develop
products of scalability, usability and low cost, so as to cultivate new business
and improve the competence of the industry. The discipline development
should be demand - oriented. The integrated innovation should be
strengthened, key products to support modern services should be developed,
and the traditional industry transformation and technological upgrade should

be promoted.

10 Science and Technology of Surveying & Mapping

This report briefly presents the latest progress in the contemporary

Surveying and Mapping science and technologies of China from digital
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surveying and mapping to Informatization Surveying and Mapping, and its

mergence with Geoinformatics to form Surveying, Mapping and
Geoinformatics. It covers five special topic reports on Surveying, Mapping
and Geoinformatics datum, acquisition technology, data processing method,
service mode and application. The latest progress on the spatial datum
construction includes modernization of the surveying and mapping datum, the
connection and mantainance between the land and sea spatial datum, the
establishment and upgrade of a spatial information framework. The report on
the acquisition technology includes progress on the China's * Beidou”
positioning system and orbit determination technology, the high resolution
stereo mapping “Mapping Sattelite — 1” and “Ziyuan [[[ 7 satellite remote
sensing platform construction, digital aerial photogrammetry technology, the
UAYV aerial remote sensing system, light aircraft large scale topographic
mapping technique, airborne laser scanning system, ground mobile mapping
system, ground laser scanning system, underwater topographic survey,
marine gravity and magnetic survey, marine control survey and coastal
topography survey. The progress on the data processing method is mainly
manifested in processing of the earth observation data, GNSS data, satellite
gravity data and geodetic data processing and analysis, digital mapping,
geographic information system technology, photogrammetry and image
processing technology based on the grid computing as well as the marine
cartography and geographic information engineering. The national geographic
information public service platform and its website “Tianditu”, the Internet
of Things based on the GIS technology, cloud GIS construction as well as
their applications and services are described in the service mode report. The
application report presents advances of new technologies on the map, atlas,
mobile maps and the Internet map, engineering control measurement, high —
speed rail and city rail traffic engineering, the engineering safety monitoring,
mine (underground engineering) survey, land survey, land utilization dynamic

monitoring, real estate survey and its information management.
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11 Nonferrous Metallurgical Engineering and Technology

11. 1 Recent achievements of nonferrous metallurgical engineering and
technology discipline in China

11.1.1 Light metal

1. Alumina metallurgy

In the Year 2011, the alumina production of China reached 34. 078
million tons, ranking first in the world for 6 years running. In accordance
with the raw material of diasporic bauxite, a set of the alumina production
process and system have been developed in China, and all technical indexes of
the alumina production have approached to or reached advanced levels of the
alumina production by using raw materials of gibbsite bauxite abroad.

2. Aluminum electrometallurgy

The primary aluminum production of China reached 18. 0 million tons in
the Year 2011, ranking first in the world for 11 years running. Since this
century, China has made further progress in the research on the electric,
magnetic and force fields of the electrolytic cell, the pre — baked cell
technology for scale enlargement has continuously up — graded, a series of
design and manufacturing techniques for the large — scale prebaked anode cell
with the Chinese brand have been developed, and a 500K A pre — baked anode
cell is now under research and development. At the same time, the further
advances in the matched large — scale cathode, anode and carbon
technologies, auxiliary equipments, automation control and environmental
protection technologies have been made correspondingly. Since the latest 2
years, China has had a safe lead in the world in the research of the aluminum
electrometallurgical technology and its theories.

3. Magnesium metallurgy

Due to the successful application of the low — cost thermal reduction
process — Pidgeon process, in the Year 2010 China’s magnesium production
reached 654 thousand tons, ranking first in the world for 11 years running.
In recent years the rapid development of magnesium metallurgy of China
consists mainly in the effective improvement of the Pidgeon production

technology, widened applications of magnesium and its alloys, and the
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innovation of the magnesium electrolytic technology. A new and more

efficient environment — friendly magnesium smelting technology is now under
research.

11. 1.2 Heavy nonferrous metal

1. Copper metallurgy

For many years, the copper production technology has been rapidly
improved, based on the independent research and development in addition to
introduction and continuous digestion and innovation of foreign advanced
technologies and equipments. Nowadays, most copper metallurgical
technologies in the world are applied in China. Since recent years, new
copper smelting technologies with China — owned intellectual property rights
have been incessantly emerging, mainly in the fields of bath smelting and
flash smelting. In recent years, China has been progressing rapidly in the
copper heap leaching hydrometallurgy. The copper heap leaching smelter
with an annual production of ten thousand tons has been set up, of which the
technology has been close to the world advanced level.

2. Lead metallurgy

In the Year 2011, the lead production of China reached 4. 648 million
tons, ranking first in the world for 10 years running. Since this century, due
to the successful development of the new technology of oxygen bottom blown
smelting — blast furnace reducing process with independent intellectual
property rights and wide spread of its application in addition to introduction of
advanced oxygen top blown smelting — the blast furnace reducing technology,
the lead smelting technology in China has been significantly improved. In
recent years, two new similar and more advanced continuous smelting
technologies, the oxygen bottom blown smelting — high lead containing liquid
slag bottom blown reducing process and the oxygen bottom blown smelting -
high lead containing liquid slag side blown reducing process have been
sequentially developed. Great progress in the scale enlargement,
mechanization and automation of equipments used for the lead electrolytic
refining process have been made.

3. Zinc metallurgy

Since this century, a group of the world advanced technologies with good

adaptability of raw materials, energy — saving and less emission effects have
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been developed and applied, such as oxygen pressure leaching of high iron

containing zinc concentrate; direct leaching of low — grade zinc oxide ore;
combined leaching of zinc sulfide concentrate and zinc oxide ore, etc.

4. Nickel and cobalt metallurgy

Jinchuan Company is possessed of an ausmelt furnace, the largest in the
world, with a treatment capacity of one million tons copper — nickel sulphide
concentrate per year. The various technical and economic indexes have
already reached the advanced levels in the world. The laterite ore smelting
technology has been studied and many good results have been obtained .
China is lack of cobalt resources. Recently, because of the overall
improvement of the non — ferrous metal smelting technology in China, the
cobalt smelting technology has also been rapidly advancing.

5. Tin, antimony and bismuth metallurgy

Tin, antimony and bismuth are the special metal products in China with
leading smelting technologies in the world. In this century, Yunnan Tin
Company introduced the Ausmelt furnace process for tin smelting and
reformed its original three — stage smelting into a two — stage smelting. In
addition, a complete set of Chinese — style tin refining technologies have been
developed. Of antimony smelting the unique technology of China has been
applied constantly. In accordance with a single antimony ore in the tin mine,
the following flow sheet has been developed by China itself: antimony sulfide
concentrate directly feeding into the blast furnace, volatile antimony oxide
produced by volatile smelting, antimony crude metal obtained through
reduction in the reverberatory furnace and, finally, further antimony
refining.

Recently, the bismuth hydrometallurgy process with the slurry
electrolysis process as its core and low — temperature bismuth concentrate
alkaline smelting process have been developed, resolving environmental
protection problems caused by the traditional smelting process.

11.1.3 Rare metal

1. Tungsten metallurgy

In recent years, the following new technologies have been developed:
atmospheric decomposition of scheelite and mixture of scheelite and

wolframite; high concentration ion exchange technology; by means of the
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“pseudo ternary phase diagram method” removal of phosphorus. arsenic,

silicon and other impurities by adding the inhibitors in the evaporated
crystallization process; by using a technical route of the in — situ generating
ligand adsorption high efficiency removal of the tin from leaching solution of
the high tin containing ore; the industrial manufacturing technology of
ultrafine grained cemented carbide — the “purple tungsten in — situ reduction
method ”.

2. Molybdenum metallurgy

The technology and equipment of the advanced multiple — hearth furnace
roasting process of the molybdenum concentrate have been successfully
developed and various kinds of ultra — coarse, coarse, medium and fine —
grained molybdenum powders and other specifications have been provided to
meet the requirements of electronic products.

3. Tantalum and niobium metallurgy

Many new technologies and equipments used for tantalum and niobium
hydrometallurgy and pyrometallurgy have been developed. The production
efficiency, total decomposition yield of refractory low — grade ore and
decomposition efficiencies of tantalum and niobium raw materials have been
improved. In addition to significantly increased separation efficiency of
impurities from tantalum and niobium, many valuable metals, such as
titanium, zirconium, tungsten, etc. can be recovered from the low — grade
ore.

4. Metallurgy of rare earths

In accordance with the characteristics of the rare earth resources in
China, appropriate technologies of mining, mineral processing and smelting
have been developed and a complete rare earth industrial system has been
established. China has become the largest rare earth producer in the world.
In recent years, attention has been focused mainly on the research and
development of high — efficiency green smelting technologies of rare earth
minerals. In some studies new technologies were introduced from other
fields, such as ionic liquid technology and ionic imprinting technology into
separation and purification of rare earths, and good results were achieved.

5. Titanium metallurgy

At present, a relatively perfect industrial system in China has been
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formed in the titanium, titanium alloy and it’s processing steadly, and China

has become one of the main titanium producers in the world. In recent years,
a set of fluidized bed chlorination production technologies were introduced
from abroad and removing vanadium by organic additions and computer —
controlled production were performed. The independently developed
technology of one — step removing vanadium by the aluminum power is now
under industrial trail. The reduction distillation process is close to a world
advanced level, and the “upside — shaped U type” 12t furnace is of the largest
capacity of a single furnace in the world, of which the production is conducted
under computer control.

6. Zirconium and hafnium metallurgy

In recent years, China has made a breakthrough in the zirconium and
hafnium smelting technologies. The MIBK - ammonium sulfate (NH4CNS)
extraction separation technology of zirconium and hafnium, and other
advanced technologies have been successfully developed.

7. Lithium, rubidium um and cesium metallurgy

The newly — developed technologies are: magnesium and lithium
separation from high magnesium — lithium ratio salt lake brine; production of
lithium carbonate using acidification and washing liquids after boron
extraction as raw materials (by independent research and development) ;
concentration of lithium carbonate through steps of storing brine in winter —
multi — frozen and evaporation in the sun — precipitation of the lithium salt by
temperature accumulation in the salt pan; enrichment and extraction of
rubidium and cesium from tailing brine after lithium extraction; extraction of
lithium from lithium — mica and preparation of a series of the lithium salts
(with the independent intellectual property rights); preparation of the
lithium metal by the thermal vacuum reduction in a one — ton scale production,
purification of the cesium metal and packaging the device of the cesium
bulb.

8. Metallurgy of rare scattered metal

In recent years, the main advancements are as follows: the good
extraction results of gallium, indium and thallium were obtained in a sulfuric
acid system by extractant of P538 (a single alkyl phosphonic acid) and

thereafter these elements were separated from each other by the selected
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stripping agents; a new method was developed to determine the solution

extraction equilibrium constant by means of the multinomial fitting method;
the extraction thermodynamic behaviors of rhenium in the hydrochloric acid
and sulfuric acid systems were studied respectively, and the standard
extraction equilibrium constant of rhenium in the ion —association system was
firstly determined, which laid a theoretical foundation for industrial
extraction and separation of molybdenum and rhenium; the dense — moving
bed chelating resin adsorption method with a set of technique support was
developed and the gallium metal extraction was performed from mother liquor
of Bayer seed precipitation, which was applied in the large — scale industrial
production; studies on extraction and separation technologies of indium,
rhenium and germanium by the resin adsorption method were also made; In
addition, vacuum metallurgical technologies of recovering germanium and
indium from zinc distillation residue and recovering of selenium from copper
anode slime were developed; for concentration of rare scattered metals during
zinc hydrometallurgy, indium enrichment technology of iron — vanadium slag
of jarosite process was improved and the study on the separation technology
of rare scattered metals before removing iron in the goethite process was
made; for extraction of germanium f{rom germanium containing coal,
technologies of high temperature coal dry distillation followed by germanium
reduction volatilization and the bacterial leaching extraction technology of
germanium were studied successfully.

11.1.4 Precious metal

1. Gold and silver metallurgy

The gold extraction technologies from the gold ore includes:
development and application of the high — efficiency oxygen — rich leaching
process (CILO)and the enhanced technology of multi — step pressure leaching
cyanidation process with related equipments to realize large — scale heap
leaching; research and application of gold extraction technologies from the
leaching solution, such as, a new type of the resin ion method, acidification
precipitation — the neutralization method, membrane method, ion exchange
method, etc.

Technologies for utilization of refractory ore include: domestically

developed BGRIMM —DNI50 type fluidized roasting devices have been used in
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production; studies on new pollution — free technologies, such as, cycling

fluidized roaster, flash roasting and oxygen (oxygen — rich) roasting, etc. and
microwave roasting new technique have also made; some thermal pressure
oxidation technologies, such as, alkaline thermal pressure oxidation — fast
cyanidation in autoclave, thermal pressure catalysis oxidation pretreatment —
cyanidation and thermal pressure oxidation pretreatment, etc. , have been
applied in the domestic mines; biological and chemical oxidation processes for
exploitation of refractory ore have been successfully applied with some
innovative results.

For the recovery of gold and silver from secondary resources
hydrometallurgical process are mainly applied. In some case, the
pyrometallurgical process is also used. The recycling technology has been
upgraded constantly.

2. Metallurgy of platinum group metal

For the platinum — rich ore in Jinchuan nickel mine the gravity — flotation
process was applied, and Outokumpu technology was introduced and
innovated. The applied researches on new flotation reagents and cyclone
static micro — bubble flotation column have been conducted to make
production indexes reaching an advanced level in the world. The research on
full extraction technology has been conducted in Jinchuan Company and the
technology has been applied in production, which greatly enhanced the
separation capability of precious metals from base metals.

3. Refining of platinum group metal

The traditional precipitation — dissolution separation and purification
process has been gradually replaced by the solvent extraction separation
process.

11. 2 Comparative study on development of nonferrous metallurgical
engineering and technology discipline between China and abroad

In general, the nonferrous metallurgical engineering and technology in
China has reached the world advanced level. In some fields it is in the world
lead, but in some other fields it still lags behind the world advanced level.

11.2.1 Metallurgy of light metal

1. Alumina production technology

As a whole, China’s Alumina production technology has reached the
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world advanced level. A set of technologies and equipment system using

diasporic bauxite as a raw material to produce alumina have been established,
which is unique and takes the lead in the world.

2. Aluminum electrometallurgical technology

As a whole, China’s aluminum electrometallurgical technology takes the
world lead. China is the only country in the world using the advanced pre —
baked cell technology in the whole domestic aluminum industry. In the Year
2012, all small pre — baked cells less than 160K A in China are the first in the
world to be phased out of production. The energy — saving technology of
aluminum electrolysis in China is leading in the world. In the Year 2009, the
integrated AC power consumption of the aluminum electrolytic production in
China reached 14,171kW ¢ h/t aluminum on an average, which far exceeded
the requirement set by the International Aluminum Association to reach 14,
600kW « h/t aluminum by the Year 2010. However, in comparison with the
world advanced same trades, there are still some deficiencies and gaps in the
Chinese aluminum electrolytic industry. For example, the designed cell
current density, current efficiency of electrolysis and rectification efficiency of
current transmission are still lower than those of the world advanced level.
The qualities of cell lining and anode and cathode materials are unstable, the
auxiliary production facilities are not perfect, and the recycling of aluminum
is at low stage, etc.

3. Pidgeon technology

In China’s magnesium metallurgical engineering and technology, Pidgeon
technology is of the world leading level, but its environmental protection and
equipment automatization are still needed to be improved. The magnesium
electrolytic technology as well as the exploitation and utilization of salt lake
magnesium resources lag behind those of the world advanced level,
especially, the later,

11.2.2 Heavy nonferrous metallurgy

1. Copper metallurgical technology

As a whole, China’s copper metallurgical technology is of the world
advanced level, but its development is uneven in the whole country. The
main problems are as follows: Firstly, some small and middle scale

enterprises still use the traditional techniques and equipments with high
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energy consumption and high pollution. Secondly, the heap leaching

technology in China still far lags behind that in the world advanced countries.
Thirdly, the advanced technologies and equipments already put into
production have still to be further improved. Finally, some problems are to
be resolved, such as recycling and application of low concentration sulfur
dioxide, further energy — saving and reduction of energy consumption in the
production, and so on.

2. Lead smelting technology

China’s lead smelting technology has reached the world advanced level.
Some parts of techniques are even in the world lead.

3. Zinc smelting technology

China’s zinc smelting technology is basically of the world advanced level.

4. Smelting technologies of nickel, cobalt, tin, antimony, bismuth and
others

China’s smelting technologies of nickel, cobalt, tin, antimony, bismuth
and others have basically reached the world advanced level. The advanced and
high — efficiency combined furnace for nickel smelting was independently
developed in China being of the world leading level. China’s tin, antimony
and bismuth industries are possessed of rich resources advantages. Their
technologies of production have constantly been in the world advanced level.

11.2.3 Metallurgy of rare metal

Almost all kinds of rare metal products can be provided in China, of
which the productions rank at the top in the world. China is rich in the
resources of following metals: tungsten, molybdenum, rare earths,
titanium, indium, etc, of which smelting technologies are of the world
advanced or leading level. Metallurgical technologies of other rare metals,
such as silicon, lithium, rubidium, cesium, zirconium, hafnium, tantalum,
niobium, gallium, etc, have also reached the world advanced level, basically.

11.2.4 Metallurgy of precious metal

The metallurgical technology of the precious metal in China is of the
world advanced level. The recovery technology of the platinum group metal
from Jinchuan mine has been continuously improved. Some unique
technologies have been developed in China. As a whole, recycling and

separation techniques in China have reached the world advanced level.
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11.2.5 Secondary recycling of nonferrous metals

A breakthrough has been made in recycling technologies of highly
dispersed rare metal and precious metal from used electrical components. The
recycling amount has been greatly increased. As a whole, recycling
technologies of secondary metals in China still lag behind the world advanced
level to some extent.

11. 3  Main goals and projects of future development of nonferrous
metallurgical engineering and technology discipline in China

In the period of the “Twelfth Five — Year Planning”, emphasis of the non —
ferrous metallurgical engineering and technology discipline was put on the
following aspects:

1. Metallurgy of light metal

The research on metallurgy of light metal includes: new low —cost high —
efficiency technology to produce alumina by low — grade bauxite and
adjustment of alumina industrial and product structures by improving its
technology; promotion of wide application of new high — efficiency and
energy —saving aluminum electrolytic technologies, such as, shaped cathode
and drained cell, etc. and new types of anode structure and energy — saving
cell of aluminum electrolysis; comprehensive recycling of red mud and cell
solid waste and their pollution — free disposal; new technique, technology and
equipments of energy — saving green magnesium smelting; magnesium
application by breaking through some key obstructs.

2. Heavy nonferrous metallurgy

The research on heavy nonferrous metallurgy includes: promotion of
wide application of already developed bottom — blown and other new high —
efficiency and energy — saving green technologies; short route new
technology; pollution — free treatment and comprehensive utilization of waste
water and slag of heavy nonferrous metal smelting; technology of recycling
and usage of low concentration sulfur dioxide; heavy nonferrous metal
products and their applications.

3. Metallurgy of rare metal and precious metal

The research on metallurgy of rare metal and precious metal includes:
comprehensive recycling technologies of low — grade refractory complex ores;

new high - efficiency, energy - saving green metallurgical techniques,
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technologies and equipments; new techniques and products of rare metal and

precious metal applied in the high — technical field; new recycling and applied

techniques and technologies of secondary resources.

12 Material Corrosion Science

The subject of corrosion and protection , which is subordinated to
manufacturing industry, plays an important role in national economy and
national defense. This newer and complex subject has the characteristics of
trans — regional, inter — trade and cross — department, and involves the
development of various industries in a country. Recently, more and more
papers from China have been published in the field of corrosion science with
high quality (indexed by SCI), and the total ranked second in the world,
indicating that this subject in China has entered a new era and will contribute
much to the development of corrosion science in the world. A large number of
new corrosion resistant materials, corrosion inhibitors, various coatings and
electrochemical protection techniques have been developed, which promote
the development of corrosion science both in China and in the world. In
addition to solve the corrosion problem in various industries, corrosion
engineering has developed into a significant industry.

For the past decades, great achievements have been made in this field,
including the accumulation of corrosion data and corrosion principles of
various materials in specific environments, and the development of
experimental methodology, which have been applied in major state
construction projects, such as west to east natural gas transmission project,
Qinghai — Tibet Railway, South - to — North Water Diversion, High — Speed
Railways, Sea — crossing Bridges, Large Aircraft Engineering, Ocean
Exploitation, infrastructure and environmental protection. Also, many new
corrosion protection techniques have been used to improve the quality of
military equipments in China.

But it must be realized that compared with developed countries, China
still have a long way to go in corrosion and protection field. Firstly, China
lacks the leading research direction or leading original theories in corrosion

fundamentals; secondly, the shortage of innovation protection technology
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lead to a large amount importation of high corrosion resistance materials and

corrosion research equipments; at last, the construction of standards system
related to corrosion and protection technique need to be strengthened. All the
above indicate that the general comprehension of corrosion and protection
technology is still need to enhance.

For corrosion science, more attention has been paid to the service safety
and service life of equipments or components, because corrosion affects
material performances in service environments. Corrosion mechanism and
materials behavior in the service environment should be understood from
multiple scales (i. e. nano — scale to the component scale) and time scales
(from microsecond to year). The effects of single factor and the cooperation
effects of multi — factors on corrosion behaviors of materials should be also
considered. The followings are noteworthy.

(1) To develop various testing methods, investigate the corrosion
behavior and mechanism, and develop kinetic and in situ observation
techniques. Research on nonlinear processes is the key to reach the goal.

(2) For corrosion mechanism, it is ongoing that atomistic — scale
understanding of the effect of various specific chemical species on the
initiation of corrosion. For example, the effect of ions on the processes such
as pitting or cracking are still needed to understand at atomic scale; For
nanoscale material applications, new fundamental understanding of surface
and electrochemical phenomena at nanometer and sub — nanometer scales may
be required, which will greatly affect the development of
nanoelectrochemistry.

(3)Research on localized corrosion is still another important issue in the
future. The key to such issue is to understand the chemical/electrochemical
reactions at occluded sites (e. g. ., pits, crevices, cracks, and delaminated
sites under blisters in coatings).

(4) Effects of stress and strain on the corrosion initiation and propagation
should be focused on in the future.

(5) With the successive research on natural environmental corrosion, a
relative corrosion model should be developed and be improved gradually with
the aid of computer simulation and experimental or field data. This will be a

direction of natural environmental corrosion for metals.
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(6) With the development of functional materials, ceramics materials,
polymer materials and composite materials, especially the biomedical
materials, data collection, experimental research and simulation on the
corrosion failure of these new materials will be an important issue. Specially,
understanding of the corrosion and failure mechanism of biomedical materials
in various environments is now still limited. Therefore, this is an
indispensable and important problem of corrosion science to be solved.

(7) Today, natural environments are changing gradually, as well as
artificial environments. For example, more and more components or
equipments will work in the space, deep sea, heat and wet marine, high —
cold land and new industrial environment with strong acid, strong alkali,
concentrated salts, high — temperature — high — pressure and microbes. It is
necessary to understand the corrosion behavior of the materials in such
environments, and build up a corresponding accelerated testing method,
which can give an accurate safety evaluation and lifetime assessment of
components in service environments. This is an important problem of

corrosion science to be carefully studied for a long time.

13 Fishery Science

13.1 Introduction

From 2009 to 2011, China has experienced a transitional period from the
“Eleventh Five — Year Plan” (2006 —2010)to the “Twelfth Five — Year Plan”
(2011 —2015). Fishery has contributed significantly to China’s development.
In 2010, the total output of aquatic products reached 53. 73 million tons,
being the first in terms of output in the world for 21 years running. The
export of aquatic products reached 13, 830 million yuan. Also in this year,
the average aquatic product increased to 40 kg per capita, and the net income
rose to 8,963 yuan per fisherman.

Along with the continuous development in fishery, infrastructures for
aquaculture have been improved, and scientific and technical services have
greatly contributed to the development of the aquaculture industry. The ideas
of health management have been widely accepted and applied in the industry.

Standardized practices for the culture of various species have been developing
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rapidly. A large number of ponds for aquaculture have been upgraded, with

construction of the drainage system and manipulation of the water quality. A
much more sustainable status has been achieved in the aquaculture industry.
In this report, major achievements are outlined in relation to the scientific and
technical development in fishery in the period from 2009 to 2011.

13.2 Major achievements

13. 2.1 Industrial fish culture system

Energy saving and emission reduction, as well as food safety of aquatic
products have become the public concern in the society. An industrial,
controlled culture system for fish production has been developed. The system
contains various infrastructures, and is equipped with the standard digital
information system. The system has several advantages: low energy
consumption, low emissions and low pollution. In particular, the industrial
culture system for flatfish has been well established and used practically,
which increases the density, survivorship, output, but reduce the culture
time — span, water consumption and pollution.

13.2.2 Rapid development in breeding new varieties

More than 200 species are cultured in aquaculture in China, but selected
varieties with fine culture traits only accounted for 25%-30% of the seedlings
cultured in the whole country. Notably, Chinese prawn seed system has been
well developed, with two varieties selected and cultured widely in the Bohai
Sea. A platform, containing software, selection technique for multiple
culture traits, research centres and breeding farms have been set up as a
result of Chinese prawn breeding selection project, which may have a wide
implication in aquaculture.

13.2.3 Nutrient requirements and protein sources for some important
cultured species

A great deal of efforts, such as man power and finance, have been placed
upon the understanding of nutrient requirements of some important species in
aquaculture industry in China, and upon exploitation of protein sources for
the aquaculture feed industry. The database containing nutrient requirements
for a series of species have been developed. On the other hand, new sources
of animal and vegetative proteins have been exploited continuously, with the

replacement of the fish meal becoming a direction not just for research but for
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practical use as well. The technology involved in the production of new

protein sources has become very much applicable.

13.2.4 Etiological research and standardization of disease control

Many efforts have been devoted to understanding pathogens of various
diseases, including parasites, viruses and bacteria, and pathogenicity and
transmission of some diseases are well investigated. Immune controls for
some viral and bacterial diseases have been achieved at least in the local fish
farms. Regarding the chemical and / or medical treatment of fish diseases,
standard protocols have been formalized in relation to the use of various
medicines, and to the development of treating measures. Pharmacodynamics,
toxicity, efficacy of some chemicals and / or medicines are elucidated, with
the formation of guidelines for the use of aquatic medication.

13.2.5 Conservation and exploitation of fishery resources

Focused on ecological and fishery resource protection in the sea, fishing
tools, including trawling and trapping nets, have been recently modified,
with the establishment of a few national and industrial standards. However,
the pelagic fishing industry has increased, with the exploitation of the
southeast, north and west Pacific. The squid and tuna fishing together with
other major pelagic species has been well manipulated simultaneously with the
knowledge of fishing season and ground. A fleet for fishing Antarctic krill
has been well established, indicating the worldwide capacity of pelagic
fishing.

13.2.6 Database for sugar of marine sources

Techniques in separating polysaccharides have been well established from
marine sources, and degradation of oligosaccharides has been also achieved.
Protocols to illustrate the sequence and structure of these poly — and oligo —
saccharides are fully developed, providing a basis for the possible
development of potential medicines.

13.2.7 Aquatic biotechnology

The major achievements in aquatic biotechnology are related with the
establishment of a large number of cell lines deprived from various fish
species. Importantly, genomes of an oyster, a tongue sole, common carp, a
larger croaker, a grouper, have been sequenced and are partially available to

the public. In addition, efforts are made to sequence grass carp, silver and
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bighead carp.

13.2. 8 Role of information technology in forecasting marine fishery
resources

A package of software has been successfully invented by using the
remote sensing and 3 — D models to forecast the fishing season and fishing
ground for squid, tuna, mackerel, which has made the enhancement of
fishing capacity in the three oceans possible and has resulted in a marked
increase in marine fishing products and profits.

13.3 Prospects of fishery science

Breeding new varieties of cultured species, health management, and
intensive, ecological as well as low — carbon aquaculture may be considered as
the direction for the sustainable development of the aquaculture industry. In
regard to new varieties, focuses should be placed on multiple traits, rather
than a single trait. Genetic and biotechnological techniques should be
combined to improve the growth, flesh quality, favour, and disease
resistance. Infrastructures for aquaculture should be standardized, and
aquaculture practices including nutrient requirement, disease control, water
quality control, etc. should all be quantized precisely, with the application of

modern biological and technological knowledge.

14 Horticultural Science

Horticultural crops contain fruit trees, vegetable crops and ornamental
plants. Horticultural science belongs to the applied basic and applied science
based on the agricultural biology that is a science on exploring the growth and
development of horticultural crops as its major theoretical basis, and at the
same time it is also a comprehensive science on the applied technology and the
principle of origin and classification, germ — plasma, genetics and breeding,
cultivation techniques, disease and insect pest control and postharvest
technology, storage and fresh — keeping of horticultural crops, etc. It is
involved in the basic research theory, original innovation, and development
and utilization of applied technologies.

China is a big country in the horticultural production. The China’s

cultivation field and total production of vegetable crops, fruit trees and
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ornamental plants have been ranked the first in the world. In 2010, the total

sown area of vegetables, orchard and floral crops reached 33 million hectares.
The overall level of the horticultural industry is gradually increasing and has
played an important role in increasing farmer’s income and improving the
living standard of the people. There is a sufficient supply of the horticultural
product with diversified varieties and high quality.

In the past two years, the central government and the governments at
different levels have paid much attention to the horticultural science research.
The basic research and applied research of horticultural crops have been listed
as one of the “973”, “863” ”National Support” programs. 10 horticultural
crops were included in the“Modern Agricultural Industry System”. In 2011,
the Ministry of Agriculture set up 600 standard production gardens of
horticultural crops including 75 orchards, 500 vegetable gardens (contain
edible fungi, water melon and melon)and 25 tea gardens; and 13 ministerial
key laboratories and 20 scientific workstations related to horticultural crops
were newly approved by the Ministry of Agriculture. The new measures
taken by the central government have provided a broad platform for the
horticultural crop research and development .

In recent years, a series of new progress and important achievements
have been made in the horticultural science; in 2009, Nature Genetics
published the important article of the first vegetable crop— cucumber genome
sequencing and its analysis on line. This was first phase significant
achievements obtained in the international cucumber genome sequencing
program initiated and coordinated by Chinese scientists. In 2011, the whole
genome sequencing of the Chinese cabbage, cabbage, potato etc., was
completed, the fine mapping of these crops was drawn, and genome wide
gene encoding was positioned in chromosome by the international cooperative
consortium initiated by the Institute of Vegetables and Flowers, Oil — bearing
Crop Institute, Chinese Academy of Agricultural Sciences and Shenzhen
Huada Gene Institute with the participation of China, UK, South Korea,
Canada, US, France Australia and so on, that provided convenience for
cloning of the genes with the important economic characteristics, that played
an important part in the variety development; some academic papers were

already published in Nature and Nature Genetics; exploration,
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documentation and evaluation of peach, vegetatively propagated vegetables

and rare ornamental plants have been initiated and related germ — plasma
nurseries and databases have been established; more than 200 superior
varieties have been developed; 7 second prizes for National Scientific and
Technical Achievement Awards were obtained; the cluster analysis of genetic
diversity of major horticultural crops has been conducted; the research on
using new shoot cuttings of fruit trees and new macro — grafting technique
have been carried out and these techniques have been used in propagation of
good fruit tree cultivars; the propagation capacity of seeds, seedlings and
bulbs of floral crops has been strengthened to have got rid of import; the
research on stress tolerance culture of the fruit trees and post — harvest
treatment and processing technology of important horticultural crops has been
further enhanced; the modern biotechnology has been used in germ — plasma
evaluation, breeding and IPM and initial achievements have been made.

The existing problems of the horticultural industry include that: @ The
total production can meet the needs of consumption however the quality and
per unit yield still need to be improved; @ The small scale production cannot
comply with the large scale commercial production and market; @ The
research subjects in horticultural science are dispersed, so original creation
capability of science and technology requires to be further strengthened,
particularly in the field of the new variety development and extension. Some
of foreign cultivars of ornamental plants and fruit trees are superior. The
horticultural industry in China is facing a fierce competition with the
transnational corporations. In the future, the objective of horticultural
science is “strengthening scientific and technical creation and improving the
industry”. In the horticultural science, less importance to the research of the
fruit tree germ — plasma is attached and the conventional breeding has been all
the time used at a low level of orchard mechanization and standardization.
The ornamental science lacks originated achievements in its research due to a
low usage of genetic resources. The genetic background of vegetable crops is
becoming narrower and narrower, in comparison with the advanced
countries, and the per unit yield is still low due to the humble production
facilities and continuous cropping obstacles. Meanwhile, there exists still a

hidden danger in product safety.
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In the future, collection, enhancement of elite germ — plasma should be
further strengthened; the high efficient breeding technology system through
the combining biotechnology such as cell engineering, molecular marker —
assisted breeding with conventional breeding should be established; the
research on the breeding material enhancement, gene mapping by the
molecular marker technique and marker — assisted breeding should be made;
the productivity using environment — controlled horticulture by regulating
cultivation environment and its utilization efficiency should be improved; IPM
should be explored; The postharvest treatment and deep processing
technology focused on the cold chain should be developed; and the

construction of ecological gardening, etc. should be paid attention to.

15 Crop Science

15.1 Introduction

Crop science is one of the core subjects of agricultural science. Its
secondary disciplines include crop genetics and breeding, crop cultivation and
cropping system. Crop science is focused on the high yield, good quality,
high efficiency, ecological and safe production. In the past two years, China
has carried out many major crop research projects, such as the transgenic
special, national science and technology project for good harvest, high yield
creation and so on. They have boosted the innovation, development of crop
science and significantly increased the level of technology and theory of the
crop subject, and played a crucial role in the high yield. From 2010 to 2011,
4 first prizes of state scientific and technological progress and 8 second — class
prizes of state scientific and technological progress were gained in the crop
science. Meanwhile, many provincial and ministerial awards were also
gained.

Meanwhile, between 2010 and 2011, China made a breakthrough in the
crop breeding and planting, and achieved good economic and social benefits.

15.2 Progress in the research on crop breeding

Through the interaction, exchange and integration among the related
subjects, a variety of modern biological breeding technologies are developing

rapidly and China has made great achievements in the new crop varieties
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breeding, genetic theory and breeding technique and so on, which provides a

support for the development of the crop breeding industry and promotes
progress of the agricultural science and technology. In the face of the new
challenges of biological seed industry, many new selected varieties play a
significant role in the crop production. The new species based on a character
improvement are springing up. China crop breeding has made a new
breakthrough in the heterosis use of technologies, crop cell engineering
breeding technique, crop molecular marker breeding technique and
transgenosis breeding technique. The gap between China and developed
countries in the new technology of the biological breeding is narrowing
gradually. The biological breeding technology has become a primary approach
to increase the yield and quality.

15.3 Rapid development of crop cultivation subject

From 2010 to 2011, in order to meet the technological demands of the
increasing grain yield, China carried out the research on the crop high
production, benefits and modern technologies, and made remarkable
achievements. Additionally, great achievements are made in the super high —
yielding cultivation, mechanized cultivation, high efficient utilization of
resources and adverse resistance cultivation, and models of the super — high
yield with the local record broken came forth.

China’s “Science and Technology Project for Food Production” has
promoted the grain production. China will further tap the potentials of the
grain production concentrated on the energy — efficient of crop resources,
greatly improving the resource utilization and anniversary yield of the crop.

As the research on the growing process, population dynamic index,
exact quantitative cultivation technique is progressing, China promote the
quantification and precise of scheme design of cultivation and growth trends
diagnosis.

15.4 Comparison of domestic and overseas studies

Compared with the European and North American countries, China is a
country of the low average farmland and limited farmland reserve. Increasing
per unit yield is an inevitable choice to resolve the contradiction between the
people and land.

There is an obvious gap between China and some developed countries in
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the crop breeding research field. First, China has fewer genes with our

independent intellectual rights than the developed countries. Secondly, China
lack innovations of the crop breeding technique. Third, the breeding objective
can’'t meet the various demands of the market, and China’s crop breeding is
only based on developing high —yield cultivars. Fourth, China is still short of
the companies that have an international competition ability.

Recently, China has got a quick development in the crop cultivation
technique, but is still left far behind the developed countries such as
European countries and America in mechanization and standardization,
because their mechanization and standardization are based on information,
quantification, large — scale, intensive cultivation, facility agriculture
cultivation, application of chemical regulator and techniques extension service
system.

Thus, for the crop subject, China has great potentials and broad
prospects to narrow the gap between China and some developed countries in
the crop breeding subject and crop cultivation subject. China should
strengthen and expand the research team and improve the level of the
scientific research. China should use the research methods in the advanced
countries in the crop breeding subject to improve its level of the scientific
research. In the crop cultivation subject, China should enhance the technical
reserve and condense technological feats, and strengthen the technical
extension system. In the crop subject, China should keep up with the
developed countries in the field of the world crop science to play a more
important role in the national food security.

15.5 Trends and prospects in crop science

The molecular breeding of the crop should be based on satisfying the
country’s food security and agricultural sustainable development, full use of
the broad gene resources of the crop should be made, and attention on the
basic research of gene resources of the crop and the heredity of important
characters formation and basic theoretical research should be focused so as to
realize a breakthrough on the molecular breeding of the crop. Only by
integrating science and technology resources, can China carry out a large —
scale discovery of the new genes and only by using an original innovation of

the molecular breeding technology., can China build up a crop molecular
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breeding system. China will make a breakthrough on the creating material,

variety breeding and industrialization facilitating the increasing improvement
of the molecular breeding technique and industry.

To meet the needs of a sustainable growth of quality and safe agricultural
products, and the needs of environmental improvement, China must insist on
the principle of the “high yield, high quality, high efficiency, ecology,
security” in the crop cultivation subject. In addition, China must devote
major efforts to developing the modern technologies of agricultural production

so as to improve the research level in the crop cultivation subject.

16 TCM and Chinese Materia Medica

Traditional Chinese medicine (TCM)is one of the important supports for
China’s health care system, and plays a very important role in the
maintenance of the national health service. TCM, as one of China’s medical
characteristics and important medical and health resources, manifests
important features in the medical and health enterprise in China and has
significant advantages. Since the Chinese Communist Party’s 17th congress,
along with the in — depth implementation of concepts both of scientific
development and of improving people’s livelihood, more attention to the TCM
enterprise has been paid. The policy, “opinions on supporting and promoting
the development of traditional Chinese medicine enterprise by the State
Council” and “opinions on further emphasis on the important role of
traditional Chinese medicine during the job of deepening medical and health
structural reforms”, has provided a guarantee for the comprehensive,
coordinated and sustainable development of the TCM enterprise, and has laid
the foundation for making a comprehensive plan on how to give full play to
the role of the traditional Chinese medicine in the five — focus job of deepening
medical reforms. Since the national “Eleventh Five — Year Plan” period
(2006—2010) , the state increased the investment in TCM, and the value of
TCM were further recognized.

In recent years, taking both enhancement of characteristics and
advantages, and strengthening of inheritance and innovation of TCM as a

main line, taking the capabilities of improving disease prevention and
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treatment as a center, and taking the innovative culture of excellent

academicians as a focal point of efforts, TCM disciplines have been given fill
play so as to improve their service abilities of the scientific and technological
support of TCM in meeting the social needs, such as in the clinical
development, in economic construction and in other aspects, comprehensively
pushing forward the rapid development of the traditional Chinese medicine
disciplines.

In the period of the national “Eleventh Five — Year Plan” (2006 —2010),
the following achievements were made: (D The ideas and experiences of 210
famous and senior academic medical experts of TCM were systematically
collected; @ The academic experiences of a group of senior TCM experts and
national medical experts were effectively inherited; @ The work of digitally
collection and protection of the ancient Chinese medicine literature and other
national medicine literature progressed steadily; @16 TCM clinical research
bases were launched, invested and constructed by the central government,
which promoted construction of a large number of TCM clinical research
bases, research departments and laboratories throughout the country, and
enhanced the research and innovation capacity in TCM; (93 key construction
points of TCM disciplines were built up and approved; (© 323 key construction
points of TCM disciplines were under reconstruction; (O Nearly 50 key TCM
laboratories against infectious diseases were set up; @ Comprehensive measures to
strengthen the TCM management and protection were taken; (© The
technological transformation and equipment renewal, as well as the pace of
reconstruction and construction of GMP (good manufacturing practice)in the
TCM industry were accelerated; (0 The fourth national census of traditional
Chinese medicine resources were carried out.

The progress in TCM disciplines includes: O The construction of TCM
disciplines were continuously improved, the discipline organizations and
personnel training were steadily strengthened, and the TCM cause was
advancing rapidly according to the state’s needs; @ Lots of fruitful research
results were achieved ; () The ability of prevention and treatment of
infectious diseases by means of traditional Chinese medicine was greatly
enhanced; @ The TCM cultural development was continuously deepened;

®The work of standardization and information technology in traditional
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Chinese medicine solidly progressed; (© The exchanges and cooperation in

TCM between China and other countries were increasingly strengthened; (DA
few outstanding achievements in traditional Chinese medicine;: a. “Tu Yo —
yo” was rewarded by Lasker Reward (for her invention of an anti — malarial
drug, namely, artemisinin); b. “Danshen Pill”, a traditional Chinese
medicine, was through the clinical trial Stage [l in FDA, U.S. A. (a clinical
trial done in 15 clinical centers in New York City, Florida, California, and
other places in the United States of America, in full and strict accordance
with the international GCP (good clinical practice) standards of clinical trials;
c. The therapeutic effect of TCM decoction in treating Type — A influenza
were recognized and favorably received by the international community. The
paper for this study has become the first academic paper in the Mainland of
China, which was published in one of the SCI journals, with the method of
randomized controlled trials for evaluation of the decoction of traditional
Chinese medicine in treating Type — A influenza.

In recent years, great progress has been made in the TCM discipline,
but there have been many problems to be resolved. The main problems in the
development of the TCM discipline are: (O The weaker foundation has
restricted the development in TCM, so the state should increase investment
in TCM to promote its development, and only under a stronger policy
support, can the problems be fully and continuously resolved; @ The
characteristics and advantages of TCM are not given full play, which also
restrains a clinical contribution of TCM, therefore, the service fields of TCM
is needed to be further expanded; @) As a whole, little progress has been
made in the inheritance and innovation of TCM, so much of an effort is
needed to be made in the work.

Currently, according to the planning of development of traditional
Chinese medicine enterprise in the period of the national “Twelfth Five — Year
Plan” (2011 —2015), the strategic goals of the TCM discipline are, based on
the systematic collection and interpretation of research fruits and unified
terminology of TCM, to sum up the results of the modern research, to obtain
innovation, development, research of TCM, and to create new doctrines in
the thinking mode, physiology of Zang and Fu organs, etiology and

pathogenesis, syndrome differentiation and therapeutic methods, herbal

A E B RARE (2011—2012) f A (35 )



2011—2012 $# % vz Ak
> FAERARE G K

theories, prescription compatibility, effect principle of both TCM and

acupuncture, as well as the effective modern principles of other non — drug
therapy; to clarify the scientific meaning of the TCM theory; to form a
theoretical system from phenomenon description to nature clarification of
TCM; and to provide a new theoretical guidance for the clinic experience and
clinical research of TCM.

17 Biomedical Engineering

Biomedical engineering is a multidisciplinary and trans — disciplinary field
of science and technology. At present, it remains a second — class discipline
which does not have a standardized subject classification. Biomedical
engineering is divided into four categories.

(1) On the basis of electronics, electrical engineering and information
science, observation and identification of tissue, organ structure and system
functions are taken as a target. In this sense, medical imaging, medical
information technology, medical digital and neural engineering, etc. belong
to this category.

(2) On the basis of biomaterials and biomechanics, and with the
biotechnology, structural and functional relationship could be understood,
and the injury could be repaired. In this sense, functional reconstruction,
such as artificial organs, tissue engineering ( regenerative medical
engineering) , interventional medical engineering, rehabilitation engineering,
etc. belong to this category.

(3) On basis on the biochemistry and biological technology, the subtle
changes of human body could be monitored. In this sense, biosensors, etc.
belong to this category.

(4) On basis on physical biological effects, and with the system
engineering principle and method, the specific medical/health objective is
realized. In this sense, radiation medical engineering, ultrasound medical
engineering, laser medical engineering, etc. belong to this category.

Despite it is not a standard classification of the second — class biomedical
engineering disciplines, it proposes a clear field division and provides a crude

and relatively standard frame. The following is a statement of major advances
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in recent years, and highlights the intrinsic characteristics of biomedical

engineering.

In medical imaging, Prof. Dong Xiuzhen and her colleagues from the
Fourth Military Medical University have made a breakthrough in the body
tissue electrical characteristics for surface detection and real — time image
reconstruction of electrical impedance of two key technologies. She
successfully developed a bioelectrical impedance tomography (ETI) system,
which is the first in the world to realize dynamic image monitoring beside the
bed. Brain hemorrhage monitoring sensitivity: 0. 2 ml; abdominal bleeding
monitoring sensitivity: 20 ml (kidney, bladder etc. ) ~50 ml (liver, spleen,
etc. ). Clinical trials (n=87)showed that it can forecast cerebral hernia 40~
45 minutes before the symptoms appear. It is a reliable early warning in
disaster events, trauma, especially significant in the modern war wound. It is
a major breakthrough in biological imaging field in China.

In addition, Beijing Hangtian Zhongxing Medical System Company Ltd.
has independently developed a digital X — ray machine (DR) breaking through
the key technology. The pixel of the Hangtian Zhongxin FU — FPDR - 2009
DR flat panel detector is 0. 143 mm X 0. 143 m, which is the same level with
international most advanced standard. The dose of the radiation of Hangtian
Zhongxing DR device only 1% of the traditional X — ray (green).

In the research of the brain — computer interface (BCI) technology, Prof.
Gao Shangkai and his colleagues from Tsinghua University lead the world in
the signal and brain computer interface technology. It is reported from the
World Technology Development Center (WTEC, USA) that: “Prof. Gao
took the leading position in the development and application of the non —
invasive, based on brain electrical signal (EEG) computer control, which lead
the brain — computer interface system in the practical application”. Especially
such an easy operational and low price system can obtain such high
performance, which illustrates its potential of the algorithm is very
effective”. In another focus field of the medical neural engineering, Prof. Li
Luming and his colleagues from Tsinghua University (Beijing) cooperated
with Beijing Pinchi Medical Equipment Company Ltd. , developed the brain
pacemaker independently and did two and a half years' clinical trials in Beijing

Tiantan Hospital, which completed 40 cases, the mean follow — up time was
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14. 6 months, without any related adverse reaction. Postoperative symptoms

were gradually improved, stabilized in 3 months. Compared with preoperative
symptoms, UPDRS score increased by 80% , sports score increased by 70% ,
achieving the expected effect. This success has broken the Medtronic
company’s monopoly, and China has become the world’s second country
which can produce brain pacemakers with independent intellectual property
rights.

Nowadays, a group of the China’s promising young researchers , who
have received the good cross training., have become the China’s biomechanical
leaders in the biomechanical field, one of the biomedical engineering discipline
bases. Meanwhile, a number of distinctive and important international
biomechanical branches have been established in Beijing, Shanghai and
Chongqging. China has made remarkable progress in the biomechanical
engineering field. This mainly reflected the following: on the one hand,
China’s biomechanical engineering technologies have been applied into clinical
medicine, which has played a key role in the personalized operation design of
bone —joint and related implant and individualized preparation. A prominent
example is that Dai Keirong group from the Ninth People’s Hospital
Affiliated to Shanghai Jiao Tong University has realized the artificial
prosthesis (semi — pelvic)individual design and individual preparation based on
multimodality medical imaging, with biomechanical system modeling and
digital experiment, fusion expert experience (Knowledge Engineering). They
have made a breakthrough in the pelvic tumor limb salvage treatment,
avoiding 1/4 amputations. Up to now more than 100 cases has been cured.

On the other hand, China should lay emphasis on the stress — growth
relationship in biomechanics, from the organ and tissue into the cells,
subcellular  structures, biological macromolecules, revealing various
dimensions of life structure (morphology) — the function of the two — way
relationship (the structure determines the function and the function leads to
structure shape reconstruction). Some outstanding achievements are as the
follows. Prof. Deng Xiaoyan and his colleagues from Beihang University did
a systemic research on the arterial blood rotating flow effect based on
biological universal rules of the adaptability principle ( Adaption Principle),
found that the rotating flow pattern had the function of inhibition low density
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and it is good to transport oxygen. Then they applied the flow effect in
improving the coronary bypass operation design, intravascular stent structure
design, vena cava filters design and small diameter (<C6 mm) vascular
prosthesis design, and applied for 5 patents for this invention. Prof. Jiang
Zonglai and his colleagues from Jiaotong University established a blood vessel
in vitro culture system of near physiological pulsating stress, based on the
research on atherosclerosis pathogenesis and pathological processes. They
studied a low shear stress and hypertensive conditions, and different
mechanical environments obtained a vascular reconstruction of vascular
differential expression protein through the changes in vascular remodeling
processes in vascular tissue proteomic changes. They selected 60 kinds of
differential expression of proteins from them.

Prof. Fan Yubo and his colleagues from Beihang University used the
mouse bone marrow mesenchymal stem cells (rBMSC) for a model cell,
studied the influence of different mechanical modals on the rBMSC growth,
and found that different mechanical modals, the same mechanical modals of
different stress intensity, leading rBMSC differentiation in different
directions, and even affect the physiological process direction, 1. e.,
differentiation or proliferation. This indicated that the force effect is to
regulate the cell, tissue and other body growth, differentiation and other
independently original signal system. Its effect is greater than the sum of
their individual effects with chemical signal coupling—nonlinear effects.

Based on the inflammation, tumor metastasis, thrombosis forming and
other major diseases processes, Prof. Long Mian and his colleagues from the
Institute of Mechanics, Chinese Academy of Sciences, applied the
micropipette aspiration, atomic force microscopy and laser optical trapping
technology and system in the research on the influence of selecting ligands
binding and dissociation kinetics quantitative rules, as well as mechanical
environment, scale, orientation.

The interventional medical engineering field had a close relationship with
biomechanics, China’s enterprises, Shanghai Weichuang, Beijing Lepu, etc.
had been in the leading position in the domestic market (78%)in the drug

eluting coronary stent and other products in the field, and they are developing
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a new generation of products—biodegradable scaffold. In view of this, it is

essential to cooperated with the biomechanics research team .

The family health project is a new growing point in the biomedical
engineering field, which embodies biomedical engineering change in direction.
In this respect, Prof. Yu Mengsun from the Air Force Aviation Medicine
Research Institute of Aviation Medicine Engineering Research Center is a
pioneer. In recent years, he put forward “people oriented health medical
mode—MIC model”, as an individual monitoring ( Monitor), the state
identification (Identification) and state control (Control) service model. The
key research is the individual state monitoring/detection, and a series of
family health engineering devices with independent intellectual property
rights were developed. Their common features are as follows:

1. Long — time synchronization, continuous, dynamic monitoring of basic
physiological parameters (life signs)

The long — time synchronization, continuous, dynamic monitoring of
basic physiological parameters (life signs)is required for acquiring further
information; and with information mining and information fusion, the deep —
seated status information (>>24 hours)is acquired. This requires a low power
consumption design.

2. Dynamic monitoring in a natural condition

The dynamic monitoring is required in a natural condition, so the
monitoring life and work interference is required to be minimized, that is, a
physiological and psychological burden caused by monitoring must be reduced
to the lowest level.

3. Multifunction mode

This mode has both the SD card memory and wireless transmission
function, and the liking function with Internet.

Currently they have successfully developed the mattress physiological
(multi — parameters) monitoring (checking) system (product forming), the
wearable physiological condition (multi — parameters) monitoring (checking)
system (in a small scale trial), the blood pressure noninvasive continuous
(beat — to — beat) dynamic monitoring system (clinical trials), the touchable
six parameter fast detection system and wearable type multi parameters

dynamic monitoring — remote integrated analysis system, and formed an “all —
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weather” physiological parameter monitoring and measuring system. At

present, among them, the natural mattress physiological information
monitoring system leads the world in its originality, while the blood pressure
noninvasive continuous (beat — to — beat) dynamic monitoring technology is a
major breakthrough in the blood pressure measurement technique. More
important is that the two systems have been applied in the pilots’ plateau
training, which gained a great success.

In addition, the “Internet of Things” is also discussed in this report.

On the whole, China has an obvious gap with the United States., Europe
and Japan in Biomedical Engineering Science, but in recent years China has
made remarkable progress in some important fields of Biomedical Engineering
Science.

In the 21st century, China is facing the challenge and opportunity in
Biomedical Engineering Science, and the medical reform will provide China
with an excellent opportunity. China should grasp the opportunity, insist on
taking solving the practical problems as its goal, and make R&D by self -
reliance, so as to do a greater contribution to the China’s medical and health

undertakings.

18 Acupuncture and Moxibustion

18.1 Introduction

Acupuncture is an important part of traditional Chinese medicine
(TCM). Its theory and practice have always been outstandingly representing
the unique features and merits of TCM among all subjects of this traditional
medicine.

Over the past 60 years since the founding of the People’s Republic of
China, acupuncture has been included in the medical education, research and
health care system. There have been increasing national funds put into both
theoretical and clinical researches on acupuncture, so as to promote the
research capability and quality of acupuncture, as well as prosperity of the

industry.
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18.2 Current development in China

18.2.1 Disciplinary development

TCM higher educational system has been improving. The number of
students majoring in acupuncture has increased from 22800 in 2006 to 37594
in 2010. There are 12 doctoral programs, 34 master programs and 7
postdoctoral stations of acupuncture.

Among all the 4169 TCM hospitals and hospitals of integrated Chinese
and Western medicine, more than 90% have acupuncture departments. In
addition, 60% ~80% of general hospitals have TCM clinical departments.

There are 26 acupuncture research laboratories have been recognized as
Top — level key laboratory of State Administration of Traditional Chinese
Medicine(SATCM) of the People’s Republic of China, and 8 as SATCM key
laboratories.

18.2.2 Research development

As an independent project Acupuncture was supported by the National
Program on Key Basic Research Project (“973” Program)in 6 years running
from 2006 to 2011, with an investment of 108 million RMB. A total of 191
projects were funded by the National Natural Science Foundation with 54. 24
million RMB, with the number of projects increased 93.9% and the
investment increased 173. 3% compared with the “10th Five — Year Plan”
period (2001 —2005).

1. Progress in basic theory research of acupuncture

Theoretical studies have been mainly concentrated on interpretation of
the classics and the orientation and standard of concepts and terminologies in
the effort to further mine the theoretical framework of classical acupuncture
and its implications. Many studies have proved objective existence of the
phenomenon of meridians and channels, the observable track of meridians and
unique links between meridians and viscera. Topics such as the phenomena
and mechanisms of sensitization of acupoints and the transition of acupoints
from “dead” to “alive” under a pathological state have stepped into the
spotlight.  Methodologies of evidence — based medicine and clinical
epidemiology were adopted to re — evaluate the effectiveness of a number of
acupoints on dozens of diseases. Researches on the effect — mechanism of

acupuncture have shown that acupuncture acts through the nerve — endocrine
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2. Remarkable achievements in clinical studies

The establishment of evidence — based acupuncture has significantly
raised the quality and reliability of acupuncture researches in China.
Cooperation between acupuncture and other clinical departments has been
strengthened so that the coverage of acupuncture has been expanded and its
advantages have been given full play. Studies on acupuncture anesthesia and
analgesia were conducted to basically analyze their theoretical basis and
scientific nature in two aspects — basic theories and clinical experiments.
Standard clinical procedures and acupoint choices were developed for
acupuncture anesthesia. Optimized combinations of acupoints were screened.
Appropriate population and health — economic indicators were also evaluated.
The results have shown protective and immunoregulatory effects of
acupuncture anesthesia on vital internal organs. The R&D of treatment
techniques suitable for communities and rural areas has significantly increased
the accessibility of acupuncture.

3. Fruitful results in acupuncture standards

Special standardization organizations have been established. 23 national
standards, 5 industrial standards and 1 guideline have been developed or
revised. National standards of Nomenclature and Location of Acupuncture
Points (GB/T 12346 — 2006) and Nomenclature and Location of Auricular
Points (GB/T 13734 — 2008) won the national award for innovative
contribution to standardization in 2009 and 2010, respectively.

4. More advanced acupuncture appliances

The design and development of acupuncture appliances has been closely
combined with modern science and technology, and a great number of new
products have been developed. The acupuncture manipulation parameter
meter and computerized simulation system of acupuncture techniques have
laid solid foundation for the scientific research of acupuncture techniques.

18.2.3 Academic journals

In 2005, Chinese Acupuncture and Moxibustion, and Acupuncture
Research were included in MEDLINE. In 2008, the two journals were
classified as core journals in Chinese edition. In 2009, Chinese Acupuncture

and Moxibustion was honored as a China’s authoritative journal. In 2011,
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both Chinese Acupuncture and Moxibustion and Acupuncture Research were

honored as China’s excellent sci — tech journals.

18.3 Comparison and analysis of acupuncture development in China and
abroad

As a representative of traditional Chinese medicine, acupuncture is
among the earliest to be known to the world and is now generally accepted by
the international community. China leads in the development of acupuncture.
Although practiced in 142 countries and regions, acupuncture is seen as a
complementary and alternative medicine in many countries where TCM or
acupuncture is not legalized or in its infancy. Basic acupuncture researches in
foreign countries prefer small issues with in — depth analysis and progressive
studies. They try to prove a theory from different points, and pay great
attention to the rigor of design and repeatability, and to the clarity of results.
Clinical studies are rigidly designed in strict consistence with Evidence —Based
Medicine, with objective conclusion but the tendency to overlook the features
of acupuncture. In domestic, the diseases treated by acupuncture are mainly
the same as foreign countries, but there are more chances and higher
frequencies to treat internal diseases in foreign. In foreign countries,
acupuncture is usually practiced in private clinics instead of acupuncture
departments in the hospitals. Overseas acupuncture education mode is based
on private teaching and studying in China. The learners emphasize more on
skills and techniques of acupuncture, but often ignore the theoretical study
and TCM attainment improvement.

18.4 Suggestions and prospects

18.4.1 Suggestions on acupuncture development

(1) Pay more attention to theoretical researches to further improve the
systems of meridian and acupoint theories, clinical treatment based on the
pattern differentiation and effectiveness evaluation.

(2)Conduct studies of major academic issues addressing the social needs.,
and try to gain original and influential results.

(3)Change the way of providing clinical service. Increase the coverage of
acupuncture and the practice of acupuncture in the first treatment of diseases
suited for acupuncture treatment. Cooperative efforts should be made in

tackling major diseases and raising the capability and quality of acupuncture
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service,

(4) Train medical professionals that the society needs. Explore the
education mode. Cultivate multiple types of acupuncture professionals
through various channels.

(5) Give publicity to TCM cultural and knowledge to guide people in
preserving health in a correct way.

(6)Promote acupuncture standardization and internationalization.

18.4.2 Prospects of acupuncture development

(1)More attention to the theoretical research on acupuncture will help to
further improve the systems of meridian and acupoint theories, clinical
treatment based on the pattern differentiation and effectiveness evaluation.

(2) Communication between TCM and natural sciences, especially life
sciences and biology, will be achieved through researching the mechanism of
acupuncture. Such researches will not only explain the mechanism and
scientific nature of acupuncture in preventing and treating diseases, but
greatly influence biomedicine, life sciences and even the whole modern
science.

(3)Change in the service mode of acupuncture will significantly expand
its application scope. Acupuncture will become a conventional treatment in
the hospitals. Moreover, it will play a greater role in people’s everyday health —

preserving, fitness — keeping and disease prevention.

19 Public Health and Preventive Medicine

China had experienced an epidemiological transition shifting from
infectious diseases to chronic diseases in much shorter time than many other
countries. One of the most striking was a rapid control of infectious diseases
leading to a marked increase in longevity. The shifting was achieved through
health interventions such as increased vaccination coverage, better hygiene,
sanitation, and water quality, improved access to the medical care, and
advanced social and living standards such as universal education, higher
incomes, and better nutrition and housing. The population age structure is
also shifting due to a decline in fertility and mortality, thereby, there is an

increase in proportion of the elderly people.
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In recent decades, the momentum of China’s epidemiological transition
has continued unabated. Many of the known risk factors for chronic diseases
have dramatically increased as society change progresses. These behavioral
elements include changing diets, levels of physical activity, tobacco
consumption, and automobile use,etc. The same behavioral shifts have been
observed in many developed counties over the past 50 years, but they have
been accelerated at a historically unprecedented pace and scale in China, with
the rapid growth of the national economy over the past 30 years.

Like many of other developing counties, China has also experienced
dramatic, demographic and epidemiological transitions. With the process of
population ageing and urbanization speeding up, China’s major health threats
are chronic diseases, now accounting for more than three — quarters of all
deaths. Patterns of injury are also changing. China has been successful in the
control of infectious and maternity — related conditions, but these health
problems have been by no means solved, as exemplified by continuing
infectious outbreaks, reproductive health problems, and persistent
schistosomiasis. Evidence underscores the fact that China faces a daunting
health future. Behavioral shifts cast a long and dark shadow on burdens due
to such risk factors as smoking and changes in diet and physical activity that
will be accompanied by new infections, environmental threats, and behavioral
pathologies.

An important signal of China’s stronger political commitment to health is
shown by the expanding role of the state in health care provision and
stewardship, together with the mobilization of communities and civil society
for health improvement. The results of these changes are already
measurable. China is now on track to reach Millennium Development Goal 4
(MDG), reducing child mortality by two — third between 1990 and 2015.
This achievement has been made through antipoverty policies, land reform,
investment in agriculture, and economic growth, as well as through improved
health services. China has also made important progress on MDG 5, the
reduction of the maternal mortality.

Nowadays, China is facing the following problems in the health care.
First, China has more than 300 million smokers, 177 million people with

hypertension, and about 140 million urban migrants. Second, the developed
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countries spent nearly a century in completing health transitions, while China

spent only a few decades. Third, China’s unique national history and ecology
have resulted in great diversity in health conditions and responses.

Achieving health equity is a main health challenge China faces, in view of
the well documented problems of incomplete coverage, uneven access, mixed
quality, escalating cost, and high risk of catastrophic health expenditures.
Chinese government initiates a reform for diseases prevention and health
promotion, health — care services, pharmaceutical policies, and health
insurance. These efforts are the latest and most ambitious round of health
reforms that aim to tackle growing health inequity. China has a unique
opportunity to mobilize all its resources and to use global knowledge to
achieve advances in health, saving time and lighting the disease burden that
many other developed counties have had.

China is a major contributor to the control and spread of global health
risk, because China faces a growing international participation in the
exchange of goods, services and people. In other words, what happens in
China is important for the health of the rest countries around the world.
Emergency of new infectious diseases, such as severe acute respiratory
syndrome, and persistence of old pathogens (e. g. tuberculosis), illustrates
why China’s situation has a global importance and influence.

The World Health Report 2007——A safer future: global public
health security in the 21st century marks a turning point in the history of
public health, and signals what could be one of the biggest advances in health
security in half a century. It shows how the world is at an increasing risk of
disease outbreaks, epidemics, industrial accidents, natural disasters and
other health emergencies which can rapidly become threats against global
public health security. The report explains how the revised International
Health Regulations (2005), which came into force this year, help all
countries in the world to work together to identify risks and act to restrain
and control them. The regulations are needed because no single country,
powerful or wealthy, can protect itself from outbreaks of epidemic diseases
and other hazards without the international cooperation. The report says that
the prospect for a safer future is within reach and that this is both a collective

aspiration and a mutual responsibility.
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Moreover, the China’s energy consumption growth, industrial pollution
and carbon emission will directly concern an importance of the growing global
health. And recent advances in the preventive medicine and public health in
China, and in the fields of the health care system, epidemiology, etc., are

summarized in this report.

20 Technological Economics

Technological economics is a discipline embedded in Chinese context. Its
research field covers not only such traditional research fields as feasibility
study for construction project, value engineering, technology selection,
renewal of equipment, evaluation of technological change, but also many new
fields, for example, measurement of contribution rate of technological
change, industrial structure and technological change, innovation
management, entrepreneurship management, science and technology
policies, entrepreneurship and innovation policies, etc. Today, technological
economics is rapidly expanding into many fields of economics and management
sciences.

Technological economics plays an important role in the rapid
development of China, which is significant in popularizing and applying its
theory and methods. Technological economists have provided a large number
of research findings and policy suggestions for issues regarding evaluation of
key projects, economic development driven by technological change,
innovation and entrepreneurial management, etc. Some of them were adopted
by the national leadership and related governmental departments, which
directly contributed to economic and social development in China. In the past
decades, the subject education system of technological economics has being
gradually improved, and a great number of professionals have been educated
for the national economic development. Periodicals and monographs
associated with the subject of technological economics have been rapidly
increased. At the same time, various related research activities are becoming
more and more far — reaching.

In recent years, China has made significant progress in both theoretical

research and practice of technological economics.
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Firstly, the research on method of the technological and economic

analysis has been constantly innovated and, its research field has been
broadened. There are fruitful and in — depth researches on China’s
technological progress, technological innovation and economic growth.
Meanwhile, an analysis of the relationship between technological innovation
and transformation of the economic growth mode is gradually increased.
Furthermore, the research paradigms and methods of mainstream economics
have been gradually introduced from the developed countries, which has
enriched China’s method and system of the technological and economic
analysis. As a result, the scope of the empirical research with respect to the
relationship between technological innovation and economic growth has been
continuously broadened. Especially, the role of technological progress in the
total economic growth, regional economic growth and regional upgrading of
industrial structure has become a hot topic in the empirical research.

Secondly, studies on project evaluation have been gradually matured and
standardized. There are few research achievements of project evaluation in
the basic theory at beginning, especially in the project effect on regions. With
the economic development and institutional transition, however, the research
on methodology of project evaluation has been improved and guidelines have
been greatly changed. So the traditional evaluation methods have been
bettered, and the new research methods have been continuously enriched. In
the empirical research, the project evaluation research has played an
important part in such a great project decision — making as the follow — up
project of Three Gorges Project, the Large Aircraft C919 Research Project,
the Qinghai — Tibet Railway Project and South to North Water Diversion
Project. Consequently, the scope of the empirical research has been rapidly
widened, and evaluation for the soft science program, such as planning of
science and technology, has been launched.

Thirdly, the research on the innovation management has entered into a
new stage of theoretical extension and innovation from import of foreign
theories. The research on the innovation management has established a
soundly theoretical system with distinct contributions. In recent years,
extending along the creation of a value chain, the innovation management

research at firm-level(micro-level) has evolved towards the value management
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in accordance with international academic trends, and the research on
disruptive innovation, open innovation, business model innovation, dynamic
capabilities, service innovations, etc. , have attracted much more attention.
The research of innovation management at industrial — or — regional level
(messo — level) focused on industrial cluster, network and platform, in which
linkages and group advantages between enterprises and related subjects are
emphasized. The research on innovation management at macro — level focused
on internationalization of the national innovation system and construction of
the transnational innovation system. The theoretical development mainly
focused on innovation strategy and innovation capacity. Based on China’s
context, China’s scholars have developed new theories in fields of innovation
strategy and innovation capacity. Correspondingly, the theoretical
contribution with China’s characteristics has been achieved.

Fourthly, entrepreneurship study is in the ascendant and enters into a
new stage of the theoretical development. With the rapid development of the
theory and practice of China, the entrepreneurship research reaches a stage of
integration from an imitation stage. In recent years, the China’s
entrepreneurship research has focused on entrepreneurial networks,
entrepreneurial resources Or capacity, entrepreneur or team, entrepreneurial
environment, opportunities and strategy of startups. More and more
attention to the China’s context study have been paid, such as the
entrepreneurial networks, resources and strategy — oriented research, which
has become the frontier issues of the China’s entrepreneurial study. As for
research methods, the foreign mature methodology system has been
introduced and absorbed. Meanwhile, standardization and systematization of
research methods have also been taken into consideration, in which stress on
reliability of methods and conclusions is laid.

Fifthly, policy studies on technological economics closely related to the
major and priority issues of the national development. In recent years, the
policy studies on technological economics have been kept pace with the
national economic development. Amidst them, cultivation of the national
innovation capacity and promotion of industrial technological upgrading are
the major contents of the innovation policy research. For the research of the

technological policy, the domestic scholars have attached importance to the
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of industry, university and technology alliance, the policy for high — tech
sectors and emerging strategic industries, the policy implementation and
evaluation. The policy study for new energy industries, such as the
photovoltaic industry and the wind power industry, has become a common
concern for researchers. Furthermore, the system reform of science and
technology, the comparative study of multi — national experiences, the policy
for resource allocation of science and technology has also been the major
issues in the policy research of science. For the study on the entrepreneurship
policy, native scholars mainly concern more on the entrepreneurial support,
including entrepreneurial financing, business systems and related problems in
the entrepreneurial process.

Technological economics 1s facing unprecedented challenges and
opportunities now. On one hand, it is facing a pressure to improve, re —
innovate, and even reconstruct the existing disciplinary system; on the other
hand, the new comprehensive, strategic, long-term, forward-looking
significant technological economic issues are always emerging, which brings
forward new tasks and provides a great opportunity for it as well.

In the future, for technological economics, innovation of the subject
system ought to be promoted, and its application in the macro — field ought to
be broadened. Meanwhile, importance on the systematic, comprehensive
theory and method for project evaluation ought to be attached in its
application. At the same time, in order to promote the entrepreneurial
research, combining foreign introduction with China’s actual conditions,
combining comprehensiveness with thoroughness, inclusive innovation
systems including industrial innovation ought to be established and improved.
Moreover, technological economic policy studies should be greatly improved

in relevance, operability and effectiveness.

21 Library Science

Over the past three years, Chinese researchers in library science have
carried out various forms of studies, the research fields have been expanded

continuously and a large number of new concepts, ideas, technologies have
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emerged. From the analysis based on the research results and knowledge

mapping, the quantity and quality of research achievements have been
improved significantly, focuses and frontiers of library science have been
more in common with the international trend.and the international academic
intercourse has become increasingly frequent.

21.1 Recent development in library science

By means of the bibliometrics and knowledge mapping analysis, the
research over recent three years has been focused on the basic theory of
library science, information resources construction, information organization
and retrieval,users and services, and new technologies of libraries.

21.1.1 Basic theory in library science

The dominant research method in domestic library science were still a
summary of experience, induction and deduction, even purely subjective
perception, which affected the development of the discipline seriously.
However, the mainstream paradigm of library science should be an empirical
research.

The core value and spirit of library had shifted to social responsibilities
and rights of library after 2007. There were two opposing views on this
topic:one was that social responsibilities were a mandatory duty of library,
the other was that it should be a voluntary but not mandatory behavior of
library. The analysis on the library rights also had two different situations:
one was that the reader’s rights, the other called for the rights of librarians.
However,the process from the library values to library rights were embodied
through specific practices and standardized by library legislation.

21.1.2 Information resources construction

Some new achievements have been made in the following aspects:
information resources sharing, digital preservation, open access ( OA) and
institutional repositories. The information sharing scope has gradually
developed from the libraries to other fields such as e — government and e —
commerce; sharing modes have developed from the traditional interlibrary
loan, document delivery to the open access and cloud services. The long —
term preservation of digital resources had developed from the database
resources to the new network digital resources, such as Blog. At the same

time, the relationship between OA and publishing;the organization, utilization
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and access modes of OA resource have become a focus. In addition,there are

many researches on the legal problems about the information preservation
models,institutional repository policies,and construction or use of metadata.

21.1.3 Information organization and retrieval

In recent years,the new technologies in the information organization and
retrieval have become a focus. The knowledge organization, semantic
retrieval, multimedia information retrieval, and retrieval visualization have
become hot topics. In the knowledge organization system,its integration with
new technologies such as the Semantic Web have been stressed. The
traditional knowledge organization systems have been transformed by the
ideas of Semantic Web and faceted classification. In the information retrieval
system, OpenURL link technology have been promoted in the construction of
OPAC combining with the internet search engines, which have made the
OPAC integrate and utilize internet resources and become a discovery tool of
the internet knowledge. In addition, the knowledge organization system and
OPAC system have been constructed by Folksonomy, and the linked data
technology has been utilized to reveal a variety of relationships between the
data and resources.

21.1.4 Library user research

The needs of library users were more personalized under the digital
environment, but the domestic research was concentrated on the needs of
researchers but not the public. For the information behavior research,foreign
scholars emphasized on the quantitative research methods such as the log
analysis, while the domestic research methods were comparatively single.
Information literacy referred to not only the ability of obtaining information,
but also the ability of sensitivity, understanding, digestion and absorption of
information. The domestic researches on the information literacy were still
confined to the information retrieval course.

21.1.5 Library service

The diverse services, such as mobile service, free public service, self —
help service,cloud service and other digital services, were a new focus of the
library service. Researchers focused on the digital services models and
mechanism under the network environment. The new technology and

evaluation system in the subject librarian service were also discussed. In
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addition ,many librarians and researchers were considering how to improve the

service efficiency in the open and free environment.

21.1.6 New technology in library science

The semantic web, cloud computing,and mobile internet technology had
rapidly developed in library science. The application of the cloud computing in
library science was discussed, and the linked data, as a new semantic web
technology, had been gradually applied in the resource organization and
service. Besides, SNS ( Social Network Site) and RFID (Radio Frequency
Identification) were applied in the traditional library.

21.2 Comparison between domestic and international research

By comparing the domestic and international research in recent three
years, many differences were found in the following aspects:

21.2.1 Information resources construction

The foreign researchers paid attention to the digital resources practice
and cultural heritage preservation, while the domestic researchers attached
importance to the digital resources long —term preservation. Furthermore,the
foreign researchers emphasized on the performance evaluation of the
information resource sharing system using an empirical methodology, While
the domestic researchers were interested in discussing literatures construction
evaluation or ancient books’ protection.

As to the Open Access,the following studies were important:the impact
of OA on library science, the relationship between the OA and Publishing
industry, the organization and utilization of OA resources. However, the
metrological study in the influence on OA resources was more concerned
overseas,so the domestic researches needed to be further strengthened.

21.2.2 Information organization and information retrieval

More attention to the principle or basic concept were paid in the domestic
studies,so, in a sense, China is still at the stage of drawing lessons from the
foreign experience. However,the foreign researchers had been moving to the
specific application and practical operation. In addition,the domestic indexing
researchers paid attention to the classification and subject, and the
cataloguing research was focused on the bibliographic data and standard
control. Moreover,the ontology research had become a hot topic and may be

continued in the future.
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As to the information retrieval research, the domestic researchers were

still drawing experience from the foreign countries on the information
retrieval technology and related models, while the foreign researchers were
discussing on the information retrieval user and specific information retrieval
through the various methods. Research on the information retrieval behavior
overseas was concerned on the extensive user groups, while the domestic
researchers were concentrated on students and scientific users. Finally, the
overseas methodology was a quantitatively and qualitatively analysis on the
experimental data,such as the questionnaire survey,expert observation and so
on. While the domestic research methods were single, such as the
questionnaire survey and citation analysis.

21.2.3 Library user

In the foreign countries, the issues on the users’ privacy in the process of
using the social network were stressed, while in the domestic research more
attention was paid to the library traditional service which may violate the
users’ privacy. The information needs and behavior of Generation Y or
Google generation was ignored in the domestic research, while the research on
the library users’ satisfaction evaluation was wider overseas, which involve
the library service,collection,information systems, etc.

21.2.4 Library services

The digital reference service showed a greater resemblance both at home
and abroad, but there were certain differences in the research emphasis and
method. Overseas, Importance to empirical methods was attached, while the
domestic researchers paid more attention to the theoretical study,only a few
used a survey to analysis the related practice activities. As to the reading
service,overseas it was mainly focused on the “leisure reading”, while in the
domestic study, “reading for unity” was emphasized. Besides, overseas
researchers attached great importance to the children users, while the
domestic researchers emphasized on the college students users.

21.2.5 New technology in library science

Web2. 0 was a hot topic both at home and abroad. In the overseas study
Web2. 0 tools for librarians were focused on, while the domestic researchers
stressed the library services and service system in the digital library 2. 0. In

addition, IT technology applied in the traditional cataloging, mobile phone

A E B RARE (2011—2012) f A (35 )



2011—2012 $# % vz Ak
> FAERARE G K

library, public network services of digital library and so on were also included

in the overseas research,.

In general, the overseas research was even more concerned on the
utilization for practice,while the domestic research was mainly focused on the
affect of information technology on the traditional library science.

21.2.6 Library management

The library strategy research was a hot topic in library science. Overseas
researchers focused on the strategic management and strategic planning
theory, while the domestic researchers stressed the overall development of
library science. In addition, More attention was paid to the evaluation of the
library service quality in the overseas researches, while the domestic library
evaluation theory and practice had a big gap with the foreign countries in the
evaluation theories, methods and so on.

In conclusion, the differences between the domestic and international
library science research were mainly reflected in the following aspects: @ The
library science research abroad reflected a trend of the digital research —
centered, the digital library research and application of information technology
had become the dominant subjects; while the domestic services research kept a
large proportion, and the technology research was still tracking the foreign
research. (@ Importance to the practice was attached in the overseas
research,especially to a case study. While attention to the library theory and
library spirit was paid in the domestic research. Besides, the public library
service system and legislative research was a characteristic topic in china.
@ More attention to the public library, community library and children
library was paid in the overseas research,while attention only to the primary —
level library, school library and children library was paid in the domestic
studies. As to the library users, great importance to the particular users and
occupation groups, information searching behavior, and user privacy was
attached in the foreign studies, while there was not much in the domestic
researches. @) Great attention to the information behavior and digital gap was
attached in the foreign studies, while more attention to the digitalization and

knowledge management was paid in the domestic researches.
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21.3 Trends and prospects

21.3.1 Trends in library science

1. Continuous impacts of new technologies on the library science research

Recently,many new technologies have brought interest in library science
and will be a research focus in the future. However, more attention to human
studies in the technology background should be paid,and a person shouldn’t
be separated from technology. Moreover, the culture issues in the process of
technicalization cannot be ignored.

2. Increasing application study in library science

Library activities are the social phenomena and necessary social system to
provide the public culture, entertainment and so on. Library science has been
continuously integrated with society and played an prominent role in society,
so the society — oriented research will be reinforced.

3. Digital research in library science

As the digital resources have already been one of emphases in library
science,a further research should be carried out in the future. More attention
to the virtual community and community informatics will be attracted, and
information literacy education will be transferred to digital literacy education.

4. Diversification and internationalization

The cross — discipline and internationalization have been a salient
character in library science. Hence, cooperation and communication with
international academic communities should be strengthened.

21.3.2 Key direction of library science

1. Applications of new technologies in library science

Information technologies will be contributed to the development of
library science in the future, so the application of the new technologies in
library science will be a key research topic. Specifically, the researches on the
impacts of new technologies on the library development should be
strengthened. The strategies or tactics in the new technologies should be
developed, such as the Internet, cloud computing, linked data, information
visualization and so on.

2. Information behavior and community informatics

A focus on the users’ information requirement and behavior in the

context of the omnimedia, information behavior of youths and vulnerable
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groups. To the study on the digital division and digital inequality should also

be paid attention in the future. At the same time, the researchers should
stress the digital literacy and pay more attention to the digital service system
and service strategy based on the digital literacy.

3. Legal construction and effectiveness evaluation

As an important part of the public culture service system,more attention
to public libraries will be attracted. On one hand, the legal system
construction in public libraries will be a new hot topic in the next few years.
On the other hand, more attention to the library performance will be
attracted. Moreover, the library evaluation will be transferred from
performance evaluation to effectiveness evaluation.

4. Public culture service system and community library

The entire society will continuously focus on the public libraries and
public culture organizations. Thus, the role of libraries in the public culture
service system and the development of the community libraries may become a
new research focus.

5. Reading research

In an omnimedia age, the users’ reading habits should be more concerned
with, and especially the digital information reading by cell phones, mobile
devices and so on. Meanwhile,more attention to some special groups such as
the children,the old and the peasant — workers should be paid.

6. LLibrary management innovation

It is required to continuously improve discipline — librarians and help
them develop their future career ability. The research on their emotional and
psychological issues should be done. With the transform of forms,
technologies and service modes for library science, the research on the library
organization structure may become a hot topic in the future,and strategies of
library science seem to become the next focus in the field of the library

management research.

22 Chromatics

As a typical cross — field discipline cluster, chromatics involves natural

science, social science and art. In terms of natural science, based on studies
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on visual sense to light, vision science and chromatics have together

established evaluation models on luminosity, chroma, color reproduction,
visual performance and visual evaluation as well as specific human eye
response curves, and studied corresponding standard colorimetric systems
and standard data, which constitute foundation of the standardization study
on color evaluation, light and illumination. On the other hand, regarding
carriers for displaying color and related engineering technologies, chromatics
overlaps with such discipline cluster as color display medium (such as color
materials science, color chemistry, chromatic light medium—screens and
projection etc), process and technology for color reproduction, replication
and transfer and hardware/software engineering technology for color
digitization in different application domains. With respect to social science, as
a result of the inseparability between color vision and color psychology. color
effect influences individual and social sensation, therefore giving rise to the
new cross — disciplines between color and marketing, economics and
management, etc. With reference to art, except for fine art itself, chromatics
has integrated with urbanization, leading to the formation of disciplines such
as city color planning and city nightscape color.

In China, perception and understanding on color are diverse in different
disciplines, fields and industries, which bring differentiated subjects and
study focus.

22.1 Color science

Color science takes internal laws behind color phenomenon as a core
subject, focusing on vision science, physics, optics, visual physiology, visual
psychology, chroma science and color — related chemistry, materials science
and processes. With the rising of modern technologies on information,
media, communication and network, color image processing, computerized
color blending and matching and actual color information transmission in the
network make excessive demands of color science, and application of vision
and color science keeps expanding accordingly. Color genesis, theories on
precision and innovative technologies is the puzzles to be addressed in these
fields.

22.2 City and landscape color science

The study is focused on how color influences expression of city
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characteristics and promotion of city image. The concept of renovating and

managing multiple regions of urban space under the dominant guidance of city
color planning has been put forward in over ten cities. The mainstream trend
shows that color planning is used to cooperate with city planning and
designing in the urban space division between old towns, new towns and
towns to be developed, so as to jointly unfold the development vision and
ensure the quality of landscape color of key regions and areas. Regarding the
architecture color, design concepts, technologies and new materials have been
raised under the theme of environmental {friendly and low carbon
development, providing a new possibility for shaping architecture images.

22.3 Textile and clothing color science

Color of textiles is determined by three factors: guidance of fashion and
color trend research institutes and inspirational design of brand stylists;
mixing of fibers and yarn, types of dyestuff, dyeing and printing process and
post — dyeing finishing process, etc. ; innovative design in fabric color. The
Study on textile color development centers on fiber composition of yarn and
fabric, variety of dyes and chemicals, dyeing and printing technologies and
textile equipment development, and discusses evolution, achievement and
trend of textile color under influence of multiple factors.

22.4 Industrial color science

Research and practice on industrial product color have three aspects:
materials industry, new products planned by in — door R&.D departments of
each industry and company, and several fashion trend and materials research
institutes on industrial products or professional color design and consulting
bodies.

22.5 Color application theories and experimental research

Such research tries to keep color in a best status for human perception
through scientific exploration on principles, law and methods, and looks for
an outlet of expression through products or environment. The work scope in
this field includes the color marketing plan, color planning, color design,
color creation, color management, color marketing, color prevalence, color
prediction and guidance, color promotion, and education and subject

training.
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23 Territorial Economics

23.1 Introduction

Territorial economics is focused on its researches on economic factors,
economic phenomena and economic issues in territorial development,
utilization, protection, restoration and conservation, aiming at exploring the
economic principles, economic mechanism and economic measures. The
researches of territorial economics include the following major issues:
(D Economic issues of territorial resources; @) Territorial and environmental
factors in economic issues; @) Territorial and ecological factors of economic
problems; @Economic issues of territorial space.

23.2 Remarkable progresses in researches on Territorial Economics

23.2.1 Understanding of territory functions

It is realized that territory has at least the following functions: the
function of life supporting system; the function of resource base; the function
of environmental bearing capacity; the function of ecosystem services; and
the function of space capabilities.

23.2.2 Territorial spatial economic analysis

Progress in global analysis of spatial statistics includes: spatial
agglomeration; spatial clustering analysis; spatial difference of reach ability
analysis; market recognition; best pattern design; territorial pattern
recognition; spatially explicit analysis and space footprint.

23.2.3 Territorial planning

Progresses in researches on territorial planning include the following:
(D The understanding of the subject of territorial planning is deepened
remarkably, and the subject and aim of the sustainable development is clearer
and more striking than ever before; @ The understanding of orientation and
position of territorial planning in the national planning system is deepened
remarkably,and the position of the “basic planning” for the regional planning
and sector planning is given to territorial planning; @ The understanding of
the thoughts on territorial planning is deepened; @ Progress has been made in
the classification system of territorial development types, theories and

methods.
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23.2.4 Territorial development

Progresses in territorial development are: () The understanding of basic
elements and main contents of territorial development has been deepened and
widened; @) The main contents of the territorial development are even more
substantial; @) Great progress has been in the research on the economic
analysis methodology; @ Some progress has been made in the research on the
threshold theory on the territorial development;® The orientation, keys and
perspectives of territorial development have been analyzed.

23.2.5 Territorial security evaluation

Territorial security is identified as the security situation of the territorial
elements of the nation, including the nation’s resources, environment,
ecology and space, that meet the demands of the nation’s economic and social
development; (D Great progress has been made in the definition, evaluation,
establishment of ecosystem service function, and evaluation and early
warning methods; (2 The understanding of relationships between climate
changes and territorial security is deepened; @) Great progress has been made
in the evaluation of the water resource security, energy (oil) security, mineral
resources security, and ocean resources security.

23.2.6 Territorial regulation

Territorial regulation refers to the official behaviors that the government
(especially the central government) restrains the activities of territorial
resources (including land, water, energy, mineral, and biological resources)
surveys, exploitation, utilization, operation and management, and the official
behaviors that the government restrains, with the territorial resources as a
main regulation measure, the social and economic behaviors of enterprises,
local governments and other social communities, in order to guide or compel
them to correspond the national interests, public targets and social demands.
Progress has been made in land regulation, water regulation, energy
regulation, space regulation, environmental regulation.

23.2.7 Low — carbon territory

Low — carbon territory refers to the sustainable territorial development
pattern with reducing the greenhouse gas emission as the top target, with the
countermeasures to adapt and to decelerate the climate change as the top

measures, and with the efficient utilization of territorial resources as a main
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aim. The progress has been made in the calculation of the carbon emission in

land uses; the establishment of a supervising system for monitoring carbon
emissions; the construction of agricultural water conservancy infrastructure;
the establishment of a monitor system for monitoring the exchange flow of
CO, between the ocean and atmosphere; the establishment of the low — carbon
agricultural growth capacity; the low — carbon province and low — carbon
cities; and the establishment of the low — carbon territorial experimentation
plots.

23.3 Prospects for territorial economics

The research tendency in the territorial economics is as follows:

(1) The research on allocation optimization of territorial elements by
market means will be emphasized. More and more market mechanism will be
introduced in the research on territorial economics, and much more attention
will be given to the research of allocation of territorial elements by market
means in the resources, environment, ecology, space. Much more attention
will be paid to the research of the price, taxation, charges and other values,
and much more attention will be given to the research of the operation,
failure, specification and management of territorial resources markets.

(2) The research of government regulation on territorial elements. The
role of a bridge between the government and the market in the territorial
management will be sufficiently reflected and expressed in China’s future
territorial management. Much more attention will be paid to the research on
the government’s territorial management functions and their optimization.

(3) Territorial economics will absorb much more nutrients from the latest
development of economic sciences, both in concepts and theories of methods.
As one of the applied economics, territorial economics will absorb the basic
and important knowledge from the economic sciences, and take them as the
developmental and innovative motives. Institutional economics and market
theories will be the main sources for territorial economics.

(4) More and more quantitative analysis methods will be applied in the
research of Territorial economics. Much more attention will be paid to the
quantitative analyses of territorial resources and territorial spaces, to the
establishment and application of the territorial basic data bank, and to the

territorial decision — making on the basis of quantitative analyses.
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(5) The relationship between the development of territorial economics
and the practices in the territorial development, utilization, conservation and
repair will be strengthened. As one of applied economics, both directing
practices with theories and methodology, and absorbing nutrients from
practices will be emphasized in territorial economics. In the future, important
progress can be expected in the territorial assessment (the evaluation of
territorial bearing capacity, the evaluation of territorial security), territorial
allocation ( the transparency of government territorial allocation, the
normalization of the market territorial allocation, and the mechanism for land
and mineral property rights), territorial conservation ( the economic
mechanism for the cultivated land protection, the economic mechanism for the

protection and development of territorial conservation areas).
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