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“The Great Contender”

Nature, July 2008

CHINA'S RTSE TO PROMINENCE 1988

3,000 Torch programme for
= Shift from Soviet-style high-tech innovation
2 ; is launched
= @& Gross domestic product research system to one > is
Bpe2,500 = e e based on competition 1986
& e Foreign direct investment 1978 ok programmator
= Deng Xiaoping's ‘open research to boost rural
T2
g 000 door policy’ marks a shift economy is launched
3 from central planning to 1980
:3 1500 1976 a market economy China joins the World
S Mao Zedong dies Intellectual Property
& First national Organization
=8 15000 conference on science 1985 '
é and technology sets out Second national .
S policies for major conference on science
g ¢ 900 reform and investment and technology
o
o
0 a 1 1
15/6 1$¢o 1980 1986
1993 Chinese Academy of 90
Motorola Sciences is reformed
opens first 1998 to create smaller =
major foreign Project 985 | number of world- - 75
corporate R&D | 1995 launched to | class centres of I2006
centre on Third national create excellence Fourth conference on 60
Chinese soil conference on w9rld-glgss science and
science and universities technology launches
technology bid to increase 45

f . research spending to
/ - 2001 2.5% of GDP by 2020
/ 1997 1999 China joins and to improve the 30
e Programme to boost World Trade proportion spent on
financial number of degrees is Organization basic research by the

—— e launched A 15
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1995 » 2000 2005 !

Foreign direct investment (current US$ billion)
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Science and China’s Modernization

&
‘ r THE HISTORY OF MODERNIZATION 15 IN ESSENCEAHISTORY OF SCIENTIFIC AND TECHNOLOGICAL
progress, Scientific discovery and technological inventions have brought about now civilza-
Ve Jt‘ e i 5 Premler tions, modem indusinics, and the nise and fall of nations, China is now angaged in a modemiza-
l [ ofthe Sate Councllof 4 drive imprecedented in the history of humankind.
° L:'i mml;:'lﬁ Repubic Omwer the past half century, China has made great achievernents in basic scence and techno-

logical inmovation . [tnow ranks among the top nations in the anmual number of papers published
mternationally and patent app lications filed. Chnahas also made achievements insuch areas as
mamned space flight, high-parformance computers, super-large-scale mtegmted circuits, and

- third-generation telecommunications technology. High-tech industry has experienced rapid
N A] o . . L
» }l growth, accounting for over 1 5% of the mamifachunng industry.
° ® Francis Bacon, the 16th-century English philosopher, referred to science as a means to
improwve humankind’s lot. Today, the hybrid rce variety developed by _

Chinese scientists has been adopted for planting in over three million
hectares and has become a “golden key™ to meating China's own food

2 2. needs and boosting world cereal production. Scientific and technologi-
> 2 cal development in the realm of health has also increased avermge life
< » BRI it -
/ 1 ““ Y & — expectancy in China io that in developed countries.

Toencourmge further innovation, the Chinese government has formu-
lated a Mid- to Long-Term Plan for Development of Science and Tech-
nology (2006-2020), which highlights research in the hasic sciences and
fromtier technologies, with prionty given to enengy, water resources, and

’L 2 I /. }‘l_ )7 X’ ﬂ' emironmental protection. We strive to develop independent intel lectual
+ y = - 5 Z‘\, property rights in areas of information technology and new materials,
l——‘ ] Yo F‘ while strengthening the application of biotechnology to agriculture,

mdustry, population, and health.
The future of China's science and technology depends fundamentally on how we atimet,
tram, and use young scentific talents today. Thus, atthe core of our science and technology pol-

LL )% ‘:l = 2\~ / L icy is attracting a diverse range of talents, especially young people, mto scence nd providing
) '7 % IAE-‘ ] ] them with an environment that brings out the best of their creative ideas.

‘7"\ Inthe field of science and techno logy, we will intensify institutional reform, restmcnne sci-
entific msearch, mtionally allocate public msources, and enhance innovation capability. We
advocate free academic debate under a lively academic atmosphere, where cunosity-dnven
explomtion isencourmged and failure tolerated.

. - Science has no boundarics. China's endeavors in science and technology need to be more
’\7 "‘3 mtegrated with those of the world, and the world needs a China thatis vibrantand able to delver

maore in science and technology: Just as collisions generate sparks, exchange and commumica-
tion ennich imagination and creativity, Many Chinese scentists have stepped into the inerna-
tional academic arena, where they and their foreign colleagues leam from each other and jointly
contribute to the worldwide development of science and technology.

To encourage the learning and application of sdence among the geneml public, we need to
embrace ascientific culiure by promoting saentific mtionality while cherishing Chinese cul-
tural heritage. Enlightened by science, the rich and profound Chinese culture is bound to shme
maore gloriously.

I firmly believe that science is the ultimate revolution. At a time when the current global
financial turmoil is dealing a heavy blow to the world econommy, it has become all the more
important to rely on saentific and technological progress to pomote growth in the real econ-
omy, Economic and social development must rely on science and technology, and science and
technology must serve economic and socal development. We will rely onsdence and technol-

. é % *EI- H j( B ogy to promote SCONoMIC Tesh'lxh.u'i_n_lz_, transform ck.'\'cbprnmt rﬂttms,_sa_{ftj.{u_a{rd food a_ru:l
= energy security, and address glohal chmate change. We are confident that Chima will reap a rich

THE HONG KONG harvestin science and technology and that this will have positive and far-reaching offects on

A—g—.
human crvilization and the well-being of humankind. = Wen Jiabao
l JJ UNIVERSITY OF SCIENCE 101106 smence 11656843
A AND TECHNOLOGY

* See Sefence's intervian with Wen Jidhae, 17 Octobes 2008, p. 362.
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“China Bets Big on Big Science”
Science, March 2006

A Few of China’s Billion-Dollar Babies

Major science programs
Protein science

Quantum research
Nanotechnology

Development and reproductive biology

Raising the Ante

R&D spending Percent

(All sources, $ billions) of GDP

2004 $24.60 1.23%
2010 $45.00 2.00%
2020 $113.00 2.50%

Engineering programs
Next-generation broadband
Large-scale oil and gas exploitation
Transgenic plant breeding

Drug development

Manned moon exploration

Central government R&D appropriation

($ billions) (% of overall)
$8.70 35%
$18.00 40%
NA NA

Ready for liftoff. A large share of China’s R&D spending will be funneled to a favored few projects.
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China Supersizes Its Science

With little fanfare, China is about to spend hundreds of millions
of dollars to build major science facilities for everything from

crystallography to remote sensing

BEIJING—As the maglev train from Pudong
airport races toward Zhangjiang High-Tech

plan.) The spallation source alone will receive
$163 million from the NDRC pot, with

Park onthe outskirts of Shanghai, p Zers
can glimpse what looks lkea giant silver nau-
tilus on the horizon. This 36,000-square-meter
spiral structure is the Shanghai Synchrotron
Radution Facility (SSRF), scheduled to come
online in 20(8.

Atan investment of 1.2 billion yuan
($150 million), SSRF is the maost expensive
fundamental research project China has ever
undertaken—for the time being, that is. The
facility, which will generate powerful x-rays
for studying the structures of molecules and
advanced materials, will soon be joined by
another heavyweight champ. Last month, the
Chinese Academy of Sciences (CAS) signed
an agreement with Guangdong Province in
southern China to build the $250 million
China Spallation Neutron Source (CSNS).

Thanks in part to a pledge to misc R&D
spending from 1.3% of gross domestic
product in 2005 to 2.5% by 2020 (Science,
17 March 2006, p. 1548), big science proj-
ects that have been on the drawing board for
years and new concepts are fast becoming
reality. The central government’s National
Development and Reform Commission
(NDRC), the agency responsible for all
major state investments, is bankrolling the
construction of a dozen major facilitics—
to the tune of $750 million—during the
I 1th 5-year plan, which runs through 2010.

(SSRF was launched in the previous S-year

\
2 MARCH 2007 VOL 315 SCIENCE

Guangdong auth chipping m the rest. So
far, NDRC has given an official go-ahcad to
five of 12 projects; the seven others are
expected o recave approval later this year

Proponents argue that China needs to
invest in megaprojects to boast its rapid
ascent as a rescarch power. With large facili-
ties, “we can proudly stand up in the inter-

| saentfic o ity and no longer
rely on foreign equipment to do many exper-
iments,” says Liang Rongji, an official at the
“big-science™ section of CAS.

However, some prominent researchers
question the decasion to shower such largess
on machines. They say what Chinaneeds most
is to build a aritical mass of scientists m many
disciplines to getthe mostout of the new faal-
itics. “Many people are enthusiastic about
building instruments, but there are not enough
peopke to do the saence,” says Gan Zizhao, a
physiast at Beiing University.

NDRC officials declined to provide infor-
mation on any of the projects, claiming that
certain details are state secrets. And most sci-
entists declined to discuss the initiatives on
the record, expressing concern that their
remarks could jeopardize funding for proj-
ects not yet finalized. But from published
reports and interviews with two dozen scien-
tists and officials, Science has picced
together a picture of China’s ambitious Big

Thinking big

Big science holds a hallowed place in Ching,
where top politicians often wax nostalgic
about liang dan yi xing, or “two bombs and
ane star”; the development of the atomic and
hydrogen bombs and the country 's first satel-
lite in the 1960s. “Leaders like to support
megaprojects for their visibility,” says Cong
Cao, an expert on Chinese science policy at
the State University of New York in New York
City. Megaprojects also fit China's top-down
approach to research, and successful projects
justify political legitimacy: Just as the nuclear
weapons program in the 1960s was touted asa
triumph of Mao Zedong Thought, the Beijing
Electron Positron Collider (BEPC) was held
up as proof of Deng Xiaopmng’s foresight.

BEPC was the first big science project
after the Cultural Revolution ended in 1976.
It demonstrates how a large facility can take
ot in China: support at the highest level of
government— Deng himself decreed that it
be built; help from international advisers and
collaborators; and most importantly, the
work of indigenous physicists tramed in
nuclear weapons and particle physics who
managed to turn Deng’s dream of an expen-
sive proton accelerator into a more modest
but successful collider.

Among its achievements, BEPC boasts the
most precise measurements of the tau lepton’s
mass, data that have helped verify the Stan-
dard Model of particle physics. To enhance
collaborations with foreign saentists, BEPC's
host, the Institute of High Energy Physics
(IHEP), forged China’s first high-speed Inter-
net link to the outside world—a connection
between IHEP and the Stanford Lincar
Accelerator Center—in 1994. And BEPC has

X-ray vision. The Shanghai
Synchrotron Radiation
Facility is expected to start
zapping targets in 2009.

www.sciencemag.org
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“China Supersizes its Science”
Science, March 9, 2007

Lead Organization

NDRC Funding Expected

($ millions) Completion

B FEMRKE
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AND TECHNOLOGY

APPROVED

PENDING APPROVAL (FUNDING ESTIMATED)

Aviation Remote Sensing System

Important Engineering Material Service
Safety Research Facility

High Magnetic Field Facility

Meridian Space Weather Monitoring Project,
Phase |

Agricultural Biosafety Research Facility

China Spallation Neutron Source (CSNS),
Phase |

Protein Science Research Facility

Five-hundred-meter Aperture Spherical
Telescope (FAST)

Continental Structure and Environment
Monitoring Network

Ultralow-Frequency Geoelectromagnetic
Exploration Network for Underground
Resources and Earthquake Prediction

4000-Ton Oceanographic Research Vessel

Icing Wind Tunnel

Institute of Electronics, CAS

Beijing University of Science
and Technology

Hefei High Magnetic Field Lab,
CAS; Huazhong University of
Science and Technology, Wuhan

Center for Space Science and
Applied Research, CAS

Chinese Academy of
Agricultural Sciences

IHEP, CAS, Dongguan

CAS

National Astronomical
Observatories; Guizhou

China Earthquake
Administration

China Earthquake
Administration

State Oceanic Administration

China Aerodynamics Research &
Development Center,
Mianyang, Sichuan

100
63

18
163

125
86

N/A

N/A

N/A
N/A

The mega dozen. China has set its sights on launching 12 major science facilities by 2010.

2010
N/A

5 years

2008

2008

2012

N/A
2013

5 years

5 years

N/A
N/A
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(2007)
(2007)
(2007)
(2007)
(2007)
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(2007)
(2007)
(2007)
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(2006)
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(2007)
(2007)
(2007)
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(2005)

& 2

4.68
3.60
3.47
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Einstein:
| have no special talents. | am only passionately curious.
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