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EXECUTIVE SUMMARY

In the global race for economic, technological, and innovation leadership, China is a late entrant
but has made impressive progress in closing the gap at the top by harnessing abundant resources
accumulated through nearly four decades of high-octane growth and a voracious appetite for for-
eign technology and know-how. One of the principal ways this is being conducted is through top-
down, state-directed plans. These planning instruments have proliferated in number, scale, and
influence in the past few decades. In the science and technology (S&T) sector alone, there are as
many as 100 plans. Some of the most prominent include the Five-Year Plans (FYP) for S&T De-
velopment, the 20062020 Medium and Long-Term S&T Development Plan (MLP), the Strategic
Emerging Industries initiative, and the newly introduced Made in China 2025 plan.

Key Findings

This report offers a critical assessment of the state plans responsible for China’s civilian and de-
fense-related S&T, industrial, and energy development and their economic and security implica-
tions for the United States. A number of key findings emerge from this study:

e Much promise, mixed results: Plans and projects individually and in aggregate have put for-
ward lofty aspirations and goals in advancing China’s development, but actual overall perfor-
mance has been decidedly mixed. While there have been some noteworthy achievements, the
vast majority of plans have delivered far short of what they have promised. Many factors con-
tribute to these shortcomings, from weak R&D capabilities to inadequate funding to structural
flaws in the S&T management system.

e Predominantly lower-end innovation with “Chinese characteristics”: China’s S&T devel-
opment has been overwhelmingly at the lower end of the imitation-innovation spectrum, espe-
cially in:

e Advanced imitation, or what the Chinese call ‘re-innovation,” which are technologies
based upon foreign-derived technology and knowledge but reverse engineered and adapted
to Chinese requirements. Key examples are high speed rail and the latest generation of
Western-designed nuclear reactors.

e Crossover innovation, which refers to products jointly developed by Chinese and foreign
partners with significant technology and knowledge transfers to the Chinese side that result
in the creation of an advanced R&D base. There is still considerable reliance on foreign
countries for technological and managerial input to ensure that projects come to fruition.
The newly rolled-out C919 airliner is a prime example of crossover innovation.

e Incremental innovation, which is the limited updating and improvement of existing in-
digenously developed systems and processes.

e Pivoting to higher-end innovation: The Chinese authorities have made the advancement to
higher-end innovation a top priority in their latest development plans. At the 5th Plenum of the
18th Communist Party Congress in November 2015, Xi Jinping pointed out that a number of
strategic technologies and research domains have been selected with the intention of pursuing
major breakthroughs by 2030. They include aero-engines, quantum communications, intelli-
gent manufacturing and robotics, deep space and deep sea probes, major new materials, and
neurosciences.
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Fostering more market-driven development: The Xi Jinping administration is seeking to
broaden China’s long-standing model of top-down, state-led science, technology, and inno-
vation development to embrace market-driven and bottom-up drivers under a newly passed
innovation-driven development strategy. New policies and reforms are being drawn up, es-
pecially tied to the 13th FYP, incentivizing researchers, entrepreneurs, universities, and pri-
vate companies to engage more intensively in research and development and higher-end in-
novation. Measures put forward include improving intellectual property protection, tackling
industrial monopolies, supporting the development of the venture capital market, and imple-
menting more supportive fiscal and taxation policies. If these initiatives are effectively im-
plemented, this would allow innovation in China to become more balanced between state and
market, sustainable, and internationally competitive.

The emergence of direct Sino-US defense technological competition: The United States has
long enjoyed a huge defense technological pre-eminence over China, but this gap has narrowed
over the past one to two decades to the extent that the United States is now having to embark
on a major new defense S&T offensive to preserve its dwindling superiority. The Third Offset
Strategy and the Defense Innovation Initiative are the primary vehicles in the Pentagon’s ef-
forts at responding to the advances being made by China and other potential adversaries. Alt-
hough these plans are modest when compared to the enormous and costly scale of the Cold
War arms race between the United States and the Soviet Union, they nonetheless signal the
first steps of direct Sino-US defense technological competition.

Innovation in China’s defense S&T sector is more successful than in the civilian arena:
China has invested heavily in its defense-related S&T plans and has enjoyed far more success
than in the civilian sectors, as demonstrated in both the quality and quantity of output emerging
from the research, development, and production pipeline over the past decade or more. This
impressive progress is likely to continue and even accelerate in response to calls from top
leaders, abundant funding, and assessments of an intensifying global revolution in military
affairs.

The Chinese defense S&T apparatus is moving to higher-end innovation: The Chinese
defense S&T system appears to be making an important shift from focusing on absorption to
the development of more innovative capabilities, especially in meeting the PLA’s more de-
manding requirements. With considerable attention paid to the United States as China’s pri-
mary military technological competitor, much of the R&D is directed to asymmetric and de-
terrence capabilities. Despite the progress being made, deep-seated structural problems in the
defense S&T and armaments system represent serious barriers to continuing improvement.
These obstacles include compartmentalization, weak institutionalization, and an underdevel-
oped governance regime.

China’s technological development has so far been of overall positive benefit for compa-
nies and consumers, but the longer-term horizon is more uncertain: A detailed review of
eleven industries indicates that at present, most of these industries have a positive impact for
the United States (see table). This is because of China’s large market demand for the technol-
ogies and the lack of current Chinese indigenous expertise or technology know-how. Over the
next several years, US firms will face intensifying competition as China’s domestic industries
make technological advances with support from state plans. This is likely to be the case for the
5G technology, cloud computing, global navigation satellite systems, and integrated circuits
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sectors. Over the longer-term, ten-year horizon, the Chinese industries that will provide the
toughest competition for the United States will be information and communications technol-
ogy, 5G, cloud computing, global navigation satellite systems, and integrated circuits. In other
sectors, including additive manufacturing, advanced robotics, biopharmaceuticals, medical de-
vices, electric vehicles, and nanomaterials, the impact on US firms from China’s technology
advances will be more mixed.

Domestic demand drives innovation in the energy sector: S&T efforts in the Chinese energy
sector are framed in the context of the pursuit of indigenous innovation, which is the desire to
localize production and intellectual property. The Chinese energy industry has been successful
in areas such as coal-fired power plants where domestic demand is high. They have been less
successful and have devoted fewer resources in areas where they have traditionally been rela-
tively modest consumers, such as gas turbines. As energy demands shift, the Chinese energy

sector is likely to seek greater intellectual property in the areas where they lag.

The effect of Chinese S&T policies on US economic competitiveness in eleven sectors

Short term Long term
Industry Current (1-3 years) (10+ years)
Information and communications technology
5G technology positive mixed—too early to tell
Cloud computing positive mixed—with negative
implications
Global navigation satellite systems positive mixed—with negative
implications
Integrated circuits mixed—with negative mixed—with negative
implications implications
Manufacturing
Additive manufacturing positive mixed—with positive
implications
Advanced robotics limited positive positive mixed—uwith positive
implications
Nanomaterials limited negative positive mixed—too early to tell

Transportation

Electric vehicles

mixed—with positive
implications

High speed rall

limited positive

limited positive

limited positive

Medical and healthcare

Biopharmaceuticals positive positive mixed—with positive
implications
Medical Devices positive positive mixed—with positive

implications
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Techno-national opportunism and indigenous innovation are powerful strategic princi-
ples in the nature and approach of Chinese state plans: Techno-nationalism advocates that
a state-controlled and closed-door approach to technological and industrial development is the
best way to safeguard national security, economic competiveness, and international status. Em-
phasis is placed on nurturing indigenous capabilities through the adoption of highly regulated
protectionist regimes that sharply restrict foreign direct investment but encourage the one-way
importation of advanced technology and knowledge. The MLP is a leading example of a plan
that is avowedly techno-nationalistic in nature.

Hand in glove with techno-nationalism is indigenous innovation, which is widely referred to
in Chinese state plans. What indigenous innovation actually means, however, is far from clear.
When the term first appeared in the MLP, it was defined as a way to promote original innova-
tion, re-assembling existing technologies in different ways to produce new breakthroughs, and
the absorption and upgrading of imported technologies, of which the latter is the most im-
portant way to advance innovation. This continues to be the standard definition of indigenous
innovation to the present day.

The Chinese authorities have devised at least half-a-dozen policy instruments to advance their
science, technology, energy, and industrial development guided by the techno-nationalist and
indigenous innovation principles:

sectoral protectionism

the cultivation of local and national champions

pushing hard for technology transfers

the use of state catalogues to regulate investment and technology imports

the promotion of Chinese technology standards domestically and internationally

an increasingly vigorous “going out” strategy to open up foreign markets for Chinese prod-
ucts as well as to secure energy and other critical supplies for the country

o gk whPE

Estimating the impact of Chinese high-tech imports on US jobs: A sensitivity analysis
was conducted to calculate the range of outcomes that can be reasonably anticipated regarding
the magnitude of impacts to the US labor market from Chinese manufactured imports out to
2020. To begin with, a range of estimates was developed based on trading scenarios associ-
ated with eight high-tech sectors: telecommunications equipment, electric vehicles, medical
devices, additive manufacturing, advanced robotics, high speed rail, biopharmaceuticals, and
integrated circuits. The worst-case outcome is that the United States would face a $55 billion
increase in net imports from China by 2020. The best-case scenario is that US net imports
from China would decline by almost $35 billion by 2020. Using the worst-case $55 billion
figure, our estimate is that the United States would lose 431,600 manufacturing jobs by 2020.
For the best-case scenario of a net $35 billion gain in US exports, US manufacturing employ-
ment would increase by 273,100 jobs. It is highly unlikely that either of these extreme values
will be realized. A mixed outcome, in which the overall impact on US net imports from China
close to zero, is most likely.

In conclusion, state plans have become a convenient, almost indispensable, policy tool for the
Chinese authorities, even if their overall effectiveness is questionable. While there have been some
noteworthy achievements, the large majority of plans have delivered far short of what they have
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promised. Many factors contribute to these shortcomings, from weak R&D capabilities to inade-
quate funding to structural flaws in the S&T management system. All the indicators suggest, how-
ever, that the Chinese authorities will most likely channel even more resources to these plans,
while at the same time carrying out reforms to address these weaknesses and encourage more
market-driven innovation.

How Should the United States Respond?

The report identifies a number of ways in which the United States can respond to China’s state-
directed science, technology, energy, and industrial development. These include:

Identification of core areas for priority investment and support: Maintaining strategic ad-
vantage in core industries should be a priority of the United States. It encountered a similar
challenge in the 1980s and 1990s as Japan grew and advanced in technological competitive-
ness. During that period, the United States identified core areas where it wanted to maintain
competency and technological advantage. US government outlays on these projects were mod-
est, but helped galvanize an effective private sector response.

Current US strategy lacks a similar approach. The BRAIN initiative represents one example
where the United States has provided significant funding to advance an area where it already
possesses much academic and industry expertise, and which will have large technological ben-
efits and positive spillovers to society. However, this plan is the exception rather than the rule.
Other plans, such as the National Manufacturing Initiative, may be headed in the right direc-
tion, but their impact remains small compared to what is needed to keep the United States at
the forefront.

Part of the need is for adequate funding to these core industries, but an additional need is to
adequately analyze and map the sectors in which the United States should maintain its compe-
tence. Two areas that might be particularly important going forward are advanced materials
and sensors.

The United States defense S&T and industrial sectors are responding to China’s rising
technological challenge, but more needs to be done over the long term: The US Third
Offset Strategy and the Defense Innovation Initiative represent a belated recognition of the
need to counter Chinese efforts to blunt US power projection capability. These efforts deserve
to be supported with more investment and priority in policy attention throughout the remainder
of the Obama administration and into the next administration and beyond.

Such an offset strategy, if implemented consistently over time, holds the promise of eroding
the effectiveness of Chinese counter-intervention systems, forcing China to either double-
down on its investment in anti-access capabilities or seek a new approach. It also holds the
potential to alter the decision-making calculus of the Chinese leadership, increasing markedly
the cost of pursuing a strategy of maritime expansion and potentially rechanneling Chinese
attention toward the Asian continent.

The United States can do a better job of protecting against unauthorized Chinese tech-
nology acquisitions. These efforts should include both improved information security and up-
dated technology transfer restrictions. Information security forms the first line of defense for
US technology, and China has been able to steal critical information because of poor infor-
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mation security practices. Information security measures in both government and private in-
dustry should be strengthened. Industrial espionage on the scale that China has been conduct-
ing cannot and should not be isolated from the overall Sino-American relationship. US leaders
must make it clear that the continuation of such activities, whether actively abetted or passively
tolerated by the Chinese government, will have a tangible negative impact on the US—China
relationship. The United States may have to take measures that will trigger Chinese retaliation.
Absent such action, however, it is doubtful that the Chinese defense S&T sector will forgo the
considerable benefits that accrue to it from stealing US technology.

Given the vital importance of information security and cybersecurity for the United States and
China, the issue requires the attention and engagement of the highest levels of the two coun-
tries’ leadership. One recommendation is that the US and Chinese presidents should be actively
and personally engaged in meeting with each other to address concerns and find ways to forge
robust and enforceable bilateral agreements to curb the most dangerous and egregious prac-
tices, ina similar approach to the US—Soviet nuclear arms control treaties during the Cold War.

Technology transfer restrictions also need to be updated, both to reflect the current interna-
tional technology market and to maximize their effectiveness. Moreover, it is in the national
interest of the United States for the government and private industry to work cooperatively to
develop best practices and share threat information. To be effective, however, such measures
should prioritize those technologies that are likely to provide the greatest battlefield edge in
the future. In the defense and national security realm, this would include space and cyber ca-
pabilities, unmanned systems, high-speed propulsion, advanced aeronautics, autonomous sys-
tems, electromagnetic rail guns, and directed-energy systems.
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INTRODUCTION



China has set its sights on becoming a global innovation powerhouse to bolster the country’s eco-
nomic competitiveness and safeguard its national security. While these endeavors began in the
1980s, adequate funding and sustained high-level leadership backing did not fully materialize until
the beginning of the twenty-first century. The active involvement of the leadership elite in science,
technology, and innovation (STI) development has been decisive in providing strategic vision and
guidance, and helping to address implementation constraints, especially problems caused by a
deeply fragmented innovation system.

One of the main policy instruments employed by the Chinese authorities to manage STI develop-
ment is the use of plans that are conceived, funded, and managed by government agencies directed
at areas deemed to be important for economic development, national security, and long-term sci-
ence and technology (S&T) advancement. Around 100 S&T-related plans have been established
over the past several decades, and they have played a vital role in supporting China’s S&T devel-
opment, especially in areas that have been overlooked or required additional state support.

While these plans have been responsible for many of the signature achievements in China’s S&T
development in recent years, such as the manned space plan and the building of the world’s fastest
supercomputer, they are also symptomatic of the weaknesses and inefficiencies of the Chinese STI
system. A 2007 Organization for Economic Co-operation and Development (OECD) analysis of
these S&T plans pointed out that they were conceived as policy tools “to overcome failures (market
failures, learning traps, coordination problems) that affect research and development or more gen-
erally the innovation system.”! It is usually much easier to establish a new plan than to attempt
structural reforms to the STI system, which explains their proliferation. Moreover, once a plan is
started, it is usually very difficult to close it down even if it has outlived its usefulness.

Consequently, the Chinese innovation system has evolved from a centralized, top-down apparatus
into an increasingly ad hoc and fragmented structure where duplication is rampant, oversight is
limited, and bureaucratic interests dominate over scientific needs. At the central government level
alone, there are around 40 government agencies that are involved in the funding and management
of S&T plans.

These structural defects became such a burden that in 2015 the Chinese authorities announced a
far-reaching restructuring and consolidation of the civilian S&T plan framework. All plans would
be vetted, and successful ones would be reorganized and merged into one of five programmatic
categories. This overhaul is currently taking place and the goal is for completion by 2017.

This report examines, in Part 1, the current state of Chinese state-directed S&T development plans
in the civilian, defense, and dual-use sectors and assesses, in Part 2, the near, medium, and long-
term implications for US economic competitiveness and national security.

! Organization for Economic Co-operation and Development, OECD Review of Innovation Policy: China (Paris,
France: OECD, 2008), 453.



Part I: Understanding Chinese State-Directed Strategies and Plans

Part 1 looks at the nature of the Chinese plans and strategies for defense, civilian, and dual-use
S&T, energy, and other major industrial plans (Figure 1). The nature, importance, and influence of
state-directed plans in China have undergone considerable evolution since the founding of the
People’s Republic of China in 1949. When the first plans were drawn up beginning with the First
Five-Year Plan in 1953, the emphasis was on highly-centralized, orthodox socialist management
that entailed detailed formulation and active state intervention. The Chinese term used to define
these plans was 11X, or jihua. With economic liberalization and market reforms from the late
1970s onwards, the role and reach of the command economy steadily eroded, and so did the im-
portance of centrally directed plans. The focus shifted to more indirect regulatory management and
supervision.

In 2005, the Chinese authorities replaced 11X/ with ¥, or guihua, which can be translated as
either plan or ‘program’ but was intended to show that state approaches to planning would now be
less interventionist and more hands-off and supervisory in nature.? Cong Cao, Richard Suttmeier,
and Denis Simon offer another interpretation of the difference between these two terms. They
argue that guihua “implies a strategic, comprehensive, and long-term development plan,” while
Jjihua “suggests contents and procedures for an action before its implementation.”® ‘Plan’ remains
the term that is most widely used in the translation of both guihua and jihua, so this report will
follow standard convention.

Military Strategy and Defense and Dual-Use Research and Development Plans

This section covers a key selection of the most important and influential defense, civilian, and
dual-use plans that the Chinese authorities are currently implementing. It also looks at some of the
broad guidelines and strategies that provide the leadership and policy principles and long-term
visions for the plans. To examine how China plans to meet this goal, this section links China’s
military strategy with its weapons acquisition process. It begins with a discussion of the current
Military Strategic Guidelines and their role in shaping weapons acquisition, as well as possible
modifications to the Guidelines and the implications for future weapons acquisition.

Discussion turns next to China’s military and dual-use S&T plans, in particular its long-term Weap-
ons and Equipment Development Strategy, the 2006-2020 Medium- and Long-Term Defense Sci-
ence and Technology Development Plan (MLDP), the New High-Technology Weapons Plan (995
Plan), and the 863 High-Technology Research and Development Plan (863 Plan). The report iden-
tifies and describes the military platforms and capabilities China is investing in currently and over
the long term based on these plans. It also identifies strategic dual-use industries relevant to na-
tional defense in which China intends to invest based on these plans and describes China’s objec-
tives for development in these industries.

2« MTHRIZBE] [From Jihua to Guihua), W' E 255 i TI] [China Economic Weekly], October 17, 2005, http:/fi-
nance.sina.com.cn/review/20051017/00222036928.shtml.

3 Cong Cao, Richard P. Suttmeier, and Denis Fred Simon, “China’s 15-Year Science and Technology Plan,” Physics
Today (December 2006): 42, http://china-us.uoregon.edu/pdf/final%20print%20version.pdf.
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Civilian Science and Technology and Industrial Development Plans

The civilian S&T plans examined in this section can be sorted into two types: 1) regular S&T
development plans including the Ministry of Science and Technology’s Five-Year Plan for S&T
Development and the S&T section under the Five-Year Guidelines for National Economic and
Social Development; and 2) long-term S&T development plans such as the ‘973’ National Basic
Research Plan (973 Plan), the 2006-2020 Medium- and Long-Term Plan for Science and Technol-
ogy Development (MLP), and the Strategic Emerging Industries (SEI) initiative. For this latter
category, the report also assesses special policies and plans designed to promote priority areas
under each plan, such as the sixteen megaprojects and seven strategic emerging industries. The
report further details challenges and problems national-level S&T plans face, such as inefficient
research funding mechanisms.

This section also assesses recent developments in national S&T planning that not only indicate
new priorities but may also indicate deficiencies with legacy S&T plans. Of particular interest is
the newly introduced “Made in China 2025 (+1 [E#il]i& 2025) with its focus on innovation, intel-
lectual property, and green technology. Another new plan that is examined is the “Internet Plus”
(ELHXM+) action plan, which will integrate mobile Internet, cloud computing, and the Internet of
Things with modern manufacturing to encourage the development of e-commerce, industrial net-
works, and Internet banking. This section concludes with a look at the drivers, features, and impli-
cations of S&T funding and management system reforms that will establish a centralized S&T
management platform and transform existing funding mechanisms into five new categories of S&T
plans.

Energy Plans

This section provides a comprehensive overview of China’s energy and industrial development
plans, in particular, new energy technologies, China’s urbanization plans, and other major indus-
trial plans. China’s overall energy strategy is governed by a “fundamental national policy” (jiben
guoce, 3EA[E ) for energy efficiency and environmental protection. To increase overall effi-
ciency within the energy market and reduce the burden of air pollution, state plans target increasing
efficiency in both energy production and use and an improved energy mix that increases the ratio
of natural gas, nuclear energy, and renewable energy sources.

To place current plans and initiatives in context, this study assesses the content and success of
previous energy goals and conducts an analysis of trends in China’s energy mix. Attention will
also be paid to the political, economic, environmental, and security drivers behind these plans,
including rising energy demands due to the demands of a wealthier, more urban society, the need
to cap or limit energy growth due to lower levels of economic growth, the need to reduce air pol-
lution and limit the impact of global warming, and China’s desire to limit its dependence on foreign
energy.

Energy-specific plans include China’s 20142020 Climate Change Action Plan (2014-2020 [H %
XSS A% AR AL K)); the 12th Five-Year Energy Development Plan (BEJF & & 1+ — T # K,
published in 2013), the Energy Development Strategy Action Plan (2014-2020) (REJR & J& & &
17371 &, the Medium- and Long-term Development Plan for Renewable Energy in China (2007
2020) (7] FA REYE K & R UK, and the New Energy Vehicles Industry Development Plan
(2012-2020) (17 fE-5 Hr BT L A JE M A)).



Broader S&T plans include the following: the 12th Five-Year Plan on Development of Strategic
Emerging Industries (“~1 = F5. [ 5 S BE 145 2% 77 b &% J@ Bk, published in 2012), which in-
cludes energy saving and environmental protection, new energy (including nuclear, solar, wind,
and bio-mass), and clean energy vehicles; Made in China 2025, which includes alternative en-
ergy among its focus technologies; China’s 12th Five-Year Plan (2011-2015); and China’s 13th
Five-Year Plan (2016-2020).

Environmental plans include the 12th Five-Year Plan for the Environmental Health Work of Na-
tional Environmental Protection ([ ZX ¥ Bifr4+ = F 85 5 i fe TAE ALK, published in
2011), the Action Plan for Air Pollution and Control (K535 44576 17 211 %I, published in 2013),
and the legal framework itself. The Environmental Protection Law has been recently amended,
with new provisions taking effect in January 2015, and the Air Pollution Law and the Air Pollution
Law was amended in August 2015.%

This report outlines the implementation process for each plan and analyzes China’s current pro-
gress and projections to reach the goals established in each. Attention is also given to areas where
China’s current policy framework is weak, such as monopolistic ownership structures (especially
in oil and gas), and the use of pricing to encourage behavior change.

Urbanization Plans and Chinese Technology Acquisition Activities

A concise review is provided of China’s urbanization plans, particularly the goals and strategies
outlined in the National New-Type Urbanization Plan (2014-2020) ([E 535t 74 36 46 L &1)),
which will facilitate the movement of an additional 100 million residents into cities by 2020. These
goals are closely linked with China’s overall energy goals and its ability to meet the structural,
consumption, and health demands of increasingly larger urban areas.

A discussion of Chinese acquisition strategies for foreign technology and knowledge concludes
the first part of the report. A particular focus is an examination of Chinese approaches of combin-
ing foreign and local technologies in new ways as well as absorbing and upgrading imported tech-
nology through what the Chinese term ‘re-innovation.” Other topics of focus include a look at
Chinese catalogues for technology importation, and foreign technology requirements for civilian
and defense plans.

Part II: Implications for US National Security and Economic Competitiveness

Part II of the report is devoted to assessing the implications of China’s major state-directed plans
for US economic competitiveness and national, especially military, security. It is divided into two
sections.

Implications for US National Security

The first section undertakes a diagnostic net assessment of US strengths and weaknesses as com-
pared with Chinese strengths and weaknesses, together with their economic, political, and military
underpinnings. Particular attention is paid to identifying and describing in detail sectors in which
China’s plans for development may seek to erode US military superiority, as well as the military

4 “China Passes Law to Control Air Pollution,” Xinhua, August 29, 2015, http://news.xinhuanet.com/english/2015-
08/29/c_134568483.htm.




platforms and capabilities in which China intends to invest based upon these plans. The report
identifies strategic industries relevant to national defense in which China intends to invest and
describes China’s objectives for developing these industries. The report also provides examples of
specific hardware investments by China and assesses the implications of such investments for the
US military.

Implications for US Economic Competitiveness

The implications for US economic competitiveness from China’s civilian state plans are addressed
in this section, beginning with an examination of the underlying principles and policy instruments
that shape the nature and guide the implementation of key state plans in the technology, industrial,
and energy domains. Techno-national opportunism and indigenous innovation are two core values
that are explored in detail. These principles are reflected in a number of policy instruments used
in the implementation of the state plans:

1. protectionism;

the cultivation of industrial champions;

trading market access for technology transfers;

employment of state catalogues to regulate investment and technology imports;
the promotion of Chinese technology standards; and
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an ambitious strategy to open up foreign markets for Chinese products as well as to secure
energy and other critical supplies.

To gauge the current and long-term potential impact of Chinese state plans on US economic com-
petitiveness at a more detailed level, a series of eleven case studies have been conducted that are
concentrated in four sectors:

1. Information and communications technology, which covers 5G technology, cloud
computing, global navigation satellite systems, and integrated circuits;

2. Manufacturing, which includes additive manufacturing, advanced robotics, and
nanomaterials;

3. Transportation, which covers electric vehicles and high speed rail; and
4. Medical and healthcare, which covers biopharmaceuticals and medical devices.

The study turns next to the risks and opportunities for US firms operating in the energy industry.
One of the biggest worries for US companies is that Chinese indigenous innovation strategies are
central to their energy development plans. China will also be a growing international competitor
on global energy markets. As to opportunities, the China energy market offers a wealth of pro-
spects that include safety and monitoring, gas turbines, electricity storage, energy efficiency,
power grid management, oil and gas, and solar energy.

Analytical Framework for Assessing Impact on US Economic Competitiveness

A general analytical framework has been developed in regard to the case studies to facilitate com-
parisons across industries and examine the impact of the sectoral case studies on US economic
competitiveness, especially on the labor market. In looking at the critical factors that shape how
US and Chinese companies compete, collaborate, and interact in their own markets, in each other’s
markets, or more globally, the framework is focused on three components: 1) technology levels



and trajectories of US and Chinese firms; 2) industry market conditions; and 3) government policy
measures.

These components then feed into a discussion of the implications of US economic competitiveness.
A simple, but clear, methodology is employed to assess the outcomes, actual and potential, on the
United States. Based on the discussion of technology levels, market conditions, and government
policy measures, approximate levels of direct competition for US firms and demand for US parts,
technology, and intellectual property are assigned to each industry for three periods: the present,
short to medium term, and long term. These are assigned on a scale from low to high. Using an
outcomes matrix with these two variables as axes, the implications for economic competitiveness
are determined to be either low impact, positive, negative, or mixed (Figure 2).

A complete explanation of the framework is provided in Part II, Section B on implications for US
economic competitiveness.

Figure 2. Matrix of possible effects of Chinese industries on US competitiveness

Direct competition for US firms
Low High

Low

Demand for US parts,
technology, IP

High

The Current State of Academic and Policy Analysis of China’s S&T Policies and Progress
The Chinese and Western literature on China’s engagement in ST is limited but has been growing
quickly in the past few years and comes from four main sources that shape the nature of the anal-
ysis: academia, policy-oriented research institutions, researchers and research outfits affiliated
with the business community, and independent analysts. Policy think tanks and business-affiliated
outlets have been the most active and high-profile, while academic research has tended to lag be-
hind.

This scholarship on Chinese STI can be sorted into at least two categories: 1) studies that examine
the nuts and bolts of Chinese STI development; and 2) assessments of the impact that China’s STI
progress is having on the outside world, at the international, national, sectoral, or corporate level.
The first category is primarily descriptive in nature while the second group is both descriptive and
prescriptive.



As China’s STI development is complex, wide-ranging, and far from transparent, it is not surpris-
ing that there are considerable differences in assessments of how successful or not it has been, and
whether China’s technological catching up represents a source of concern, if not outright threat, to
the United States and the rest of the world. There are analysts who view China as catching up with
the United States and laud its expansion of market size, R&D expenditure, and product develop-
ment. They urge action by the United States to develop better policies that support R&D for com-
mercialization in new technologies, which will in turn create jobs and new drivers of the US econ-
omy.® Others highlight the inefficiencies of China’s innovation system, citing the low quality of
research output, lack of original innovations, institutional problems, misconduct, corruption, and
a lagging education system These may result in the failure of China to deliver—or at least to stall—
on its goal to become an innovation powerhouse. Even with these obstacles, however, China will
still steadily rise in its global leadership, attract increasing international attention, and be an ap-
pealing global partner in research and innovation.®

Policy Think Tanks and Business-Affiliated Assessments

A small but vocal group of US analysts have emerged in the past few years to argue that China’s
S&T policies, especially its push for indigenous innovation, represent a major challenge to US
economic and business interests and should be disputed. In a 2010 report sponsored by the US
Chamber of Commerce, James McGregor wrote that China’s indigenous innovation strategy dis-
criminates against foreign companies and will increase economic and political tensions between
China and other countries as it distorts global innovation and markets. The policy further shifts
China towards techno-nationalism and away from openness and international cooperation. Indeed,
indigenous innovation policies, and others contained in the MLP, support patent rules, product
testing and approval regimes, government procurement policies, and industry and technology
standards that delay or block the introduction of foreign imports, increase market barriers to for-
eign technology, support domestic retaliation against foreign companies on intellectual property
rights (IPR), and give privileged status to state-industrial monopolies.’

Robert Atkinson, the founder and head of the Information Technology and Innovation Foundation
based in Washington, D.C., argues that China practices economic mercantilism through its inno-
vation policy and seeks absolute advantage in global competition to ensure that Chinese-owned
firms win. Atkinson asserts that these mercantilist policies unfairly aid China’s domestic economy
at the expense of the global economy, causing conflicts between US and Chinese workers and
companies.® These protectionist policies by China have only increased over the past few years as
Xi Jinping has come to power, in what Atkinson refers to as “indigenous innovation on steroids.”®

® Milton Kotler, “Sino-US Technology Marathon and Implications for the US,” International Journal of China Mar-
keting 1 (2010): 31-44, http://www.na-businesspress.com/ijcm/MKotlerWeb.pdf.

& Micah Springut, Stephen Schlaikjer, and David Chen, “China’s Program for Science and Technology Moderniza-
tion: Implications for American Competitiveness,” U.S.-China Economic and Security Review Commission, Janu-
ary 2011, http://origin.www.uscc.gov/sites/default/files/Re-
search/USCC_REPORT_China’s Program forScience and Technology Modernization.pdf.

7 James McGregor, “China’s Drive for ‘Indigenous Innovation’: A Web of Industrial Priorities,” US Chamber of
Commerce, 2010, https://www.uschamber.com/sites/default/files/legacy/reports/100728chinareport_0.pdf.

8 Robert D. Atkinson, “Enough is Enough: Confronting Chinese Innovation Mercantilism,” Information Technology
and Innovation Foundation, February 2012, http://www2.itif.org/2012-enough-enough-chinese-mercantilism.pdf.

® Author interview with Robert D. Atkinson, October 14, 2015.
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The US-China Business Council (USCBC), a private business-backed organization that advocates
for US-China trade, finds similar protectionist policies in a 2013 report on China’s SEI policy. The
report argued that the SEI initiative limits opportunities for foreign companies and increases unfair
competition. Concerns raised in the USCBC report include product and technology catalogues,
discriminatory criteria for IP qualification, government procurement, policy transparency, and lo-
calization requirements.® The Commission on the Theft of American Intellectual Property (IP
Commission), an independent and bipartisan initiative of leaders in private sector, government,
and academia, stated in its 2013 report that China is the leader in international IP theft, which
generates negative effects on the US economy, including job losses, slowdown of US GDP growth,
and diminishing incentives for innovation.!

The policy solutions provided by these reports emphasize the need for the US government and
companies to actively confront the challenges and opportunities posed by China’s innovation pol-
icies. These range from broad suggestions of increasing political confrontation and protracted trade
disputes to more specific actions such as pressuring China through the US Trade Representative’s
Office or global institutions such as the World Trade Organization, and possibly forming a new
alliance of free-trading nations.2 On the IP issue, the IP Commission recommended that the US
government investigate and prosecute cases related to IP theft in the short term, build a more sus-
tainable legal framework in the medium term, and build institutions to conduct further IP protec-
tion in the long term.*3 Actions to take advantage of opportunities include working with China to
prevent techno-nationalistic and protectionism tendencies, and to encourage foreign companies to
bring advanced technology and become trusted partners.*

Academic Assessments

Academic assessments of China’s S&T plans are few but tend to take a cautionary position on its
S&T policies and question China’s chances of successfully implementing the plans. In an assess-
ment of the MLP, China scholars Cong Cao, Richard Suttmeier, and Fred Simon note that the plan
is characterized by the central government’s identification of priority projects and the mobilization
of resources to work toward these projects to ensure the country’s long-term competitiveness. They
cast doubt, however, on whether the MLP gives appropriate balance to indigenous innovation ef-
forts versus global technology flows and whether the Chinese government will be able to effi-
ciently allocate the substantial funding earmarked for large national projects.®

10 US—China Business Council, “China’s Strategic Emerging Industries: Policy, Implementation, Challenges, and
Recommendations,” March 2013, https://www.uschina.org/sites/default/files/sei-report.pdf.

11 The Commission on the Theft of American Intellectual Property, “The IP Commission Report: The Report of the
Commission on the Theft of American Intellectual Property,” May 2013, http://www.ipcommission.org/re-
port/ip_commission_report_052213.pdf.

12 See Atkinson, “Enough is Enough”; McGregor, “China’s Drive”; Philip I. Levy, “China’s Indigenous Innovation
Policy and US Interests,” written testimony for House Committee on Foreign Affairs Subcommittee on Terrorism,
Nonproliferation, and Trade, March 9, 2011, http://www.aei.org/wp-content/uploads/2011/10/20110309-Levy.pdf.
13 “The IP Commission Report: The Report of the Commission on the Theft of American Intellectual Property.”

14 Sylvia Schwaag Serger and Magnus Breidne, “China’s Fifteen-Year Plan for Science and Technology: An Assess-
ment,” Asia Policy 4 (2007): 135—64, http://www.stratresearch.se/Documents/Omvarldsdokument/Om%20Ki-
nas%2015 percent20Kinas percent2015-arsplan.pdf; Guangyu Li and Jonathan Woetzel, “What China’s Five-Year
Plan Means for Business,” McKinsey & Company, July 2011, http://www.mckinsey.com/insights/economic_stud-
ies/what_chinas_five-year_plan_means_for_business.

15 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan.”
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A useful assessment of Chinese innovation policies by Feng-chao Liu, Denis Fred Simon, Yu-tao
Sun, and Cong Cao examines the diverse array of state STI policies, of which the state-directed
plans are just one, albeit the most important, sub-set. Other policy mechanisms include laws, trade
catalogues, financial, tax, fiscal, and industrial policies issued by different levels of the state, in-
cluding the National People’s Congress, State Council, and government ministries. The authors
point out that when the MLP was passed in 2006, 79 related policies accompanied the plan, cov-
ering specific S&T, industrial policy, and financial and tax issues. An important positive trend in
the issuance of these policies over the past few decades is that they have begun to evolve from a
compartmentalized model in which they are drafted and approved by single agencies to a more
collaborative approach in which two or more agencies jointly issue them.®

Stephen Roach, a senior fellow at Yale University and former chairman of Morgan Stanley Asia
and chief economist at Morgan Stanley, calls China’s 12th FYP and SEI initiative the third water-
shed event in the development of modern China, and warns of potential tension between China
and the United States due to an asymmetrical rebalancing scenario. As China shifts toward private
consumption and reduces its foreign exchange reserves and its demand for dollar-denominated
assets, the United States will need to come up with new sources of funding or secure its external
funding with a weaker dollar and/or a rise in real long-term interest rates.*’

Other scholars believe that the emergence of a vibrant and capable Chinese innovation system
presents opportunities for the international community. Sylvia Schwaag Serger and Magnus
Breidne, researchers at the Swedish Institute for Growth Policy Studies, acknowledge that the MLP
demonstrates a commitment in China to state-promoted innovation but cite many positive spillover
effects to other countries from China’s increased R&D. These include increased opportunities for
mutually beneficial international cooperation in research and education as well as through in-
creased trade.®

These liberalist international views of the positive opportunities of cooperation arising from
China’s technological rise are shared by many analysts in the business community. A McKinsey
report by Guangyu Li and Jonathan Woetzel analyzes the effects of China’s FYP for foreign com-
panies. Opportunities identified include: 1) market potential for domestic and foreign companies;
2) deregulation of education, financial services, health care, and logistics; and 3) opportunities for
companies with advanced technology where foreign players can merge and acquire local compa-
nies to become more competitive in China’s domestic markets.*® Li and Woetzel conclude that
China is still catching up globally in science-based innovation, but it has already built a strong
foundation. They believe that China will continue to promote innovation by empowering entrepre-

16 Feng-chao Liu, Denis Fred Simon, Yu-tao Sun, and Cong Cao, “China’s Innovation Policies: Evolution, Institu-
tional Structure, and Trajectory,” Research Policy 40, No. 7 (2011): 917-31.

17 Stephen S. Roach, “China’s 12th Five-Year Plan,” Morgan Stanley, April 2011, http://www.law.yale.edu/docu-
ments/pdf/cbl/China_12th_Five Year_Plan.pdf.

18 Schwaag Serger and Breidne, “China’s Fifteen-Year Plan for Science and Technology.”

19 Guangyu Li and Jonathan Woetzel, “What China’s Five-Year Plan Means for Business.”
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neurs, allowing markets to work (with government acting as a demanding customer), and strength-
ening China’s innovation clusters. Global companies can benefit from the Chinese innovation
model and compete locally by beating, buying, or joining with local Chinese companies.?

International Assessments

While US analysts tend to be warier of China’s technological rise, views from Europe and the
international community appear to be more welcoming and win-win in nature. The OECD sees
China as contributing to solve energy, natural resources, and environmental problems, and to in-
creased global competition that will have a positive impact on long-term global innovation.? A
European Union (EU) report refers to common interests with China in areas such as food, agricul-
ture, biotechnologies, sustainable urbanization, aviation and aeronautics, and ICT. Additionally,
cooperation in human capital movements and joint research centers could provide opportunities
for EU higher education and research establishments.?

The Europe China Research and Advice Network, a three-year project funded by the EU, argues
that urbanization and infrastructure development increase commercial opportunities for the EU in
inland China and less developed cities. These opportunities are expected to come in industrial
sectors such as advanced environmental technology but will not extend to strategic sectors.??
Nesta, an independent charity that works to increase innovation capacity in the UK, argues that
China remains an absorptive state and that the expansion in its research base has not yet brought
about significant improvements in the quality of research output. However, it also recognizes the
increasing global visibility of Chinese multinationals, the positive contribution to China’s growth
resulting from Chinese companies’ adeptness in incremental re-innovation, and the diverse models
of innovation within China. It concludes that “the greatest ‘China risk’ for innovative companies
is focusing too heavily on downside risks, and missing out on the opportunities that China pre-
sents.”?*

20 Jonathan Woetzel, Yougang Chen, James Manyika, Erik Roth, Jeongmin Seong, and Jason Lee, “The China Ef-
fect on Global Innovation,” McKinsey Global Institute Research Bulletin, July 2015, http://www.mckinsey.com/in-
sights/strategy/chinas_innovation_imperative. See also full McKinsey report: Jonathan Woetzel et al., “The China
Effect on Global Innovation,” McKinsey Global Institute, October 2015.

2L OECD and Ministry of Science and Technology, “OECD Reviews of Innovation Policy China, Synthesis Report,”
2007, http://www.oecd.org/sti/inno/39177453.pdf.

22 Sociedade Portuguesa de Inovacao, United Nations University, and Austrian Institute of Technology, “Science,
Technology and Innovation (STI) Performance of China D9: Final Report,” European Union, July 2014,
http://eeas.europa.eu/delegations/china/documents/eu_china/research_innovation/4_innova-

tion/sti_china_study full_report.pdf.

23 Robert Ash, Robin Porter, and Tim Summers, “China, the EU, and China’s Twelfth Five-Year Programme,” Eu-
rope China Research and Advice Network, 2012, http://eeas.europa.eu/china/docs/division_ecran/ec-

ran_china_the eu_and china_s_twelfth five year programme_ash porter summers_en.pdf.

24 Kirsten Bound, Tom Saunders, James Wilsdon, and Jonathan Adams, “China’s Absorptive State: Research, Inno-
vation, and the Prospects for China-UK Collaboration,” Nesta, October 2013, http://www.nesta.org.uk/sites/de-
fault/files/chinas_absorptive_state 0.pdf.
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Chinese Assessments

Chinese researchers have a similar mix of criticism and praise for China’s S&T policies and plans.
Most Chinese scholars highlight the progress China has made toward its STI goals. A report by
Sichuan University researchers Chen Xuanjin, Wang Yuandi, and Qu Xihua cites the MLP as the
key driving force behind China’s recent enhanced global and technological competitiveness. The
plan has helped to increase R&D investment, the number of full-time researchers, and the number
of published articles and patents.? Long Guogiang, deputy director of the State Council Develop-
ment Research Center (DRC), a leading government think tank, believes China has a unique ad-
vantage to carry out STI through its large domestic and industrial markets and its comparative
advantage in S&T human capital. Long argues that the Made in China 2025 and Internet Plus plans
will further accelerate China’s scientific and technological innovation. 2

Leading Chinese innovation scholar Mu Rongping of the Institute of Policy and Management at
the Chinese Academy of Sciences (CAS) states that the Chinese government has enhanced its
support for innovation in recent years by providing favorable policies to domestic and foreign
companies in China. However, Mu notes that there are still barriers to entry for Chinese firms,
especially in some high-tech areas. This will constrain and challenge China as it seeks to further
improve its global competitiveness.?” Lii Tie and He Jun of the Institute of Industrial Economics
at the Chinese Academy of Social Sciences (CASS) estimate that to accelerate the integration of
foreign S&T resources, more Chinese firms will need to establish overseas R&D facilities and
acquire foreign companies during the 13th Five-Year Plan.?

Despite China’s steady progress in improving its technological capacity, Chinese scholars and re-
searchers do not believe that China will catch up with advanced countries, particularly with the
United States in the near future. Wei Jigang, a researcher at the DRC, argues that China is not
competitive globally in high-end manufacturing and has only limited competitiveness in the tele-
communication, equipment manufacturing, petrochemical, and automobile industries, despite hav-
ing a small but growing number of firms emerging as leaders, such as Huawei in the telecommu-
nications domain. This limited competitiveness is caused by a poor innovation structure, weak
capabilities in indigenous innovation, a low industrial concentration rate, and a high degree of
foreign control in some areas.?°

% Chen Xuanjin, Wang Yuandi, and Qu Xihua, “ H = 6/H B SL 01 5~ 4 BB 3R 0 H bR EE R [Compari-
son of Scientific Outlook Between China and Developed Countries Under the Background of Indigenous Innova-
tion], B} & HARF 7 [Science and Technology Management Research] (2014/13): 20-25.

% Long Guoqiang, “4=EKkH— 4 BHEAHT XUEE 27/ [The New Round of Global Technological Innovation],

BURF M [www.gov.cn], May 22, 2015, http://www.gov.cn/zhengce/2015-05/22/content_2866560.htm.

27 Jia Jingfeng, “H BIBT BHEECR P ERHL H g HLE BRI 47 [Director of the CAS Institute of Policy and
Management: Chinese Technology Faces Both Opportunities and Challenges in Global], H [ 7 [ ™
[Chinanews.com], July 14, 2012, http://www.chinanews.com/cj/2012/07-14/4032359.shtml.

28 Lu Tie and He Jun, ““ =T [B Tl & FE HBE %5 5 BUSE U3 %6 [“13th Five-Year” New Situation and Policy

Adjustment for China’s Industrial Development], %% >] 5#£2 [Study and Exploration] (2015/6): 81.

2 Wei Jigang, “F& [ H £\l &k R FNSE G TR0 S B3R 782180 [Development and Competitiveness of China’s Key

Industries and Policy Recommendations], /% &7 7¢ [Development Research] (2010/10): 72.
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Another senior Chinese scholar who is critical of that government’s S&T development plans is
Huang Qunhui, director of the CASS Institute of Industrial Economics. Huang claims that Made
in China 2025 does not address the fundamental question of identifying China’s core competencies
as a manufacturing power. The plan also ignores the importance of improving productivity for the
whole manufacturing sector. Huang’s conclusion is that the plan is simply a replica of traditional
industrial policies with a greater intensity of policy support and longer planning periods.*°

30 Jin Hui, “# R} & 5% 0 [ #i)id 2025: $27+ E bR % 4+ 717 [Experts from Chinese Academy of Social Sciences
Talked about “Made in China 2025”: Enhance Global Competitiveness], TR £ [finance.sina.com], August 5,
2015, http://finance.sina.com.cn/china/20150805/005922875945.shtml.
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A. MILITARY STRATEGY AND DEFENSE AND DUAL-USE SCIENCE AND TECHNOLOGY
DEVELOPMENT PLANS AND STRATEGIES

The modernization of China’s defense science, technology, and industrial base is a pressing priority
for the Chinese authorities in the face of an increasingly complex external security environment
and the PLA’s ever-growing technological demands. With abundant funding available, a major
challenge for the relatively young and inexperienced armament community is to successfully guide
the long-term transformation of the country’s military technological capabilities.

A critical instrument in managing this process is the formulation and implementation of a compre-
hensive set of defense and civil-military dual-use science and technology research, development,
and acquisition strategies and plans (Figure 3). This section looks at the most important of these
plans and strategies: 3

e The PLA’s Weapons and Equipment Development Strategy (WEDS, 1EQ#% 2% 5 & J& %)
and long-, medium-, and short-term Weapons and Equipment Construction Plans (WECP, i
A BRI AR

e The 863 High-Technology Research and Development Plan (/& AW 50 & & vHX1)D

e The 995 High-Technology Development Plan (75587 LF2)

e The 2006—2020 Medium- and Long-Term Defense Science and Technology Development
Plan (MLDP, [ B RHE Tl H K IR 2 AR K e k)

The WEDS and WECP represent the regular weapons and equipment research, development, and
acquisition process while the 863, 995, and MLDP are special plans to address specific capabilities
requiring additional attention and support.

The Relationship Between China’s National Military Strategy and Its Defense
Science and Technology Strategies and Plans

To understand the rationales, activities, and goals of these strategies and plans, it is necessary to
examine the strategic and organizational context behind their formulation. From an organizational
perspective, these S&T strategies and plans are closely tied and subordinate to the country’s na-
tional-level military strategy, which is known as the Military Strategic Guidelines (MSG). The
MSG comprises “the overall principles (& Ji2 ) and guiding principles (/2 4%45) for planning and
guiding the development and utilization of the armed forces.””*? The Central Military Commission
(CMCO) i1s responsible for the formulation and issuance of the MSG, which is carried out in coor-
dination with other PLA departments.3

31 There are a handful of other S&T plans and programs, such as the 973 and SEI programs, that have military and/or
dual-use-related activities, but they are much smaller in scale and impact compared to the four strategies, programs,
and plans discussed here.

32 PLA National Defense University Army Building Research Department, Study Guide for Jiang Zemin Thought on
National Defense and Army Building [V1.15 BB 57 1 22 PA 2 152 AR 7 2] 152 AC), 2nd ed. (Beijing: Chinese Com-
munist Party History Publishing House, April 2004), 56—67.

33 On the process for this, see Zhang Wannian writing team, 5K J35F4% [Biography of Zhang Wannian] (Beijing: Lib-
eration Army Press, 2011), 59-72.
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Although the MSG is classified, a number of published official documents and academic studies
shed useful insights into its likely contents, especially as it relates to defense S&T requirements.**
The 2015 defense white paper offers the most detailed and authoritative discussion of the MSG
that has been released by the Chinese military authorities.® This white paper is titled “China’s
Military Strategy” (hereafter referred to as the 2015 Military Strategy) and points to a significant
revision to the country’s military strategy that emphasizes preparation for maritime conflict, infor-
mation-era warfare, and the prioritization of the oceans, outer space, and cyberspace as the new
“critical security domains.”

The 2015 Military Strategy provides an assessment of the global strategic environment that high-
lights several significant technological trends. The first is that the global revolution in military
affairs is at a new stage and is “posing new and severe challenges to China’s military security.” Of
particular concern is the threat from long-range, precise, smart, stealthy, and unmanned weapons.
A second feature of the rapidly evolving technological landscape is the emergence of new domains,
of which outer space and cyber-space are emphasized as the “new commanding heights in strategic
competition.” A third accelerating trend is a fundamental change in the nature of warfare towards
informationization, which refers to the information age and the rise of information-related pro-
cesses and capabilities. The 2015 Military Strategy points out that it is the “major powers”—pri-
marily referring to the United States, but also including other countries such as Russia—that are
in the vanguard of this process and are “speeding up their military transformation and force re-
structuring.”

The impact of informationization is deemed to be so profound that the new military strategy has
adjusted its definition of the nature of future warfare that the PLA should be preparing to fight and
win from “local wars under conditions of informationization,” which has been the guiding formu-
lation since 2003, to winning “informationized local wars.” PLA analysts say that this is a signifi-
cant revision in terminology because the role of informatization has been elevated from being
important to becoming the dominant factor. %

The 2015 Military Strategy points out that a key goal of informationized warfare is to gain infor-
mation dominance through the building of systems of systems, especially focused on a number of
capabilities:

e Better utilization of information resources

e Strengthening reconnaissance, early-warning, and command and control systems

e Development of medium- and long-range precision strike capabilities

e Improving comprehensive support systems

3 David M. Finkelstein, “China’s National Military Strategy: An Overview of the ‘Military Strategic Guidelines’,”
in Right Sizing the People’s Liberation Army: Exploring the Contours of China's Military, eds. Roy Kamphausen
and Andrew Scobell (Carlisle, PA: Army War College, 2007), 67-140.

% State Council Information Office, “China’s Military Strategy,” May 25, 2015.

3% Wen Bing, “Correctly Locate the Basic Point for Preparation for Military Struggle,” Study Times [ >] i #k] 8
(July 2015).
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Moreover, the 2015 Military Strategy stresses the importance of “maritime military struggle” in
future preparations for military struggle. This signals that the PLA Navy now stands at the top of
priorities among the service arms. There is also an important change in naval strategy that adds
“open seas protection” (iZLiF#7 I2) to the list of the PLA Navy’s chief missions alongside its tra-
ditional “offshore defense” strategy. By comparison, the 2010 and 2013 defense white papers had
only mentioned that the PLA Navy was developing “open sea” capabilities.?’

The 2015 Military Strategy offers a general framework of the modernization requirements of the
PLA’s service arms:

e The ground forces are shifting from theater defense to a more mobile transregional role, espe-
cially through the building of multi-functional and modular units that are able to engage in
joint and trans-theater operations.

e The navy is expanding its missions from “offshore defense” to “open seas protection,” which
requires the building of capabilities for “strategic deterrence and counterattack, maritime ma-
neuvers, joint operations at sea, comprehensive defense, and comprehensive support.”

e The air force is turning from a traditional focus on territorial air defense to also emphasizing
offensive operations and building an air-space force structure geared towards informationized
operations, which includes strategic early warning, information countermeasures, airborne op-
erations, and strategic projection.

e The Second Artillery is strengthening its nuclear offense capabilities to be better able to con-
duct deterrence and counterstrike operations as well as building up conventional medium- and
long-range precision strike missile capabilities.

The section termed ‘military force building’ (%5 /7 & %) in the 2015 Military Strategy is con-
cerned with modernization and reform issues, which includes consideration of defense S&T mat-
ters.3® There is a brief discussion on armament development in which the document points out that
“China’s armed forces will speed up the upgrading of weaponry and equipment, and work to de-
velop a weaponry and equipment system that can effectively respond to informationized warfare
and help fulfill the missions and tasks.” The military strategy adds that particular emphasis will be
placed on information dominance, systems building, and indigenous innovation.

The PLA’'s Weapons and Equipment Development Strategy and
Construction Plans

While the MSG provides broad strategic principles and general guidelines on weapons require-
ments and acquisition issues, the detailed nuts and bolts of programmatic management, strategic
design, planning, and implementation is contained in the supporting WEDS and WECP. These
planning documents represent the long-term vision and roadmap for implementation of the Chi-
nese defense establishment’s S&T development for its weapons and equipment capabilities. Not
surprisingly, they are classified, and there are only occasional references as to their role and im-
portance in guiding the PLA’s technological modernization. However, in an article marking the

37 State Council Information Office, The Diversified Employment of China’s Armed Forces (Beijing, April 2013)
and State Council Information Office, China’s National Defense in 2010 (Beijing, March 2011).
3 The equivalent section in the MSG is termed ‘army building’ [ 7 b\ % ¥ ].
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end of the General Armament Department (GAD) as part of the restructuring of the PLA high
command at the end of 2015, the China Military Industry News (F[E 7 T.#), the GAD’s news
mouthpiece, disclosed for the first time that one of its accomplishments was to establish “scientific
planning of long-term defense science and technology and weapons and equipment development
through a 20-year development strategy, 10-year construction outline, and 3 five-year plans.”%

The WEDS provides the overall strategic rationale for the country’s armament development. It
offers long-term planning stability for 10 to 20 years and provides an integrated approach involv-
ing input from across the entire defense establishment. Moreover, it is a rigorous assessment that
looks at regional and global strategic, military, and technological trends, and the nature of future
war and compares these with China’s national and military economic, industrial, and technological
capabilities to support armament research and development. As one PLA study noted,

In the formulation of military equipment development plans, it is necessary to use a military
equipment development strategy as their foundation. Chiefly, this means considering the
country’s situation for a relatively long period of time in the future, and the country’s mil-
itary strategy policies, as well as analyzing and making predictions for the international
strategic environment, the security environment on the country’s periphery, and the mili-
tary equipment needs of the country’s troops in future military conflicts.*°

The WEDS comes in two categories: a national-level version and service-level variants. The na-
tional-level WEDS is produced by the PLA General Armament Department and is a comprehen-
sive and integrated strategy for the PLA and defense S&T establishment. This WEDS is described
as “subordinate to and serves” the MSG and also takes into account the country’s national devel-
opment strategy and the MLP. 4

The national-level WEDS appears to have been first introduced in the beginning of the 2000s,
unlike the MSG with origins dating back to the 1950s. An article in the PLA’s official media
mouthpiece the Liberation Army Daily in October 2002 on weapons modernization mentioned that
the PLA was in the process of implementing a “weapons and equipment development strategy”
along with the 2000-2005 10th Five-Year “Weapons Construction Plan” (%% % 22 1% 11 %I]) that had
been formulated by the CMC and PLA general headquarters.*?

A major reason why the PLA was a latecomer in putting together an overarching weapons devel-
opment strategy is that it did not establish a unified and high-level armament decision-making and
policy planning system until the formation of the GAD in 1998. Prior to the GAD’s creation, the
Commission for Science, Technology, and Industry for National Defense (COSTIND) was in
charge of the defense S&T portfolio. It had devised a long-range defense S&T strategic roadmap
in 1986 entitled “China’s Defense Science and Technology to 2000.” This strategic guidance was

% “For Seventeen Years, We Walked Together,” H' [/ % [.4ix [China Military Industry News], December 31, 2015.
40 R ALK 22 [The Study of Military Equipment] (Beijing: National Defense University Press, 2000), chap. 9.

41 Fu Guangming and Ji Hongtao, “Exploration of Hu Jintao’s Strategic Thinking on Strengthening Military with
Science and Technology,” H' [E Z F £} 2% [China Military Science] 5 (2011).

“2 Liu Cheng, “Creating a New Situation in the Weapons and Equipment Modernization Effort,” fi#/ift i [Libera-
tion Army Daily], October 14, 2002.
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much longer than the WEDS and was a consensus document reflecting the input of more than
2,000 military and civilian experts.*

PLA service arms also formulate their own WEDS that are specifically designed to address their
own service requirements. The PLA Navy appears to have been the first service to develop a
WEDS, in the mid-1980s. This was due to the influence of its commander at the time, Admiral Liu
Huaging, who was a strong advocate of long-term armaments planning.** A major source of ten-
sion exists between the national and service WEDS. The national WEDS is aimed at encouraging
joint service cooperation while the service versions are engaged in inter-service competition for
funding and project approval.

The WECP is responsible for the implementation of the strategic requirements and tasks that are
set out in the WEDS. There are different versions of the WECP based upon duration (ten, five, or
one year) and organizational level (national or service arm). At the pinnacle is the national-level
Long-term Weapons and Equipment Construction Plan (LWECP) that extends over a 10-year plan-
ning period and covers the entire defense establishment. This plan is:

primarily used to direct the formulation of military equipment development plans and the
implementation process of significant policy decisions and to indirectly guide specific
management actions. The [long-term] military equipment development plan holds a dom-
inant position among military equipment development plans: that of the foundation of other
military development planning work.*°

The LWECP is regularly adjusted and updated.

Operational implementation is carried out by a five-year Medium-Term Weapons and Equipment
Construction Plan (MWECP) and a one-year Short-Term Weapons and Equipment Construction
Plan (SWECP). The MWECP parallels the five-year planning cycle that the PLA and Chinese
economy practices, which means that the current 12th FYP will be replaced with a 13th edition in
2016. The MWECRP is responsible for the direct formulation and guidance of defense S&T-related
research, development, acquisition, maintenance, and resource allocations, while the SWECP is a
detailed implementation plan focused on specific projects.

The Chinese military authorities are tightly guarded over the contents of these armament strategies
and plans, but occasionally do offer broad hints about their general principles. In an article in the
GAD’s main newspaper shortly after the accession of Xi Jinping as the country’s paramount leader
in late 2012, Executive Deputy GAD Director Lt-Gen. Li Andong, a prime architect of the arma-
ment modernization effort between the early 2000s and mid-2010s, talked about the need to
strengthen the strategic guidance for the country’s armament building.*® Li highlighted a number
of key points:

% Yan Xin, ed., ¥ E 41 E R R BRI (—) [Overview of the Development of China's Contemporary Defense
Science and Technology, Part 1] (Academic Video Publishing House, 2004), 168—70.

44 X5 [R11Z3% [Memoirs of Liu Huaqging] (Beijing: Liberation Army Press, 2004), chap. 17.

5 The Study of Military Equipment, chap. 9.

6 Li Andong, “Implement the Scientific Development Concept, Strengthen the Strategic Direction of Armament
Building,” # [E % T [China Military Industry News], December 5, 2012.
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The importance of a unified central leadership: Li said that a top requirement for the PLA
high command is to strengthen armament integration between the air force, ground forces, and
navy. This means “raising the level of coordination and combination and preventing the estab-
lishment of separate stand-alone systems.” Li also hinted at the fierce inter-service rivalry on
armaments development and how disruptive it could be to the armament planning process. He
said that it was important to “resolutely safeguard the authority and binding force of the plans.
Once the armament building plans are approved, no one can change them freely or act in their
own way.”

Prioritizing the building of offensive capabilities: For much of the PLA’s history, the focus
has been on developing defensive capabilities to deter against invasion and encroachment of
its territorial integrity. This has shifted decisively in the past one to two decades with the coun-
try’s development and expanding external interests. The priority now, Li pointed out, is to “lay
stress on the development of offensive weapons according to the requirement of combining
offense and defense.”

Establishing credible strategic deterrence capabilities: The PLA should ensure that its stra-
tegic deterrence capabilities are operationally tested and deployed so that an “effective and
credible deterrence can be guaranteed,” Li pointed out. This suggests, for example, that the
PLA Navy’s ballistic missile submarine fleet will be regularly deployed rather than sit in port.

Promoting asymmetric development: One of the foremost priorities in the PLA’s armament
building since the late 1990s has been the development of asymmetric capabilities targeted at
the vulnerabilities of a stronger opponent, of which the foremost candidate is the United States.
Li stressed that “what we should do is to concentrate on developing our unique armaments that
can effectively overpower the enemy through systems sabotage against the vital parts and sys-
tem weaknesses of the opponent.” Likely key areas include precision missile capabilities such
as anti-ship ballistic missiles, kinetic and non-kinetic anti-satellite assets, and cyber tools.

Selective development of advanced armaments: The principle of selectivity was first put
forward by Deng Xiaoping in the 1980s during a period of scarce resource allocations for de-
fense modernization. But with surging funding and strong end-user demand, this guidance ap-
pears to have been largely ignored as the PLA and defense industry pursue an ever-lengthening
list of weapons projects. Tied with this selectivity requirement is a stress on the pursuit of
advanced capabilities, especially by “leaps and bounds.” Li points out that, “We should develop
key defense technologies and weapons that will play a decisive role in future wars... and spare
no effort to achieve successful results in these crucial projects.” This priority on high-end in-
novation at the global technological frontier has benefited the development of capabilities such
as stealth aircraft, hypersonic air vehicles, aircraft carriers and carrier-borne combat aircraft,
precision missiles, and high-performance computers. But as economic growth slows, there will
be pressure on the pace of defense spending and investment, which will force policymakers to
choose how to balance quantitative versus qualitative armament development.

Striving for indigenous innovation: Li urged the defense establishment to foster homegrown
innovation to limit foreign dependence, but he is aware that there are competing bureaucratic
interests on this issue. The defense industry is especially keen to promote technological self-
reliance, as they benefit the most from resource allocations. The PLA, and especially the war-
fighters, want the best available capabilities as soon as possible, which may mean sourcing
from foreign suppliers. Li noted that while self-reliant innovation is critical, “we should grasp
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opportunities and actively carry out international cooperation.” The prime focus of this foreign
engagement would be with Russia.

e Pursuing civil-military integration: The armaments apparatus is one of the principal propo-
nents for integration of the civilian and defense economies, and Li points out that the emphasis
should be on encouraging civilian entities to participate in research, development, and produc-
tion along with repair, maintenance, and other support services. Li also says that civil-military
integration would help to promote market competition by establishing a competitive procure-
ment process, although there would almost certainly be strong resistance from the country’s
dominant defense industrial corporations.

Li’s instructions offer some interesting insights into the current state of China’s armaments strate-
gies and plans. First, a major focus of China’s armament development is on how to counter a
stronger adversary, primarily the United States, through credible deterrence and asymmetric capa-
bilities. Second, armament development is making solid progress, and the Chinese defense S&T
system appears to be making a decisive shift from engaging in absorption and the making of tech-
nologically limited products to the development of more innovative and capable capabilities, es-
pecially in meeting the PLA’s more demanding requirements. Third, despite the progress being
made, the structure and processes in which armament development is taking place continues to
suffer from deep-seated structural problems such as compartmentalization, weak institutionaliza-
tion, and heavy reliance on foreign technologies.

Recent Reforms of the PLA Armament System

At the end of 2015, the PLA’s armament system underwent a far-reaching reorganization as part
of a broader restructuring of the Chinese military establishment. A number of key changes took
place.*’

e The GAD was reorganized into the CMC Armament Development Department (CADD) and
has been given responsibility for the centralized unified management (28 + 4t %) of the mili-
tary armament system.*® One of the now-defunct GAD’s chief roles was to oversee the arma-
ment development of the ground forces. The GAD units responsible for this have been trans-
ferred to a newly created PLA Land Forces command.

e The GAD Science and Technology Committee was elevated to a commission directly report-
ing to the CMC and is now known as the CMC Science and Technology Committee (CSTC).

Although it will take some time before these reforms are fully implemented and can be adequately
assessed, some initial speculative thoughts can be offered. First, the promotion of the CSTC from
the GAD to the CMC demonstrates that the Chinese military authorities, and especially Xi, are
increasingly serious about engaging in higher-end STI activities and establishing a high-level co-
ordinating mechanism through the CSTC to provide operational leadership and guidance. Lt-Gen.
Liu Guozhi, who was the GAD S&T Committee director, will lead the CSTC. He has spent much

A U ZREN R OR TR B A ZE PA 24 1 2 L [Central Military Commission Issues ‘Opinions Concern-
ing Deepening the Reform of National Defense and the Armed Forces’], Xinhua, January 1, 2016.

48 “Ministry of National Defense Holds News Conference on CMC Administrative Reform and Reorganization,”
China Military Online, January 11, 2016.
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of his career engaged in high-technology R&D. Liu has a PhD in physics from Tsinghua Univer-
sity, is a member of the CAS, and has technical expertise in accelerator physics and high-power
microwave technology.*®

Second, the ability of the new CADD to carry out its mandate of providing centralized manage-
ment of the armament system looks to have a greater chance of success than the GAD, which was
hamstrung by its institutional bias towards the oversight of the ground forces. The nature of the
relationship between the CADD and the armament departments belonging to the service arms will
be critical in determining how much jointness versus compartmentalization there will in the PLA’s
armaments development. The authority and influence of the CADD will benefit with the appoint-
ment of GAD Director Gen. Zhang Youxia as its new head. Zhang reportedly has close ties with
Xi through princeling-related links and has been touted as a contender for a CMC vice-chairman-
ship.*®

Special Plans for Defense and Dual-Use Science and Technology Development

China’s plans for defense and dual-use S&T development are shrouded in secrecy and not well
understood. Besides the MWECP already discussed, there are at least three other important me-
dium and long-term special plans: the MLDP, the 995 High-Technology Development Plan, and
the 863 dual-use High-Technology Research and Development Plan.

Medium and Long-Term Defense Science and Technology Development Plan

The MLDP was drawn up in the early 2000s by COSTIND in tandem with the MLP, with the
shared goal of overcoming the technological gap with the world’s leading technological powers
by 2020. The MLDP focuses on guiding defense-related basic and applied R&D and improving
the conditions for innovation. An outline of the MLDP highlighted nearly two dozen issues of
focus, of which the most important include the following:*!

e Enhancing capacity for indigenous innovation and build up the defense innovation sys-
tem: This would be carried out by accelerating the reform of the defense R&D system through
initiatives such as expanding the number of high-quality defense laboratories engaged in basic
research, building technology application centers, establishing closer linkages with leading ci-
vilian universities and research institutes, developing a robust service support apparatus to en-
able activities like technology transfers and commercialization, and allowing defense industrial
enterprises to play a more involved role in innovation.

e Creating a favorable environment to promote innovation: The authorities recognize the
importance of developing a robust governance and norms-based regime that cultivates prac-
tices, behavior, and established rules of the road that promote and safeguard innovation. This
includes promoting and strengthening incentives for innovation, such as the building up of an

49 “Former GAD S&T Committee Director Liu Guozhi Appointed Director of New CMC S&T Committee,” JiFEHT
[# [The Paper), January 11, 2016.

50 “Former GAD Director Zhang Youxia Becomes New Director of CMC Armament Development Department,” j&
JEHT ] [The Paper], January 14, 2016.

51 Commission on Science, Technology, and Industry for National Defense, “[E B R} 43 Tl Fp K HARE 22 5 A & Jig
I E [Outline of Defense Medium- and Long-Term Science and Technology Development Plan], May 29,
2006. See also “China Unveils Plan for Developing Defense Technologies,” Xinhua News Agency, May 25, 2006.
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IPR protection system, improving planning and coordination to overcome entrenched compart-
mentalization, constructing a comprehensive defense standards apparatus, forging a rigorous
evaluation system, and reforming management procedures and the innovation cultures of R&D
organizations that have long been accustomed to a state-dependent ‘iron rice bowl’ mentality
to make them more responsive to market and end user requirements.

e Increasing the scale and channels of investment in defense science and technology: State
funding for defense R&D has been growing strongly since the late 1990s, but the MLDP seeks
to broaden the sources of this investment flow by requiring defense enterprises and research
institutes to invest at least 3 percent of their sales revenues in R&D and also allowing them to
tap the capital markets for fund-raising through public and private offerings, bonds, and bank
loans. The MLDP also promises to establish preferential investment policies, such as tax breaks
and generous land use rights.

e Improving the ability to leverage foreign sources of technology and knowledge transfers:
While the MLDP is avowedly techno-nationalist and emphasizes the overriding importance of
self-reliant innovation, it also balances this objective with the need to look overseas to absorb
advanced technologies and know-how as well as finding opportunities for international R&D
cooperation, including encouraging defense enterprises and research institutes to set up joint
research centers and laboratories.

e Meeting the PLA’s requirements for advanced weapons and equipment: The MLDP
points to the importance of adhering to the armament needs of the PLA as set out in the MSG,
which includes advancing R&D from the late industrial age to the information era.

e Promoting civil-military integration: Finding ways to bring about civil-military integration
is strongly encouraged, especially with the goal of making breakthroughs in industrial bottle-
necks. A top priority is in advanced manufacturing.

e Cultivating a capable scientific and engineering workforce: An Achilles heel of China’s
defense S&T modernization has been the lack of well-trained and experienced scientists and
engineers. The MLDP calls for the establishment of various initiatives to address these man-
power shortages, such as through talent training plans, special priority on critical disciplines,
and the establishment of defense science, technology, and innovation teams.

The ‘995’ New High-Technology Plan

One of the most important and least known Chinese plans promoting defense S&T development
in the twenty-first century is the New High-Technology Plan ({F#i AR T.#£). It is more com-
monly known as the 995 Plan in reference to the US bombing of the Chinese embassy in Belgrade
in May 1999 that was the spark for the establishment of this project.>? The Chinese authorities do
not publicly acknowledge the existence of this plan, but it is mentioned in media reports (usually
indirectly), military journals, resumes of Chinese scientists and engineers, and project listings of

52 The Chinese embassy was hit by several precision-guided munitions launched from a US strategic bomber on
May 7, 1999, as part of a NATO bombing campaign against the Milosevic regime. The United States said that the
attack was accidental and caused by inaccurate targeting data, but there was a strong negative reaction from the Chi-
nese government that disputed the US explanations. 995 refers to the year (99) and month (fifth month, or May) in
which the Belgrade bombing took place.
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university laboratories and companies engaged in defense-related work.>® However, in a valedic-
tory message by the GAD upon its reorganization into the CMC Armament Development Depart-
ment at the end of 2015, it confirmed the existence of the 995 Plan by noting that one of its out-
standing contributions in its 17-year history was the “organization and implementation of phases
1, 2, and 3 of the New High-Technology Plan.” The reference to the three phases suggests that the
995 Plan was organized in five-year stages to correspond with the five-year weapons and equip-
ment development plans.>

The Chinese leadership’s reaction to the Chinese embassy attack in Belgrade was to sharply inten-
sify efforts to develop strategic weapons systems, or what the PLA terms shashoujian (5%F-4)
capabilities.>® According to Gen. Zhang Wannian, who was the CMC executive vice chairman
during the Belgrade Embassy crisis, the CMC convened an emergency meeting immediately fol-
lowing the bombing, and one of the key decisions made was to “accelerate the development of
shashoujian armaments.”>®

Zhang pointed out that then CMC Chairman Jiang Zemin was especially insistent on the need to
step up the pace of development of shashoujian megaprojects, saying that “what the enemy is most
fearful of, this is what we should be developing.”®’ Although the enemy’s identity was not made
explicit, it was clearly the actions of the United States, and Jiang’s guidance to the Chinese defense
S&T system was to focus on the R&D of asymmetric capabilities targeting US vulnerabilities.

Jiang also put forward a number of other guiding principles, which most likely formed the outline
of the 995 Plan:°®

e “Do some things but not others, concentrate on developing arms most feared by the enemy”:
Be selective and focus on asymmetric capabilities.

e “Significantly boost S&T innovation and make breakthroughs as soon as possible”: Emphasis
on higher-end innovation, which requires a more risk-taking R&D model.

e “Assassin’s mace weapons should become the vanguard of the PLA’s combat capabilities”: This
means the development and deployment of advanced high-technology weapons is the PLA’s
foremost priority.

e “Adhere to self-reliance, but actively introduce and digest advanced foreign weapons and tech-
nology”: Stepping up efforts to acquire foreign technology transfers by whatever means avail-
able, especially by reverse engineering.

%3 See, for example, Sun Hong and Li Lin, “On the Modes of Advancing Weapons and Equipment Development with
Chinese Characteristics,” China Military Science, June 2005; and “Chinese Defense Science and Technology Indus-
try’s Tasks for the New High-Technology Program for This and Next Year Are Extremely Heavy,” China News Ser-
vice, April 20, 2004.

% “For Seventeen Years, We Walked Together.”

%5 In the defense science and technology domain, shashoujian is used by Chinese leaders and analysts to refer to the
development of armaments that target an enemy’s vulnerabilities. Other less precise, but more colorful, definitions
of this term are assassin’s mace, trump card, or silver bullet.

% Zhang Wannian writing team, 5K Ji 4% [Biography of Zhang Wannian], 416.

5" Ibid., 419. Possible candidates that fit into the shashoujian category include anti-ship ballistic missiles such as the
DF-21D, anti-satellite missiles, and stealth aircraft.

%8 Biography of Zhang Wannian, 416.
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One of the most revealing descriptions of the 995 Plan came in a public talk in 2012 by Maj-Gen.
Yao Youzhi, a recently retired but influential strategist from the Academy of Military Sciences, the
PLA’s most important research institute on defense affairs. Yao said that the 995 Plan was estab-
lished in response to the US bombing of China’s Belgrade embassy and its purpose was to accel-
erate research and development of new weapons systems.>® “Without 995, the PLA would not have
been able to get new generations of weapons developed as quickly as was achieved,” Yao said, and
referred to the 2009 National Day military parade in which 40 types of new weapons were dis-
played as evidence of the impact. “Who should we be ultimately thankful for” in enabling the PLA
to make such progress, Yao asked rhetorically. “We should be grateful to the Americans.” This
remark suggests that the 995 Plan was primarily aimed at the United States.

To ensure that these major weapons projects receive high-level attention, the CMC established a
New High-Technology and Engineering Leadership Small Group (* R ZEZ & ALy LRSS
/N2H-995 LSG) in 1999 with the CMC chairman as its head. This coordinating body is responsible
for providing top-level unified leadership and management of the development of high-technology
weapons systems.®® This leading group appears to have similar characteristics and roles as the
Central Special Committee (1 9572 71 27), which was established in the early 1960s to man-
age the development of the country’s nuclear weapons and strategic launch capabilities and con-
tinues to function to the present day.®! The activities of the 995 LSG are rarely disclosed, but a
defense industry newspaper reported in December 2014 that there was a 995 LSG attended by Xi
Jinping that took place in conjunction with an All-Army Armament Conference (4= %354 T.4F

2.8

The ‘863’ High-Technology Research and Development Plan

In the mid-1980s, a group of four senior scientists and engineers who were closely involved in the
country’s strategic weapons projects of the 1950s and 1960s petitioned China’s paramount leader
Deng Xiaoping to support the development of S&T development in strategic areas that were
deemed crucial to the country’s national security and economic competitiveness. In the post-1978
reform era, funding for national security-related topics had been drastically cut and the scientists
were worried that the country’s strategic R&D capabilities were in danger of being lost. Deng
approved the proposal, which led to the creation of the “High-Technology Research and Develop-
ment Plan,” although it is better known as the ‘863’ Plan to commemorate the date of its establish-
ment in March 1986.

59 Talk by Yao Youzhi at the Shenzhen Culture Forum, August 18, 2012, http://www.szccf.com.cn/wghg_con-

tent 662.html.

60 Zhou Bisong, H [F 4 (0 i 23 25 45 R TE MR JT [Research on the Path for the Construction of Weapons with
Chinese Characteristics] (Beijing: National Defense University Press, 2012), 39.

61 Tai Ming Cheung, “The Special One: The Central Special Committee and the Structure, Process, and Leadership
of the Chinese Defense and Strategic Dual-Use Science, Technology, and Industrial Triangle,” paper presented at
Conference on the Structure, Process, and Leadership of the Chinese Science and Technology System, University of
California, San Diego, July 2012.

62 “AVIC Studies and Implements Spirit of All Army Armaments Work Conference,” H [E i 2= 87 18] I’ [China Avia-
tion News], December 15, 2014.
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The 863 Plan initially highlighted seven areas deemed central to China’s future national security
and economic prowess: automation, biotechnology, energy, information technology, lasers, new
materials, and space technology. Several more sectors were added subsequently, including envi-
ronmental technology, marine technology, and earth observation and navigation technology. The
plan was directly modeled on the organizational structure and operational procedures of the Maoist
strategic weapons plan.®

The 863 Plan has grown significantly in size, scope, and importance, especially since the beginning
of the twenty-first century when funding sharply increased in scale (Figure 4). Through the estab-
lishment of expert leading groups and specialized research centers, this plan helped to introduce,
nurture, and diffuse cutting-edge technological products and processes in leading economic sec-
tors. In the information technology industry, for example, projects have focused on the develop-
ment of high-performance computing, optical electronics, telecommunications, and artificial intel-
ligence.

The 863 Plan was intended to straddle the civil-military divide. One study suggests that there was
a programmatic goal in which 39 percent of projects would be for civilian use, 45 percent would
be of a dual-use nature, and the remaining 16 percent would be for national security applications.®*

Figure 4. Annual 863 budget expenditures, 2000—2012 (civilian projects only)
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and Technology University, 2007), 2.
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Defense scientists and engineers have played active roles in many projects to ensure that defense
requirements are taken into consideration and to identify and gain access to any technologies that
may be useful for military application. The 863 Plans that are of most value for military application
include the space, laser, optoelectronics, very large scale integrated circuits, turbofan engines, and
new materials plans.®® The GAD is directly in charge of the 863 space and laser project domains.
According to official accounts, nearly 10,000 defense scientists and engineers have been involved
in the 863 Plan, working on more than 1,500 research projects and making more than 100 important
technological breakthroughs by the early 2000s in areas such as space technology, computers and
information technology.®® The Shenzhou manned space plan was one of the leading achievements
of the 863 plan.

One complaint leveled against the 863 Plan during the 1990s was that it was too preoccupied with
basic and esoteric R&D projects, with little effort devoted to applying its output for the country’s
development. This led to a major strategic readjustment of the plan at the beginning of the twenty-
first century. This also reflected the efforts of the government to promote commercialization
throughout the S&T community. Other government plans that have also contributed to the devel-
opment of dual-use civil-military technologies include the Torch plan, which is intended to com-
mercialize high-tech R&D inventions, and the 973 Plan.

Although the 863 Plan enjoys strong political support and generates high-quality research results,
the central authorities announced in 2015 that the plan would be included in a far-reaching over-
haul of the S&T funding process that is aimed at consolidating around 100 plans managed by forty
government agencies. The new management structure will have five categories of plans, of which
most, if not all, of the projects belonging to the 863 Plan will fall under the portfolio of the National
Key Research and Development Plan ([E 2% # & & i1 &l)). Other categories that might take re-
sponsibility for 863-related activities include the National Major Science and Technology Plan (
K B} K% 1) and National Natural Science Fund (& H %A Bl %% 4). Government
agencies will no longer be responsible for the operational management of these plans, which will
be carried out by professional S&T management organizations.

This reform will not be completed until 2017, so the exact nature of the post-863 successor plan
has yet to be finalized. The actual impact will depend on successful implementation of reforms.
This revamping of the S&T funding system will primarily affect the civilian portion of the 863
Plan; there is little information as to how the military 863 component will be affected.

B. CIVILIAN SCIENCE, TECHNOLOGY, AND INDUSTRIAL DEVELOPMENT PLANS

China’s Science and Technology Plans: Background and Progress

While the state has gradually retreated from direct management of the Chinese economy in the
post-Mao reform era, the S&T sector stands out as being subject to more state planning than ever
in its history. Besides the regular five-year plans, the Chinese authorities have enacted a raft of
blueprints that provide a top-down hands-on guidance on the means and ends for China to catch
up with the rest of the world. They range from comprehensive formulations such as the MLP to

85 “Very large scale integrated circuits” refers to the combination of thousands of transistors into a single chip.
8 Liu Cheng, “Creating a New Situation in the Weapons and Equipment Modernization Effort.”
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more specialized documents targeting particular areas such as strategic emerging industries and
advanced manufacturing (Figure 5).

This section reviews five key state plans: 1) the MLP; 2) the SEI; 3) the 973 Plan; 4) the five-year
planning process, especially the 12th and 13th FYPs; and 5) the Made in China 2025 plan and
related Internet Plus plan, introduced in May and July 2015 respectively. In addition, there will be
a review of the CAS’s “Roadmap to 2050 and an examination of recent efforts by the central
authorities to consolidate the proliferation of scores of overlapping plans that have been established
over the past few decades.

National Medium- and Long-Term Plan for Science and Technology Development
(2006—2020)

When President Hu Jintao and Premier Wen Jiabao assumed power in the early 2000s, they began
to examine the formulation of a large-scale initiative to improve the country’s S&T capabilities,
especially in critical strategic areas. Under Wen’s direction, planning began in 2003 on what be-
came known as the MLP.®" The MLP was conceived by a leadership that saw the first 20 years of
the twenty-first century as a strategic opportunity to catch up with the world’s leading advanced
economic and technological powers. The drafting of the plan took three years, and thousands of
scientists, engineers, academics, economists and military experts examined 20 issue areas deemed
vital to China’s S&T competitiveness. They included agricultural S&T, basic science, S&T popu-
larization, energy and resource S&T, national security, the national innovation system, and manu-
facturing.®®

The nature of the MLP preparatory process was a throwback to the height of Cold War central
planning in the late 1950s when China embarked on its first long-term S&T development plan.
The 12-year national S&T plan launched in 1956 had 12 key tasks (not unlike the megaprojects
contained in the MLP) that were intended to support the building of key strategic sectors such as
nuclear energy, missiles, computers, and automation technology.® This plan was implemented un-
til the early 1960s, but no new detailed long-term plans were drawn up until the 2006-2020 MLP.
Other mostly failed attempts at long-range S&T planning initiatives included: 1) a ten-year plan
issued in 1963 that replaced the earlier 12-year S&T blueprint but which was aborted during the
Cultural Revolution; 2) a medium-term development plan for 1978—1985; and 3) a 1990-2000
S&T development outline.”® There was also a proliferation of other shorter planning efforts and
development plans such as the regular five-year plans and the 863 and 973 plans.

67 State Council, “Guidelines for the Implementation of the National Medium- and Long-Term Plan for Science and
Technology Development (2006—-2020),” February 2006.

8 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan”; Hao Xin and Gong Yidong, “China
Bets Big on Big Science,” Science, March 16, 2006, 1548—49.

8 Xie Guang, chief ed., Dangdai Guofang Keji Shiye [ The Contemporary Chinese Defense Science and Technology
Sector] (Beijing: Contemporary China Press, 1992), 32.

0 Liu Li, Research Priorities and Priority-Setting in China (Stockholm: Vinnova, 2009), 15.
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Major debates took place during the drafting of the MLP over the fundamental orientation of the
plan.”* One debate revolved around the relationship between indigenous innovation and technol-
ogy imports. Leading economists argued that China should retain its existing technological devel-
opment model of attracting foreign multinationals and encouraging technology transfers to boost
the country’s S&T competence. Many scientists opposed this view and insisted that China could
not depend on getting core technology from other countries. The scientific community eventually
prevailed and the MLP reflects the changed focus in the Chinese S&T development model towards
indigenous development.

A second polarizing issue was whether the focus should be on the implementation of megaprojects
in which the state played a central organizing role, or the emphasis should be on a more decentral-
ized, bottom-up, market-driven process. Those who advocated the adoption of the “small science”
(/INB}%2) approach said that pursuit of large-scale projects diverted resources from more original
and innovative investigator-driven projects. Some of these scientists, especially US-based Chinese
scholars, were critical of plans like the 863 that they said were biased, inefficient, non-transparent,
and awarded based on insider connections. "> But those in favor of the “Two Bombs, One Satellite”
(M58 — AL)-inspired “Big Science” (KF}5%) model could count on high-level political support,
and they eventually won out in this debate.”

The MLP was promulgated in 2006 and has a strong techno-nationalist tone. In viewing the fun-
damental relationship between national security and technological development, the MLP defines
this linkage in stridently realist terms: “Facts tell us that we cannot buy true core technologies in
key fields that affect the lifeblood of the national economy and national security.” To address this
vulnerability, one of the central concepts put forward in the MLP is the notion of indigenous or
independent innovation (zizhu chuangxin, H F8#7), which seeks to promote the country’s S&T

capabilities through improving the absorption and “re-innovation (F{/7)” of foreign technology
as well as investing in the building of a national innovation system to nurture development of
original, homegrown innovation.

Another fundamental principle of the MLP is the centrality of national security in the development
of a world-class independent S&T capability. Consequently, defense and civil-military dual-use
priorities are of utmost importance. In the published version of the MLP, however, there are few
details of defense-related S&T projects. They are instead contained in the MLDP. The MLP seeks
to blur the classical distinction between civilian and military technologies and points out that S&T
development should benefit both civilian and defense needs at the same time.

"L See Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan,” for a discussion of the debates.
72 Cao, Suttmeier, and Simon, “China’s 15-Year Science and Technology Plan”; Hao Xin and Gong Yidong, “China
Bets Big on Big Science.”

8 The “Two Bombs, One Satellite” model refers to the success of the Chinese defense research and development
system in the development of nuclear weapons and space capabilities between the late 1950s and early 1970s.
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One of the MLP’s signature initiatives is the development of 16 major special projects that are
considered important for enhancing national competitiveness (Table 1). Thirteen of these so-called
megaprojects were identified in the MLP, but another three were unnamed because they were clas-
sified defense projects. A sizeable number of the open projects could have both civilian and defense
applications, which was one of the guiding principles in the selection of many of these plans. They
included high-grade, computer numerically controlled (CNC) machine tools, core electronic com-
ponents and high-end universal chips, high-resolution Earth observation systems, nuclear power
stations with large-scale advanced pressurized water reactors and high-temperature and gas-cooled
reactors, large passenger aircraft, and the Shenzhou manned space flight and Chang’e lunar explo-
ration projects.

The performance of these megaprojects have been decidedly mixed. Several of the key strategic
plans with both civil and military potential applications have made significant progress in their
development, of which the manned space flight and lunar exploration projects stand out. This can
be attributed in large part to the extensive high-level leadership support and substantial funding
they have received. Not surprisingly, projects that are less related to strategic and security con-
cerns, such as those in the environmental pollution and healthcare areas, have lagged in their de-
velopment.

Table 1. List of announced MLP megaprojects

Project Name

Administration

Core electronics, high-end general chips, basic
software

Ministry of Industry and Information Technology (MIIT)

ULSI manufacturing technology and complete
sets of technology

Beijing, Shanghai municipal governments

Next generation broadband wireless mobile
communication

MIIT, Datang Electronics, Chinese Academy of Sciences
(CAS), Shanghai Institute of Microsystems, China Putian
Corporation

High-end CNC machine tools and basic
manufacturing technology

National Development and Reform Commission, MIIT

Large-layer oil and gas fields and coal-bed
methane development

China Petroleum, China United Coal-bed Methane Company

Large-scale advanced pressurized water reactor
nuclear power

Ministry of Science and Technology (MOST), National Energy
Bureau, Tsinghua University

Water pollution control and treatment

Ministry of Environmental Protection

Genetic transformation breeding of new plants

Ministry of Agriculture

Create major new drugs

MOST, Ministry of Health, PLA General Logistics Department

Prevention and control of major infectious
diseases

MOST, Ministry of Health, PLA General Logistics Department

High-resolution Earth observation system”

China National Space Administration, State Administration for
Science, Technology, and Industry for National Defense
(SASTIND)

Large passenger aircraft

MIIT, Commercial Aircraft Corp. of China

Manned space flight and lunar exploration project

PLA General Armament Department, SASTIND, CAS, China
Space Technology Industry Corporation

4 High-resolution earth observation systems are capable of taking imagery at a resolution of of 1-2 meters, which
allows them to distinguish man-made objects. This makes them useful for both military (reconnaissance and target-
ing) and civilian purposes.



34

Overall, the Chinese authorities appear to have been a little disappointed with the MLP’s progress.
A review of the state of the country’s STI development at a July 2012 conference led by Hu and
Wen was highly critical of the poor returns on the enormous amount of investment that had been
poured into the S&T system since the commencement of the MLP. Between 2006 and 2012, RMB
4.3 trillion ($668.6 billion) had been invested in R&D, of which around half came from central
government appropriations.’> The conference noted that there was chronic waste and disorderly
implementation of development plans because of extensive duplication of activities and a deeply
fragmented bureaucratic apparatus, a focus on imitative rather than truly innovative projects, and
a lack of progress in developing core technologies.”® Many of these criticisms were echoed by
Wen in a leading Communist Party-affiliated journal, in which he judged that the “Chinese capac-
ity for indigenous innovation is weak, Chinese industrial technology is at a low level, and Chinese
basic and cutting-edge research is unimpressive.”’’

A number of steps were taken following the conference to address the shortcomings of the STI
system and undertake a course correction of the MLP. A policy document issued in September
2012 entitled “Opinions on Deepening Reform of the Science and Technology Management Struc-
ture and Speeding Up Construction of the National Innovation System” put forward a number of
initiatives. Key reforms that were highlighted included: 1) emphasizing the pivotal role of enter-
prises in innovation; 2) improving collaborative innovation between enterprises, universities, and
research institutes; 3) revamping the S&T management system by addressing compartmentaliza-
tion and improving performance evaluations; and 4) bolstering the governance regime such as by
strengthening IPR. This was followed in February 2013 with the unveiling of a ‘National Innova-
tion Capability Building Plan’ that was intended to make the national innovation system more
rational and integrated through efforts such as revamping national engineering centers, optimizing
the distribution of regional innovation capabilities around the country, and increasing R&D outlays
for enterprises.’®

While the MLP will continue to be an important roadmap to guide China’s S&T development to
the end of this decade, the interest and support for the plan in the Xi Jinping era is far less enthu-
siastic. Its chief supporter and architect Wen Jiabao retired in 2013, which deprives the MLP of a
high-level advocate, and Xi has turned his focus to new initiatives such as the innovation-driven
development concept and the Made in China 2025 and Internet Plus plans.

S For purposes of comparison, a conversion to dollars has been provided for all foreign currency amounts, using the
annual rate for the period December 17, 2014—December 17, 2015 from OANDA Corporation
(http://www.o0anda.com/currency/historical-rates/). For euros to dollars, the rate used was 1.0936; for RMB to dol-
lars, the rate used was .1555. The dollar equivalents may vary slightly from those given in sources cited in the re-
port.

76 “Chinese Top Leaders Call for Innovation in Science, Technology,” Xinhua, July 7, 2012,
http://news.xinhuanet.com/english/china/2012-07/07/c_131701407.htm.

" Wen Jiabao, “F& T TAERIJLA 17 &> [Several Problems Regarding the Science and Technology Work], H ¢
BUR %L [www.gov.cn], July 16, 2011, http://www.gov.cn/Idhd/2011-07/16/content_1907593.htm.

78 “China’s First Plan for Building Independent Innovation Capability Published,” Science and Technology Daily,
February 21, 2013.
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The Strategic Emerging Industries Initiative

Only a couple of years after the adoption of the MLP, the Chinese authorities began to draft a new
S&T development plan that was aimed at supporting innovation in what they viewed as areas of
vital strategic economic importance to the country’s long-term global competitiveness. This was
dubbed the Strategic Emerging Industries initiative (Zhanluexing Xinxing Chanye % B&VEHT 45
M) and was in response to the onset of the 2008 global financial crisis that threatened to seriously
dent China’s economic growth.’®

The SEI initiative offers an important broadening of the boundaries of what constitutes the strate-
gic innovation system, from its traditional national security-oriented, techno-nationalist orientation
to cover a more diverse and economically directed techno-globalist set of actors (especially pro-
vincial authorities and enterprises), and new development priorities. Central government agencies
involved in the management of the SEI plan include the National Development and Reform Com-
mission (NDRC), the Ministry of Commerce (MOFCOM), MOST, MIIT, the Ministry of Finance
(MOF), and the State Intellectual Property Office. The NDRC is in charge of a special ad hoc inter-
ministerial coordination group to formulate SEI plans and policies.

Seven newly industrializing sectors were selected to become the backbone of China’s next phase
of industrial modernization and technological development (Table 2). Four of these areas were
already included in the MLP, such as high-end equipment manufacturing, next-generation infor-
mation technology, biotechnology, and advanced materials. Alternative energy, energy efficient
and environmental technologies, and new-energy vehicles were added for the first time.

Each of these seven sectors has numerous subsectors identified for priority development, so the
actual footprint of the SEI plan is extensive. The high-end equipment manufacturing sector, for
example, covers the development of the aviation, railway, space, marine engineering, and intelli-
gent manufacturing equipment sectors. Of the seven industries, only the high-end equipment man-
ufacturing and advanced materials would also directly benefit the defense sector.

The State Council released a policy document in October 2010 that set out the scope and goals of
the SEI initiative. “The Decision on Accelerating the Development of Strategic Emerging Indus-
tries (145 B 58 T I35 B I F ik B M8 % 7 Ik 1 1 32 ) put forward a highly ambitious tar-
get of the SEIs to produce eight percent of GDP by 2015 and 15 percent by 2020.% It was not until
2012, however, that the central authorities began to issue concrete policies and measures to imple-
ment the plan. The principal document was the 2011-2015 12th Five-Year Plan on Development
of Strategic Emerging Industries, which laid down specific goals, sub-industry priorities, key pro-
jects, and supportive policies.! This was followed by several catalogues put out by the MIIT and

9 US-China Business Council, “China’s Strategic Emerging Industries.”

8 State Council, “Decision on Accelerating the Development of Strategic Emerging Industries,” October 2010,
www.gov.cn/zwgk/2010-10/18/content _1724848.htm.

81 State Council, “12th Five-Year Plan on Development of Strategic Emerging Industries,” July 2012,
www.gov.cn/zwgk/2012-07/20/content_2187770.htm.



http://www.gov.cn/zwgk/2010-10/18/content_1724848.htm
http://www.gov.cn/zwgk/2012-07/20/content_2187770.htm
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NDRC that provided classification of specific industries entitled for SEI policy implementation
and for detailed lists of technologies and products.®?

Table 2. The seven sectors of the SEI initiative

automobile industry

drive motors, electronic controls,
plug-in hybrid electric vehicle, battery
electric vehicle, and fuel cell electric
vehicle technology

new energy automotive industry;
advance R&D efforts and global
cooperation

Lead
SEI Focus Goal ministry(ies)
Energy-saving High efficiency and energy saving, By 2015, industrial added value | NDRC, MEP,
environmental industry | advanced environmental protection, | reaches RMB 4.5 trillion MIIT, MWR
key technology, equipment, products, | ($699.75 billion) (2 percent of
and services for resource recycling, GDP)
clean coal, seawater comprehensive
utilization
New information New mobile communication, next- Accelerate the construction of MIT
technology industry generation Internet, tri-networks the next-generation information
integration, cloud computing network; breakthrough in new
integrated circuits, new displays, generation IT technologies
high-end software, high-end servers,
information services, digital virtual
technology
Biology industry Biomedical, biomedical engineering | Attain economic growth and be | NDRC
products, bio agriculture, bio competitive in global markets by
manufacturing, marine biotechnology | 2015
High-end equipment Aviation equipment, satellites and Achieve RMB 6 trillion ($933 MIT
manufacturing industry | their applications, railway vehicles, billion) in sales in 2015, making
marine engineering equipment, up 15 percent of total equipment
intelligent manufacturing equipment | manufacturing industry; a pillar
for the national economy
New energy industry New generation nuclear power, solar | By 2015, proportion of new en- NDRC, MIIT
energy thermal applications, solar ergy consumption should reach
thermal and solar PV electricity, wind | 12—-13 percent
energy technology equipment, smart
grid, biomass energy
New material industry | New functional materials, advanced | By 2015, total industrial value MIT
structural materials, high-perfor- should reach RMB 2 trillion
mance fiber and composites (carbon | ($311 billion) with annual rate in-
fiber, aramid fiber, ultra-high molecu- | crease of 25 percent; popularize
lar weight polyethylene fiber), and 30 new materials
common basic materials
New-energy Key technologies for power cells, Cultivation and development of | MIIT

82 Ministry of Industry and Information Technology, “Classification Catalogue of Strategic Emerging Industries,”
November 2012, www.miit.gov.cn/n11293472/n11293832/n12845605/n13916913/14990105.html; National Devel-
opment and Reform Commission, “Guiding Catalogue for Strategic Emerging Industries’ Key Products and Ser-
vices,” February 2013, www.ndrc.gov.cn/zcfb/zcfbgg/2013gg/t20130307_531611.htm.



http://www.miit.gov.cn/n11293472/n11293832/n12845605/n13916913/14990105.html
http://www.ndrc.gov.cn/zcfb/zcfbgg/2013gg/t20130307_531611.htm
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The SEI initiative represents a spin-off from the mainstream techno-nationalist framework to the
incorporation of a more cooperative ‘techno-globalist’ oriented approach. One of the new guiding
principles is an emphasis on expanding international cooperation in all seven sectors to “make
better use of global S&T achievements” and allow Chinese firms to compete more effectively in
external markets.®® Another difference from the MLP is that the SEI is aimed primarily at devel-
oping technological capabilities for social and economic goals, such as tackling environmental
pollution and nurturing sustainable energy resources, while there is limited attention paid to na-
tional security considerations.

The ‘973’ National Basic Research Plan

The National Plan on Key Basic Research, more commonly known as the 973 Plan, was estab-
lished in 1997 under the management of MOST with the central goal of strengthening support for
early-stage basic research on major scientific issues related to economic and social development.®
Many of the key areas of scientific investigation designated by the 973 Plan are based on research
projects supported by the National Natural Science Foundation of China.

The plan originally supported seven areas that included agriculture, energy, information technol-
ogy, resources and environment, health sciences, materials science, and research at the major sci-
entific frontiers. Integrated multidisciplinary sciences were added as a focus area in 2003. An ad-
ditional four areas were added in 2006: nanotechnology, quantum control research, protein, and
development and reproduction.®

A key priority for the 973 Plan is cross-disciplinary research with the purpose of generating new
areas of scientific knowledge. The plan also seeks to support research teams led by junior and mid-
level scientists to nurture the next generations of scientific leadership.

From 1998 to 2004, the overall budget for the 973 Plan was RMB 4.2 billion ($653.1 million).
This nearly tripled to RMB 11.5 billion ($1.79 billion) during the 11th FYP.8® In an effort to reform
its S&T management system, however, MOST announced in January 2015 that the 973 Plan would
be merged with other major S&T plans by 2017. The aims of this reform are to further improve
innovation and to promote more efficient use of research funds by delegating power to independent
institutes in order to limit corruption in academic circles.®’

83 “Hu Jintao at 29th Politburo Collective Study Session Emphasizes Need to Firmly Seize Historic Opportunities
and Earnestly Step Up Efforts to Promote Rapid and Sound Development of Strategic Emerging Industries,” Xinhua
Domestic Service, May 31, 2011.

8 Ministry of Science and Technology, “National Basic Research Program of China (973 Program)” website, ac-
cessed October 14, 2015, http://www.most.gov.cn/eng/programmes1/200610/t20061009 36223.htm.

85 | % i FE RN 7T & R kI (973 1HK!)) KZEE” [Chronicle of Events: National Program on Key Basic Re-
search Project (973 Program)], H [E %4t F} 2% [China Basic Science] (2008/5): 61-63.

8 European Commission, Erawatch, “National Basic Research Development Programme (973 Programme)” ac-
cessed October 14, 2015, http://erawatch.jrc.ec.europa.eu/erawatch/opencms/information/country pages/cn/sup-
portmeasure/support_mig_0004.

8 Yi Junying, “H EBHIFE 2% 0 BOBT 8% T <863 484 4 I [Issuance of New Plan for Management of Sci-
entific Research Funding in China: 863 and Other Programs Will Be Eliminated], Xinhua News, January 8, 2015,
http://www.gh.xinhuanet.com/2015-01/08/c_1113917119.htm.
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The Five-Year Plans and Xi Jinping’s Innovation-Driven Development Strategy

Since China first adopted the Five-Year Plan model of economic management in 1953, it has be-
come, as Scott Kennedy points out, “the most authoritative statement of the leadership’s economic
priorities and identifies broad policies on how to achieve them.”® Like the Chinese economy, the
FYP has undergone considerable evolution since its establishment. From a mandatory planning
instrument during the central planning era, the FYP turned into a tool for coordination, guidance,
consensus building, and evaluation since the early 1990s and today is a “continuous cycle of pol-
icymaking.”8®

In the post-1978 reform and open door era, the FYPs have played an important but declining role
in contributing to the strong growth of the Chinese economy, which averaged 9.8 percent between
the 6th and 12th FYPs (Table 3).%° The 12th FYP almost certainly represents the end of the high-
growth era of Chinese economic development, which is reflected in the trajectory of declining
growth rates over the course of the plan. GDP growth in 2011 was an impressive 9.3 percent,
despite the continuing effects of the global financial crisis. Growth in 2012 and 2013 slowed to an
annual average of 7.7 percent, and further declined to 7 percent in 2014 and 6.9 percent in 2015.
The annual average growth of the 12th FYP was 7.8 percent, which was nearly one percent higher
than in the plan’s original outline.

S&T priorities assumed growing importance during the progress of the 12th FYP. The pace and
scale of R&D funding enjoyed robust growth and reached above 2 percent as a percentage of GDP
for the first time ever in 2013. This deepening investment was rewarded with a number of major
S&T accomplishments. The space sector was one of the stand-outs with the Shenzhou and Tian-
gong manned space flight plans, the Chang-e lunar exploration project, Gaofen-2 earth remote
sensing satellite, Kuaizhou solid rocket launch vehicle, and the Beidou satellite navigation plan.
Other notable achievements included the development of Jiaolong unmanned underwater vehicle,
Tianhe-2 supercomputer, high-temperature superconductors, and important advances in stem cell
research. Minister of Science and Technology Wan Gang also pointed out progress in transporta-
tion technologies, such as the increase in the speed of China’s high speed rail locomotives from
250 to 380 km/hour and an increase in the number of alternative energy vehicles operating in China
to 120,000. Progress has also been made in information technologies, including advancements in
the Internet industry, e-commerce, domestic CPUs, and operating systems, and China has estab-
lished the world’s largest 4G telecommunications network with 70 million users.®? While these

8 Scott Kennedy, “Impressions of the 13th FYP Proposal,” in State and Market in Contemporary China: Toward
the 13th Five-Year Plan, ed. Scott Kennedy (Lanham, MD: Center for Strategic and International Studies and Row-
man & Littlefield, 2016), 48—49.

8 Qliver Melton, “China’s Five-Year Planning System: Structure and Significance of the 13th FYP,” in Kennedy,
State and Market in Contemporary China, 42-43.

% For a good overview, see Barry Naughton, Growing Out of the Plan: Chinese Economic Reform, 1978-1993
(Cambridge: Cambridge University Press, 1996).

[ 4K T (A RIRIE B RG2S KBS+ A I ST sb AR 25 [Mid-
term Evaluation Report of the State Council on the Implementation of the Outline of the Twelfth Five-Year Plan for
National Economic and Social Development of the People’s Republic of China], National People’s Congress, Na-
tional Development and Reform Commission website, April 9, 2014, http://www.npc.gov.cn/npc/xinwen/2013-
12/26/content_1820964.htm.

92 “MOST Minister Wan Gang Discusses S&T Reform and Development.”
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results are encouraging, in overall terms they represent a meager return for the enormous amount
of resource allocations that have been expended on S&T. Total state expenditures on S&T during
the 12th FYP was around RMB 3 trillion ($466 billion).%

In the search for a new development model, the Chinese authorities have sought to embrace the
market to spur sustainable long-term growth and pave the way for a more market-oriented and
bottom-up approach to innovation. This was underlined at the Third Plenum of the 18th Party
Central Committee in November 2013 with the issuance of the “Decision on Major Issues Con-
cerning Comprehensively Deepening Reform.” This decision is an ambitious statement of intent
by Xi to undertake major reforms on numerous fronts, including in the economic, STI, social, and
defense domains. One of the central points highlighted in the plenum document was that reforms
should allow the “market to play a decisive role in allocating resources.”%*

Table 3. Annual average GDP growth in China between the 6th and 12th Five-Year Plans

GDP growth
Five Year Plan (average annual %)
6th (1981-1985) 10.8
7th (1986-1990) 8.0
8th (1991-1995) 12.3
9th (1996-2000) 8.6
10th (2001-2005) 9.8
11th (2006-2010) 11.3
12th (2011-2015) 7.8
13th (2016-2020) 6.5 (13th FYP)
6.6 (World Bank)
5.54 (EIU)
6.2 (IMF)
6.4 (Rhodium Group)

Notes: For historical GDP data, see the World Bank, “GDP Growth (Annual %),” accessed February 19, 2016,
http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG. The World Bank 2016—2020 forecast is an average of esti-
mates provided for the years 2016 and 2020. All other forecasts are averages of estimates provided for 2016-2020.
The Rhodium Group forecast is its forecast for a soft landing. For World Bank, EIU, and IMF forecasts, see Knoema,
“China GDP Growth Forecast 2015-2020 and Up to 2060, Data and Charts,” accessed February 19, 2016,
http://knoema.com/loggwx/china-gdp-growth-forecast-2015-2020-and-up-to-2060-data-and-charts. For the Rhodium
Group forecast, see Daniel H. Rosen and Anna Snyder, “China’s Outlook: Now and in 2020,” Rhodium Group, August
8, 2014, http://rhg.com/notes/chinas-outlook-now-and-in-2020.

93 State expenditures on S&T for 2011-2013 come from National Bureau of Statistics and Ministry of Science and
Technology, 2014 China Statistical Yearbook on Science and Technology (Beijing: China Statistics Press, 2014), 15.
The figure for 2014 comes from the “2014 Statistical Bulletin of National S&T Investment,” Xinhua, November 23,
2015. The 2015 figure is an estimate based on the same ratio of S&T expenditure as a percentage of total govern-
ment expenditures as in the previous year.

% “CPC Acknowledges Market’s “Decisive” Role,” Xinhua, November 12, 2013, http://news.xinhuanet.com/eng-
lish/china/2013-11/12/c_132882359.htm.
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In the STI arena, the Chinese leadership has come up with the concept of “innovation-driven de-
velopment ([E ZX Q#1285 & J&),” which represents a significant shift from the state-led top-down
approach that has been the dominant model of STI development over the past few decades.®

While “innovation-driven development” was first mentioned as a major new initiative at the 18th
Party Congress in 2012, it was not until 2014 that it began to be fleshed out by Chinese leaders.
At a meeting of the Financial and Economic Affairs Leading Group (FEALG) in August 2014, Xi
ordered the NDRC and FEALG to take the lead to formulate detailed guidance for implementation
of the innovation-driven development strategy. This resulted in the issuance of the “Opinions on
Accelerating Implementation of the Innovation-Driven Development Strategy through Strength-
ening Institutional Reforms” by the State Council in March 2015.%

It is noteworthy that the drafting process was led by the NDRC and FEALG because these two
entities are heavyweight players in economic policymaking and have significantly more bureau-
cratic clout and political influence than ministerial-level organs such as MOST. One important
caveat is that the NDRC is a leading bastion of conservative state planning in Chinese economic
policymaking and implementation, and has reportedly clashed with more reform-minded leaders
about its willingness to carry out reform initiatives, such as over urbanization policy.®” There have
been some efforts in the past few years to tackle the NDRC’s deep-rooted anti-reform skepticism,
such as appointing pro-reform outsiders like current NDRC director Xu Shaoshi and deputy direc-
tor Liu He to its leadership and rolling back its approval authority for major projects. %

The Opinions contain a number of major reform targets:

1. Identify and remove institutional barriers to innovation. Key areas of focus include over-
hauling the IP protection system and removing industrial monopolies, which the central au-
thorities have long advocated but have been stymied by powerful vested interests.

2. Improve the incentive structure for innovation outcomes for researchers so that they are
better rewarded for their work, such as the ability to earn payment and equity rights to their
innovations.

BT ST IRABIEL B 8 1 J L 225 [Li Naisheng: Several Considerations on Deepening S&T Sys-
tem Reform] ' [E # & FIRHIF 151K [China Education and Research Network], September 14, 2015,
http://www.edu.cn/zhuan_jia_ping_shu_1113/20131204/t20131204 1047871 .shtml. Xi quoted in “FHZ 55T H &
P = [ 5 S R VRIS A B A R AT 45 R SR T ()3 17 [Notice on MOST Beginning 13th
FYP National Key R&D Plan to Prioritize Key R&D Tasks by Soliciting Suggestions], February 13, 2015,
http://www.most.gov.cn/mostinfo/xinxifenlei/fgzc/gfxwi/gfxwj2015/201502/t20150216_118249.htm.

96 st i ofe [E] 46 58 56 TP AR AR 5020 R SE2 s 11387 3 30 % JEE W £ 45 -7 L [CPC Central Committee
and State Council Opinion Regarding Deepening the Reform of Institutional Mechanisms, Accelerating Implemen-
tation of Innovation-driven Development Strategy], #i &4+ [Xinhua News], March 13, 2015,
http://www.gov.cn/xinwen/2015-03/23/content_2837629.htm.

9 For background on NDRC’s institutional roots and areas of responsibility, see Gregory C. Chow, “Economic
Planning in China,” Princeton University Center for Economic Policy Studies Working Paper No. 219, June 2011,
https://www.princeton.edu/ceps/workingpapers/219chow.pdf. See also Peter Martin, “The Humbling of the NDRC:
China’s National Development and Reform Commission Searches for a New Role Amid Restructuring,” China Brief
14, No. 5, March 6, 2014, http://www.jamestown.org/programs/chinabrief/sin-

gle/?tx_ttnews%5Btt news%5D=42057&cHash=8866680e4f4e57e8997beb2cfbaa7aaa#.VsN6gMeMIFc.

9 “The Humbling of the NDRC.”



http://www.edu.cn/
http://www.edu.cn/zhuan_jia_ping_shu_1113/20131204/t20131204_1047871.shtml
http://www.gov.cn/xinwen/2015-03/23/content_2837629.htm
https://www.princeton.edu/ceps/workingpapers/219chow.pdf
http://www.jamestown.org/programs/chinabrief/single/?tx_ttnews%5Btt_news%5D=42057&cHash=8866680e4f4e57e8997beb2cfbaa7aaa#.VsN6qMeMlFc
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3. Reform the S&T research system, especially the roles played by research institutes and
university research units, through improved or new mechanisms for technology transfer and a
better supporting system for the conduct of basic research.

4. Strengthen and develop financial innovation mechanisms, by scaling up venture capital
investment, expanding the role of the capital markets to supporting technological innovation,
and broadening indirect financing channels.

5. Establish robust and institutionalized market-oriented mechanisms to promote innova-
tion, such as allowing the business sector a greater voice in government innovation decision-
making, placing companies at the forefront of the commercialization of innovation, and pay-
ing more prominence to indirect regulatory mechanisms such as fiscal, taxation, and procure-
ment policies.

Additional policy recommendations address the cultivation of human talent, international coop-
eration, and strengthening policy coordination and governance regimes.

This innovation-driven development strategy (IDDS) was officially promulgated by the Chinese
authorities in May 2016 and provides a “top-level design and systemic plan” for China’s innova-
tion over next 30 years.% Specifically, the IDDS charts three stages of turning China into global
innovation champion:

1. Becoming an “innovative country” by 2020: This means forging an innovation-friendly en-
vironment with improved intellectual property protection, better incentives, and a compre-
hensive set of policies and regulations.

2. Joining the leading edge of advanced innovation countries by 2030: The goal is for China
to enter the ranks of the world’s top tier of innovation leaders in select areas by the end of the
next decade.

3. Becoming a strong global innovation power by 2050: The aspiration is for China to be-
come the world’s most advanced science and technology country by the middle of this cen-
tury.

In a speech at the National Science, Technology, and Innovation Conference in May 2016, Xi
explained the key themes of the IDDS, which included: 1) emphasizing the importance for China
to develop original and cutting-edge innovation; 2) promoting the development of big science pro-
jects; 3) finding a better balance between the role of the state and market in innovation develop-
ment; and 4) stressing that innovation was not simply about science and technology but also in-
cluded the innovation of institutional mechanisms.1%

The 13th FYP ushers China into a new phase of economic growth in which it faces increasingly
challenging headwinds that will significantly affect the speed and nature of its economic and S&T
development. The Chinese authorities acknowledge that the country is “entering a new normal of

% Ministry of Science and Technology, Outline of the National Strategy of Innovation-Driven Development, May
23, 20186, http://www.china.com.cn/zhibo/zhuanti/ch-xinwen/2016-05/23/content 38515829.htm.

100 X Jinping’s speech on “Struggle To Build a Strong Country in Science and Technology of the World” to the Na-
tional Science and Technology Innovation Conference, Conference of Academicians of the Chinese Academy of
Sciences and Chinese Academy of Engineering, and 9th National Congress of the Chinese Association for Science
and Technology, Xinhua Domestic Service, May 31, 2016.
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economic development and facing not only great strategic opportunities but complicated and tough
challenges.”%! Technological innovation is being highlighted as a core component in the estab-
lishment of a new development model. The leadership is also keen to ensure that the long-range
S&T objectives that it had set out in the MLP will be met by the end of this decade. The authorities
point out that, “the five years from 2016 are a critical stage for building a moderately prosperous
society in all aspects. The 13th Five-Year Development Plan will focus on realizing this goal.””1%?

The authorities have highlighted a number of areas to which the 13th FYP will pay particular
attention:

1.

Agriculture: Support for key agricultural research in high-yield crops, the control and pre-
vention of agricultural pollution, amelioration of heavy metal pollution, smart agricultural
equipment, livestock, food processing, storage and transportation, and the efficient use of
marine fisheries and forestry resources as well as research into livable towns.

Energy: Support for research into energy efficient and new energy technologies, including
clean coal technologies, renewable energy, alternative energy, nuclear energy, and nuclear
safety, as well as basic research into smart grid technologies.

Industry: Support for research in smart manufacturing, key and basic materials, new mate-
rials, precision and standard parts, manufacturing processes, major equipment, big data,
cloud computing, broadband communications, network security, remote sensing, and navi-
gation and positioning as well as the services generated from these technologies.

Environment: Support for environmental research into clean water, clean soil, ecological
restoration, hazardous chemical management, deep water, oil, gas, and mineral resources
exploration, waste material resources, marine engineering equipment, natural disaster moni-
toring and early warning systems, and basic research into climate change.

Health: Support for research on the prevention and control of major diseases, vaccine de-
velopment, early drug development, the modernization of traditional Chinese medicine, re-
productive health, in vitro diagnostics, biomedical materials, mobile health, bio-manufactur-
ing of chemical products, and food safety.

New-type urbanization: Support for research into smart cities, green buildings and indus-
trialization, transportation and smart transportation, rail transportation, public safety and
emergency rescue.

Basic research related to national strategic requirements: Support for research into tech-
nologies deemed to be of strategic importance, especially through the use of large-scale re-
search facilities, with the goal of achieving important technological breakthroughs in the
next 10 years. This includes nanotechnologies, stem cells, proteins, child development and
reproduction, quantum control, and climate change as well as deep space, deep sea, deep
underground, and blue water research.

Major international science projects: Support for China’s participation in major interna-
tional S&T projects, especially those that assist China’s integration into global innovation
networks. 1%

101 «“Nation Outlines Goals for 13th Five-Year Plan,” Xinhua, July 21, 2015.
192 1bid.
103 «“Notice on MOST Beginning 13th FYP National Key R&D Plan.”



43

In addition, there is an emphasis on bioengineering, new materials including carbon fiber and gra-
phene, and a 5G telecommunications network. %

The Made in China 2025 and Internet Plus Plans

The two major plans guiding Chinese industry for the next 10 years and beyond are the Made in
China 2025 and the Internet Plus plans, released in May and July 2015, respectively (see Figure
6). Although not officially linked, taken together the plans are a response to broad trends in global
manufacturing and IT development that has been dubbed “Industry 4.0” or the fourth industrial
revolution after the steam, electrical power, and computer revolutions. Industry 4.0 leverages nine
technology areas: autonomous robots, simulation, horizontal and vertical integration, the Internet
of Things (loT), cybersecurity, cloud computing, additive manufacturing, augmented reality, and
big data and analytics.%

According to the Boston Consulting Group,

Industry 4.0 will make it possible to gather and analyze data across machines, enabling
faster, more flexible, and more efficient processes to produce higher-quality goods at re-
duced costs. This in turn will increase manufacturing productivity, shift economics, foster
industrial growth, and modify the profile of the workforce—ultimately changing the com-
petiveness of companies and regions. 1%

Both plans offer a mixture of new policy initiatives as well as a continuation of current measures,
but much of the implementation remains undefined. The major new emphasis of both plans is a
reliance on market principles instead of government direction to spur innovation. At the same time,
both plans take a “megaproject” approach by prioritizing certain industries. Although specific im-
plementation measures have not been announced, they will most likely include increased funding,
perhaps through quasi-government investment funds, for mergers and acquisitions (M&A) as well
as R&D, and policy measures to spur innovation by micro, small, and medium enterprises.

108 oo — J JAHMEE K TREQHTTHRI AW TAEF A R BN ] [The 13th FYP Mega Projects Innovation Plan
Pushes Bioengineering and New Materials], Xinhua, June 17, 2015, http://news.xinhuanet.com/finance/2015-
06/17/c_127924425 .htm.

105 The “Internet of Things” is the linkage of sensors and actuators embedded in physical objects through wireless
networks, often using the same Internet protocol (IP) that connects the Internet. Michael Chui, Markus Loffler, and
Roger Roberts, “The Internet of Things,” McKinsey Quarterly, March 2010, http://www.mckinsey.com/in-
sights/high_tech_telecoms_internet/the internet of things.

106 Michael RuBmann Lorenz, Markus Lorenz, Philipp Gerbert, Manuela Waldner, Jam Justus, Pascal Engel, and
Michael Harnisch, “Industry 4.0: The Future Productivity and Growth in Manufacturing Industries,” Boston Con-
sulting Group, April 2015, 4.
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Made in China 2025

Chinese leaders and policy planners recognize that the country’s economic competiveness and
national security rest on a strong and advanced manufacturing base.'%” China’s competiveness,
however, is being eroded as it becomes less attractive as the world’s low-cost manufacturer. In
response, global manufacturers have begun to look at ways of increasing productivity that depend
less on where a company builds or sources its products and more on a holistic approach that takes
into account other factors such as market size, logistics, and energy prices. As part of this approach,
companies worldwide are increasingly turning to advanced manufacturing techniques and tech-
nologies to achieve the productivity gains and lower costs once associated with destinations such
as China (see Box 1). Made in China 2025 appears to be a direct response to this trend.

Compared to the MLP and SEI, Made in China 2025 is different in several respects. First, it focuses
on the entire manufacturing sector and industrial processes, not just innovation or a specific indus-
try. Development of traditional industries and modern services are also promoted in the plan. Sec-
ond, market mechanisms are more prominent than in the MLP or SEI. Enterprises, especially small
and medium enterprises, are expected to play more important roles. Despite those differences,
Made in China 2025 inherits some key components of these other plans. The megaproject format
will still serve as a major mechanism to support S&T projects. Meanwhile, many of the industries
listed as priorities in Made in China 2025 have also been included in the SEI.1%8

A State Strong Manufacturing Power Building Leading Small Group ([ 5% fill i 5 [F 2 % 45 5 /s
#H) led by Vice Premier Ma Kai and administered by MIIT has been established to oversee the
plan. It will coordinate efforts to improve China’s manufacturing sector across state agencies and

among all levels of government as well as to review major plans, policies, projects, and important
work. 1%

Made in China 2025 Origins

Made in China 2025 was first proposed in a government work report by Premier Li Keqiang in
March 2015 and is the country’s first ten-year blueprint to empower China through manufacturing
by encouraging innovation and raising efficiency. This initiative is based on research results from
a joint project begun in 2013 by the Chinese Academy of Engineering (CAE) and MIIT that sought
ways to raise the quality of Chinese products and reshape the country as a manufacturing power. 1
The project concluded that manufacturing is essential for China to build itself into a world power.
However, China’s manufacturing sector is facing severe internal and external challenges.

107 e [H il i 20257 g 15l iE 9 [E 2 % [“Made in China 2025”: The Way to Become A Manufacturing Power],
Xinhua, March 23, 2015, http://news.xinhuanet.com/comments/2015-03/23/c _1114725622.htm.

107 Scott Kennedy, “Made in China 2025,” Center for Strategic & International Studies, June 1, 2015,
http://csis.org/publication/made-china-2025.

108 State Council, “[E 45 B TEI & A [ i 2025) i %0” [Made in China 2025 Plan Unveiled to Boost
Manufacturing], May 8, 2015, http://www.gov.cn/zhengce/content/2015-05/19/content 9784.htm.

109 <8 I3 Jfg 37 1Bl 5 i g i |6 2 e A5 /NAH S B4R 2H 4K [State Council Establishes State Strong Manufacturing
Power Building Leading Small Group Headed by Ma Kai], A K/ [People’s Net], June 24, 2015, http://poli-
tics.people.com.cn/n/2015/0624/¢1001-27201253.html.

10 A= pram i) R THRI: A E & 20257 [Li Keqgiang’s Flagship Plan: Made in China 2025], ifeng.com, March
11, 2015, http://finance.ifeng.com/a/20150311/13545234 0.shtml.
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Box 1. Advanced Manufacturing

Advanced manufacturing, defined “as a set of highly flex-
ible, data-enabled, and cost-efficient manufacturing pro-
cesses,” and called “Industry 4.0” by some, offers the po-
tential to reduce production costs by 20-40 percent by

e Industrial I0Ts to connect sensors and field devices
so that they can interact in order “to decentralize
analytics and decision making, enabling real-time

harnessing the power of information technology to ad- FeSpONSes. ) . i

vance manufacturing processes. Characterized as a ¢ Cloud computing to increase data sharing across
fourth wave of industrial advancement that follows the the usual boundaries to “enable more data driven
steam power revolution, the widespread use of electric- services for production systems.

ity, and the adoption of automation, this new wave will e Autonomous robots, which will enable “manufactur-
feature interconnected networks of sensors, machines, ers to cost-effectively produce items at smaller
workpieces, and IT systems, making it possible ““to scale while also enhancing quality.”

gather and analyze data across machines, enabling
faster, more flexible, and more efficient processes to pro-
duce higher-quality goods at reduced costs."*

e Integrated computational materials engineering to
build and test products virtually before they are
manufactured to enable companies to build prod-

. . ucts “better, faster, and cheaper.”
According to the Boston Consulting Group, advanced P

manufacturing will lay “the foundation for the adoption of  Digital manufacturing to virtually create production
new business models, production processes, and other lines in order to optimize work flow.

innovations.” Advanced manufacturing technologies e Industrial Internet and flexible automation to

can enable companies to customize products, make facilitate communication between manufacturing
smaller batches for specific customers, rapidly adjust equipment lines in order to automatically adjust
production lines to accommodate for design changes, production.

and shorten R&D cycles by generating prototypes faster.
It can also stimulate innovation by “allowing the creation
of new kinds of products that are not cost effective when

e Additive manufacturing to make small batches of
products and reduce material waste.

using conventional processes.” e  Cybersecurity to protect these increasingly
interconnected industrial processes from computer
Advanced manufacturing leverages several trends: a network attack.*

larger role for IT in the manufacturing process; increas-
ing use of modeling and simulation to improve manufac-
turing processes; acceleration of innovation in global
supply chain management; increasing flexibility to meet
customer needs; and more sustainable manufacturing.
These trends will be expressed through the adoption of
technologies that link hardware, software, businesses,
and customers through networking and other information
technologies. Technologies that figure large in this vision

A 2012 assessment of global advanced manufacturing
trends argues that the coordinated use of these technol-
ogies forms “an enterprise-level concept of advanced
manufacturing” where advances take place “through
tighter integration of R&D and production, mass custom-
ization, increased automation, and a focus on the envi-
ronment without increasing costs or sacrificing perfor-
mance.” These trends will push advanced
manufacturing toward “new frontiers,” “with automated

include: processes based on sensors, robots, and condition-

 Big Data to collect data from multiple sources such SEESEE SIS (RN 112 TEE ey Ve MIESvE
as production and customer management systems tion, while providing information to drive process im-
to improve quality control, save energy, and provement.”

improve equipment service.
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Internally, although China’s manufacturing sector is the largest in the world, it is still weak in terms
of core technology and innovation and is perceived as producing low-quality goods and lacking
globally recognized brands. China’s manufacturing sector is also inefficient and a major polluter.
The sector’s industrial structure also suffers from decades of top-down central planning that means
that it does not respond efficiently to market forces and suffers from excess capacity. 11!

Externally, China is being squeezed out of the low-end market by low-cost competitors such as
Vietnam. At the same time, Chinese manufacturers do not have the technological sophistication of
competitors from advanced industrialized economies. Moreover, manufacturing has become a new
focus of global economic competition, with developed countries introducing strategies and plans
to revitalize their manufacturing sectors. Most notable is Germany’s “Industry 4.0” plan from
which the Made in China 2025 plan draws inspiration.'*? The main difference between China’s
plan and the plans of developed countries, however, is that while the manufacturing base of coun-
tries such as the United States and Germany is already developed, the development level of China’s
manufacturing sector remains uneven. As a consequence, China is faced with the daunting chal-
lenge of upgrading many backwards industries to current levels of manufacturing before it can
aspire to tap the potential of a potentially new manufacturing revolution.

Made in China 2025 Goals

The Made in China 2025 plan outlines a three-step strategy for China to comprehensively upgrade
its industrial economy and achieve its stated goal of becoming a world-leading manufacturer by
the one-hundredth anniversary of the founding of the People’s Republic of China in 2049. The first
step is to make significant advances in innovation as well as manufacturing efficiency to realize
basic industrialization by 2025. The second step is to be able to compete with the developed man-
ufacturing powers by 2035. The last step is to be a leading world manufacturer. To achieve this
goal, Made in China 2025 sets up clear principles, tasks, tools, and focused sectors. 4

The plan’s guiding principles are to establish innovation-driven manufacturing, emphasize quality
over quantity, achieve green development, optimize the structure of Chinese industry, and nurture
human talent. The plan states that a number of favorable policies will be introduced to deepen
institutional reforms, strengthen financial and tax support, complete a multi-level talent training
system, facilitate small and micro enterprises, and improve organization and implementation
mechanisms.

WL (rh[E g 2025) MRz DY 3R i s E (4745 3R BT %538 [Interpret ‘Made in China 2025”: The
Task Is Arduous and Urgent], MIIT website, May 19, 2015,
http://www.miit.gov.cn/n11293472/n11293832/n11294042/n11481465/16595213.html.

Wz (e [H filiE 2025) e = FRIE S b A R T I 1T A AR ST [Interpret “Made in China 2025”: Situa-
tion and Environment Facing China’s Manufacturing Industries], Xinhua, May 19, 2015,
http://news.xinhuanet.com/finance/2015-05/19/c_127818527.htm.

WS e [®/ ) Tk 4.0 i8I, EBEEN A (4 [E fiiE 2025) ” [China’s Industry 4.0 Plan, The State Council Issued
“Made in China 2025”], sohu.com, May 20, 2015, http://auto.sohu.com/20150520/n413369391.shtml.

14 o ([ i3 2025) fFiEz /N i 5 D =20 B B [Interpret “Made in China 2025”: “Three-Step”
Strategy to Become A Manufacturing Power], MIIT website, May 19, 2015,
http://www.miit.gov.cn/n11293472/n11293832/n11294042/n11481465/16595227.html.

115 “Made in China 2025 Plan Unveiled to Boost Manufacturing.”
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Nine tasks have been identified as leading priorities:

1.
2.
3.

© o N ook

Enhance the national innovation capability in manufacturing.
Advance integration of information technologies and industrialization.

Strengthen industrial capability in core components, advanced basic technologies, key basic
materials, and the industrial technology base.

Enhance quality and brand-building.

Push green manufacturing.

Vigorously promote development in key areas.

Further promote structural adjustment of the manufacturing sector.
Actively develop service-oriented manufacturing and producer services.
Raise the level of the internationalization of manufacturing development.

To fulfill these tasks, the plan introduces five sub-plans intended to facilitate government involve-
ment when market mechanisms alone are insufficient:

1.

Manufacturing innovation center (industrial technology research base) construction
plan: Establish 15 manufacturing innovation centers by 2020 and 40 by 2025 to conduct
R&D on basic and common technologies for key industries.

Intelligent manufacturing plan: Significantly improve the level of intelligent manufactur-
ing in key areas by 2020 through the integration of new information technologies and equip-
ment innovation.

Core industrial capability strengthening plan: Support development in core components
and industrial technology and raise the ratio of domestic core components and materials to 40
percent by 2020 and 70 percent by 2025 of overall supply, which is currently dominated by
foreign products with more than 80 percent in certain areas.'®

Green manufacturing plan: Implement a special technological transformation project in
traditional manufacturing sector and cut emissions by 20 percent by 2020, compared to the
2012 level .1’

High-end equipment innovation plan: Establish independent design and manufacture of
advanced equipment capabilities in aviation, transportation, marine engineering, manufactur-
ing, nuclear, and healthcare by 2020.

116 7hu Minghao, “SZi 1|38 5 [ 200 4% o) 4 FERE AR [Need to Work on Core Components to Become a Manufac-
turing Power], # & Tk [China Industry Review], August 3, 2015, http://www.chinaeinet.com/article/de-
tail.aspx?id=10690; Huang Xin, “F5 52 fii 5 K458 [Lay a Solid Foundation to Grow Stronger], £:35F H1k [Eco-

nomic Daily], February 26, 2014, http://paper.ce.cn/jjrb/html/2014-02/26/content_189990.htm.
117 Manufacturing Power Strategic Research Committee, Research on the Manufacturing Power Strategy (Beijing:
Publishing House of Electronics Industry, 2015), 263-77.
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Made in China 2025 Industry Support
In addition to the five sub-plans, the plan also prioritizes 10 industrial sectors for policy and fund-
ing support. Each is discussed in further detail below. The 10 sectors are:

© oo N Ok wd PR

New generation information technology
Automated machine tools and robotics
Space and aviation equipment

Maritime equipment and high-tech shipping
Modern rail transportation equipment

New energy vehicles and equipment

Power generation equipment

Agricultural equipment

New materials

10. Biopharma and advanced medical products

NEW GENERATION INFORMATION TECHNOLOGY INDUSTRY
Efforts to promote the next generation of information technology will focus on three main tech-
nology areas: microchips and associated equipment, information and communication equipment,
and processor systems and industrial software.

1.

Microchips and associated equipment: China has identified microchips as a critical founda-
tional component of its high-tech industrial economy. Microchips, also known as semiconduc-
tors or integrated circuits, are small electronic devices made up of a collection of resistors,
capacitors, and transistors on a small chip. Microchips are used in nearly all modern electronic
devices and have become the foundation of the computing revolution.

The plan will focus on raising the technological level of Chinese microchips and improving
core intellectual property and design tools. Prioritization of microchip research will be on mak-
ing breakthroughs in core chips related to information security and the electronics industry and
promoting the use of domestic chips. It will also focus on mastering high precision packaging
and additive manufacturing technologies in order to improve the independent development
capability of the packaging industry.

Information and communication equipment: This area will focus on enabling Chinese in-
dustry to master technologies related to new types of computing, high-speed Internet, advanced
storage, and systems-level security. It will have the goal of making breakthroughs in 5G com-
munications technology, processors and servers, ultra-high-speed, large-capacity intelligent
optical transmission technologies, and “future network” (KM #%) technologies. Industry
will pursue advancements in quantum computing and neural networks and will research and
develop high-end servers, large capacity storage, new types of routers, new types of intelligent
terminals, next-generation base stations, and network security equipment.

Processor systems and industrial software: The focus will be on developing operating sys-
tems in information security and making breakthroughs in intelligent design and simulation,
and industrial software, such as manufacturing IoT and big data for industry. Industry will be
encouraged to develop high-end autonomous control industrial platforms and related applica-
tion software and establish improved integrated standards for industrial software.
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HIGH-END NUMERICAL CONTROL EQUIPMENT AND ROBOTICS

The high-end numerical control equipment domain will focus on developing precision, high-speed,
highly efficient flexible computer numerical control and basic manufacturing equipment and inte-
grated manufacturing systems. It will seek to increase the speed of numerical control and additive
manufacturing technologies and equipment. With reliability and precision as the focus, industry
will develop high-end numerical control equipment, servomotors, bearings, and gratings.

China’s principal goals in the robotics area are to actively develop new products, promote stand-
ardization, modular development, and expand market applications of robotics in the automobile,
mechanical, electronics, hazardous materials, national defense, chemical, light, healthcare, and
domestic services industries. Another key goal is to make breakthroughs in the integrated design
and manufacturing of robot bodies, reducers, sensors, servomotors, control equipment, and drivers.

AVIATION AND SPACE

China’s goals for its aviation industry are to speed up the development of large commercial single-
aisle aircraft and to begin R&D of wide-body aircraft. It will encourage foreign participation in
the R&D of large helicopters and promote regional aircraft, helicopter, unmanned aerial vehicles,
and general aviation industrialization. The industry will seek to establish an independent capability
to manufacture advanced engines and make breakthroughs in high thrust to weight ratio and ad-
vanced turboprop engines and high bypass ratio turbofan engines. It will also strive to develop
advanced mechanical equipment and systems and form a comprehensive research, development,
and production chain.

China’s space industry, on the other hand, will develop a next generation of launch vehicles and
heavy launch vehicles. It will expedite the development of national civil-use space infrastructure,
new types of satellites, air-space-ground broadband Internet systems, long-term, persistent satellite
remote sensing, communications, and navigation technologies, promote human spaceflight and
lunar exploration, and develop deep space exploration at a moderate pace. While no definition has
been given as to what “moderate pace” means, it could suggest that priority is being placed on
remote sensing, communication, and navigation over manned space flight and lunar exploration.

MARINE ENGINEERING EQUIPMENT AND HIGH-TECHNOLOGY SHIPPING

China aims to develop deep-sea exploration and resource extraction, and marine industrial support
equipment. It will promote the development of deep sea stations and large-scale floating structures
and will form a marine engineering equipment testing, monitoring, and appraisal capability to im-
prove marine resource use. The industry will also focus on making breakthroughs in luxury cruise
liner design and manufacturing, improving the international competitiveness of its liquid natural
gas carriers, and mastering the integration of components and equipment.

ADVANCED RAIL TRANSPORTATION

China’s goal for its railway industry is to quicken the application of new materials, new equipment,
and new processes. It will seek to achieve key breakthroughs in safety and environmentally
friendly and digitally networked technologies and will research and develop advanced and reliable
products and products that are light, modularized, and pedigreed. The ultimate goal is to develop
a world-class rail transportation system that occupies the higher end of the global industrial chain
and is environmentally friendly and able to meet customer needs.
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ENERGY EFFICIENT AND ALTERNATIVE ENERGY VEHICLES

China will continue to support electric vehicles and fuel cell vehicle development and work to
master low carbon, informationized and intelligent technologies. It will improve electric propul-
sion, drive motor, high efficiency internal combustion engines, advanced transmissions, light-
weight materials, and intelligent controls.

ELECTRICAL POWER GENERATION EQUIPMENT

China will promote large-scale clean coal technologies, high-capacity hydropower plants, nuclear
power plants, and heavy-duty gas turbines. It will promote the development of alternative energies,
renewable energy technologies, advanced energy storage devices, and smart electrical grids at the
transmission and end-user levels. It will also promote the manufacture of high-power electrical
devices and high-temperature materials.

AGRICULTURE

China will focus on the development of grains, cotton, oil, and sugars and other staple foods as
well as economic education on advanced equipment used in farming and on the management, col-
lection, transportation, and storage of agricultural products. It will quicken the development of
large tractors and farm implements, large-scale high-efficiency combines, and their core technol-
ogies. and improve the ability of agricultural equipment to collect information, make smart deci-
sions, and work with greater precision.

NEW MATERIALS

New materials can allow technologies to be more efficient or faster, or to add new capabilities.
Development of new materials will focus on specialty metals, high-performance structural mate-
rials, functional polymers, inorganic nonmetals, and advanced composites. The plan will acceler-
ate the development of advanced melting, solidification molding, vapor deposition, profile pro-
cessing, the efficient synthesis of new materials, and other key technologies and equipment. It will
strengthen basic research and breakthrough industrialization bottlenecks. The development of
dual-use materials is highlighted, as well as the need to speed up their transformation into products
and to pay attention to disruptive materials such as superconductors, nanomaterials, graphene, and
biological materials.

BIOMEDICAL AND HIGH-PERFORMANCE MEDICAL EQUIPMENT

The plan calls for the development of pharmaceuticals, traditional Chinese medicine, and biolog-
ical technologies for major diseases. This includes new mechanisms and targets for chemical
agents, antibody drugs and antibody conjugates, new structures of protein and peptide drugs, new
vaccines, and clinical medicines. It will also focus on the development of imaging equipment,
medical-use robots, biodegradable stents, wearable medical products, telemedicine, bio 3D print-
ing, and stem cell technologies and applications.

The Internet Plus Plan

Another major initiative to transform Chinese industry is the Internet Plus plan, which is intended
to encourage the development of e-commerce, industrial networks, Internet banking, and to in-
crease the international presence of Chinese Internet companies. The official purpose of Internet
Plus is “to more deeply integrate the internet with the economy and society” by fostering new
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industries and public services.!® Similar to the Made in China 2025 plan, Internet Plus will be led
by an inter-ministerial group and an advisory committee.

Internet Plus has four foci. The first is to transform China’s traditional, labor-intensive manufac-
turing sector into an IT-driven base that is more efficient and can expand its market reach globally.
To enable this transformation, a second focus is on increasing the role of small and micro enter-
prises in developing platforms and applications by creating a policy environment that is more fa-
vorable to these types of companies. A third focus is to expand access to credit to these smaller
companies by encouraging e-banking and crowd-sourced funding. The fourth focus is on expand-
ing and improving fixed and broadband communication networks, especially in rural areas and
less-developed western regions of the country. Underlying these initiatives is a commitment to let
market forces guide the implementation of Internet Plus rather than relying excessively on gov-
ernment fiat.

Transforming Manufacturing

The initiative to transform manufacturing is based on the development of new market-oriented,
Internet-based products and business models. A particular emphasis of Internet Plus is integrating
nine broad economic sectors with mobile Internet, cloud computing, big data, and the 10T to im-
prove R&D and increase access to consumers through the use of crowd-sourced design, cloud
manufacturing, and business-to-business platforms.

The Internet Plus plan will require industries to utilize cloud and big data platforms and wireless
sensor networks. The plan seeks to enhance the ability of public cloud services to migrate industry
to the cloud, accelerate content delivery networks, and optimize data center layout. In doing so, it
will emphasize industrial cloud innovation test sites and a number of industrial cloud experimental
centers.1®

This focus on developing cloud computing, big data, and the 10T also requires the development of
component technologies. China has set its sights on making breakthroughs in core chip technolo-
gies; addressing weaknesses in the high-end server, high-end storage device, database and middle-
ware industries; and accelerating the development and application of cloud operating systems, in-
dustrial control real-time operating systems, intelligent terminal operating systems, and sensors
and human-computer interaction technologies.

The outsourcing of critical business processes to third parties raises concerns about the security of
cloud computing. ! The Chinese government appears to recognize this risk and plans to
strengthen the security of information network infrastructure and personal information protection.
The plan calls for the implementation of national information security projects, development of

118 State Council, “[E 45 B % T FRARHESE BB +47 3 1148 5 2 WL [State Council Guiding Opinions Governing
“Internet Plus” Activities], July, 1, 2015, http://www.gov.cn/zhengce/content/2015-07/04/content _10002.htm.

19 <] 55 e 5% TR B B A AN (5 B AN DAV A PR FE R & % TAEAS LR 15 [State Council Report on
Informationized Building and Promoting the Integration of Informationization and Industrialization Development
Work Situation], June 29, 2015, MIIT website,
http://www.miit.gov.cn/n11293472/n11293832/n13095885/16682295.html.

120 “Guyide to Cloud Computing for Manufacturing,” Search Manufacturing ERP, accessed September 14, 2015,
http://searchmanufacturingerp.techtarget.com/guide/SearchManufacturingERPcom-Cloud-Guide.
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Internet security application demonstration projects, and the upgrading of security standards for
core technologies. It will also improve network security monitoring.

Increasing the Role of Small and Micro Enterprises

Increasing the role of small and micro enterprises is a policy reversal from the Hu Jintao admin-
istration’s emphasis on growing the role of large state-owned enterprises (SOEs).*?* With this new
emphasis, the Xi Jinping administration appears to be following the lead of other countries in
recognizing that established companies are often not well suited to recognize market opportunities
and develop innovative—especially disruptively innovative—products. To assist smaller compa-
nies, the plan will take steps to improve the policy environment for human resources, capital allo-
cation, industrial parks, and taxation to make it easier for small and micro enterprises to be founded
and to operate. The Internet Plus plan also encourages successful Internet and communication
technology companies to provide technology and management expertise to small enterprises
through technology incubators, S&T parks, and demonstration bases and by improving access to
crowd-sourced design and funding.'?

An area of increased attention will be the creation and protection of IPR for small and micro en-
terprises. The plan will support the creation of an open-source software community through the
support of independent R&D by enterprises and national S&T plans. It will guide educational
institutions, social organizations, enterprises, and individuals in initiating open-source projects and
participating in international projects. It will also encourage enterprises to build an ecosystem for
open-source development to promote open-source standards and IPR.

Companies with a competitive advantage will be encouraged to acquire foreign companies or to
pursue joint ventures with them to sell overseas. The plan will fully utilize government and indus-
try alliances and industry associations. It will encourage agencies to provide information consul-
tation, legal assistance, tax advice, and other services to enterprises to expand overseas markets,
and it will support industry associations, industry alliances, and companies to jointly promote Chi-
nese technology and Chinese standards to drive overseas application.

Expanding Access to Capital

To facilitate access to capital for these new small and micro enterprises, the government plans to
encourage Internet banking. Small and micro enterprises, according to 2013 State Council statis-
tics, created 80 percent of new jobs in China, account for 60 percent of GDP, and contribute up to
50 percent of tax revenue in China. However, they account for less than 25 percent of total lending
from China’s state-owned banks.*?® This lack of available credit has forced SMEs to resort to non-
bank institutions for credit, including shadow banks that operate outside of government regula-
tions. The bias against lending to SMEs in China not only results from government regulations

121 Michael Wines, “China Fortifies State Businesses to Fuel Growth,” New York Times, August 29, 2010.

122 “China to Step Up Integration of Information, Industry: Minister,” Xinhua, June 29, 2015, http://en.peo-
ple.cn/n/2015/0629/¢202936-8912767.html; “Cabinet Stresses ‘Internet Plus’ Strategy,” CCTV.com, June 24, 2015,
http://english.cntv.cn/2015/06/24/ART11435154475044265 shtml; State Council, “Full Text: Report on the Work of
the Government (2015),” March 16, 2015, http://english.gov.cn/archive/publications/2015/03/05/con-

tent 281475066179954.htm.

123 K wong Man-ki, “China’s Cabinet Calls for Easier Access to Credit for Small Firms,” South China Morning Post,
July 16, 2013, http://www.scmp.com/business/banking-finance/article/1283496/chinas-cabinet-calls-easier-access-
credit-small-firms.
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that have strict loan to deposit ratios and high reserve requirements, but also from 1) government
policy that directs credit to certain industries; and 2) biases toward SOEs and against lending to
private corporations. In contrast with SOEs, which usually are better credit risks because of im-
plicit state guarantees and favored market positions, SMEs often have little collateral and inade-
quate credit histories. This last phenomenon is exacerbated by a lack of loan officers who can
accurately judge the creditworthiness of loan applicants. '

Expanding and Improving Communication Networks

The plan’s fourth goal is to increase the market for these new technologies by establishing high-
speed broadband networks that cover smaller towns and rural areas, especially in western China.
The central government will continue to develop its 4G communications network while speeding
up research on a 5G mobile communications network. It will also continue plans for a national
data center; establish a large cloud computing center; improve the websites of SMESs, governments,
and public service platforms; and support the development of IPv6.1%

China plans to accelerate the implementation of its “broadband China” (%77 #[E) strategy by
implementing a new generation of national information infrastructure projects to promote broad-
band fiber-optic networks and upgrade its mobile communications network. With this plan, China
also seeks to substantially increase access, reduce fees, and improve revenue mechanisms to sup-
port the construction of broadband in rural and remote areas. The country will also improve the
Beidou satellite navigation system’s global service capabilities and accelerate the commercial de-
ployment of next-generation Internet.

The government has two timelines for the achievement of these goals, with the final timeline co-
inciding with the end of the first phase of the Made in China 2025 plan. By 2018, the Internet Plus
plan intends to:

1. Improve the quality and efficiency of economic development by promoting the development
of the Internet in manufacturing, agriculture, energy, and environmental protection; improve
the efficiency of labor; and promote the development of e-commerce and e-finance.

2. Improve public services through the development of Internet applications for healthcare, edu-
cation, and transportation.

3. Integrate the industrial base with network architecture, improve fixed and mobile broadband
networks, and accelerate the development of the next generation of Internet and the 10T,
cloud computing, and artificial intelligence.

4. Stimulate the development of the Internet by making more data publicly available, improving
standards, and improving the laws and regulations of the financial credit system.

By 2025, the goal is to have a sound, collaborative Internet Plus-manufacturing ecosystem that is
an important source for economic and social development.

124 See Kellee S. Tsai, “Financing Small and Medium Enterprises in China: Recent Trends and Prospects Beyond
Shadow Banking,” Hong Kong University of Science and Technology Institute for Emerging Market Studies, May
2015; and Douglas Elliot, Arthur Kroeber, and Yu Qiao, “Shadow Banking in China: A Primer,” Brookings Institu-
tion, March 2015.

125 Internet Protocol version 6 (IPv6) is the most recent version of the addressing protocol that provides a unique
identifier for each computer on a network. The new protocol will increase the number of available IP addresses, ena-
bling, among other things, continued expansion of the Internet.
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Assessing the Made in China 2025 and Internet Plus Plans

China’s commitment to leveraging the trends of advanced manufacturing to reposition itself away
from low-cost manufacturing and towards the manufacture of more value added products raises
questions about their originality and effectiveness. Although both the Made in China 2025 and
Internet Plus plans talk of emphasizing the role of the market in determining technology develop-
ment and of a strong sector made up of small and micro businesses, they carry many of the trap-
pings of conventional state-directed planning. This appears to be especially present in the role of
new industrial investment funds. Ostensibly operating on market principles, these funds are mainly
financed by government entities and SOEs, raising questions about their autonomy from govern-
ment leaders who may be more inclined to interfere with market processes. The quasi-governmen-
tal nature of these investment funds raises questions about whether these new funding mechanisms
have been established to get around WTO restrictions on the direct funding of certain industries.
Moreover, the plan calls for national development banks to expand credit in unspecified ways to
manufacturing companies.

China’s commitment to supporting small and micro enterprises may also be less than it seems. The
Made in China 2025 plan speaks of larger enterprises supporting the development of small and
micro enterprises, but it does not necessarily discuss fostering the latter to achieve a market niche
of their own. Instead, it may be intended for these small and micro enterprises to help facilitate the
competiveness of larger corporations.

China’s adherence to its indigenous innovation policy is highlighted in the Made in China 2025
plan with its mention of “self-sufficiency and control of high-tech manufacturing platform soft-
ware and major application areas,” and the creation of industrial standards and security testing.
The plan also specifies that Chinese firms are to handle the majority of local infrastructure devel-
opment by 2025.

In sum, the Made in China 2025 and Internet Plus plans appear geared towards creating national
champions. This raises the concern that the modernization of China’s manufacturing base will
involve tolerating Western companies while seeking ways to replace them with domestic compa-
nies. To date, this has mainly occurred on the low end of the technology scale but, if successful,
could result in Chinese industry being more capable of competing with the United States at the
upper end of manufacturing, where value-added may be more important than cost. Ultimately,
however, China’s success at implementing the Made in China 2025 and Internet Plus plans rests
on its ability to develop a strong IT industry.12®

China may make genuine progress in modernizing its manufacturing sector, but the United States
can still maintain its lead, even if the gap is narrowed. The United States remains a strong manu-
facturing power with $3.4 trillion worth of goods manufactured annually, three-quarters of which
is consumed domestically.'?’ In fact, the Boston Consulting Group argued in 2013 that the United
States is now “one of the lowest-cost countries for manufacturing in the developed world” and is

126 Stephanie S. Shipp, Bhavya Lal, Justin A. Scott, Christopher L. Weber, Michael S. Finnin, Meredith Blake, Sher-
rica Newsome, and Samuel Thomas, “Emerging Global Trends in Advanced Manufacturing,” Institute for Defense
Analyses, March 2012, 29.

127 Boston Consulting Group, “US Manufacturing Nears the Tipping Point,” March 2012, 4.
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on the verge of an advanced manufacturing “renaissance” where worker productivity, supply chain,
and logistical advantages may lead companies to begin locating or relocating manufacturing facil-
ities to the United States.!?® Boston Consulting Group identifies seven industrial sectors where
rising costs in China will make it more economical to shift manufacture of goods consumed in the
United States to the United States: 1) computers and electronics; 2) appliances and electrical equip-
ment; 3) machinery; 4) furniture; 5) fabricated metals; 6) plastics and rubber; and 7) transportation
goods.'? These industries account for nearly $2 trillion of US consumption and nearly $200 billion
in imports from China.**° Boston Consulting Group estimates that a resurgent US manufacturing
sector could reduce the import of goods in these seven industries by 10 to 30 percent from China
by the end of the decade, adding $20 billion to $55 billion to the US economy. This relocation,
coupled with improved competitiveness with Western Europe, could create 2—3 million jobs in the
United States. '3

If realized, these predictions could mean that United States manufacturing not only survives but
also prospers despite new competition from Chinese companies. It will mean, however, that US
companies must 1) maintain a commitment to innovation that keeps them ahead of foreign com-
petition; and 2) treat the manufacturing process as an integrated whole that emphasizes more than
just labor costs. It may also mean that although some manufacturing returns to the United States,
companies may still retain their China-based factories to serve the Chinese domestic market. In
this case, the global manufacturing industry could see a multipolarization of high-end manufactur-
ing where companies establish factories in large markets to service regional customers rather than
using one country as a global manufacturing base.

Science and Technology in China: A Roadmap to 2050

In 2007, the CAS embarked on a two-year study to examine long-term S&T trends to the middle
of this century and assess their implications for China’s development. The project, “Science and
Technology in China: A Roadmap to 2050 (1 [E ()} 2% AR ] 2050 F 426 1&]), had three
overarching objectives: 1) to ensure economic growth and national competitiveness; 2) to promote
social harmony; and 3) to nurture sustainability between humankind and nature.

CAS President Lu Yongxiang was the mastermind behind the project and provided its strategic
guidance. The timing for the study was surprising, as the MLP had only been drawn up a year
earlier and provided a detailed path for China’s S&T development until 2020. Lu has explained
that the 2050 Roadmap originated from discussions at CAS about its long-term S&T strategic
development priorities. There was a realization that the planning was insufficiently long range,
especially on critical S&T challenges that were at early stages of research, such as nuclear
power, 132

128 Harold L. Sirkin, Michael Zinser, and Justin Rose, “Behind the American Export Surge: The US as One of the
Developed World’s Lowest-Cost Manufacturers,” Boston Consulting Group, August 2013, 3.

129 Boston Consulting Group, “US Manufacturing Nears the Tipping Point,” 8.

130 Ibid., 9.

181 Ibid., 3.

132 gpeech by Lu Yongxiang Lu at the first high-level workshop on “China’s Science and Technology Roadmap for
Priority Areas to 2050,” organized by the Chinese Academy of Sciences, October 2007, which was adapted to be-
come the foreword for the published version of the study. See Lu Yongxiang, chief ed., Science and Technology in
China: A Roadmap to 2050: Strategic General Report of the Chinese Academy of Sciences (Beijing and Heidelberg:
Science Press and Springer, 2010), vi—xii.
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CAS mobilized the extensive intellectual resources of its workforce, which boasted of more than
100 of the country’s foremost research and development institutes. More than 300 CAS experts
were involved in the project, including 60 academicians, and their work covered eight broad cate-
gories:

Sustainable energy and resources

Environmentally friendly advanced materials and intelligent manufacturing

Ubiquitous information networking

High-value agriculture and biology

Ecological and environmental conservation

Space and maritime exploration and development

Healthcare

National and public security

O N A LNPE

The roadmap put forward twenty-two S&T initiatives that it deemed to be of strategic importance
to China’s long-term development. Six are related to China’s international competitiveness, in-
cluding the production of high-quality raw materials and the development of exascale high-perfor-
mance computing capabilities. Seven concern China’s sustainability, such as the development of
geothermal power generation, next-generation nuclear energy production, and research into stem
cell and regenerative medicine. Two initiatives focus on national and public security, which relate
to space situational awareness and social computing and parallel management systems. Four ad-
dress basic science efforts that are likely to produce transformative breakthroughs, such as in the
exploration of dark matter and dark energy, artificial life, and synthetic biology. The final three
were in highly promising emerging areas of cross-disciplinary research that include nano-science,
mathematics and complex systems, and space exploration.

While the 2050 Roadmap was primarily intended for the academy’s own long-term planning, Lu
and the CAS leadership also likely saw the project as a way to maintain its hard-won efforts to
remain a close advisory body to the Chinese leadership on S&T development. The chief rival to
CAS for the ear of the leadership on S&T matters is MOST, which was responsible for the drafting
and implementation of the MLP. 13 Guo Huadong, a senior CAS official and head of the research
team on the space technology strategy segment of the 2050 Roadmap, said that the study was “not
an official plan, but more of a strategic suggestion to the decision makers.”*3* While Guo was
referring to his space report, the comment was also reflective of what the CAS leadership may
have intended for the overall roadmap.

The 2050 Roadmap received substantial media coverage when it was issued in 2010; however, its
overall policy impact appears to be modest. In speeches or public deliberations on S&T matters,
senior officials have only occasionally mentioned the roadmap. There has also been little reference
to the roadmap in major S&T policy documents like with the 12th or 13th FYPs or the Made in
China 2025 plan. This is despite the fact that some of the key areas of the 2050 roadmap address

133 Richard P. Suttmeier, Cong Cao, and Denis Fred Simon, “China’s Innovation Challenge and the Remaking of the
Chinese Academy of Sciences,” Innovations 1 (summer 2006): 78-97.
134 “China ‘May’ Send Manned Flights to Moon, Set up Base by 2030,” China Daily, June 12, 2009.
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current high priorities such as space and oceanic exploration and development, advanced manu-
facturing, and information networking.

Challenges and Recent Reforms to China’s Science and Technology System

Despite impressive progress in China’s S&T catching up to Western countries over the past two
decades, the country’s leadership is deeply concerned that there is too much duplication, insuffi-
cient original innovation, and chronic waste.** When policymakers reviewed the MLP in 2012
after its first six years, there was considerable disappointment expressed that many of the weak-
nesses that plagued the S&T system had not been resolved, but rather, ignored, because of the
plentiful supply of funding.

XiJinping’s first major policy speech on S&T reform came at a joint meeting of the CAS and CAE
in June 2014 where he expressed a dim view about the state of the country’s innovation capabili-
ties. He pointed out that “China’s foundation for science and technology innovation is still not
firm. China’s capability for indigenous innovation, and especially original innovation, is still weak.
Fundamentally, the fact that we are controlled by others in critical fields and key technologies has
not changed.””*36

In a diagnosis of what Xi referred to as “the chronic malady of impotence, obstruction, and grid-
lock in converting S&T achievements into actual productive forces,” a key bottleneck is that “the
link between innovation and conversion is insufficiently tight at every phase.” Xi said that the only
way to overcome this fundamental problem was that “reform of the science and technology system
must be deepened. All ideological barriers and institutional obstructions that constrain scientific
innovation must be broken down.” Xi gave a list of structural and policy reform measures that
were needed:

e Place STl at the “core of overall national development and accelerate the formulation of
top-level designs that promote the strategy of innovation-driven development.”

e Remake the national S&T innovation strategy.

e  Overhaul the structure and process for resource allocations to support S&T development.

e  Strengthen unified planning and coordination of STI efforts.

e Tackle fragmentation, especially of stove-piping and overlapping redundancies.

e Improve the basic research system.

e  Accelerate the establishment of a national S&T reporting system.

e Implement key national science plans.

135 Tang Yuankai, “Research Funding Overhaul,” Beijing Review, February 12, 2015, http://www.bjre-
view.com.cn/nation/txt/2015-02/09/content_668368.htm.

136 “Speech by Xi Jinping at the 17th Conference of the Chinese Academy of Sciences and 12th Conference of the
Chinese Academy of Engineering,” Xinhua, June 9, 2014.
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The abysmal rate of return on S&T investment is a major concern for the Chinese authorities. The
country’s annual total expenditure on R&D increased by 23 percent on average over the last dec-
ade.®®’ China invested 1.98 percent of its GDP on R&D between 2006 and 2012, which amounted
to RMB 2.42 trillion ($376.3 billion), with more than RMB 1 trillion ($155.5 billion) invested in
2012 alone. This placed China in the second tier of S&T powers alongside the likes of the United
Kingdom and Canada, although with a considerable gap to reach the top tier of countries that spend
more than 2.5 percent of their GDP on R&D (see Figures 7 and 8). Of the amount that is spent on
R&D, the Chinese government invested RMB 1.21 trillion ($188.2 billion) or 11.99 percent of the
central budget in S&T efforts.

This increase in funding has been accompanied by a proliferation of funding plans. S&T planning
is now done through nearly 40 organizations and nearly 100 funding mechanisms (including the
863, 973, and other plans), with MOST controlling no more than 20 percent of the funding.*® This
patchwork of funding mechanisms has led to redundancy, fragmentation, and inefficiency.**°

In a perverse way, the large sums of funding allocated to S&T, coupled with lax oversight, has
corrupted China’s S&T system and created an atmosphere where winning financial support is more
important than obtaining research results. The focus on generating income forces top researchers
to spend as much as half of their time on business development, resulting in an over-reliance on
graduate students to conduct research.'®® The time constraints placed on researchers due to the
constant search for funding also leads to researchers to plagiarize or falsify results to get projects
done quickly. Researchers also repeat projects, rework existing papers, buy papers, or pay publish-
ers to publish their research output.#!

Corruption

Corruption has also been a perennial problem. In October 2014, seven professors in five universi-
ties were investigated for illegally receiving more than RMB 25 million ($3.9 million) in research
funds.'*? In April 2014, Shen Weichen, Party secretary and executive vice president of the China
Association for Science and Technology, was placed under investigation for corruption and in De-
cember 2014 was kicked out of the Communist Party. 143

137 Jane Qiu, “China Goes Back to Basics on Research Funding,” Nature.com, March 11, 2014, http://www.na-
ture.com/news/china-goes-back-to-basics-on-research-funding-1.14853.
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W3 cerh [R/ RBH iR 38 4 510 1 4 J= g XU 54t N JB 4F [Former Party Secretary of China Association for Science
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Figure 7. R&D expenditures as a percentage of GDP for selected countries, 2005-2012 average
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Figure 8. China’s gross expenditures on R&D as percentage of GDP, 1994-2014
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Avenues for corruption are manifold. Research organizations establish multiple front companies
which do nothing but serve as funding conduits for the same research. These types of activities are
facilitated by overlapping funding mechanisms that are stove-piped and do not coordinate with
each other, allowing researchers to fund the same research through multiple sources.** Corruption
is also exacerbated by the nature of Chinese society with its focus on the importance of relationship
building, known as guanxi (3¢ %) . Much of the funding and approval process is said to require
guanxi. As one analyst puts it, “Many individuals and organizations in order to get projects must
use guarﬁcé. The topic requires guanxi. The delivery requires guanxi. The evaluation requires
guanxi.”

Another structural problem is the disparity between the number of people employed in S&T work
and the relatively low amount of impactful research generated. There are more than 3.2 million
Chinese researchers and scientists, but the overall quality of their scientific output is generally
low.14® A similar situation exists with patents. Although the overall number of patents is high, there
is a deficit of core patents and innovative patents.

Exacerbating these systematic flaws is a lack of incentives to promote high-quality research and
mechanisms for properly evaluating research. There is also little tolerance of failure and a lack of
academic freedom. Many researchers write positive reviews of their own research and pay others
to sign them.'*’ In other instances, government leaders with little or no science or engineering
background determine research topics and evaluate the results.*® The system for nominating and
appointing academicians from the CAS and the CAE is also flawed. Many academicians are nom-
inated to improve the prestige of an organization, and they win appointment through well-financed
campaigns.'*® Appointments are also influenced by the substantial benefits given to those who
becon%e academicians, with some provinces ranking academicians at the same level as vice minis-
ters. '

S&T System Reforms

The critical problems facing China’s STI system have led to a number of broad reforms being
introduced in the past few years (Table 4). A key goal of the reforms is to shift the government
from a direct hands-on role to a more indirect role in plan management by confining its involve-
ment to the making of general policies, long-range planning, and oversight.*>* Agencies such as
MOST will no longer play a decisive role in allocating resources, and they will let the market
determine research priorities. MOST’s influence will be limited to providing policy incentives
such as tax breaks and beneficial procurement policies. The reform of the S&T system is under the
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oversight of the State S&T Organizational System Reform and Innovation System Building Lead-

ing Small Group (S&T System Reform LSG) ([E ZFH il k5 A G 374k R 15240 5 /N )
that is headed by Vice Premier and Politburo Standing Committee member Liu Yandong.%

The joint council will oversee a number of plan management organizations (PMOSs), such as the
National Natural Science Foundation of China, and will replace the multitude of agencies that now
oversee S&T plans in accepting applications, awarding projects, monitoring work, and evaluating
results. These PMOs will be expected to have extensive experience in the management of projects
and will be guided by a board of directors, board of supervisors, and a constitution. The PMOs
will also rely on a group of vetted expert reviewers selected from a reviewer database to conduct
peer review of applications. >

Table 4. Reform measures initiated in 2014-2015

Date Action

March 12, 2014 State Council issues document on science and research plan fund management reform

June 5, 2014 Politburo Standing Committee releases plan on improving the CAS and CAE academi-
cian system
Sept. 29, 2014 Central Leading Group for Comprehensively Deepening Reforms considers the Central

S&T Finance Plan (Project, Funding) and Management Reform Plan (7 94 T ik i 3
UM B R BRI (T eSS ) BEMETR)

Oct. 27, 2014 Central Leading Group for Comprehensively Deepening Reforms considers the “Opinions
on the Opening Up of Major National Basic Science and Engineering Infrastructure and
Large Equipment to Society” (H7 Y4 [HI VR Ab G4 /INH B 08 1] 5K B KR R Al 1 it
AR ISR 1o A 22 TR 2 )

Nov.19, 2014 State Council Executive Office issues “Draft Law on Promoting the Transformation of
S&T Accomplishments” with a request to the NPC to consider (IE 45t # 452301838 1

CRRERHEBCRFATE) BIER TR, RER WeEAKRERLHIN)

Dec. 3, 2014 State Council Executive Office releases policy on promoting Zhongguancun as a test bed
for S&T reforms

Jan. 12, 2015 State Council Issues “Scheme on Deepening the Reform of the Central Government S&T
Plan (Projects, Funds, etc.) Management” (3¢ 4L S BCRHE THRI (BT, F4%)
EESCENTTR)

March 13, 2015 Central Committee and State Council Issue “State Council Opinions on Deepening Sys-
tem and Organizational Reform and Accelerating the Implementation of an Innovation-
Driven Development Strategy” (45 Bt ¢ TR A A Gl LA S50 e st 6 37 3K 5 e i s
TR )

Sept. 24, 2015 Central Committee and State Council Issue “Implementation Plan for Deepening S&T

System Reform” (AR AR ] U St 7 5€)

Source: “2014FERF ML B LS. AIFLEF E 772" [An Account of the 2014 S&T Reform Development:
Innovation Aggregates Chinese Power], January 8, 2015, http://news.qg.com/a/20150108/025191.htm.

152 State Council, ““[E KR} < il S A G138 4 Z 28 %403 /N 79 1 2180 [State S&T System Reform and Inno-
vation Building Leading Small Group Convenes Meeting], July 31, 2013, http://www.gov.cn/ldhd/2012-07/31/con-
tent 2195192.htm.
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A strategic advisory and comprehensive review committee (il #% % 1) 5 25 &1 F#H & 71 2>) com-
prised of experts from a cross-section of S&T disciplines, industry, and the economy was created
in 2014. This committee will conduct research and advise the joint council on matters related to
S&T planning, management, and funding. In order to establish a unified plan evaluation system, a
national S&T expert reviewer database will be established, and the committee will provide opin-
ions and advice on standardizing the evaluation of plan management organizations. Under the di-
rection of the joint council, it will pay special attention to large S&T plans. The committee will
also work with academic advisory organizations, societies, and associations.*>*

This new system is designed with a “dynamic adjustment mechanism” that is intended to establish
a uniform evaluation and monitoring mechanism to ensure that research and funding are properly
accounted for. It will also have a publicly accessible national S& T management information sys-
tem that will provide information on applications for awards, project reporting, funding, and eval-
uations.® In normal practice, projects that have reached the end of their funding cycles will be
automatically terminated. In some cases projects will be eligible for continuation beyond their end
date, especially if a new S&T plan or key research project has been approved covering the termi-
nated research topic.®® A “black list” of organizations and researchers ineligible to receive fund-
ing will be maintained. Competition for awards will be transparent and managed by a third party.*>’
In 2014, the Chinese government launched a national S& T management platform that established
a database of central government-financed S&T projects in order to prevent many of the financial
abuses discussed above.'®® In some cases, S&T funding regulations have been loosened to allow
for activities normally associated with running a research plan. S&T funding will now take into
account indirect expenses, administrative activities, incentives for researchers, support for gradu-
ate students, and outside consulting. >

These structural reforms represent an important initial effort to address some of the most serious
deficiencies in the Chinese S&T system. The effectiveness of these reforms will depend on the
success of the implementation process. But much more will need to be done to overhaul a man-
agement system that has its organizational and normative roots in the Socialist central planning
era and that was not designed to manage the huge amounts of funding now being invested in S&T
activities.
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Establishment of Five New Consolidated S&T Plans and Funds
to Replace Existing Specialized S&T Plans

Another major reform underway is the consolidation of the unwieldy number of S&T funding
plans into just five plans in order to streamline the path from science to technology to market. 6
This process began in 2014 with six pilot projects.*6!

From 2015 to 2017, existing plans, including the 863 Plan, 973 Plan, the National Science and
Technology Infrastructure Plan, and research plans administered by the NDRC and MIIT, will be
merged, and funding will be consolidated within these five comprehensive plans (Figure 9). All
five will be governed by a unified national S&T management platform to avoid the duplication of

funding already discussed. These plans are the:*%?

1. National Natural Science Fund: This fund will support basic and cutting-edge research as
well as the development of research personnel and teams to strengthen original innovation.

2. National Major Science and Technology Plan: This fund will support large-scale strategic
projects and major industrialization projects that require coordination at the national level.

3. National Key R&D Project: This fund will focus on individual technologies identified as es-
sential to China’s S&T and economic development. This includes funding for research on agri-
culture, energy, life sciences, and health-related S&T projects that will have a long-term impact
on society and China’s core competiveness, indigenous innovation capabilities, and national
security. It will also address basic and long-range scientific questions, critical technologies and
products, and large-scale international cooperation. Another goal is to strengthen inter-depart-
mental, inter-industrial, and cross-regional R&D efforts through coordinated innovation.

4. Special Fund for Technology Innovation: This fund will streamline funding activities by con-
solidating various funding plans supervised by the NDRC, MOF, MOST, MIIT, and
MOFCOM. It will encourage the use of private capital and financial capital to foster technology
innovation and will create government-guided angel investing, venture capital, and risk com-
pensation mechanisms. In addition, the government will use indirect measures to support inno-
vation and improve tax incentives and government purchasing policies to promote innovation.

5. R&D Base and Professional Special Plan: This plan will improve and support the develop-
ment of research facilities and human resources. It will merge MOST-managed state key labor-
atories, state engineering research and technology centers, S&T infrastructure platforms, and
the Creative Talents Promotion Plan, as well as NDRC-managed state engineering laboratories,
state engineering research centers, and state certified enterprise technology centers. It will also
improve and better link talent development plans. 62
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Figure 9. China’s state strategies and plans for science and technology development (post 2017)

The National Key R&D Plan (NKRDP) is by far the largest and most important of these five new
categories and was officially established in February 2016. The plan is designed to be as broad and
inclusive as possible, supporting R&D in areas such as agriculture, healthcare, energy, environ-
ment, industrial competitiveness, innovation, and national security.'®* Unlike the legacy programs
that the NKRDP replaces that were divided according to where they were on the R&D spectrum
(from basic research to engineering development), the new plan covers all the phases of the re-
search, development, and production cycle with the goal of improving commercialization rates.'®°

Existing S&T programs that have been subsumed into the NKRDP include the 863 Plan, 973 Plan,
National S&T Support Program (I 5 £}4% 341t 4), and International S&T Cooperation and
Exchange Project (I FrEH & 1E 5283 & W), In addition, industrial technology research and
development funds managed by NDRC and MIIT, and not-for-profit industrial research projects
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managed by other government agencies have also been placed under the jurisdiction of the
NKRDP.166

At the outset, the NKRDP has taken over responsibility of 59 existing key projects (Z &% 1) as
well as another 36 brand-new projects that have been recommended for research funding by the
State S&T System Reform and Innovation System Construction Leading Group (& X FH5 4]
SR RGBT A 2R 2 W4 5 /N4 that was then ratified by the State Council.*¢” The leading group
listened to specialist advice that was provided by more than 900 high-level outside experts along
with input from government agencies. MOST, MOF, and NDRC also were involved in the review
process by assessing recommendations and picking those that would best fit with current national
development strategies such as Made in China 2025, the Internet Plus plan, “One Belt, One Road,”
and the Energy Development Strategy Action Plan. Other considerations in project selection in-
cluded making sure that there was a healthy balance across different priority industrial sectors,
such as agriculture, energy resources, ecology/environment, and health. 68

Nine projects were unveiled at the same time as the NKRDP was announced: ¢°

Nanotechnology

Quantum control and quantum information

Big science equipment frontier research

Protein machines and life process regulation

Food production efficiency

Modern food processing, storage, and transportation technology and equipment

Major animal epidemic prevention and control and efficient and safe breeding technology
Forest resource cultivation

Smart agricultural machinery and equipment

© o N Ok WD
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