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Commercializing Agricultural Research, Fungible Government I nvestment, and Poverty:
L essons from China

Governments in developed, developing, and transitional countries around the world, facing
tightening budgets and increasing globa competition, have implemented a series of policy measures
designed at reforming and improving the performance of public agencies and policy ingtitutes. High on the
priority list, given the increasing importance of research and development (R&D), reformers have targeted
public research systems, including those for agriculture. Ingtitutional innovations, such as moves from
funding by block grants to competitive grants and decentralization of research planning and administration,
have been attempted with the goal of increasing the output and productivity of research systems.

At the same time that the importance of research for food security and international competitive
has been widely documented and recognized by policy makers, public research institutes throughout the
world — particularly in developing and transitiona countries -- are facing stagnant or declining funding from
traditional government sources (Alston, Pardey and Roseboom 1998). While reducing or holding constant
government funding, research policy makers typically encourage institutes to seek more funds from private
firms, industry groups, and commercializing the output of their research by either licensing patented
technology or establishing firms to use the proprietary technology. For example, since the mid-eighties
researchersin the United Kingdom and Australia have been encouraged to find non-traditional commercia
funding sources (Thirtle, Piesse, and Smith 1997; Industry Commission, 1995). Agricultura universitiesin
the US, which have been under similar pressures, obtain about 19 percent of their research funding from
sales of products, private grants, contract research, royaties and gifts (Cooperative 1996).

Most governments are pushing commercialization as a supplement not a substitute for government
funds. Governments do not announce that it has adopted commercialization for the expressed purpose of
being able to escape its agricultural R& D responsibilities. While goas of amost al of these policy moves
include increasing the efficiency of agricultura research and making scientists more responsive to
society’ s needs, in a technol ogy-dependent society, nearly al governments have continued to reiterate their

commitments to increasing agricultural research and development.



These same issues also are relevant when considering research alocation and public investment
decisions among provincesin large, diverse developing countries such as China. Regional supplies are
important in meeting local food needs since markets are undeveloped and infrastructureiswesk. The
concentration of poverty in regions of the country that have farming environments different than those in
the more developed provinces aso means the scope for relying on spilloversisless. With a greater
proportion of the population in small, near-subsistence farms, and faced with chronic fiscal problems, poor
provinces face adilemma. On the one hand, they must generate new technology to increase productivity
and help maintain their province's competitiveness as China develops. On the other, they must find ways
to cut budgets, keep fiscally solvent, and use scarce resources for investment into high return sectors that
will catalyze economic growth. Given these tradeoffs, it is important to understand the constraints which
officialsin poorer provinces face in their public investment decisions for agricultura R&D and the scope
that commercialization offers

The policy issues that face leaders in developing countries, in general, and those for officiasin
charge of poor province development, in particular, are not well understood since thereis little empirica
evidence on the dynamics of R&D investment and its relationship to commercidization. Can the policy of
commercialization of agricultural research really increase research funding and the resources available to
agricultural sciences for R&D? What determines the success of the agricultura research ingtitutes in
generating commercial revenues? Will governments stick to their commitment to increase funding for
agricultural research after they have adopted reforms committed to research commerciaization? How
does behavior of poor area officias differ from that of rich provinces?

Goals, Limitations, and Contributions

The goal of our paper isto provide answers to these questions for the specia case of China, the
world’s largest developing and reforming country. The question that we want to answer is what has been
the net impact of commercialization on research expenditures. We not only hope to provide information to

China’'s government on the effectiveness of its moves to increase research funding through



commerciaization, we also want to draw more generalizable lessons for policy makersin al countries.
Chinais aparticularly appropriate for studying research commercialization, since it has arguably moved
further in its efforts to commercialize its research system than any other country in the world (Rozelle,
Pray, and Huang, 1997; Swinbanks and Maddox, 1995). Focusing on the case of China, of course, will
force careful consideration of the applicability of the findings before advertisng wholesale policy lessons.
We will make an effort, however, to sort out which elements of Chind s research reforms are Sno-
specific, and which elements are common to other devel oping and/or reforming countries.

To meet the broad goal, our paper has three more narrowly defined objectives. In the first part of
the paper, we will describe the features of China s agricultural research system, the performance of the
nation’s R&D in recent years, and its efforts to reform research, especialy emphasizing research
commercidization “with Chinese characteristics.” We also look at the characteristics of poor provinces
that will influence their propensity to invest in agricultural R& D and the congtraints they face in carrying
out their plans. The research seeks to understand the determinants of research investment behavior of
both the traditional government sector and the newly commerciaized R&D enterprises in both well-off
and poorer provinces. After accounting for a number of e ements that influence the level of research
intensity, we will explicitly test the hypotheses that revenues generated from commercia research
ventures do help supplement government research budgets but also alows officials to shirk their R&D
duties and reduce government contributions to research. Finaly, we attempt to generate an estimate of
the impact that commercia reforms have had on agricultural R&D in Chinain the 1990s.

Our investigation focuses on sub-national funding. In Chinathe vast mgjority of the nation’s R&D
is funded by and carried out by the provinces and prefectures. This may limit lessons from our work
somewhat, since with the exception of the US, almost no country has such a decentralized research
system. As Lele (1998) argues, however, the move to decentralized research funding in agriculture
around the world is an important trend. Thus, the findings from this study on the determinants of sub-

national research spending should be of interest to many countries.



We will aso not attempt to answer al of the outstanding questions on commercialization and
research. We are primarily concerned with the earnings by commercial enterprises that are owned and
operated by government controlled research ingtitutes. Their commercia activities include not only the
development, production, and marketing of the output of their research, but aso all business ventures run
by research units. We ignore both agricultural research by private companies and contract research, both
of which are dmost absent in China (authors' survey). We are interested primarily in the impact of
commerciaization on government funding, ignoring in this paper the effect that it might have on research
output or productivity (see Rozelle, Pray, and Huang, 1997 for an analysis of these issues).

In summary, our research has severd distinctive contributions. Above al, this paper isthe first
empirica study in any country that examines the impact of commercialization-led research reform on
government funding. We aso try to understand the incentives and constraints faced by officias as they
allocate scarce financial resources in a system characterized by a great deal of decentralization. Fndly, in
the context of China, thisis the first rigorous empirical study of the determinants of research intensity, an
issue identified in the World Bank’s 1997 report on China' s development in the 21% Century (World Bank
1997) as one of the most fundamental issuesif the nation wants to meet its food security goals. We do so

for both rich and poor provinces.

China’s Research System: Organization, Performance, and Reform
China has one of the most comprehensive research systems in the world, including the largest
number of agricultura scientists of any country in the developing world. Since the 1950s, China's
researchers have successfully produced a steady flow of new varieties and other technologies (Stone,
1988). Farmers used semi-dwarf varieties developed in China severa years before the release of Green
Revolution technology elsewhere. Chinawas the first country to develop and extend an F-1 variety of
hybrid rice. Chinese-bred corn, wheat, and sweet potatoes technol ogies were comparabl e to the best

varietiesin the world in the pre-reform era (Stone, 1993). The focus of the work of much of Chinas



research system was on developing higher yielding varieties and in breeding shorter season, photo-period
insengitive varieties that allowed for more intensive cultivation of the land. In recent years, however,
ingtitutes of anima husbandry and aguaculture have begun to flourish (Huang and Rozelle, 1996).

Scientists in Chind s provincia research centers have made many of the most famous research
discoveries, such as hybrid rice. Researchers at the subnationd level have conduct everyday breeding and
other scientific work. In 1978, the first year of the reforms, 85 percent of China's investment in
agricultura research occurred at the subnationa level (Table 1). Although in the early years of transition,
the proportion contributed by the national government increased to 28 percent, reducing the proportion
funded by provincia and prefectural governments to 72 percent, by 1990 the burden of subnational
governments rose to 78 percent. By 1994, the national government’ s share had shrunk to 15 percent, a
lowest level of the reform period (Table 1). The number of ingtitutions, the size of staff, and number of
research projects in the nation’s agricultural research also show similarly high levels of decentralization
(Table 2).
Resear ch Performance and Funding Trends

Chind s research effort has succeeded by amost every indicator in many different sectors. Fan
(1991) has demonstrated the positive effect of technology on the value of the output of the agriculture
sector in the early reform era. More recent work has demonstrated that the contribution of research to
the increase in yields and production of rice, wheat, maize, and cash crops exceeds that of any other
factor in the early and late reform eras (Huang and Rozelle, 1996; Huang and Rozelle, 1997; Rozelle and
Huang, 1997). Research on the rates of return of agricultural research spending aso have generated
estimated levels that range between 70 and 108 percent (Fan 1996), high for investmentsevenin China's
capital short economy.

Degspite the contributions of research to the national food supply, farmer incomes, and efforts of
leaders to meet the nation’s food security gods, sectoral officials have had trouble maintaining access to

enough fiscal resources to keep agricultura research investment from falling—although the direction of



research investment is currently the subject of intense debate. Huang, Rozelle and Rosegrant (1995) find
that real agricultural research expenditures decline from 1985 to 1991, their most recent data. Fan and
Pardey (1995) report an increase of 20 percent between 1986-90 and 1991-93, however, they admittedly
include in their revenue figures all research funds from government source and income from enterprises
owned by research organizations (an issue that is the center of discussion in this paper). The actual
direction of the trend and magnitude of the fal or rise in research funding depends heavily on both the
choice of endpoints for the period of analysis and the definition of research resources—but given the
sengitivity of the estimates to these factors, it is clear that resources directed at agricultura research have
not risen much if at all.

Budget pressures, the nation’s “urban first” mentality, and poor intellectual property rights, in part,
account for the inability of Chinato maintain a robust and growing agricultural research system. Despite
the rapid growth of the economy, China's record on tax collection has left governments at all levels, but
especially the national government and poorer provinces, short of fiscal resources (Naughton, 1995).
Faced with hard budget constraints, one response of budget managers has been to dash even well-
functioning public services. Cuts to agriculture-oriented public agencies, may be even greater, given the
well-known bias of policy makers against the rura sector and for urbanites (Putterman, 1992). Weak
intellectua property rights, as typified by the lack of plant breeding rights before 1997, have exacerbated
the problem, since agricultura research institutes have been unable or unwilling to make up funds by
marketing their products or sdlling their technology (Rozelle, Pray, and Huang, 1997).

Research Reform: Open Doors, Competition, and Commer cialization

Concerned about maintaining its traditional excellence in science and technology, especialy
as the nation decided to join the rest of the world in the 1980s, China's leaders launched a series of
reforms of the entire research system (Swinbanks and Maddox, 1995) as well as that in agriculture (World
Bank, 1997). Research officials initialy implemented their version of an Open Door Policy, encouraging

exchanges of personndl, idess, and research findings. Competitive grants programs a so replaced formula



budget alocations in an attempt to channel research resources to the more productive research teams who
were working on issues of national priority. Most observers generally agree that these facets of research
reform have improved science in China, in general, and in agriculture, in particular (Huang and
Rozdle,1997)

China s officials aso unleashed the forces of commercidization in the agricultural research sector
to both encourage more focused, applied work and increase funding, although the form of commercia
activities did not aways end up as expected (Rozelle, Pray, and Huang, 1997). Theinitid policies hoped to
spur licensing of breakthroughs, contract research between research ingtitutes and firms, and the
emergence of private research firms. Somewhat unexpectedly, (though given the state of intellectua
property rightsin Chinait may not be so surprising), aimost al commercidization activity has occurred by
research ingtitutes starting their own companies, trying to directly capture the profits associated with their
R&D products. For example, one plant pathologist in a Eastern China university started a firm to develop,
manufacture, and market what has become one of the most popular pesticides in the region. According to
the regulations, entrepreneurially oriented scientists and research staff can start businesses and use
ingtitute or university capital, equipment, land, and technologies, but in return part of the profits are suppose
to flow back into institute accounts to subsidize research.

Not dl commercia activity, however, has taken on the origindly expected form and some
scientists complain that the research side of the institute has not benefited as promised. In many cases,
the new firms did not even consider exploiting the research products of the institute, instead opting to start
businesses with no connections to their origina mandates. Research staffs have opened travel agencies,
trading companies, and real estate consulting firms. In one of the most extreme examples, we visited a
plant breeding ingtitute in which the main source of its revenue came from its subsidiary’ s auto parts
manufacturing profits.

Impact of Commercialization Reforms



The move to encourage commercia activity in the agricultural research sector has had a dramatic
impact on the structure of aggregate research revenues and an uneven influence on the amount of
resources available to ingtitutes in different parts of the country. While the absolute amount of research
institute revenues coming from government sources has increased in real terms dightly over time (albeit
only from 580 million yuan to 605 million yuan, arise of less than 0.5 percent annudly), the government’s
share of total agriculturd research income has falen sharply, declining from 74 percent in 1986 to 50
percent in 1994 (Table 3, column 1). In the mean time, research ingtitute income statements have risen
sharply due to a more than tripling of income from commercia activities, risng from 151 million yuan in
1986 to 475 million yuan in 1994 (column 2). During the 8 year study period, the sharp red risein
commercia income boosted its proportion of total agricultura research income from 19 to 39 percent.
Such arapid evolution in research funding of amgjor globa agricultural research system is not only
unprecedented, the shift to reliance on commercial sources certainly puts Chinain aclass by itself. Even
in the US, a country known for its advocacy of private sector research, research organizations receive less
than 20 percent of their resources from commercial sources.

Research reform aso has affected different provinces differently in terms of the intensity of
research investment by governments and ability to generate revenues through commercia channels.
Province investment in agricultural research as a proportion of agricultural output (gover nment-
sponsored investment intensity) ranges widely in 1994 from more than 0.2 percent by provinces such as
Beijing, Tianjin, Shanghai, Guangdong, and Shanxi to less than 0.1 percent by provinces such as Sichuan,
Hunan, Hubei, and Anhui (Table 4, column 2). Growth rates in investment intensity also varies (columns
3).

The range in revenues earned from commercia sources show even greater heterogeneity.
Earnings from commercial sources as a proportion of agricultural output range (commercial intensity)
from more than 0.3 percent by provinces such as Beijing, Shanghai, Guangdong, and Jiangxi to less than

0.03 percent by provinces such as Guizhou, Gansu, and Qingha (Table 4, column 5). Similar to



government spending growth rates, growth rates in commercia intensity aso differ among provinces
(column 6).

Comparisons among the provinces regarding their levels of government- and commercia-
supported research raise several issues about the impact of research reform. In many cases, athough not
all, the same provinces that have the higher levels of government-sponsored investment intensity also have
higher earnings from commercia sources. Moreover, the provinces that have high total levels of research
support tend to be the richest provinces and those with large urban populations. While such trends have
obvious efficiency and welfare implications (such as, are investment resources being spent in a way
consistent with a region’s comparative advantage, or, are the rich getting richer and poor poorer?), they
should not be surprising. Given both China s highly decentralized agricultura research system (discussed
above) and the characterigtics of its transitional economy—e.g., the nature of its fisca system (Wong,
Christine, Christopher Heady, and Wing Woo. 1995), the pace of growth in different regions of China (Rozdlle,
1996), and its urban-first mentality (Putterman, 1992)—provinces with more means and greater incentives
to support and earn agriculture research funds, from whatever source, may be the ones most able to
maintain research levels.

In China s complex political economy, one with many pressures and rapidly evolving economic
forces, it is difficult to tell the relationship between government investment and commercidly generated
income and the impact of commerciaization agricultural research. The positive and significant correlation
coefficient (0.247) measuring the co-movement of the different types of investments may mean that
governments reward those research institutes that are successful enough to increase revenues, using their
success in commercia ventures as indicators of their overdl quality, and that China' s commercidization
policies have led to increased funding. The small size of the coefficient and the preponderance of factors
that affect both government-sponsored research intensity and commercia research earnings suggests that
a conclusion about the relationship between research funding sources should not be made too quickly. For

example, it may be that government funding bodies reduce support to commercially successful systems,
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channeling scarce resources to other parts of the economy. The positive relationship between government
and commercia intensity may be related to the robust economic growth which generates fiscal resources
occurs in areas with large urban populations, providing both the resources for the local government to
investment in research that it sees as important for supporting its urban constituency, and markets for the

products commercia subsidiaries of research institutes.

Poor Areasand Agricultural Technology
While there may be reasons for national |eaders to believe that research reform could increase the
quantity of research inputs and quality of its output nation-wide, the size of China, the heterogeneity of its
resources, and economic difficulties faced by poorer provinces should raise serious doubts about the equity
impacts across China. In this section, we first examine the resource base of China s poor provinces.
Next, we look at the fiscal crises facing poor provinces. And finaly, we examine the trends in agricultura
R&D in poor provinces and the political and economic factors that may affect the scope of this

investment.

Poverty in China

Since the launching of economic reforms in the late 1970s, China has made remarkable progress
initswar on poverty. During this period, more than 200 million rural residents have escaped poverty. But
while most agree with the scope of the fall in poverty, the reasons for the decline in the rura poor isless
understood. Hasthe 96.1 hillion yuan spent between 1986 and 1996 been effective or has most poverty
reduction been a natural consequence of the growth of China s economy? Understanding the
determinants of success in poverty aleviation and the growth of the economy in poor rura aressis till

important beyond its academic interest since there are still 50 million people living below the nation’s

poverty line.
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Poverty reduction was exceptionally rapid in the early reform years. The number of absolute rura
poor, estimated at 260 million in 1978, declined to 89 million by 1984 (World Bank 1999). Improving
incomes sufficiently to lift 170 million people from the grip of poverty within six yearsis an extraordinary
feat. A feat achieved principaly through reintroduction of the household responsibility system and
economic growth; real per capitaincome and gross value of agricultura output grew at annua rates of
19.1 and 7.5 percent, respectively, during this period.

While the poor in Chinatoday generally live in remote and resource-limited areas, those that have
escaped poverty resided in somewhat more accessible and less hilly locations. In the early reform era,
with even mildly responsive soils, farmers could capitaize on the new economic environment ushered in
with the 1978 reforms; improved markets and output prices made modest use of modern inputs attractive
and led to increased farm output, relieving congtraints that further freed househol ds from subsistence and
alowed many to take advantage of new opportunities inside and outside of agriculture (Lardy, 1983).

In the mid-1980s, there became an increasing need to examine the plight of those remaining in
poverty. Many officias and observers believed that poverty reduction through rapid agricultural growth
was largely exhausted. The residual poor remained poverty entrenched in areas that are very resource
poor; with minimal potentia for further agricultura productivity gains. The absolute poor typicaly comprise
entire village communities located in isolated upland areas. Land quality in these areas is generally so poor
that many households are unable to achieve food salf-sufficiency and consume subsi stence foods beyond
their own production levels, and are negatively affected by food price increases. As the poor are risk
averse and fear lacking food staples, they are unwilling or unable to rely on markets for the bulk of their
consumption needs and devote much of their land to grain even though they have no comparative
advantage in its production. Within these communities, the poorest households are most often those further
disadvantaged by high dependency ratios, ill hedlth, and other difficulties. Minority peoples are known to

represent a disproportionately large share of the rura poor.



Rural Public Finance

China needs a hedlthy rural public finance system to enable Government to provide basic
infrastructure, social services and poverty aleviation, and implement rural development policies. As over
70 percent of China s population and most of the poor live in rural areas, these provisions affect the
welfare and livelihood of nearly 900 million people. The fiscal system also sets incentives that guide the
allocation of resources and influence development. Thus, the conduct of rural public finance affects the
entire nation’s stability and long-run growth prospects. However, the rural fiscal system generates
inadequate revenues and poorly redistributes collected revenues, which unless improved, will likely
constrain long term devel opment.

What Does Rural Government Provide?

A vitd function of government is to provide an enabling environment for growth and devel opment,
including the provision of socia services, such as education, health and socia security (World Bank, 1999).
For the rural sector, thisincludes providing or facilitating investments in farmland improvements and
infrastructure such as roads and communications. Provincia and subprovinciad governmentsin Ching, to a
degree dmost unparalleled elsewhere, must provide funding for agricultura research and extension.
Equdization is dso akey role for government, especidly in alleviating poverty and ensuring the provision
of basic servicesin dl localities—though less and less of thisis being done.

Countries around the world have differing intergovernmenta divisons of responsbility; Chinais
one of the most decentralized. In many countries, sub-national governments provide day-to-day
administration and socid services such as education and health, but financing for these services typically
comes from the national treasury. Local governments in China, however, are largely self-financing, atrend
that has become increasingly marked during the reform period. China's sub-nationd jurisdictions
(provinces, counties, and townships) financed 48 percent of budgetary expenditures from local sourcesin
1990, but collected 66 percent of the revenues, alevel much higher than in dmost any other country. As

seen above, more than 80 percent of China's R&D for agriculture has come from nationa budgets.
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Fiscal Crisesin Poor Counties

In recent years deficits have become persistent in poor provinces and counties. In 1994, half of
China s provinces and counties had difficulties meeting even basic expenditures, such as wage
disbursements (Park et a., 1996). Counties can appea to upper level governments for specia subsidies or
increases in fixed subsidies, but these adjustments are only made in special cases, such as natura
disasters. In recent years fredly transferable funds have grown scarce, and specia transfers have become
increasingly rare.

Net deficits can be financed in various ways. Poor jurisdictions can generate extra revenues by
selling urban permits, borrow funds earmarked for other uses (such as family planning or school
congtruction), borrow idle capital from local SOEs, or borrow from banks—which remains frequent,
although legally prohibited. Poorer counties and provinces are revenue starved even more than is reflected
in acknowledged net deficits; hidden deficits are represented by budgetary funds which are officidly
recorded as allocated to designated spending categories, but diverted to pay salaries and wages. Sdlary
and wage payments are often deferred, and some county and township governments have declined to pay
for employee benefits, such as health reimbursements. These hidden deficits indicate that financia
statistics systematically underestimate true fiscal deficits.

Effect of budget pressures on public expenditure patterns.

The pressure to iminate deficits in poor areas has resulted in under-investment in public goodsin
these economies where needs are greatest. The incentives in the fiscal system aso increase the incentive
for local governments to maximize revenues rather than social welfare (Wu). Priority on meeting their
wage hills has led to deferred maintenance and deteriorating capital stock and consequently to declining
efficiency of resource use (Gallagher and Ogbu, 1989).

The impact of fiscal reforms on the ability of subnational governments to make productive

investments in infrastructure and socid services has important implications for economic development in
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poor regions. Some of the fall in investment in poor counties might be expected to be compensated by
increased spending through other channels, especialy China s poverty program. Recent research in
Sichuan, however, shows that local investments in education, heath, and agriculture do lead to growth, but
poverty program investments typically replace, rather than supplement, budgetary investments (Rozelle,
Zhang, and Huang, 1998). On-budget investments and social services declined from the mid-1980s to the
1990s.

Deficit governments have aso begun to reduce their wage obligations through wage suspension,
staff termination, and reorganizations that reassign, but do not terminate local government personnel.
Some provincial, county and township government bureaus (including many that are key agricultura
breeding and extension units) have been redesignated companies, with worker pay linked to profits. Other
bureaus and agencies have been urged to design and pursue revenue generating activities, and many staff
(both those reassigned and those still in government) pursue entrepreneurial activities such as opening
restaurants and hotels or engaging in trade.  As elsewhere in the economy, policy goas often conflict with
profit-oriented activities, and ultimately undermine the effectiveness of government efforts to provide

services.

Poverty and Agricultural Resear ch Spending

Assuming, as argued in the introduction, that in a country such as China, many technologies from
richer areas are not immediately usable in poorer areas, for farmers to have access to the technologies
that they need for maintaining productivity, research investment needs to continue in poor areas. To
examine the record during the post-1985 period, data on agricultural R& D spending can be divided into
rich and poor provinces.

Agricultura spending on agricultural R& D differ between richer and poorer provinces both by
level and trends (Table 5). Poor provinces spend significantly less than their richer counterparts. The

trendsin the different types of provinces also differ.
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While amore careful, multi-variate andysis is conducted in the rest of the paper, hints of the
reasons for these divergent trends between rich and poor areas can be found by examining the trends of
certain factors that may affect the motivations and abilities of different reasons to invest in technology
(Appendix Table 4). For example, fiscal revenues in poor provinces are much lower. The size of the
agricultural economies aso may limit the ability to supplement funds with commercia earnings.
Conclusion: Fiscal Problems

Fiscal decentralization has hardened budget constraints on al subnationa jurisdictions; they have
received control over most of the resources in their jurisdictions and residud rights over most incremental
revenues beyond an agreed amount. Nationa directives and tax collection problems have aso reduced
resource redistribution (Wong, 1997). Fiscal reforms hardened budget constraints and fiscal sharing rules
have increased tax collection efforts in both rich and poor regions (Park et a, 1996, and Wong, 1997).
Some scholars have identified growth-inducing effects in China's fiscal reform—supported by empirical
evidence (Oi; Lin et al.). But the reforms are incompl ete as widespread fiscal crises suffered by so many
rural governments has reduced potential economic growth, welfare, and equity, and has led to investment
starvation. Some 70 percent of the counties and townships have net deficit budgets and their policy
obligations continue to rise

Fiscal resourcesin poor deficit areas are insufficient to meet the rural sector’s development
investment requirements. Increased pressure to raise revenues leads to biased development policies and
may become distortionary and inimical to economic development. For example, investments in revenue
deficit regions may tend to be industry biased, because of the relative ease of tax and fee extraction, even
if investments in agriculture might better serve growth and distributional goals.

The current state of Chind s tax system is characterized by deficient revenue generation and
public service spending at al levels. The tax system remains overly industry-dependent and has neither
made tax assignments clear, nor given rural communities a revenue base on which to build rationa fisca

plans. The 1994 tax reform tried to increase the tax collection power of the central government, which
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could alow more equitable redistribution. But, while more revenues have flowed into central coffers
(reducing locdl revenues), little has been shifted to poorer/deficit areas, and the new tax policy continues to
favor relatively affluent areas, exacerbating not aleviating the rura fisca crisis.

The fiscal crises and other factors almost certainly have affected the ability of poorer provinces to
invest in agricultura technology generation, adaptation, and extension. The trends in investment in
agricultura R&D in poorer provinces are far below those found in richer ones. As aresult outputs are
down. And, the prospect, without intervention from the national government is not bright, given the fiscal

crises and poor economic environment in poor provinces.

A Model for Government-sponsored and Commer cial Resear ch Intensity

The discussion in the preceding section not only describes the trends of government research
investment in a system increasingly dominated by commercialization, it aso showed the complexity of the
relationship between the types of research funding sources and the factors that affect them. To untangle
such a great number of factors and isolate the interaction between commercial income sources and
government investment, amodel describing the political economy of research investment is needed. In this
section, we construct such amodel, accounting for factors that affect the government’ s ability and
willingness to investment in its agricultural research system, including the impact of the presence of
income sources from commercia sources has on the decision. Because of the simultaneity of the two
types of investment decisions, a separate model of commercial research income is needed both for the
analysis of government investment and to examine the determinants of commercial research funding by
itself.
Empirical Model

Government-sponsored Agricultural Research Intensity

17



We assume provincid officials charged with research and development duties allocate their
financia budget based on both economic and political considerations to maximize some complex objective
function. It is assumed that leaders care about fostering rapid growth of agriculture as long as the use of
investment funds do not affect aternative goals. Increasing food security, improving rura incomes, and
fostering rapid growth are dl part of aleaders duties in reform China (Huang, 1996).

To specify our model, which is aimed at explaining agricultural research investment at the
provincia leve, in genera, and the impact of institute commercial earnings on total research spending, in
particular, we will apply models of the political economy of research spending found in the literature to the
ingtitutional arrangements that our current and previous work in China has described in great detail.
Following the recent research on research literature, we use research intensity, or government-sponsored
research divided by the gross vaue of agricultural domestic product, as the dependent variable (although
Jin, 1997, uses per capita provincia research spending and comes out with amost the same results).
Based on number of works (cited below), we hypothesize that five types of variables should influence
China s provincia research expenditures (summarized in top half of Table 6).

Sour ces of agricultural growth and demand factors. For leaders who care about stimulating
agricultural growth in a country, the factors, like land and labor, that both constrain or increase productivity
will affect the leve of production-enhancing investment like agricultural research. Following Hayami and
Ruttan’ sinduced innovation theory (and Lin's 1991 version for China), we hypothesize that factor scarcity
will encourage agricultural research officias to alocate funding to develop technologies to save on land.

In China, more than 66 percent of research funding supports work on developing land-saving, high yielding
varieties in crop breeding programs, compared to only 9 percent for labor saving mechanization research
(MOA, 1994). The coefficient on the land to person ratio variable should be negative.

The expected signs on the irrigation, grain yield, and the size of the agricultural economy variables,

however, are not as unambiguous, given multiple pressures acting on research due to these variables. For

example, Evenson and David (1993) argue that more irrigation makes research results easier to spread,
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increases the return to research, and would likely lead to greater research investment. Frisvold and
Lomax (1991), however, counter that public investment in land infrastructure can substitute for scientific
research, and a nation with more investment in land infrastructure, such asirrigation, will invest less,
predicting a negative coefficient. The same problem arises with the grain yield variable. We would

expect a positive relationship between past grain yields and research outlays since these areas should have
higher levels of rates of return, unless research investment is hitting decreasing margina returns, in which
case the predicted sign would be negative or zero.

The variable measuring the size of the agricultura economy also has pressures working both ways
on research investment. 1n the same way that factor scarcity sets off the search for new technology to
save on the scarce factor, demand for agricultural commodities will influence research spending. As
demand for food rises, prices will increase, and according to Griliches (1957), will induce agricultura
research officials and research administrators to increase their investment in research. If the size of the
economy is a proxy for food demand, as gross domestic product rises, we would expect higher research
investment. In contrast, as the size of the agricultura economy gets larger, the cost of research per unit of
agricultural output fals (as shown by Byerlee and Traxler, 1996), and these economies would alow
government officials to spend less for a set amount of research, ceteris paribus. Since the size of the
economy, and demand effect, has been controlled for by the construction of the dependent variable, we
would expect the variable to have a negative sign.

Resear ch cost variables. Factors that affect research costs also will influence research
investment. For example, despite moves by research officias to promote competitive grants, fiscal
manager till have some obligation to alocate a minima level of core funding based on the number of
agricultural scientists. Although we would expect the relationship to become weaker over time, research
investment from the government should rise with the size of the research staff. In addition to economies
of scale effects captured represented by a variable measuring the size of the economy (discussed above),

Huffman and Mironowski (1981) and Dinar (1991) have suggested another set of factors that affect the
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cost of doing research. When cropping patterns are concentrated in terms of the number of varieties
(i..e.,, aregion has only one or two main crops that account for most of sown areq), there should be
economies of scae for research, since adding any new crops to the agricultural research program will add
fixed costs. The more concentrated a provinces cropping pattern is the lower the investment in research
that is needed.

Budget constraints and political economy variables. The economics of research investment
aside, governments invest or do not invest in agricultural research for many political reasons, increasing
investment when doing so increases the popularity of the regime, and cutting back when alternative
pressure groups have greater influence over the alocation of scarce resources. Before interest groups
can pressure governments into investment decisions, treasuries need to have access to investable funds.
Per capita government revenue reflects a province's ability to collect taxes, and in China can vary widely
given the decentralized tax system and the reliance on enterprise sales and manufacturing taxes. All
politica pressures held equal, those provinces with greater fiscal resources can invest more in agricultural
research..

After accounting for the ability to finance investment projects, high priority government policies
may induce leaders who want to move up in the hierarchy to invest in projects that will aid producersin
meeting targets. For example, the governor’s responsibility system placed great emphasis on each
provincia leader being able to provide sufficient food at reasonable prices to the residents of the province,
especidly thosein cities (Watson, 1994). From this point of view, provincid leaders may strive for self-
sufficiency and use agricultural research to help meet the goal, and the expected sign on avariable
representing level of dependence on other provinces should be positive. On the other hand, those
provinces with export potential may also increase research funding as away of increasing marketed
surplus and source of revenue for local farmers.

Pressure may also come from lower level constituencies. Hayami and Ruttan argue that US and

Japanese governments provided high levels of investment for their countries’ research systems because
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farmers pressured them to create the technologies that would increase farm productivity. Lin (1991)
argues that this mode aso fits China—Ileaders respond with higher investment in areas with more farmers,
al other things held congtant. Berstein (1996), however, claims that the nature of China s politics are such
that the interests of farmers hold little sway over leaders and that pressure from the urban population is
more important. We included two variables in this model to measure the government’ s responsiveness to
farmers or to urban populationsin Ching, the ratio of agricultural spending to total government spending
and the ratio of urban population to total population. A variable measuring the importance that provincia
governments give to al types of science also may be a factor and can be included in the analysis as the
ratio of science expenditures to total government expenditures.

Alternative research funding. Once other factors have been accounted for, an answer the key
guestion in this paper, how does commercially-generated income by research institutes affect the
propensity of governments to make their own investments in agricultural research. In short, thisis atest
of the fungibility of research funding. Do leaders in provinces and prefectures appropriate less money to
research in regions with research institute-run firms that can earn more money? Or do subnational
governments keep their commitments to agricultural research and continue to provide funding as
promised? In some provinces officias even reported that they were adding staff and government funding
to support those institutes which were earning the most money. Depending on the answer to this question,
the sign of the coefficient of the commercial intensity variable in the government-sponsored research
investment equation will be negative, zero, or positive.

Provincial leaders also may apply for funding from the World Bank for aternative sources of
research funding to supplement, complement, or substitute for provincia government funding. World Bank
funding in the 1960s and 1970s in 24 developing countries was a substitute for government investment
(Evenson 1991) which suggests that a negative relationship islikely in Chinaaso. A correlation
coefficient between government research intensity and the presence of a provincia-level World Bank

project is negative and significant, leading one to predict on the basis of a smple descriptive statistic that
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the coefficient in the multi-variate equations also should be negative. A time trend proxies for changing
government attitudes on funding agricultural research.

In summary, to test the impact of commerciaization on government agricultural research
investment, after controlling for sources of agricultural growth, the demand for agricultura technology, the
cost of research, palitica factors, and international funding efforts, we can then isolate the relationship of
government agricultura research intensity and commercia income. Examining the determinants of the

government funding aso will be of interest.

Model for Commercial Revenue Intensity

Because of the endogeneity of the commercia funding variable in the government research
equation, a separate equation for commercia intensity is needed for use in building a two-stage least
squares model. A well specified mode isimportant to assure that the instrument used in the government-
sponsored research equation is highly correlated with the commercia earnings and is properly identified.
The norma Hausman-Wu tests of endogeneity and exclusivity were gpplied and the statistical test found
that the uncorrected commercia earnings variable is endogenous, but that the instrument used only in the
commercial earnings equation is exogenous to government-sponsored research equation. The results of
the equation explaining commercia earnings by research institutes will be of interest themselves.

Commercid earningsin this study refer to income is derived from the sae of agricultura
technology and non-agricultural goods and services and the leasing of land and buildings. 1n 1994, the
money from non-agricultural commercia enterprises (so caled “non-technical income”) accounted for 67
percent of total earnings (MOA 1995), while income from technology related enterprises (“technical
income”) accounted for only 33 percent of income.

In explaining earnings from the commercia enterprises of research institutes, we will assume that
they respond like private firms (see Table 6, bottom half of table). Commercia earnings will be a function

of the market demand for its product (both those related to research output—measured by provincia



Ag.GDP; and to the other products and services sold by the subsidiaries—measure by provincia GDP);
the cost and probability devel oping and commerciaizing new technology (as measured by the sze—the
number of scientists--and quality—size of total research budget--of the province' s research effort); and
the ability of the institute to appropriate the gains from technology (as measured by the nature of the
province' s legal environment as proxied by the number of patents, and the share of the research system
that isinvolved in livestock research, a part of China's research system that has been successful in
generating commercia revenues). The World Bank funding variable also was included as was atime
trend. While the direction of most of the signs of the coefficients in the commercial earnings equation are
fairly straightforward, the sign of patents should be of interest, given its obvious policy implications. If a
good legd and patent system matter, a positive sign on the patent variable should be positive and
significant.
Data

Provincia level cross-section (25 provinces) and time series (1990 t01994) data are
utilized in the andysis. Three metropolitan cities (Beijing, Tianjing and Shanghai) are excluded in the
analysis because of their unique nature and Tibet is excluded because some data was missing. Dataon
government investment for agricultural research and commercial earnings of research institutes are from
the Statistical Material of Agricultural Sciences and Technology, a statistical compendium compiled
by China s Ministry of Agriculture (MOA) and made available to us for research purposes. The funds
invested by the government refers mostly to the alocations made by provincial and prefectural |eaders for
support of their province' s research institutes. A small part of the amount, however, does include the
amount of funding hand down to the provinces from the central government (and as such does not reflect
subnational leader decisions—but given its minimal size should not affect the results). The figures do not
include research money that is alocated to the agricultura universities, colleges, or CAAS units located

outside of Beijing. The number of research personnel is aso obtained from the same source.
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The rest of the data comes from standard published statistical sources. Cultivated land, irrigation
area, grain yields, crop sown area, and the value of livestock data are obtained from Chinese Agricultural
Yearbooks. The crops used to calculate the crop concentration value include rice, wheat, corn, soybean,
potato (sweet potato and white), cotton, peanut, rapeseed, sorghum and others for cash crops
Interprovincia grain flow data are from the Chinese Domestic Trade Statistical Yearbooksand the
Chinese Statistical Yearbooks The datafor all the other variables were obtained from Chinese

Agricultural Yearbooks and Chinese Statistical Yearbooks.

Results

Using two stage least squares (2SLS), the two equation, government-sponsored investment and
commercia earnings system performs remarkably well. Table 7 presents two specifications of the model
in column 1 and 2, differing only by the inclusion of atime trend variable in the second. The R-square
coefficient for the main equation explaining agricultura research intensity is 0.76, and that for the
commercia earnings equations is 0.40. Most importantly, the results are robust across aternative
specifications (both those reported here in the paper’ s main text and appendices, and a number of others
using different dependent variables--e.g., research investment per capita) and alternative estimators (e.g.,
OLYS). Intherest of this section, we first describe the determinants of government-sponsored research
investment and commercid earnings, establishing the vaidity of our results by showing their compatibility
with our a priori expectations, and then examine our main question: do commercia earnings add to or
subtract from government investment. Results of a decomposition analysis are included to shed light on
the magnitudes of the different determining factors.
Government-sponsor ed Resear ch Investment Equation

The signs and levels of significance of the coefficients of the variables included in the
government-sponsored research investment equation to control for sources of agricultural growth, demand,

the cost of research, and avariety of political factors also demonstrate the strength of the results, in most
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cases conforming to a priori expectations and findings by othersin previous studies. For example, the
negative sign on the variable representing land scarcity suggests that provincial research officialsinvest in
agricultural research as away to reduce the pressure on land in provinces with low levels of cultivated
land per capita (Table 7, row 1). The negative relationship between investment and land confirms the
results of Lin (1991) who showed that China's research establishment responds to scarce factorsin its till
partialy planned economy in the same way that Hayami and Ruttan (1985) predicted researchers would
react in market economies. A history of high yields in aregion, however, does not affect government
agriculturd research funding, aresult that may mean that diminishing marginal gains from research may be
offsetting the comparative advantage of aregion (row 3).

The method of funding research a so affects the research investments of provincia officials. The
positive sign on the coefficient of the variable measuring the number of agricultura officias most likely
means the formula funding practices still exists; alarge research staff apparently helps keep research
intengity high (row 5). In the same way that Byerlee and Traxler (1996) found strong evidence of
economies to scale in international breeding programs, the negative sign on the coefficient of the variable
measuring the size of the agricultural economy may show that the lower costs of research in alarger
system may alow officiasto invest less, holding other factors constant (row 4). The results, however, do
not provide evidence that China’s agricultura research system enjoys economies of concentration (row 6).

The results associated with the politica variables aso capture a number of important elements that
may help explain government agricultural research investment behavior. The highly significant postive
coefficient of the fiscal solvency variable shows that it is the richer provinces, those most successful in
their tax collection efforts, that allocate the most resources to productive public goods and services like
agricultural research (Wong, Wu, and Heady, 1995, and Park et ., 1996—row 7). Given fisca
resources, important political constituencies may pull more resources into agricultura research both
indirectly and directly. For example, when provinces with greater commitments to general R&D (for

some reason--perhaps due to high demand from industridists and/or pro-growth leaders) invest more in
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overal research, agricultural research intensity also rises (row 11). Likewise, high concentrations of urban
population appear to increase the pressures on leaders to spend relatively more funds on agricultural
research (row 9). Thisisaplausible result given Chind s traditiond urban-first political mentality

(Berstein, 1996) and a belief by political leaders that investments in research increase food supplies for
urban consumers. Thisresult is quite different from studies in more democratic countries which often
have strong agricultural lobbies that press leaders for more investment in the agricultural sector (Huffman
and Miranowski, 1981; Ackerman and Evenson, 1985). The level of food salf-sufficiency does not appear
to affect government-sponsored agricultural research intensity (row 8).

For those concerned about the effect of Chind s research reforms on the government’s
commitment to agricultura research funding, the sign on the commercia earnings variable should raise
serious doubts about the effectiveness of the commercialization policy in boosting government research
spending. The negative and significant sign on the coefficient of the commercia earnings variable means
that as commercia subsidiaries of research institutes increase their revenues, all other factors held
constant, government research officials reduce the level of intensity of investment in agricultural research
(row 12). Thus, commercia earnings appear to be a substitute for government funds rather than a
complement as the government had originaly hoped. Of course, even given this rate of substitution, if all
commercia revenue went to support agricultural research, research efforts might <till gain. Rozelle, Pray,
and Huang (1997) show, however, only a smal proportion of commercia earnings ultimately enter the
research section of an ingtitute, at most 20 percent. If the findings of our current and past research are
accurate, the commercidization part of China s research reforms have not met the government’ s stated
goals of increasing resources for research.

The other alternative to government research funding—in China's case, the World Bank—also has a
negative impact on government research intensity.  This confirms our hypothesis based on Evenson

(1991) that international development bank funds that are allocated to research are fungible.
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The positive coefficient on the year variable means that some factor isleading to a gradual rise in
government research investment intengity. If all important other structural factors are controlled for, the
positive effect may reflect a policy impact, arising from the government’s declared intention to increase
investment in research investment (Huang, 1996). The margina significance of the variable, however,
could mean this commitment is not very strong, or that there are other offsetting factors that the current
model does not capture.

The Determinants of Commercial Earnings

The results of the commercia earnings equations also produced results that support most of our a
priori expectations (Table 7, rows 16 to 23). The positive and significant coefficient on the GDP per
capita variable suggests that higher demand in the economy for the output of commercial enterprises,
including businesses run by research ingtitutes, leads to higher commercia earnings (row 16). The positive
sign on the coefficient of the variable by measuring the number of scientists shows that a larger research
staff either pressures ingtitutes to look for ways to support their large wage bill, or provides the labor
necessary to set up while run a business concern and also increases earnings (row 18). The results aso
suggest that while patents and setting up firms in the livestock industry (where the gains from
commercidization of the ingtitute’' s technology are more capturable) raise commercia revenues (rows 21
and 22), when firms are well-funded by government budget allocation and have access to other funds,
such as loans from the World Bank, commercia revenuesfal (rows 19 and 20).

Decomposing the Growth of Government Resear ch Investment and Commercial Earnings

To identify the importance of the individua factors (e.g., land scarcity or fiscal solvency) on
changes in research investment, including the propensity of governments to invest less in research when
institutes earn more commercia revenues, we decompose the growth of research investment over the
sample period into its component parts (Table 8). To calculate the contribution of each factor to research
intensity change (column 3), the eadticities (column 1) are multiplied by the change in the level of the

factors from 1990 to 1994 (column 2). Dividing the contribution of each factor by the total change in
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research activity provides an estimate of the proportion of growth accounted for by each factor (column
4). Toad inthe interpretation of the important determinants of agricultura research,we decompose the
change of research investment both in terms of research intensity (Table 8) and total research
expenditures (Table 9).

The decomposition results demongtrates the importance of commerciaization policy in funding
government agricultural research in China (Table 8). From 1990 to 1994, the government-sponsored
research intensity was declining by 1.21 percent annually (bottom row). The results showed that the
increase in commercia revenue intensity contributed most to the decline in government research intengity.
If all the other factor had been held constant, this factor would have contributed four times the actual
government research intensity decline (row 7). Thisimplies that the commercialization of agricultural
research institutes failed to meet government's goal of increasing government-sponsored research
investment.

Other factors both compensate and reinforce the negative impact of commercialization on the
government-sponsored research intensity. Per capita agricultural GDP aso provides a large contribution
(about 310 percent of total decline) to the decline of research intengity (row 2). Thisimplies that the
government funding has not kept up with the rapid expansion of agricultural GDP. Theresult dsois
consistent with other studies (Pardey, Roseboom and Anderson, 1991; Byerlee and Traxler, 1996) which
show atendency for the growth of public research intensity to lag behind the sector’ s growth rate. The
other factor which leads to alarge fall in government-sponsored research intensity is the declinein tota
number of agricultural scientists (row 3). The annual decline rate of 1.66 percent in the total number of
agricultural scientists contributed 182.69 percent of the total decline in government-sponsored research
intengity.

Many other factors offset the negative effects of these factors, making the decline in government
research intensity lower than it would otherwise be. For example, rises in fiscal revenues and urbanization

trends have contributed to the rise in research expenditures (rows 4 and 5). Surprisingly, thetime trend is
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the most important factor to offset the fall in government sponsored research intensity (row 8). This may
show that government’ s recent effort to emphasize those elements that improve agricultura productivity,
ceteris paribus, has kept its commitment and meet its goa of increasing government-sponsored research
intengity.

The results of the decomposition of total government-sponsored research funds (Table 9) are
mostly consistent with the intensity decomposition results (Table 8). Commercial revenue also is the most
important factor holding back agricultural research expenditure (Table 9, row 8). If it had not been for the
rise in revenue from the commercia subsidiaries of the research institutes, research expenditures would
have been 154.97 percent greater. The only material differencesin the results from those of the research
intensity decomposition are that per capita AQGDP leads to an increase in government-sponsored research
funds while it leads to a decline in research intensity. Moreover, the time trend variable isinsgnificant in

the tota research funds modd.

Funding Agricultural R&D in Poor Areas

In this analysis we study if factors that determine government funding of agricultura R&D and
commercialization income affect poor and rich areas differently. We dlow the intercept term and
coefficients of certain continuous variables (that measure the relationship between R&D
investment/commercidization income and certain factors) to differ in poor and rich aress.

Thefirst step of the analysisisto split the sample into poor and rich areas. The 25 sample
provinces are divided into two categories, rich and poor based on their per capita GDP. Eleven provinces,
including Lisoning, Guangdong Zhejiang, Heilongjiang, Jiangsu, Xingjiang, Shandong, Fujian, Jlin, Hebei
and Hubei, are classified as “more developed” (or “rich”) areas since their per capita GDPs have been
consistently higher than the other provinces during the early 1990s. The other provinces, including Shanxi,

Shaanxi, Sichuan, Guizhou, Y unnan, Guangxi, Hainan, Jiangxi, Hunan, Anhui, Ningxia, Gansu, Qinghai, and
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Xinjiang, belong to the poor category. Thered (in 1985 yuan) five-year average per capita GDP is 1562
yuan for the rich provinces and 882 for the poor ones.

To capture the differences in the determinants of public research investment between rich and
poor areas, adummy variablesis created, equaling one if a province is poor and zero otherwise. The
dummy variable itsalf isincluded in the research investment equation. We aso multiple the dummy
variable by 5 independent variables, variables representing land scarcity, the size of the agricultura
economy, the fiscal capability of the province, the degree of self-sufficiency of the province, and the
degree of urban bias (of the size the agricultura population. Coefficients on these interaction terms will
measure what factors in poor areas differ in the way they determine public research investment. In the
commercidization equation, the poor province dummy and interaction terms between poor provinces and
the size of the agricultural economy and size of the livestock economy are added.

The 2SL S results for the new government research investment model are presented in Table 10.
The negative sign on the dummy variable means that after considering all the other factors which are
included in the model poor provinces support less agricultura research. To the extent that poor provinces
are able to ‘borrow” technology from other provinces, this may be a good strategy. Some unmeasured
factor (e.g., low returnsto agricultural R& D investment), a physical constraint (e.g., poor research
facilities), or preference for other goals besides those that are met by new agricultural technology is
keeping poor provinces officials from investing as much as their counterparts in more developed provinces.
In other specifications (not shown here), the coefficient on the interaction term between the poor area
dummy and the commercidization income variables is found to be insgnificant, implying the fungibility of
funds between commercia earnings and public investment is no better or worse for poor provinces.

The results do pinpoint some reasons for the lower spending, especiadly those related to the fisca
crissthat affects al poor provinces. Fisca constraints keep poor provinces from increasing public
investment in agricultural R&D, but the effect is no stronger than that found in the richer problems (row

12). Thefact that spending is aready so constrained in poor provinces, however, may make budgetary



problems relatively more serious.  The negative sign on the coefficient of the interaction term between
poor provinces and the per capita agricultural GDP suggests that poor province officias in provinces with
large agricultura output spend relatively less than those better developed economies with high output from
the farming sector (row 8). Given the industry-bias of the fiscal system, this could reflect spending biases
of poorer provinces that are trying to increase their industrial output, even if their comparative advantage
may lie elsewhere. Farmers that would benefit from the new technologies created by their province's
research systems may suffer competitively.

The results aso suggest that spending on agricultural R& D in poor areas differ since officias
have different priorities, and ones that are not inimica to farmers. Although officiasin better off
provinces demonstrate a tendency invest more in R&D when they are grain deficit, those in poorer
provinces are more reluctant (row 15). It may be that poor provinces leaders know the central leadership
expects less out of them, given their poor resource bases, and poor provinces have even received
shipments of subsidized grain in the past to meet chronic shortages and deficits during disasters. Poor
area officials also may be more concerned with targets such as poverty alleviation and their career
advancement may be less reliant on raising food production. The positive sign on the coefficient of the
interaction term between the poor province dummy and proportion of people in agriculture shows that
compared to leadersin richer provinces (who worry about urban concerns), poor area officialsin
provinces with large agricultura populations direct more funding towards agricultural R& D (row 18).

The results from the aternative commercia earnings mode (Table 11) demonstrate that most of
the same factors encouraging and constraining earnings of research apply equaly for those in poor and
rich provinces. The coefficient on the poor province dummy variablesisinsignificant. The main exception
isthat there is some evidence that earnings from provinces in predominantly agricultural regions earn less

(row 5).

Policy Implications and Conclusions
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Can the policy of commercialization of agricultura research really increase research funding and
the resources available to agricultura sciences for R&D? What determines the success of the agricultural
research ingtitutes in generating commercial revenues? Will governments stick to their commitment to
increase funding for agricultura research after they have adopted reforms committed to research
commercidization? Our paper has attempted to answer these key questions on agricultural research. The
answer to the effectiveness of commercialization to increase research funding depends on the godl's of the
research system and the context of the country’s devel opment.

China’s Answers

In China's context it is clear that commercialization of agricultural research can raise substantia
amounts of money. Research institutes have increased their commercia income by 12 percent annually
for the period 1990 to 1994. The wedlth of the province has a positive impact on commercia incomes
while agricultural GDP had a negative impact. This result may suggest that institutes are making their
money from non-agricultural rather than agricultural commercia activities.

Despite the government’ s explicit commitment to increase research to 1.5 percent of GDP from
the current levels of lessthan 0.5 percent, the increasesin commercial income have been accompanied
by major declines in government contributions to agricultura research, everything else held constant. The
elasticity in Table 7 (row 7, column 1) suggests that a 100 percent increase in commercia earnings
intensity will lead to a 60 percent decline in government research intensity and those in Table 8 (row 8,
column 1) suggest that a 100 percent increase in commercial earnings will reduce government funding by
30 percent. Since at most 20 percent of commercial earnings are actually used in the research laboratory,
thereisanet loss of 10 percent research funds each due to this transaction. Thus, provincial governments
have reduced both research intensity and levels of research funding.

Fortunately for the research system and China s agricultura sector, other factors also affect the
level of commerciaization of agricultural research and the expansion of government funding and

government research intensity. Researchers and farmers are responding to factor scarcities and supplying
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and demanding more research to relieve these constraints. Officias are responding to budget constraints,
urban pressures, and other political pressures. An ared s genera commitment to investment in R& D leads
to more agricultural research.

Lessons for Other Developing Countries

A number of other devel oping countries aso have large decentralized research systems, for
example, India, Brazil and Nigeria, and the officias from these countries may be able to learn lessons from
China s experience. In larger countries, research systems also can expect to earn money from
commercia enterprises. However, unlike China, they may have to face more competition from private
firms (although this will not be so different from the competition that China s ingtitutes face in the form of
collective enterprises and the emerging private sector). Such competition could have both stimulating and
limiting effect. On the one hand, it could induce research ingtitute subsidiaries to do business more
effectively. On the other, they may choose not to enter at al. Research institutes in countries with
stronger intellectua property rights should be able to make more money from agricultural and other
technology that they develop than in China's case.

The substitution effect of commercia earnings for government funding documented in Chinaisa
warning that policy makers should be aware of. In the United States, state legidatures have reduced state
government contributions to some land grant universities by the amount of their earnings in royaties and
other means. The substitution of World Bank funds for local government funding of research has been
noted el sewhere (Evenson 1991). If the goa of commercialization is primarily the incresse of total
agricultura funding, policy makers should take note of the tendency for commercia funds to substitute for
government investment.

Lessons for Transitional Economies

Declines in government funding have been particularly large in the Former Soviet Union and

Eastern Europe (Pray and Anderson 1997). Our findings are useful lessons there also. They indicate that

it is possible for research ingtitutes to earn money in transitional economies. It isaway of keeping



indtitutes alive. However, it is not likely to make up for the declines in government funding. Authorities are

likely to further reduce government contributions to research if an ingtitute is successful in earning money.

Policy change.

To break out of thiscircle of declining funding, research planners should consider a matching grant
program that would match earnings from enterprises that are put back into research, instead of automatic
reductions in funding in response to increased earnings by the ingtitutes. This would give the research
parts of the institutes more incentive to support the commercia enterprises. The implication for leaders of
research ingtitutes seems to be that they should put less emphasis on increasing their earnings since this
just leads to reduced government funds. The fact that GDP is the main factor contributing to growth in
development income and agricultural GDP and revenues contribute to growth in funding suggests that
there also are possible income distribution problems ahead which central governments need to be aware

when implementing this type of reform.
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Table 1. The Importance of Subnationa Investment® (Province level and below) in China's
Agricultural Research System, 1978 to 1995.

Y ear National Level Subnational Leve
1978 15 85
1979 2 78
1980 23 77
1981 24 76
1982 2 78
1983 27 73
1984 28 72
1985 24 76
1986 19 81
1987 21 79
1988 19 81
1989 27 73
1990 2 78
1994° 23 77
1994° 15 85
1995° 2 78

® For years 1978 to 1990, figures are share of total agricultural research investment as reported in
Huang et ., 1998).

® For years 1994 and 1995, figures are the share of total agricultural project money as reported in
MOA, 199.

¢ For the second 1994 number, figure is share of total revenues of research revenues as reported
in STS, 1996. Some of revenues of subnational ingtitutes may come from central budget
expenditures.



Table2. Number of Agriculturdl Research Indtitutes, Staff, and Tota Research Expenditures
by Different Levd of Government in China,1994.

Number of Indtitutes  Number of Staff and Totd Re;eearch
Workers Expenditures
(1000 yuan)®
Total 1146b 122,451 2,952,395
(100) (100) (100)
MOA 60 13,588 368,716
(5) (11 (13)
Provincid 453 63,121 1,485,386
(40) (52) (50)
Prefectural 633 45,742 1,098,293
(55 (37) (37)

& Expenditures at the current year price
b Numbers in the parentheses are the percentage
(Sources: MOA, 1995)
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Table 3. The Structure of Agricultural Research Investment in China, 1986 to 1994 (in million
1985 yuan).

Government-sponsored Earnings from Commercia Other Sources
Research Investment Activities by Research
Ingtitute Subsidiaries
580.0 150.6 56
1986
(73.7)2 (19.1) @)
1990 493.5 255.8 73
(60.0) (311 9
1994 604.9 475.0 140
(49.6) (38.9) (11)

4The figures in parentheses are the percentage in the total agricultural research income.
(Sources: MOA, 1987, 1991 and 1995)



Table 4. Provincial Government Agricultural Research Intensity and Proportion of Research Institute from Commercia Activities in China,

1990-1994.

Government-sponsored Research Commercid-generated Revenues
Province 1990 1994 Percent Change 1990 1994 Percent Change

1990-94 1990-94

Beijing 0.389 0.204 -24.4 041 0.46 12.2
Tianjin 0.245 0.234 -4.5 0.14 0.34 142.9
Hebel 0.116 0.093 -19.8 0.03 0.04 33.3
Shanxi 0.215 0.274 27.4 0.05 0.06 20.0
Inner Mongolia 0.151 0.132 -12.6 0.02 0.01 -50.0
Liaoning 0.266 0.245 -7.9 0.12 0.13 8.3
Jilin 0.250 0.194 -22.4 0.16 0.12 -25.0
Heilongjiang 0.222 0.166 -25.2 0.07 0.11 57.1
Shanghai 0.404 0.593 46.8 0.18 0.48 166.7
Jiangsu 0.077 0.113 46.8 0.07 0.07 0.0
Zhdjiang 0.098 0.107 9.2 0.04 0.03 -25.0
Anhui 0.036 0.047 30.6 0.2 0.03 -85.0
Fujian 0.137 0.106 -22.6 0.04 0.01 -75.0
Jiangxi 0.108 0.075 -30.6 0.15 0.37 146.7
Shandong 0.073 0.061 -16.4 0.04 0.04 0.0
Henan 0.054 0.056 3.7 0.02 0.07 250.0
Hubei 0.065 0.060 -7.7 0.09 0.08 -11.1
Hunan 0.074 0.065 -12.2 0.09 0.08 -111
Guangdong 0.108 0.214 98.1 0.19 0.35 84.2
Guangxi 0.112 0.115 2.7 0.08 0.10 25.0
Sichuan 0.091 0.082 -9.9 0.04 0.19 375
Guizhou 0.180 0.150 -16.7 0.03 0.03 0.0
Yunnan 0.148 0.266 79.7 0.08 0.11 37.5
Tibet 0.295 - 0.02 -
Shaanxi 0.282 0.187 -33.7 0.04 0.03 -25.0
Gansu 0.302 0.257 -14.9 0.06 0.01 -83.3
Qinghai 0.483 0.336 -30.4 0.01 0.02 100
Ningxia 0.567 0.546 -3.7 0.08 0.20 150.0
Xingjiang 0.290 0.251 -13.4 0.05 0.08 60.0

Note: Intensity is investment by source divided by agricultural gross domestic product.

(Source: Author’s calculations based on data from MOA, 1991 to 1995.)
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Table 6. Definition of Variablesin Government-sponsored Research Investment and Commercial Revenue
Intensity Equations and Hypothesized Signs.

Independent
Vaiable Definition of Variable Expected Sign
Modd of Government-sponsored Resear ch I ntensity
Dependent variable: government-sponsored research intensity
Sourcesof Agricultural
Growth
Land scarcity Cultivated land per capita -
Irrigation potential Potential irrigated land per capita ?
Yield potential Grainyield growth ratein 1976-89 +
Demand for Ag.
Technology
Size of ag. Economy Agricultural gross domestic product -
Cost of Research
Fixed costsof system  Number of Agricultural Scientists +
Crop concentration Sum of squared crop sown area proportions -
Political variables
Fiscal solvency Total revenue of the province +
Food dependency Interprovincial net grain exports ?
Urban influence Ratio of urban to total population -
Agricultureinfluence  Ratio of agricultural to total government expenditure +
Priority of R&D Ratio of all scienceto total government expenditure +
Alternativefunding
Development income Earnings of research institute commercial activities ?
World Bank Provincial Dummy =1, if province received World Bank -
funding for agricultural research
Timetrend +
Modd of Commercial Revenue I ntensity
Dependent variable: Commercial earnings divided by Ag. GDP
Market demand
GDP Gross Domestic Product +
Ag. GDP Agricultural Gross Domestic Product +
Technology opportunities
Amt. of technology Number of agricultural scientists +
Quality of technology =~ Government funds for agricultural research +
World Bank Dummy =1if World Bank ag. research project +
Appropriability variables
IPR environment Number of patents approved in the province +
Commerciaizability Ratio of value of livestock to Ag.GDP +
Timetrend +

V)



Table 7. Two Stage Least Square Estimates of Government-sponsored Research Intensity and Commercial Revenue
Intensity.

Without Trend With Trend

M odel of Government-Sponsored Resear ch Intensity

Dependent variable: government-sponsored research intensity
Sources of Agricultural Growth

Adjusted R-Squared

: -0.093, -0.091,
Land scarcity (-2.31) (-2.50)l
N . 0.0014 -0.003
Irrigation potential (0.04) (-0.09)
. . -0.692 -0.392
Yield potential (-0.89) (-0.49)
Demand for Agricultural Technology 0.588 0.670
Size of agricultural Economy (_4.-44) s (-4.67) s
Cost of Research 1.905 1.905
Fixed costs of system 6.67) " (7.48)""
i -0.092 -0.031
Crop concentration (-0.85) (-0.26)
Political Variables 0.680 0.746
Fiscal solvency (3.69) " (3.90) "
0.331 0.179
Food dependency (0.65) (0.36)
_— 0.390, 0.378,
Urbanization (2.35) (2.43)
. ) -0.661 -0.514
Agricultural sector influence (-1.64) (-1.34)
- 1.430,, 1.298 |
Priority of R&D (3.83)9 (3.39)
Alternative funding 050 09
: . . -1.050,, -1.095,
Commercial revenue intensity (-2.87) (-3.39)
-0.039 -0.034
World Bank (-2.30) (-1.96)"
Timetrend 0.0089
Year (1.72
Adjusted R-Squared 0.76 0.7
Model of Commercial Revenue I ntensity
Dependent variable: Commercial earnings divided by agricultural GDP
Market Demand 0.124 0.130
GDP (4.35)" 387"
i -0.955 -0.993
Agricultural GDP (-4.50)"" (-4.36)""
Technology opportunities 1.529 1573
Amount of Technology (6.219) *x (6.214) h
. -0.85 -0.89
Quality of technology (b 1)5** iy 48)3”
-0.026, -0.027
World Bank (1.72) (-1.70)"
Appropriability variables 0.029 0.0287
IPR environment (3.03) " (2.94)"
o 0.164 0.181
Commercializability (1.30) (1.30)
TimeTrend 0.0008
Year (-0.14)
0.40 0.40



Notes:  Numbers within parentheses are t-ratios. ]
**x *x and * refer to statistical significance at 1%, 5% and 10%, respectively



Table 8. Sources of Decline in Government-sponsored Research Intensity.

Factor Growth
Rate

Contribution of factors

Factors Eladticities? (percent per year)
Growth ® Percent®
Land scarcity -0.51 -1.10 0.56 46.07
Size of agricultura economy -1.05 357 -3.75 -309.92
Fixed costs of system 1.33 -1.66 -2.21 -182.69
Fiscal solvency 0.45 124 0.55 45.78
Urbanization 0.48 2.17 1.04 85.41
Priority of R&D 0.18 7.35 131 108.10
Commercia revenue intensity -0.57 9.40 -5.33 -440.71
Year 97.14 0.05 4.88 403.10
Residue 1.75 144.86
Total -1.21 100
Sources of Increase in Commercia Revenue Intensity.
Factor Contribution of factors
Growth
Rate
Factors Elagticities (percent per year)
Growth Percent
GDP 1.62 12.02 19.51 207.58
AgGDP -3.01 3.57 -10.74 -114.27
Amount of technology 213 -1.66 -3.52 -37.49
Quality of technology -1.73 -1.21 2.09 2221
Residual 2.07 21.97



Total 9.40 100

2Eladticities are calculated from coefficients reported in Table 6 and means of variables reported in Appendix 2.

b Growth contribution of each factor is calculated by multiplying factor growth rate (column 2) by elasticity (column 1).
¢ Percent of contribution of each factor is calculated by dividing the growth contribution of each factor by total growth
rate.



Table 9. Sources of Increase in Government-sponsored Research Expenditure.

Contribution of factors
Factor Growth

Rate

Factors Eladticities? (percent per year)

Growth® Percent®
Land scarcity -0.45 -1.10 0.49 21.12
Irrigation Potential 0.14 0.05 0.007 0.31
Size of agricultura economy 0.53 357 1.90 81.49
Fixed costs of system 101 -1.66 -1.68 -71.96
Fisca solvency 0.37 124 0.46 19.88
Urbanization 0.66 2.17 143 61.43
Priority of R&D 0.16 7.35 1.19 51.16
Commercia revenue -0.30 11.98 -3.61 -154.97
Residue 2.13 91.54
Total 2.33 100
Sour ces of Increase in Commercial Revenue.

Factor Contribution of factors
Growth
Rate

Factors Elagticities (percent per year)

Growth (Percent)
GDP 0.30 12.02 3.63 30.30
Amount of technology 3.48 -1.66 -5.77 -48.14
Quality of technology -0.74 233 -1.71 -14.31
Residual 15.83 132.16
Total 11.98 100
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2Elaticities are calculated from coefficients reported in Appendix 3 and means of variables reported in Appendix 2.

b Growth contribution of each factor is calculated by multiplying factor growth rate (column 2) by elasticity (column 1).
¢ Percent of contribution of each factor is calculated by dividing the growth contribution of each factor by total growth
rate.



Table 10. 2SL S Estimation for Government Funding Model with the Dummy for Poor Area

Variable (1) 2
Constant 0.8496 -38.8950
(2.104)" (-1.863)"
Poor Province Indicator (Dpoor) -0.6606 -0.6851
(-1.692) (-1.753)"
Land scarcity -1.7434 -1.4096
(-2.459)" (-2.207)"
Dpoor*Land scarcity -0.2387 0.08515
(-0.340) (0.121)
Irrigation 0.0984 0.1418
(1.220) .772)
Grain yield growth -2.4635 -2.54299
(-1.642) (-1.680)"
Size of Agricultural Economy 1.817E-3 1.233E-3
(AgGDP) (3.614)"" (2.294)"
Dpoor* AgGDP -1.196E-3 -9.94E-4
(-2.658)""" (-2.159)”
Fixed Cost of Research 4.3838 3.9409
(7.888)""" (7.247)""
Crop Concentration -0.1709 -0.0161
(0.760) (-0.068)
Fiscal Strength (Fiscal) 1.369E-3 1.326E-3
(2.397)" (2.327)""
Dpoor* Fiscal 8.53E-4 7.53E-4
(1.136) (1.005)
Food Dependency (Depend) 2.0901 1.9625
(1.796)" (1.691)"
Dpoor* Depend -4.0801 -5.0983
(-2.394)" (-2.877)""
Influence of Agriculture -1.6453 -0.7057
(-1.773) (-0.735)
Importance of Rural Population -1.3820 -1.2243
(Agpop) (-3.648)""" (-3.278)"""
Dpoor* Agpop 1.2473 1.1317
(3.225)"" (2.968)"""
Priority of R&D 1.8177 1.4378
(2.503)"" (1.967)"""
Commercia Earnings -0.7858 -0.6190
(-3.442)" (-2.820)""
Year 0.0199
(1.901)"
Adj-R 0.8399 0.8403

Note:  Numbersin parentheses are t-ratios
*** indicates 1% significance level
**  indicates 5% significance level
*  indicates 10% significance level
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Table 11. 2SL S Estimation for Development Income Model with the Dummy for Poor Area

Variables (@) )
Constant -0.3323 31.9481
(-0.991) (0.884)
Dpoor 0.0223 0.0764
(0.060) (0.202)
GDP/pop 3.63E-4,, 4.08E-4,,
(3.993) (3.816)
AgGDP/pop 8.16E-4 8.57E-4
(1.370) (1.428)
Dpoor* AgGDP/pop -1.289E-3 -1.425E-3
(-1.659) (-1.764)
Sci/pop 3.7920, . 3.8793,,,
(5.768) (5.715)
Rlvstk -0.5996 -0.5214
(-0.581) (-0.502)
Dpoor* Rlvstk 1.3863 1.414
(1.135) (1.151)
Estgfund/pop -0.8801 -09144
(-4.223) (-4.206)
Y ear -0.0163
(-0.893)
Adjusted-R2 0.3864 0.3816
Note: Numbers in the parentheses are t-ratios

*** ndicates 1% significance level
** indicates 5% significance level
*  indicates 10% significance level



Appendix 1. Changesin Agricultural Research Expenditures (in million 1985 yuan) by Provincein

China, 1990 to 1994 (Ranked by the change of total research expenditures)

Province Government Expenditure  Development Funding Tota Income

1990 1994 Change® 1990 194 Change 1990 1994  Change
Sichuan 236 26.7 136 110 62.2 466.6 37.6 1014 1694
Guangdong” 28.7 71.0 147.9 492 1157 1354 831 207.0 134.8
Jangxi 117 9.8 -16.6 158 416 1639 341 700 1052
Anhui 54 6.5 211 22 41 86.4 7.8 151 934
Shanghai 81 119 46.6 37 9.7 164.1 124 230 86.2
Henan 10.8 121 122 46 145 2137 161 291 814
Jiangsu 16.8 313 85.8 16.1 204 271 345 57.3 66.0
Y unnan 154 26.1 69.7 85 111 310 257 413 60.4
Guangxi 12.2 170 40.2 9.0 153 69.7 23 36.7 57.2
Shanxi 140 20.6 471 31 46 477 17.6 270 534
Ningxia 59 6.8 14.4 8.8 24 1759 7.3 110 511
Tianjing 41 45 91 2.3 6.5 1795 79 1.7 476
Zhejiang 137 19.7 442 6.0 58 -38 204 29.3 436
Hunan 12.7 14.3 119 150 183 218 327 429 312
Liaoning 217 322 165 12.9 17.0 31.8 446 57.3 284
Shandong 191 19.6 24 99 14.2 128 30.3 385 26.8
Heilongjiang 219 217 -10 71 14.6 1054 305 386 26.7
Hebei 16.3 174 6.8 39 6.6 69.2 20.6 26.0 26.2
Xingjiang 17.0 195 150 29 6.3 1194 20 269 23
Hubei 116 123 6.6 155 173 111 308 371 205
Guizhou 111 114 2.7 16 20 27.3 125 150 19.6
Beijing 105 91 -13.8 110 141 27.7 216 24.4 130
Mongolia 105 114 89 12 0.6 -52.6 118 123 45
Fujian 125 16.3 30.0 40 18 -55.0 185 191 32
Jlin 193 20.8 79 125 12.9 36 380 36.0 -51
Qinghai 53 44 -16.5 01 0.3 432.34 54 47 -14.1
Gansu 11.9 110 -75 22 05 -76.5 14.4 120 -16.7
Shaanxi 14.1 96 -31.9 18 18 -4.6 17.2 132 -234
Tibet 26 01 33

(Sources: MOA, 1991 and 1995)
& Changein 1990-1994
® Guangdong includes Hainan.

51



Appendix 2. Data descriptive statistics

Standard
Variables Unit Mean Deviation
Model of Gover nment-Sponsored Resear ch I ntensity

Independent Variable

Government- sponsored research intensity Percentage 0.182 0.132
Sources of Agricultural Growth

Land Scarcity Hectare 1.015 0.592

Irrigation potential Hectare 0.450 0.305

Yield potential Growth rate 0.040 0.015
Demand for Agricultural Technology

Size of agricultural Economy 1,000 Yuan 0.286 0.078
Cost of Research

Fixed costs of system Heeds 0.128 0.091

Crop concentration 0.213 0.080
Palitical Variables

Fiscal solvency 1,000 Yuan 0.109 0.047

Food dependency Ton -0.005 0.016

Urbanization Ratio 0.230 0.094

Agricultural sector influence Ratio 0.090 0.026

Priority of R&D Ratio 0.025 0.021
Alternative Funding

Development income Percentage 0.094 0.132

World Bank 0.320 0.468
TimeTrend

Year 1992 1.420

Model of Development I ncome

Dependent Variable

Devel opment income intensity Percentage 0.094 0.132
Market Demand

GDP 1,000 Yuan 1.181 0.473

Agricultural GDP 1,000 Yuan 0.286 0.078
Technology Opportunities

Amount of technology Heads 0.127 0.091

Quiality of technology Percentage 0.182 0.132

World Bank 0.320 0.468
Appropriability variables

IPR environment 0.945 0.767

Commrcializability Ratio 0.271 0.057
TimeTrend

Year 1992 1.420
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Appendix 3. Two Stage Least Square Estimates of Government-sponsored Research Funds and Commercial Revenue
Models

Without Trend With Trend

Model of Gover nment-Sponsored Resear ch Funds

Dependent variable: government-sponsored research funds

Sources of Agricultural Growth

i --0.2 -0.21
Land scarcity (_2.54)2* ey
Irrigation potential (fégB) (J(_Jéléi)
Yield potential (:%.gg) (:%gg)
Demand for Agricultural Technology
Size of agricultural Economy (20(-)9%” ( J(.)E?ZS)
Cost of Research
Fixed costs of system (637'%1*” (637'2?* .
Crop concentration (:8.2421) (:8.31)
Political Variables 170 L8
Fiscal solvency (3.55),“ (3.6'6)“*
Food dependency (g:gg) (8:‘512)
Urbanization (318‘21)2'” (317.2)9“*
Agricultural sector influence (:8-85) (:82‘51)
Priority of R&D (33(5(2))2*” (238851”*
Alternative funding 0.78 078
Commercial revenue (-2.89)“* (-2.9'6)*“
-0.15 -0.15
World Bank (-3.20)" (-3.03)"
Timetrend 001
Ve (0.88)
Adjusted R-Squared 0.76 0.76
Model of Commercial Revenue
Dependent variable: Commercial earnings
Market Demand 0.30 0.3
GDP (5o (g
Agricultural GDP (8-%3) (8.%%
Technology opportunities
Amount of Technology (536‘5%3'“ (536'451)7“*
Quality of technology . 3081)4 (-éog';)l“
-0.12 -0.12,,
World Bank (:2'56) (255
Appropriability variables
IPR environment (%'411(1)) (302.%51 -,
Commercializability (8-%2) (g.gg)
TimeTrend 00
-0.01
vex (-0.49)
0.44 0.43

Adjusted R-Squared



Notes:  Numbers within parentheses are t-ratios. )
*xx xx and * refer to statistical significance at 1%, 5% and 10%, respectively
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