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ABSTRACT
ARTICLE INFO

X i Although the importance of science, in both desertification control and other types of
eywords:

o . environmental governance, has been emphasized by many studies, little is known about
Application of science

. how science influences institutional changes. Based on a method combining surveys,

Institutional change . . . . . .
. . interviews, observation, and a meta-analysis of the literature, this study explored the roles

Desertification

Knowledge

Scientists

of science in institutional changes associated with desertification control in northern China.
There are five major results of this study: (1) the application of science significantly
improved the outcome of desertification control by influencing several aspects of institu-
tional changes; (2) the major aspects of the institutional changes were identified (major
actors in desertification control, desertification control methods, types of property rights,
and laws and regulations); (3) the effects of applied scientific desertification control mea-
sures (SDCM) had more impacts on institutional changes than the extents of adoption and
implementation of the measures; (4) six scientific areas had the greatest effects on institu-
tional changes of desertification control were observed (agricultural science and technology,
land development and construction planning, agricultural pest control, knowledge of
forestry, knowledge of combating desertification and dust storms, and general knowledge
of climate); and (5) the most important factors influencing the application effects of science
on institutional change in desertification control were governmental behaviors, govern-
mental attitudes toward the application of science, understanding of local knowledge, local
conditions, local people, and effectiveness in science and technology transformation and
extension. These findings shed new light on the influence of scientific measures on
institutional changes by addressing large-scale, chronic environmental problems, such
as desertification control in China and in other arid lands around the world.

© 2012 Elsevier Ltd. All rights reserved.

2000; Yang, 2009, 2010; Yang et al., 2010; Yang and Wu, 2009,
2010). Marx and Engels (1968) argued that technology plays a
definite role on the institutional structure of a society. Lin

1. Introduction

Numerous studies have shown that science (primarily natural
science and technology) may play an important role in
desertification control (Bauer and Stringer, 2009; Reynolds
et al., 2007; Thomas, 1997; Winslow et al., 2011; Xia and Fan,

(1989) also indicated that technological advancement is one of
four important sources of institutional disequilibrium.
Changes in technology not only shape institutional structure
but also affect the efficiency of particular institutional
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arrangements. For example, Anderson and Hill (1975) pointed
out that the privatization and leasing of public grazing land in
the American West was induced by the innovation of low-cost
and barbwire fencing. Day (1967) and Binswanger (1978)
reported that tractors and other farm machinery reduced
supervision cost, and resulted in a shift from sharecropping to
owner operations (or from sharecroppers to wage workers).

On the one hand, institutional arrangements may hinder or
promote the adoption and implementation of science-based
measures in environmental governance (McNie, 2007; Lidskog
and Sundqvist, 2002; Garcia and Charles, 2008; Bauer and
Stringer, 2009; Yang and Wu, 2010; Akhtar-Schuster et al., 2011).
On the other hand, scientific knowledge can significantly
influence the process of institutional change (Miller et al,
2010; North, 1990; Ruttan, 1978, 1984; Ruttan and Hayami, 1984).
However, the interactions between science and institutional
dynamics are yet to be fully understood. This is especially true
as to how science influences the institutional changes in
desertification control because little has been done on this topic.

Our previous research (Yang and Wu, 2012) suggests that
knowledge-driven institutional change may have played a
significant role in combating the desertification in northern
China during the last six decades; however, because of the lack
of data at that time, we were not able to address the question
of how science actually influenced these institutional
changes. Thus, the main objective of this study was to analyze
the roles that science, when applied to desertification control,
played in institutional changes. Specifically, we attempted to
address the following two research questions:

(1) Does science significantly influence institutional changes
during combating desertification, and in what respects?

(2) What are the key factors impeding or promoting the roles
of science, and how can these roles be improved?

Based on the assumption that both scientific application
and institutional change are heterogeneous, the hypotheses of
this study are: (1) the extent of adoption and implementation
of scientific measures (i.e., how much science has been
applied in desertification control) and its effect (i.e., the
effectiveness of the scientific application) influence the
effectiveness of institutional changes in desertification con-
trol; (2) the key factors impeding or promoting the roles of
science have different effects on the effectiveness of institu-
tional changes in desertification control. To answer these
questions and to test the hypothesis, we conducted a series of
analyses based on field studies in China, which for decades
has been one of the countries most severely affected by large-
scale desertification (Wu and Ci, 2002).

2. Study area and research methods
2.1.  Study region

We chose 12 counties in three adjacent provinces in northern
China for the field studies. Among these counties, there are two
in Gansu, two in Ningxia, and eight in Inner Mongolia (Fig. 1).
These counties are located at 99°51'E-121°35'E, 36°59'N—49°46'N
with four in the arid zones, two in the transitional zones

between the arid and semi-arid regions, two in the semi-arid
zones, and three in the transitional zones between the semi-
arid and semi-humid regions. These counties have population
densities of 2-69 per km? an annual average temperature
ranging from —0.5 to 9.5 °C, an annual average precipitation of
115460 mm, an annual average evaporation of 1714-2644 mm,
and an annual wind speed of 2.34.2 m per second (Table 1).
Land conversion, groundwater pumping for agriculture, and
wind (as the major physical erosive force) are often considered
to be major causes of desertification in these areas (CCICCD,
2000, 2002). Furthermore, the Chinese Academy of Sciences
(CAS) has operated laboratories and field stations in all of these
counties for many years; some of these laboratories and field
stations were founded as far back as the 1950s.

2.2.  Data acquisition

This study is based on a combination of four types of data:
surveys, interviews, observations, and archives. The random
surveys were conducted from March to December in 2011,
with 4194 valid responses overall (Table 2a and b). Consider-
ing that many of the old farmers could not read, we first
randomly distributed the questionnaires to high school
students, who often came from all of the townships within
the county and were trained to help their family members,
neighbors, and relatives in answering the questions. If there
was more than one high school within the county, we
included all of the high schools or chose the school with
students that represented the population of most of the
townships within the county. Because multiple social actors
and organizations participated in desertification control
projects in China (Yang, 2009, 2010; Yang et al., 2010; Yang
and Wu, 2010), the survey respondents included farmers, as
well as middle school teachers and students, desert control
station staff, government officials, and businessmen (Table
2b). This method has been practiced for many years and in
multiple studies (Yang, 2009, 2010, 2012; Yang et al., 2010;
Yang and Wu, 2010) and has proven to be a valid and efficient
method for collecting data in rural China.

Face-to-face interviews were conducted from June 2006 to
February in 2008 in Mingin, Linze, and Zhongwei and from July
to August in 2011 in the other counties, with 118 interviewees
from approximately 20 to more than 60 years old to
complement the survey data (Table 2c). The interviewees
included both volunteers (e.g., farmers or general citizens) and
people recommended by the offices of the county bureaus,
research institutes (e.g., desert control stations), and busi-
nesses. The interview questions were similar to the survey
questions, but they were open-ended. We ensured that the
identity of any respondent would not be revealed in any
circumstance by keeping the interview results confidential.

The participatory and non-participatory observations were
conducted during the same period of the interviews, and they
were mainly used to acquire some intuitive and direct
understandings of the activities and functions of the desert
control stations, scientific applications in desertification
control, types of property right arrangements, and desert
control results; some issues were also raised by the inter-
viewees. Furthermore, in each county, we visited the Bureau of
Forestry, the Bureau of Environmental Protection, the desert
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Fig. 1 - The twelve research sites and jurisdictions.

control station, typical areas of desertification control, and
famous natural reserves (Table 2d and Fig. 2).

Various archives were collected during this study, includ-
ing county annals, government gazettes, government docu-
ments, research reports, and published and non-published
literatures. These archives were used to complement the
survey and interview data and to provide some background
information for research design and data analysis, and they
provided a validity check for the research findings.

2.3. Conceptual background and analytical framework

Institutions are sets of formal or informal behavioral rules
within which individuals interact and through which policy
discourse is mediated (Lin, 1989; North, 1981, 1990, 1994a,b;
Ostrom, 1990; Ruttan, 1978; Schultz, 1968; Yang and Wu, 2012).
Multiple types and layers of institutions often influence each
other and then often make institutions nested in a complex and
hierarchical system. North (1981) divided institutions into three
levels—constitutional rules, operating rules, and normative
behavioral codes. Kiser and Ostrom (2000:60) divided institu-
tions into three related but distinct levels: the constitutional,
collective choice, and operative levels. In this study, we
considered four aspects of institutions and institutional change
related to desertification control: types of property rights, laws
and regulations, methods of desertification control, and major
actors in desertification control. Property rights were classified

into three types: national, collective, and private. ‘“Laws and
regulations” included the property right arrangements, basic
laws on desertification control, laws and regulations on
implementing the basic laws, and methods of desertification
control. The four methods of desertification control evaluated
were mechanical (e.g.,, high sand dike stabilization with a
mechanical sand fence and straw checkerboard dune stabiliza-
tion), chemical (e.g.,, chemical dune stabilization), biological
(such asbiological dune stabilization methods), and agricultural
methods (e.g.,, deep plowing, improved slowing techniques,
strip intercropping, remaining crop stubble and other methods
used in agricultural production to prevent desertification). The
major social actors evaluated by the respondents included
farmers and herders, households, communities, the general
public, businesses, governments, scholars and research insti-
tutes (including experts, technicians, desertification control
stations, and universities and colleges), media, religious groups,
non-governmental organizations, internationals organiza-
tions, and others.

To answer the two research questions, this study mainly
explored (a) the impacts of adoption and implementation of
SDCM on the institutional changes and (b) the factors that have
impeded or promoted the uptake of SDCM (Fig. 3). To address our
firstresearch question, we examined the extents to which SDCM
were adopted and implemented, the effects of these measures,
and the types of science that these measures represent. Then,
we explored these factors’ relationships with the institutional
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Dimensions

Provinces

Counties

Annual average Annual average Annual wind

Climate division  Total area Population Annual

Latitude

Longitude

speed
(m/s)

(mm)

precipitation evaporation
(mm)

average
temperature (°C)
7.7

density
(per km?

(km?)

3.2

2212

115
115
188
<300

41

3148
16,016

99°51'E-100°30'E  38°57'N-39°42'N Arid
101°49'E-104°12'E 38°03'N-39°27'N Arid

Gansu
Gansu

Linze (2001?)
Mingin (1994)

2.8
2.3

2644
1914
>2000

7.8
9.5
7.7
7.6
6.7

17
52
18
27
28

5780
8661

17'E-105°37'E  36°59'N-37°42'N Arid
106°30'E-107°47'E  37°04'N-38°10'N Arid

104

Ningxia
Ningxia
IMP

M

Zhongwei (1995)
Yanchi (2004)

2.8

2398
2563

145

3554
5600
22,000

09'E-107°10'E  40°09'N-40°57'N Arid
108°58'E-110°25'E 38°56'N-39°49’N Arid-semi-arid

106

Dengkou (1998)

3.6

2.8
3.5

348
268

250-350

Ejin Horo (2011)

1650
1746

1973-2082

-0.3
1.6

117°33'E-120°12'E 46°10'N-49°47'N Arid-semi-arid
115°13'E-117°06'E 43°02'N-44°52'N Semi-arid

Xinbaerhuzuo (2002) IM

Xilinhot (2004)

Naiman (2001)
Duolun (2000)

16
51

15,179

M
M
M
M

3.64.1
3.6

3-4.2

366
389
370

310-460

6 to —6.5¢
1.9
4.5

8159
3773
11,882

19'E-121°35'E 42°14'N-43°32'N Semi-arid
115°51E-116°54'E  41°46'N-42°36'N Semi-arid-semi-humid

120

1714
2106

35
69

117°49'E-120°43'E 42°26'N-43°25'N Semi-arid-semi-humid

Wengniute (1993)
Aohan (1990)

2161.7

5-7

8294

119°30’'E-120°53'E  41°42'N-43°02'N Semi-arid-semi-humid
Sources: Fan (1993), He et al. (2004), Lu et al. (2004), PGYC (2011), Wu and Peng (2002), Wu (2001), Zhang (1990), Zhou (1998) and Zhuo (2000).

@ The year of the source published.
® M refers to Inner Mongolia.

¢ In some counties, because the data come from different sources, we only found the annual average intervals rather than the annual average values of some factors.

changes that occurred regarding desertification control. To
address our second question, we first identified the key factors
that influenced the adoption and implementation of SDCM,
investigated the relationship of these factors with institutional
changes, and then explored the means of improving the role of
science in combating desertification. The influencing factors
werebased on the Institutional Analysis and Development (IAD)
framework (Ostrom, 2005) and the Product-Institutional Analy-
sis (PIA) framework (Yang, 2009, 2010), in additional to the
control variables such as the biophysical conditions of the
counties (Table 1) and the types of the respondents (Table 2). We
considered (1) the level and quality of science development
(Barrera-Bassols et al., 2006; Garcia and Charles, 2008; Lidskog
and Sundqvist, 2002; Thomas, 1997; Yang, 2009, 2012), (2) the
mechanisms, laws, and regulations of science and technology
application and extension (Watson et al., 2008; Yang, 2009, 2010;
Yang et al., 2010; Yang and Wu, 2010), (3) interactions among
multiple organizations and social actors in desertification
control (Pellant et al., 2004; Reynolds et al., 2007; van Rooyen,
1998; Yang, 2009, 2010; Yang and Wu, 2010, 2012), and (4)
financial support for science and technology application
(Akhtar-Schuster et al.,, 2011; Campbell, 1992; van Rooyen,
1998; Yang, 2009; Yang and Wu, 2010) (Fig. 3).

2.4. Measurement

A six-point scale (range: ‘“very large, large, medium, moder-
ately small, very small, and unknown” or “strongly agree,
agree, neutral, moderately disagree, strongly disagree, and
unknown”) was used to evaluate the extents and effects of
adoption and implementation of SDCM, the relevant applied
sciences, the problems and improvements that were associ-
ated with or could be made to the scientific measures, and the
results of desertification control.

Using the same six-point scale, we evaluated the
four aspects of institutions and institutional change related
to desertification control. However, for the three types of
property rights, the four types of laws and regulations, the four
methods of desertification control, and the eleven types of
social actors, we asked the respondents to choose the type of
property rights and the control methods via a single-choice
question and the participation of social actors via a multiple-
choice question for the 1950s, 1960s, 1970s, 1980s, 1990s and
2000s. We then calculated their average responses. Further-
more, we asked the respondents to directly evaluate the
influence of scientific applications on these aspects of the
institutions and institutional change.

3. Results

3.1.  The impacts of scientific applications on institutional
changes
3.1.1. Extent of adoption and implementation and effect of

SDCM

On average, more than 40% of the respondents from the 12
counties indicated that both the extent and effect of the
application of science in combating desertification were ‘“‘very
large” or “large”; by also including “medium,” the percentage



Table 2 - Survey and interview distribution in the 12 counties in northern China (2006-2011).

Counties Total

Linze Mingin Zhongwei Yanchi Dengkou Ejin Horo Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan

(a) Survey distribution

The number of sent copies 450 450 450 450 450 450 450 450 450 450 460 450 5410
Response rates (%) 75.78 100 80.00 99.56 72.00 38.89 86.00 93.56 96.00 100 100 100 86.82
The number of valid copies 328 418 345 439 304 150 387 342 424 449 458 362 4406
Valid rate among received copies (%) 96.19 92.89 95.83 97.99 93.83 85.71 100 81.23 98.15 99.78 99.57 80.44 81.44

(b) Types of survey respondents

Farmers 97 382 130 75 72 53 186 76 70 149 438 256 1984
(29.57)° (91.39)  (37.68) (17.08)  (23.68) (35.33) (48.06) (22.22) (16.51) (33.18)  (95.63) (70.72)  (43.42)
Middle schools (teachers and students) 91 8 58 166 99 38 45 99 134 135 11 21 905
(27.74)  (1.91) (16.81) (37.81)  (32.57) (25.33) (11.63) (28.95) (31.60) (30.07)  (2.40) (5.80)  (21.05)
General research institutes® 0 1 2 27 2 0 5 3 11 15 0 2 68
(0) (0.24) (0.58) (6.15) (0.66) (0) (1.29) (0.88) (2.60) (3.34) (0) (0.55) (1.36)
Desert control stations 0 0 0 2 2 0 1 0 2 8 0 0 15
(0) (0) (0) (0.46) (0.66) (0) (0.26) (0) (0.47) (1.78) (0) (0) (0.30)
Government 14 1 9 15 13 4 14 24 5 32 1 9 141
@27)  (0.24) (2.62) (3.42) (4.28) (2.67) (3.62) (7.02) (1.18) (7.13) (0.22) (249)  (3.26)
Businesses 55 8 48 55 53 10 18 63 14 34 4 28 390
(16.77)  (1.92) (13.92) (12.53)  (17.43) (6.67) (4.65) (18.42) (3.30) (7.57) (0.87) (7.73)  (9.31)
Rural grassroots organizations 7 9 24 15 4 2 2 4 2 41 0 10 120
(213) (215 (6.96) (3.42) (1.31) (1.33) (0.52) (1.17) (0.47) (9.13) (0) (2.76)  (2.61)
Organizations of technology 4 1 0 3 2 0 4 2 3 1 0 1 21
development and promotion (1.22) (0.24) (0) (0.68) (0.66) (0) (1.03) (0.58) (0.71) (0.22) (0) (0.28) (0.47)
in rural areas
Universities 1 1 5 18 0 0 4 4 12 0 0 0 45
(0.31)  (0.24) (1.45) (4.10) () (0) (1.03) (1.17) (2.83) (0) (0) 0) (0.93)
Religious groups 0 0 2 4 0 0 0 2 2 0 0 0 10
©) ©) (0.58) (0.97) © ©) ©) (0.58) (0.47) ©) ©) ©) (0.21)
Other public institutes 25 1 25 10 20 16 10 40 3 13 3 26 192
(7.62)  (0.24) (7.25) (2.28) (6.58) (10.67) (2.58) (11.70) (0.71) (2.90) (0.66) (7.18)  (5.03)
Non-governmental organizations 5 0 5 4 3 6 1 3 2 1 0 2 32
(1.52) (0) (1.45) (0.92) (0.99) (4) (0.26) (0.88) (0.47) (0.22) (0) (0.55) (0.94)
News media 1 0 1 2 0 1 0 3 5 0 0 0 13
(031 (0 (0.29) (0.46) () (0.67) (0) (0.88) (1.18) (0) (0) (0) (0.32)
International organizations 0 0 4 2 0 0 1 0 15 0 0 1 23
(0) (0) (1.16) (0.46) (0) (0) (0.26) (0) (3.54) (0) (0) (0.28) (0.48)
Others 28 6 32 41 34 20 96 19 144 20 1 6 447
(8.54)  (1.44) (9.27) (9.33) (11.18) (13.33) (24.81) (5.56) (33.96) (4.46) (0.22) (1.66)  (10.31)
(c) Interview distribution
Farmers or residents 4 6 5 1 1 2 2 1 1 1 1 1 26

Scholars, experts and technicians 3 11 4 4 2 3 0 4 5 0 2 4 42

9€
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45

11

Government officials

Businessmen

Religious groups or NGOs

118

10

10

29

Total

(d) Observation distribution

Numbers

52

11

@ “Types of organizations” refer to people in these organizations.

® Numbers in the brackets are the percentages among the valid copies.

increased to 70% (Table 3a and b). The correlation coefficient
(Pearson’s) between the extent and effect of the scientific
application rated as “very large” or “large” by respondents was
0.361 (at a 0.249 significance level); the correlation coefficient
was 0.796 (at a 0.003 significance level), if “medium” was
included. Many interviewees, including an official in Weng-
niute Banner and two experts in Aohan Banner, also empha-
sized the effects of science and said that it had been even more
important and significant recently with the development of
science and technology. Furthermore, they indicated that the
extent to which SDCM were adopted and implemented
correlated with their effects, but a thorough adoption and
implementation of these measures did not necessarily lead to
high major effects because of many other factors, such as
government intervention, climate factors, and natural condi-
tions (especially water). An expert in Wengniute even empha-
sized that the application of science had more impacts in the
areas with poor natural conditions than in areas with good
conditions. An expert in the Experimental Center of Desert
Forestry in Dengkou County also noted that science and
technology each had their own scopes and applicabilities.

3.1.2. Types of sciences

Although the respondents in different counties emphasized
different sciences among 16 types of knowledge, the six types of
scientific knowledge with the greatest average application
extent evaluated by “very large” and “large” were as follows:
agricultural science and technology, agricultural pest control,
zoology or animal biology, knowledge of forestry, knowledge of
combating desertification and dust storms, and general
knowledge of climate. The six types with the greatest applica-
tion effect were agricultural science and technology, land
development and construction planning, agricultural pest
control, knowledge of forestry, knowledge on combating
desertification and dust storms, and general knowledge of
climate (Table 4). Many interviewees also emphasized that
nonscientific land development and construction planning was
one of the major reasons for the recent desertification of the
rapid, ongoing industrialization and urbanization in China, and
thus, the science regarding land development and construction
planning was much-needed in desertification control.

3.1.3. The impact of scientific application on institutional
change

Although the survey respondents from different counties had
various evaluations, more than 30% of the respondents
indicated that the total impact of scientific application on
institutional change was ‘very large” or “large;” but if
“medium” was included, the percentage increased to 71.7%
(Table 5). The order of the impacts on the different aspects of
institutional change from the greatest to least was ‘“the major
actors in desertification control,” ‘“methods of desertification
control,” “types of propertyrights,” and “laws and regulations”’.
Furthermore, the order of the impacts on the four types of laws
and regulations from the greatest to least were the basic laws of
desertification, methods of desertification control, laws and
regulations regarding property right arrangements, and laws
and regulations regarding implementing the basic laws. Many
interviewees had similar ideas. For example, an expert in
Wengniute Banner indicated that scientific application had
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Fig. 2 - Examples of observation sites. (a) Inner Mongolia Grassland Ecosystem Research Station, the Chinese Academy of
Sciences (CAS) in Xilinguole. (b) National Forestry Administration Desertification Monitoring Network Naiman Desertification
Research Station and Naiman Desertification Research Station, Cold and Arid Regions Environment and Engineering Research
Institute, CAS. (c) Forestry Public Security Bureau of Naiman Banner. (d) National Forest Farm of Desertification Control in
Aohan Banner. (e) State-Owned Desertification Control Station in Xinjie Township, Ejin Horo Banner. (f) Experimental Center
of Desert Forestry, Chinese Academy of Forestry Sciences in Dengkou County. (g) National Grassland Nature Research in
Xinlinguole. (h) The typical area of desertification control in Bayinburide Village, Xinbaerhuzuo Banner. (i) The Yanchi County
Area of the Sino-German Financial Cooperation Project of Comprehesive Desertification Control in Northern China.

important impacts on the methods and mechanisms of
desertification control and also on the participatory actors in
desertification control. However, there was almost no signifi-
cantinfluence on the property right arrangements because they
were mainly controlled by the government. Furthermore, some
interviewees, such as a forestry factory director in Naiman
Banner, indicated that clear property rights were a necessary
condition rather than a sufficient condition for combating
desertification.

The Pearson’s correlation coefficient between the extent of
scientific application and the total evaluation of the impact of
scientific application on institutional change rated as “very
large” or “large” by respondents is less than the correlation
coefficient of the effect of scientific application; if “medium”

was included, both of these coefficients increased with the
total evaluation of the impact of scientific application, but the
coefficient of the extent of scientific application was still less
than the coefficient of the effect (Table 7). Furthermore, the
order of the correction coefficients, from the greatest to the
least, of the extent and effect of scientific application with the
impacts of the scientific application on the four aspects of
institutional change was as follows: the methods of desertifi-
cation control, the major actors in desertification control, the
laws and regulations, and the types of property rights (Table 7).

3.1.4. The relationship with results of desertification control
Except for the extent of adoption and implementation of
SDCM and the impact of the scientific application on the types
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Fig. 3 - Analytical framework.

of property rights, the other aforementioned variables
(effects of the scientific application, impact of the scientific
application on the methods of desertification control, laws
and regulations, major actors in desertification control, and
the total evaluation of the impact of scientific application on
institutional change) all had high correlations with the results
of desertification (Table 8a and b).

3.2.  Problems of scientific application and their
improvements

3.2.1. Problems influencing scientific application

Among all of the 16 choices for the problems influencing the
scientific application, 11 choices were emphasized by more
than 30% of the survey respondents for the choices deemed
“very important” or “important,” but more than 25% of the
survey respondents indicated that all 16 choices were “very
important” or “important.” The six most highlighted pro-
blems were (1) the government bureaucracy and corruption,
(2) the lack of scientific knowledge of local conditions, (3) the
lack of effective communication between the scientists and
local people, (4) the inadequate attention of the local

government to the function of science and technology in
desertification control, (5) the lack of science suited for the
local conditions, and (6) the lack of effective systems of science
and technology transformation, extension and application
(Table 9). The interviewees also emphasized these problems.
For example, a Mongolian person in Xilinhaote City noted that
the local people in fact were the real experts on desertification
control, and the scientists should respect them and learn from
them. He also argued that the major problems of scientific
application in desertification control were a combination of
local contexts and the mechanism by which the scientific
measure is applied. Even many government officials, such as
the director of the County Bureau in one county and the
director of the Environmental Bureau in one city, realized the
importance of local knowledge.

3.2.2. Improvements to scientific application

With the exception of the sixth choice (the others), the 15 other
choices for the improvements to scientific application were
identified by more than 47% of the survey respondents, who
indicated that the choices were ‘“very important” and
“important.” The six most highlighted improvement methods
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Counties

Average

Types and options

Wengniute  Aohan

Naiman  Duolun

Ejin Horo  Xinbaerhuzuo Xilinhot

Dengkou

Yanchi

Zhongwei

Mingin

Linze

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(a) Extents of scientific application

Very large
Large

5.1
16.0

10.8
229

6.2
28.5

5.0
9.2
14.3

10.5

6.6
9.1

9.0
41.8

15.7

5.0
11.7

16.0

13.0 2.1
16.5

8.8
23.2

18.2

27.0

38.0

39.9

337 21.1

34.6

15.7 28.7

54.0 16.7 42.8 50.7

52.8 18.6

40.0

Accumulation?

Medium

48.0

43.6

30.4

33.6

37.3

47.9

25.4

27.7

55.5

31.9

25.9 48.6

38.0

47.9 65.0 77.4 69.1

63.6 66.0

85.9 72.2 70.4 76.1

78.8 67.3

70.0

Total®

(b) Effects of scientific application

Very large
Large

5.2
21.8

1.4
20.5

4.9

7.4
7.6

15.0

6.1

321

4.3
13.0

7.7
34.4

4.3
13.3

11.1

3.0
15.4

6.7

333

7.9
22.0

28.8

26.8

15.8

329

21.8 27.0

33.8

47.8 32.9

40.0 17.6 42.1 17.4

40.0 18.5

29.5

Accumulation

Medium

48.5

57.3

37.1

16.0

32.2

30.2

46.1

31.8

50.2

38.5

33.7 51.8

39.5

31.0 70.9 79.1 75.6

65.1

78.0

82.5 67.9 73.8 63.5

73.7 70.2

69.3

Total

& The total percentage of “very large” and “large” as rated by survey respondents.

® The total percentage of “very large” “large” and “medium” as rated by survey respondents.

were (1) improving the knowledge of scientists on the local
conditions, (2) improving the attention of the central govern-
ment to the function of science and technology in desertifica-
tion control, (3) improving the attention of the local
government to the function of science and technology in
desertification control, (4) reducing the government bureau-
cracy and corruption and increasing its efficacy, (5) improving
the effective communication between the scientists and local
people, especially farmers and pastoralists, and (6) improving
the attention of society to the function of science and
technology in desertification control (Table 10). Of these six
improvements, four corresponded to the most important
aforementioned problems (the second and sixth improve-
ments did not), although they existed in an order different
from their relative position above. The interviewees, including
a very famous professor at the Naiman Desertification
Research Station, also identified the importance of govern-
ment support, especially for the extension of scientific and
technological research.

3.3.  Correlation coefficients of the biophysical conditions
of the counties and the types of the respondents with the
research variables

Although not all the biophysical conditions of the counties and
types of the respondents (control variables in the study) were
significantly correlated with the research variables covered in
Tables 3-6, 9 and 10, their correlation coefficients indicated: (1)
except for the three elements of the biophysical conditions
(latitude, population density, annual average evaporation),
which had no significant correlation with any research
variables, three elements of the biophysical conditions had
negative correlation with some of the research variables, and
three elements had positive correlation with some, although
these elements had different numbers of significant coeffi-
cients with the research variables; (2) except for four types of
survey respondents (desert control stations, rural grassroots
organizations, organizations of technology developments and
promotion in rural areas, religious groups), which had no
significant correlation with the research variables, six types of
the survey respondents had negative correlation with some of
the research variables, and five types of the survey respon-
dents had positive correlation with some, although the types
of respondents had different numbers of significant coeffi-
cients with the research variables (Table 11).

4. Discussion

4.1.  Significance of scientific application on institutional
change

4.1.1. Differences of scientific application to desertification

control

The large survey percentage of ‘“very large,” “large,” and
“medium” responsesindicated that, in general, both the extents
and effects of scientific application in desertification control
were significant, but the relatively small percentage of “very
large” and ‘“large” responses indicated that both the extents
and effects still had room for improvement. Furthermore, the



Table 4 - Types of knowledge used in desertification control rated by survey respondents in the 12 counties (2011).

Types of knowledge Average Linze (%) Mingin Zhong-  Yanchi Dengkou Ejin Xinbaer- Xilinhot Naiman Duolun Weng- Aohan
(order) (%) wei (%) (%) (%) Horo (%) huzuo (%) (%) (%) niute (%) (%)
(%)
D* EP D E D E D E D E D E D E D E D E D E D E D E D E
1. Agricultural science 32 31.8 42.0 36.1 326 315 463 454 277 237 426 399 293 304 223 315 318 363 112 108 277 305 295 357 319 300
and technology ) Y (2 ) Y R Y 4 A Y 2 R 4 Y B (< R ) Y (S B R Y O I 2 R R ) B ) O P B U
2. Agricultural pest control 309 31.2 432 395 321 323 431 419 269 27.6 375 381 288 312 245 341 335 373 125 92 253 297 244 268 315 269
A Y ) O 4 B < ) O ) B B O O O O S N € O ) B R ) B I T
3. Zoology or animal biology 30 285 38.0 383 31.0 285 372 36.0 262 243 333 333 309 194 289 334 347 315 117 90 306 306 300 272 283 304
B [1 (6 [ [ [ (¢ [12] [6] [ (6] & [ [4 [4 [ [4 [ M4 [ ™ @& @ @ B[
4. Knowledge of forestry 295 309 37.8 351 288 280 415 445 272 241 392 399 234 329 210 273 348 367 83 100 260 332 298 305 288 283
4 [ [ 1 [ (8 Bl Bl @4 [ B 2] [4 [ [0 [0 [81 [ [2] [5] B [ 2 2 [4 B
5. Knowledge on combating 29 29.2 354 351 291 293 443 472 323 281 427 404 20.6 257 287 285 369 422 167 58 249 255 143 213 254 218

desertification and duststorms  [5] [5] [0 [7] 8 6 (2 [ [ [ [ [ [© [© [ © [ [ [ [ [6 [© [0 [© 8 [11]

6. General knowledge of climate 288 29.2 273 318 294 26.1 389 412 354 322 330 381 200 250 404 327 356 36.6 184 150 22.7 179 180 234 333 30.2
e1° [51 (14 23] [71 [11] [6] [8] [ [ [71 [4 [21] [ [ [4 [2 [4 [ [ [°5] [16] [6] [8] [ [3]

7. Hydraulic engineering 25.8 27.7 349 364 283 28.0 429 346 21.1 20.7 321 338 234 329 30.7 27.0 253 314 86 9.5 259 288 136 26.5 27.0 229

knowledge 71 [¢1 (11 [51 [0 [7] [4 [13] [13] [15] [8] [8] [4] [38] [2] [12] ([13] [10] ([13] [7] [4] [6] [12] [6] [7] [10]

8. Local and indigenous knowledge 254 26.8 324 328 30.5 323 367 399 242 259 290 287 213 300 283 256 256 299 838 9.8 233 241 262 182 232 246
8 [10] [12] [11] [6] [1] [13] [o] [8 [5] (0] [12] [71 [71 [6] [13] [12] [13] [8 [6] [71 [10] [4] [11] [10] [8]

9. Specific knowledge on 245 265 265 331 318 29.8 371 440 247 224 312 354 171 271 201 234 314 354 73 7.8 230 238 169 151 235 20.1
local desertification 0] [11] [16] [0] [3] [5] [ [ 71 [13] [9 6 [13] [8] [12] [16] [8] [6] [14] [12] [8] [11] [7] [13] [o] [14]
10. General knowledge of 243 254 371 296 210 242 368 416 207 189 363 326 206 229 196 253 317 339 102 85 206 282 136 193 21.3 202
environmental governance [10] [12] [o] [5] [12] [13] [12] [7] [14] [16] [5] [10] [o] [13] [13] [14] [71 [71 [6] (0] [13] [7] [12] [10] [14] [13]
11. Poultry and livestock 242 285 377 375 315 311 372 388 212 255 215 300 144 271 173 293 296 311 51 74 220 300 159 268 273 27.2
disease control 11 71 (81 181 [4 [4 @ [0 [12] [e] [14] [11] [15] [8] [15] [7] [10] [3] [16] [13] [11] [4] [O] [4 [6] [6]
12. Land development 229 313 389 360 283 271 37.9 418 14 277 252 346 212 333 189 330 313 339 61 286 174 259 92 239 225 303
and construction planning 12 [20 [ [B [10] [10] [71 6 [16 [3 [12] [7] 8 [ [4 38 [ [ [@5 [ [15] [ [@5 71 [12] [2
13. Knowledge of laws 228 245 323 334 191 220 317 314 216 229 261 269 220 307 206 290 292 303 87 80 212 221 168 171 22.3 197
and regulations [13] [13] [13] [o] [14] [14] [15] [6] [11] [12] [11] [13] [6] [5] [11] [8] [11] [12] [0 [11] [12] [12] [8] [12] [13] [15]
14. Understanding on 211 224 271 274 189 199 333 362 217 245 207 267 171 194 294 27.2 238 280 88 7.0 227 207 137 123 226 193
local social relations [14] [15] [15] [16] [15] [15] [14] [11] [10] [8] [15] [14] [13] [14] [3] (1] [15] [15] [8] [14] [o] [13] [11] [14] [11] [16]
15. Knowledge of social 203 21.8 383 302 164 18.8 293 33.6 240 217 224 226 199 193 232 235 249 298 87 68 185 19.8 75 121 193 239
management [15] [16] [5] [14] [16] [16] [16] [14] [o] [14] [13] [15] [12] [16] [8] [15] [14] [14] [10] [15] [14] [15] [16] [15] [15] [9]
16.0thers 186 233 386 325 199 261 37.3 333 162 247 140 198 103 239 157 300 227 279 99 125 113 206 126 7.8 143 21.0

[16] [14] [4 (121 [13] [11] [8] [15] [15] [7] [16] [16] [16] [12] [16] [6] [16] [16] [7] [3] [16] [14] [14] [16] [16] [12]

@ Extents of scientific application.
Y Effects of scientific application.
€ [1]-[16] refers to the rank.
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Table 5 - Impact of scientific application on institutional change as rated by the survey respondents in the 12 counties (2011).

Types and options  Average Counties
Linze Minqgin Zhongwei Yanchi Dengkou Ejin Horo Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
(a) The impact of scientific application on methods of desertification control
Very large 9.1 17.9 3.5 15.6 4.4 10.7 5.6 14.3 11.9 8.5 8.7 2.0 5.7
Large 26.0 35.8 16.4 40.0 14.2 325 29.0 21.4 36.0 15.1 25.9 21.7 24.4
Accumulation 35.1 53.6 19.9 55.6 18.6 43.2 34.6 35.7 47.8 23.6 34.6 23.7 30.1
Medium 39.0 30.3 52.0 34.1 49.9 31.6 45.8 28.6 26.6 33.6 41.6 48.4 44.9
Total 74.0 83.9 72.0 89.6 68.5 74.8 80.4 64.3 74.5 57.2 76.2 72.1 75.0
(b) The impact of scientific application on types of property rights
Very large 10.1 10.6 10.4 12.8 3.8 17.0 7.1 12.7 13.8 8.3 9.0 3.0 12.1
Large 22.7 23.9 17.6 28.5 16.5 21.6 27.0 12.7 24.7 17.0 23.5 32.5 27.2
Accumulation 32.8 34.5 27.9 41.3 20.2 38.6 34.1 25.4 38.5 25.3 325 35.5 39.3
Medium 39.8 331 50.3 37.0 50.4 26.1 333 56.7 27.0 37.7 36.7 50.6 38.4
Total 72.5 67.6 78.2 78.4 70.6 64.7 67.5 82.0 65.5 63.0 69.2 86.1 77.7
(c) The impact of scientific application on laws and regulations®
Very large 10.7 114 9.0 14.6 9.7 10.7 7.1 15.1 18.9 7.0 9.9 2.2 12.5
Large 20.8 25.7 19.7 28.6 20.2 235 21.0 23.4 225 10.6 19.6 13.9 211
Accumulation 31.6 38.0 28.7 43.2 29.9 34.2 28.1 38.5 414 17.5 29.5 16.1 33.6
Medium 30.7 31.8 38.3 31.4 34.7 25.0 19.0 233 235 25.6 36.5 39.9 39.6
Total 62.3 69.8 67.0 74.5 64.5 59.1 47.1 61.8 65.0 43.0 66.0 56.0 73.3
(d) The impact of scientific application on major actors of desertification control
Very large 14.4 14.8 7.0 21.8 7.5 14.4 25.3 29.4 13.3 7.9 17.4 3.3 10.7
Large 26.1 37.7 23.0 36.3 12.8 24.6 35.6 323 25.2 12.3 21.9 215 29.7
Accumulation 40.5 52.5 30.0 58.1 20.3 38.9 60.9 61.7 38.9 20.2 39.4 24.5 40.3
Medium 37.6 31.4 49.6 34.6 50.4 31.7 25.3 13.7 29.9 37.4 44.5 61.0 41.3
Total 78.1 83.9 79.6 92.7 70.7 70.7 86.2 75.5 68.8 57.6 83.9 85.8 81.7
(e) The total impact of scientific application on institutional change®
Very large 111 13.7 7.5 16.2 6.4 13.2 11.3 17.9 14.5 7.9 11.3 2.6 10.3
Large 23.9 30.8 19.2 334 15.9 25.6 28.2 22.5 27.1 13.8 22.7 22.4 25.6
Accumulation 35.0 44.7 26.6 49.6 22.3 38.7 39.4 40.3 41.7 21.7 34.0 25.0 35.8
Medium 36.8 31.7 47.6 343 46.4 28.6 30.9 30.6 26.8 33.6 39.8 50.0 41.1
Total 71.7 76.3 74.2 83.8 68.6 67.3 70.3 70.9 68.5 55.2 73.8 75.0 76.9

& The numbers in this table are the average values of the evaluation of the impact of scientific application on four types of laws and regulations presented in Table 6.

> The numbers in this table are the average values of the evaluation of the impact of scientific application on four aspects of institutional change provided in this table (a)-(d).
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Table 6 - Impact of scientific application on the four types of laws and regulations as rated by the survey respondents in the 12 counties (2011).

Types and options  Average Counties
Linze Mingin Zhongwei Yanchi Dengkou Ejin Horo Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
(@) The impact of scientific application on laws and regulations on property rights arrangements
Very large 13.3 13.5 9.4 18.5 15.9 9.6 8.0 22.2 21.2 13.4 6.9 5.1 16.2
Large 18.2 27.3 20.1 26.8 19.4 24.8 18.4 7.8 20.3 7.5 18.1 8.1 20.2
Accumulation 31.6 40.8. 29.5 45.2 35.5 34.4 26.4 30.1 41.5 20.9 25 13.1 36.4
Medium 30.6 28.6 38.3 29.8 32.8 25.7 20.8 11.4 25.3 27.4 41.1 43.3 42.3
Total 62.1 69.4 67.8 75 68.1 60.1 47.2 41.5 66.8 48.3 66.1 56.5 78.7

(b) The impact of scientific application on basic laws on desertification control

Very large 8.4 8.6 7.0 8.7 7.3 7.3 6.3 16.4 15.6 5.0 7.6 0.9 9.8
Large 24.2 25.5 19.8 33.7 24.5 24.3 21.3 30.1 27.6 13.5 20.0 24.7 249

Accumulation 325 34.1 26.8 42.4 31.8 31.7 27.6 46.4 43.2 18.5 27.6 25.6 34.7
Medium 31.3 331 40.2 334 34.1 24.8 20.5 25.6 21.6 25.25 383 41.1 37.3
Total 63.8 67.2 67.0 75.8 65.9 56.4 48.0 72.0 64.8 43.6 65.9 66.7 72.0

(c) The impact of scientific application on laws and regulations on implementing the basic laws

Very large 8.7 9.2 8.3 11.0 6.6 8.3 7.1 121 17.7 4.1 9.3 0.7 10.3
Large 21.3 28.0 19.8 27.7 18.5 22.0 19.7 37.5 20.6 114 18.8 11.8 19.6

Accumulation 30.0 37.2 28.2 38.7 25.2 30.3 26.8 49.6 38.3 15.5 28.1 12.5 29.9
Medium 314 33.8 33.2 33.9 40.0 27.1 19.7 22.7 25.3 25.9 38.2 36.5 39.9
Total 61.4 71.0 61.4 72.6 65.2 57.3 46.5 72.3 63.6 41.4 66.3 49.0 69.8

(d) The impact of scientific application on methods of desertification control

Very large 12.3 14.3 11.1 20.3 9.0 17.7 7.1 9.5 21.0 5.3 15.8 2.1 13.8
Large 19.8 25.5 19.1 26.0 18.2 22.7 244 18.3 21.6 9.8 215 111 19.7

Accumulation 321 39.8 30.2 46.3 27.1 40.5 31.5 27.9 42.6 15.1 37.3 13.2 334
Medium 29.6 31.6 41.5 28.4 31.7 22.3 15.0 334 21.9 23.7 28.2 385 39.0
Total 61.7 714 71.7 74.6 58.9 62.7 46.5 61.3 64.6 38.8 65.5 51.7 72.5
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Table 7 - Correlation between the extents and effects of scientific application with the impact of scientific application on

methods of desertification control, on types of property rights, on laws and regulations, on major actors of desertification
control, and on institutional change (Pearson’s).

Variables Variables
The impact of The impact The impact The impact of Total
scientific of scientific of scientific scientific evaluation of
application on application application application on the impact of
methods of on types of on laws and  major actors of scientific
desertification property regulations desertification application on
control rights control institutional
change
Coef.¢ Sigd Coef. Sig Coef. Sig.  Coef. Sig.  Coef. Sig.
Extents of scientific ~ Accumulation®  0.734" 0.007 0665 0018 0330 0295 0574 0.051  0.689 0.013
application Total® 0.860" 0.000 0.360  0.251  0.494 0.103 0821”7 0.001  0.823" 0.001
Effects of scientific ~ Accumulation  0.752" 0.005 0387 0214 0736 0006 0631 0.028  0.762" 0.004
application Total 0.615 0.033 0.625 0.030 07117 0010 0.742" 0.006  0.867" 0.000

¢ Coef. = coefficients. It is also applied in other tables.
4 sig. = significance. It is also applied in other tables.
" P <0.05 (2 tailed).

" P<0.01 (2 tailed).

The accumulation of percentages of “very large” and “large” rated by survey respondents.
Total number of percentages of “very large”, “large” and “medium” rated by survey respondents.

large correlation coefficient between the extents and effects of
scientific application of “very large,” “large” and “medium”
indicated that the extents and effects of scientific application
were correlated, but their smaller coefficient for the “verylarge”
and “large” responses indicated that the large extent of
scientific application did not equate to major effects. These
findings were consistent with the arguments of the intervie-
wees. Many studies (Bauer and Stringer, 2009; Reynolds et al.,
2007; Thomas, 1997; Xia and Fan, 2000) had proposed improving
the participation of science, scientists, scholars, and more in
desertification control and environmental governance and had
the a priori assumption that significant participation would lead
to major effects. However, our findings indicated that, although
both the participation extents and effects are important, only
the improvements of participation extent cannot lead to major
participation effects. Thus, we need to not only distinguish the
participation effects and participation extent, but we also need
to pay more attention to the effects. Furthermore, we must
further study the other factors influencing the scientific
application effects in desertification control.

4.1.2. Most important sciences in desertification control

Although the existingliterature has stressed the important role
of science in desertification control (Bauer and Stringer, 2009;
Reynolds et al., 2007) and its scientific contributions (Thomas,
1997), as well as developed the types of desert science (Xia and
Fan, 2000), the major types of sciences applied in desertification
control have not been carefully studied. Our study clarified
the important sciences with the greatest application extents
and effects. This is valuable for policymaking and for the
implementation of desertification control. Furthermore, the
differences between the sciences with the greatest application
extents and with the greatest effectsindicated that the scientific
application in desertification control should be adjusted based
on their effects. While the science of land development and
construction planning had not been included in the six most
important types of sciences with the greatest extents, it was

deemed the second-most important science with the greatest
effect. Although zoology or animal biology was the second
science with the greatest extent, it was not included in the six
most important sciences with the greatest effect. This
suggested that, to improve the success rate of desertification
control, we should pay more attention to the science of land
development and construction planning rather than to zoology
or animal biology. Although previous studies (e.g., Yang et al,,
2010) showed that agricultural technicians had little impact on
land amelioration in China, this study indicated that
agricultural science and technology was deemed the most
important science with both the greatest extent and the
greatesteffect. Furthermore, agricultural pest control was the
second-most important science with the greatest extent and
the third-mostimportant science with the greatesteffect. The
findings of this study suggested: (1) the impact of agricultural
science and technology and the impact of agricultural
technicians on land amelioration were two different things
and could not be used to measure each other, (2) the little
impact of agricultural technicians on land amelioration did
not significantly restrict the impact of agricultural science
and technology in desertification control, and (3) researchers
should go further to explore the mechanisms of the applica-
tion and extension of agricultural science and technology and
clarify the major positive actors in the process of its
application extension in the future.

4.1.3.

change
Faced by complex linkages between the scientific application
and the results of desertification control, the role of scientific
application in the institutional changes of desertification
control needs to be studied. Both the survey respondents and
the interviewees indicated that scientific application signifi-
cantly influenced the institutional change of desertification
control, and the percentages of the survey respondents, who
indicated that scientific application significantly influenced

Significance of scientific application in institutional



Table 8 - Correlation of scientific application with the results of desertification control as rated by the survey respondents in the 12 counties (2011).

Options Average Counties
Linze Mingin Zhongwei Yanchi Dengkou Ejin Horo Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
(@) Results of desertification control
Very large 8.8 8.6 3.9 16.1 7.2 4.9 11.2 29.6 5.2 8.1 5.9 1.8 2.9
Large 21.8 37.5 10.4 29.6 22.0 22.8 16.8 25.6 24.4 12.7 28.4 15.3 15.5
Accumulation 30.5 46.2 14.3 45.7 29.1 27.7 28.0 55.2 29.6 20.8 34.3 17.1 18.4
Medium 38.4 30.2 43.8 35.7 43.0 42.3 39.2 247 39.2 35.0 40.5 42.1 45.2
Total 68.9 76.4 58.1 81.4 72.1 70.0 67.2 79.9 68.8 55.8 74.8 59.2 63.6
Variables Variables
Results of desertification control
Accumulation® Total®
Coefficients Significance Coefficients Significance

(b) Correlation coefficients of extent of scientific application, effects of scientific application, evaluation of the impact of scientific application on four aspects of institutional change, and total evaluation of the impact of

scientific application on institutional change with results of desertification control (Pearson’s)

Extent of scientific application 0.335

Effects of scientific application 0.781"
The impact of scientific application on methods of desertification control 0.656
The impact of scientific application on types of property rights 0.002

The impact of scientific application on laws and regulations 0.669"
The impact of scientific application on major actors of desertification control 0.725"
Total evaluation of the impact of scientific application on institutional change 0.683

0.287 0.464
0.003 0.545
0.020 0.505
0.994 0.028
0.017 0.509
0.008 0.380
0.014 0.473

0.129
0.067
0.094
0.931
0.091
0.223
0.120

2 The accumulation of percentages of “very large” and “large” rated by survey respondents.

Y Total number of percentages of “very large”, “large” and “medium” rated by survey respondents.
" P <0.05 (2 tailed).

" P<0.01 (2 tailed).
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Table 9 - Problems of scientific application in desertification control rated by survey respondents in the 12 counties (2011).

Average Linze Mingin Zhongwei Yanchi Dengkou  Ejin  Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan

(order) (%) (%) (%) (%) (%)  Horo (%) (%) (%) (%) (%) (%) (%)
1. Government bureaucracy and corruption 37.8 37.2 56.5 41 27.1 46.7 34 39.2 46.6 15.9 36.3 311 42.2
[1]
2. Scientists’ inadequate knowledge of local 36.1 30.9 50 42.8 25.9 39.3 42.4 46.7 32.0 40 30 17.3 35.9
conditions [2]
3. Lack of effective communication between 35.2 36.9 48.4 42.6 25.7 38.1 34 38.8 39.8 14.3 34.8 31.7 37.1
scientists and local people, especially [3]
farmers and herdsmen
4. Inadequate attention of local government 34.8 333 489 41 27.1 44.9 34 43.4 41.8 13.1 317 19.1 39.7

to the function of science and technology [4]
in desertification control

5. Lack of science suited to local conditions 34.5 34.3 47.3 39.9 27.8 41.2 29.3 48.6 34.2 14.3 33.2 25.1 39.2
[5]
6. Lack of effective systems of science and  34.4 36.6 42.2 39.6 22 44.4 34.8 41.7 39.1 9.4 38 30 35.2
technology transformation, extension [6]
and application
7. Low quality of farmers and pastoralists 33.0 38.4 36.5 42.4 21.8 38.4 33.3 35.5 37.6 17.8 35.7 23.3 34.8
7]
8. Imperfect laws and regulations of science 32.7 41.6 41.9 40 18.8 39.6 30.5 41.8 37.5 12.3 32 229 33.8
and technology application [8]
9. Inadequate attention of society to the 31.9 422 43.2 343 16.2 449 34 35.6 335 13.6 29 234 33.2
function of science and technology in [9]
desertification control
10. Low financial support for science and 31.9 36.8 41.6 47.7 21.5 39.7 24.1 35.6 35.9 9.4 30.6 22.6 36.7
technology application [9]
11. Inadequate attention of the central 31.4 33.2 36.5 42.1 30.5 36.7 34.8 35 32.0 15.9 25.6 13.2 41.1
government to the function of science [11]
and technology in desertification control
12. Lack of respect of government and 29.3 28.5 42.7 353 26 28.1 343 35.1 28.2 12.8 25.9 20.3 34.4
scientists for local people [12]
13. Low levels of science and technology 26.9 31.3 29.7 37.1 21.3 31.4 22.7 32.1 32.2 12.8 22.8 23.2 26.3
development [13]
14. Local people’s non-cooperation 26.8 32.3 29.7 333 22 23.9 30 44.2 26.2 14 21.1 133 31.7
[14]
15. Scientists’ sabotage 26.6 25.4 36.2 33.7 245 28.3 27.7 34.1 245 12.2 23.9 19.1 29.1
[15]
16. Others 25.8 30 25.5 34.4 24.6 31.6 23.4 34.6 25.1 23.2 15 8.3 333

[16]
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Table 10 - Improved methods of scientific application in desertification control rated by survey respondents in the 12 counties (2011).

Average Linze Mingin Zhongwei Yanchi Dengkou Ejin Xinbaerhuzuo Xilinhot Naiman Duolun Wengniute Aohan
(order) (%) (%) (%) (%) (%)  Horo (%) (%) (%) (%) (%) (%) (%)
1. Improving scientists’ knowledge 56.7 66.7 62.6 57.7 31.9 63.7 44.3 443 54.6 17.1 57.6 51.9 45.0
on local conditions [1]
2. Improving the attention of the 52.3 70.0 62.0 59.1 33.0 72.2 41.1 42.3 61.9 17.4 61.9 49.5 57.1
central government to the function [2]
of science and technology in
desertification control
3. Improving the attention of local 52.2 64.5 62.8 59.1 35.6 72.1 43.3 45.0 63.5 13.1 63.2 49.7 53.9
government to the function of science [3]
and technology in desertification
control
4. Reducing government bureaucracy 50.7 64.9 62.2 55.6 gil7 68.6 50.0 45.2 63.1 12.3 58.8 46.5 49.6
and corruption and improving its [4]
efficacy
5. Improving the effective communication 50.3 66.0 59.0 56.9 32.8 63.7 41.8 51.1 61.8 13.1 55.9 52.7 48.5
between scientists and local people, [5]
especially farmers and pastoralists
6. Improving the attention of society to 49.5 64.9 58.9 57.5 23.6 69.1 47.5 43.6 58.7 13.8 58.3 53.1 45.0
the function of science and technology  [6]
in desertification control
7. Improving the respect of 49.3 68.4 60.4 57.1 32.5 64.6 447 42.8 56.6 11.0 56.0 50.1 47.1
government and scientists for [7]
local people
8. Improving the systems of science and  49.1 63.0 47.5 58.4 28.6 70.4 48.2 46.5 55.2 14.3 58.0 53.9 45.4
technology transformation, [8]
extension and application
9. Developing more science suited 49.1 66.7 55.5 53.4 30.7 69.5 47.5 43.0 56.1 13.4 56.3 48.9 48.2
to local conditions [8]
10. Improving scientists’ efforts 48.8 61.9 57.7 57.5 27.1 65.5 48.9 50.0 56.7 12.9 55.7 47.9 433
[10]
11. Improving the financial support 48.6 64.6 57.7 58.7 25.9 68.6 42.4 48.9 57.3 11.3 56.6 47.6 43.9
for science and technology application  [11]
12. Improving local people’s cooperation  48.6 68.1 54.9 55.0 31.6 67.1 47.5 42.7 58.1 11.0 55.7 46.7 45.0
[11]
13. Improving the levels of science and 48.0 59.7 49.2 55.6 26.8 69.1 418 46.5 58.8 14.8 57.0 49.7 47.1
technology development [13]
14. Improving the laws and regulations of 47.9 67.3 51.1 52.6 27.3 68.6 40.7 442 55.9 15.4 56.8 45.9 48.5
science and technology application [14]
15. Improving the quality of 47.4 63.8 51.4 55.7 27.5 65.5 48.9 44.3 56.2 13.0 55.3 413 45.7
farmers and pastoralists [15]
16. Others 35.1 51.5 35.5 46.0 28.8 27.0 333 30.2 45.2 20.3 38.6 24.9 39.7
[16]
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Table 11 - Correlation between the biophysical conditions of the counties and types of the respondents with the other variables as rated by the survey respondents in the

12 counties (Pearson’s).

Variables Coefficients
Biophysical conditions Types of the respondents
Longitud Climate Total Annual Annual  Annual Farmers Middle General Government Businesses Universities Other NGOs News International Others
e division area average average wind schools research public media organizations
temperature precipitation speed institutes institutes
Total numbers of coefficients 22 4 1 8 23 27 1 1 4 1 20 20 15 1 17 30 23

1. Extents and effect of scientific application (see Table 3)

(1) Accumulated® extents of -0.638" 0.589" 0.631
scientific application
2) Total® extents of scientific application —0.585 0.772" —0.596
(3) Total effects of scientific application 0.754" -0.810" —0.779" —0.660
2. Extents of the 16 types of knowledge used in desertification control (see Table 4)
(1) Agricultural science and technology —0.705 0.782" —0.649" 0.631° —0.589"
(2) Agricultural pest control -0.731" 0.726" -0.701" 0.693
(3) Zoology or animal biology -0.577" 0.709" -0778"  -0.647
(4) Knowledge of forestry —0.606" 0.673" —0.584" —0.597" —0.656
(5) Knowledge on combating -0.617° 0.657 —0.703 0.828"
desertification and dust storms
(6) General knowledge of climate -0.216
(7) Hydraulic engineering knowledge —0.604" —-0.622°
(8) Local and indigenous knowledge —0.641" 0.603" —0.697° —0.608" —0.620°
(9) Specific knowledge on —0.628 0.598" —0.663 0.617"
local desertification
(10) General knowledge of —0.658 —-0.69° 0.873" 0.638"
environmental governance
(11) Poultry and livestock disease control —0.636° —0.631° —0.600°
(12) Land development and —-0.676° —-0.711
construction planning
13) Knowledge of laws and regulations ~0.589" 0.818" 0.706"
(14) Knowledge of social management -0.686  0.631° —0.607 0.775"
3. Effects of the 16 types of knowledge used in desertification control (see Table 4)
(1) Agricultural science and technology 0.596 —0.577
(2) Agricultural pest control ~0.607" —0.63° 0.581° 0.620° ~0.698"
(3) Zoology or animal biology 0.602° —0.651" -0.673"
(4) Knowledge of forestry 0.608" 0.598" 0.597" —0.640"
(5) Knowledge on combating —-0.592" —-0.621 0.747"
desertification and dust storms
(6) General knowledge of climate 0.718"
(7) Hydraulic engineering knowledge -0.539" 0.638 ~0.592' 0.591" -0.731"
(8) Local and indigenous knowledge -0.74" 0616 0.672" —0.655
(9) Specific knowledge on -0.687° 0592 —0.681° 0.707" 0.598"
local desertification
(10) General knowledge of 0.664"
environmental governance
(11) Poultry and livestock disease control 0.6 0.656 -0.732" —0.620'
(12) Land development and 0.661° 0.673"
construction planning
(13) Knowledge of laws and regulations 0.634 0.686 -0.620"

4. Four aspects of institutional changes (see Table 5)

(1) Accumulated impact of scientific 0.736" 0.709"
application on methods of
desertification control

8
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(2) Total impact of scientific application —0.590"
on methods of desertification control

(3) Accumulated impact of scientific
application on types of property rights

(4) Total impact of scientific application
on types of property rights

(5) Accumulated impact of scientific
application on laws and regulations

(6) Accumulated impact of scientific
application on major actors
of desertification control

(7) Total impact of scientific application
on major actors of desertification control

(8) Accumulated “‘total impact of scientific
application on institutional change”

(9) Total “total impact of scientific application
on institutional change”

5. Four types of laws and regulations (see Table 6)

(1) Accumulated impact of scientific application
on laws and regulations on property rights
arrangements

(2) Total impact of scientific application on basic
laws on desertification control

(3) Accumulated impact of scientific application
on methods of desertification control

(4) Total impact of scientific application
on methods of desertification control

6. Problems of scientific application in desertification control (see Table 9)

(1) Government bureaucracy and corruption

(2) Lack of effective communication between
scientists and local people, especially
farmers and herdsmen

(3) Inadequate attention of local government
to the function of science and technology
in desertification control

(4) Lack of science suited to local conditions

(5) Lack of effective systems of science
and technology transformation,
extension and application

(6) Imperfect laws and regulation of science
and technology application

(7) Inadequate attention of society to the
function of science and technology in
desertification control

(8) Low financial support for science and
technology application

(9) Low levels of science and
technology development

(10) Scientists’ sabotage

7. Improvements of scientific application in desertification control (see Table 10)

(1) Improving scientists’ knowledge
on local conditions
(2) Improving the attention of the central
government to the function of science
and technology in desertification control
(3) Improving the attention of local
government to the function of science
and technology in desertification control
(4) Reducing government bureaucracy
and corruption and improving its efficacy

0.687"

-0.578

—0.656

—0.706"

—0.645

~0.661"

—0.616°

0.601"

0.62"

0.598"

0.067"

0.61°

0.625

0.68"

0.692"

0.816'

—0.863

—0.674" —0.639"
0.717"
0.602"
0.808"
0.639" 0.784"
—0.594"
—0.685
—0.668 —0.700°
—0.700"
-0.677
—0.661"
—0.708"

0.650"

0.621°

0.583"

0.749"

0.615"

0.694"

—0.637"

—0.640°

—0.647"

—0.586

—0.599"

—0.679"
—0.648"

—0.578

—0.604"

~0.576

—0.604"

—0.658"
—-0.702°

—0.583"
-0.772"

—0.606

—0.727"

—0.690°

—-0.761"

—-0.786"

—0.593

—0.689"

—0.698"

—0.603"

-0.579"
—0.593

—0.660"

—-0.679

—-0.702"

—0.654"
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Table 11 (Continued)

Variables Coefficients

Biophysical conditions

Types of the respondents

Longitud Climate Total Annual Annual  Annual Farmers Middle General Government Businesses Universities Other NGOs News International Others
e division area average average wind schools research public media organizations
temperature precipitation speed institutes institutes
(5) Improving the effective 0.682" —0.669° —0.606 —-0.782"  —0.650°
communication between scientists
and local people, especially farmers
and pastoralists
(6) Improving the attention of society —0.595 0.624° —0.618 —-0.773" —0.714"  -0.614"
to the function of science and
technology in desertification control
(7) Improving the respect of government 0.674 -0.682° —-0.591" -0.773"  —-0.690°
and scientists for local people
(8) Improving the systems of science 0.658" —0.730" —0.724"
and technology transformation,
extension and application.
(9) Developing more science suited 0.682" -0.731" -0.770"  -0.635
to local conditions
(10) Improving scientists’ efforts 0.64" -0.587 —-0.733" -0.753"
(11) Improving the financial support —0.564" 0.603" -0.701 —0.591" -0.717"
for science and technology application
(12) Improving local people’s cooperation 0.675 —0.679" -0.772"  -0.627
(13) Improving the levels of science and 0.643" —0.717" —-0.711"
technology development
(14) Improving the laws and regulation of 0.622° -0.712" -0.700"
science and technology application
(15) Improving the quality of farmers 0.648" —0.708" —0.728"

and pastoralists

# The accumulation of percentages of “very large” and “large” rated by survey respondents.

b Total number of percentages of “very large”, “large” and “medium” rated by survey respondents.
" P <0.05 (2 tailed).

" P <0.01 (2 tailed).
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the institutional change, were greater than the ones for the
extents and effects of the scientific application in desertifica-
tion control. That is, the significance of scientific application
on institutional change was highlighted. Previous studies
(Reynolds et al., 2007; Thomas, 1997; Xia and Fan, 2000)
stressed the importance of scientific application in desertifi-
cation control and even the institutional barriers it faced
(Akhtar-Schuster et al., 2011; Bauer and Stringer, 2009; Lidskog
and Sundgvist, 2002; Rametsteiner et al., 2011; Winslow et al.,
2011), but they had not systematically studied the influence of
scientific application on institutional change. Our findings
emphasized its influence on institutional change and indicat-
ed that this influence might be significant. North (1994a: 1)
even noted that understanding institutional change “is
essential for further progress in the social sciences in general
and economics in particular.” The importance of knowledge
and technical change in institutional change has also been
stressed by many researchers (North, 1990; Ruttan, 1978, 1984;
Ruttan and Hayami, 1984; Yang, 2009, 2010; Yang and Wu,
2010). The case study outlined in this paper provides support
for this assertion and develops it by highlighting the role of
scientific application in the institutional change related to
desertification control. Furthermore, this study indicated that
scientific application had the greatest influence on the
institutional change regarding the major actors in desertifica-
tion control and the least influence on the laws and
regulations. The influences on the methods of desertification
control and on the types of property rights were in the middle.
Furthermore, the findings demonstrated that, among the four
types of laws and regulations, scientific application had the
greatest impact on the change of basic laws of desertification
and the least impact on the laws and regulations in
implementing the basic laws, with the impacts on the changes
of desertification control methods and laws and regulations
regarding property right arrangements in the middle. These
findings provided us with valuable instructions to improve the
influence of scientific application on institutional change.
The large correlation coefficient between the extent and
effect of scientific application and the total evaluation of the
impact of scientific application on institutional change
indicated that the large scientific application extents and
effects often lead to the significant impact of scientific
application on institutional change. The effect of scientific
application often had a more important influence on institu-
tional change than did the extent of the application. This was
consistent with our assumption and the common sense of
people. That is, to change institutions, more attention should
be paid to scientific application extents and effects, especially
to the effects. Among the four aspects of institutional change,
the coefficients of both the scientific application extents and
effects with the institutions of the desertification control
methods were the largest. The coefficients of the types of
property rights were the smallest, while the coefficients for the
institutions regarding the major actors in desertification
control and regarding the laws and regulations in the middle.
The differences between this order and the order of the
directly perceived impacts of the respondents on the different
aspects of intuitional change suggested a difference between
most of the influenced aspects of the long-term instructional
change and the aspects of the institutional change possibly

influenced by certain scientific application extents and effects
or by the sensitivities of the different aspects of institutional
change to the scientific application. This is also useful for
policymaking and implementation for the scientific applica-
tion in desertification control. The policymakers and imple-
menters can adjust their policies and policy implementation
methods according to both the sensitivities of the different
aspects of institutional change and the targeted impacts.

4.1.4. Relationship between scientific application and
desertification control outcome

Despite many studies emphasizing the functions of science
(Reynolds et al., 2007; Thomas, 1997; Xia and Fan, 2000) and
knowledge (Chasek et al., 2011; Reed et al., 2011) in desertifi-
cation control and their influences on the results of desertifi-
cation control, there has been little research into the
relationship between the desertification control results and
the institutional changes driven by the applications of science
or knowledge. The high and significant correlation between
the results of desertification control and the impact of
scientific application (and its different aspects) on institution-
al change indicated that scientific application influenced the
results of desertification control by influencingits institutional
change and its different aspects, except for the types of
property rights. China has three main types of property —
public, collective, and private - but the lands were only public
and collective. The property rights of the land are often stable
and controlled by the government and the collective commu-
nities, as emphasized by multiple interviewees. Thus, our
finding is reasonable. Furthermore, the relatively low and
insignificant coefficient between the results of desertification
control and the degree of scientific application demonstrated
that the influence of the scientific application effects on the
desertification control results were more than the scientific
application extent. This suggested again that the policy-
makers and implementers should pay more attention to the
scientific application effects rather than extents.

4.2. Key factors influencing scientific application and its
improvements
4.2.1. Major influencing factors

More than 25% of the survey respondent emphasis for all 16
listed problems indicated that all of them are important
factors influencing scientific application. However, among the
six most highlighted problems, two were about government,
and the factor of “government bureaucracy and corruption”
was rated the most influential. These findings, along with the
assertions of the interviewees, indicated that the government
behaviors had strongly influenced scientific application, and
the government itself was the problem, be it through their
bureaucratic and corrupted behaviors or through their inade-
quate attention to scientific application. However, these
findings were different from the ones from other counties that
were not dominated by the government (Chittenden, 2011;
Corburn, 2007; Gaur and Gaur, 2004; Nelson et al., 2008; Pellant
et al., 2004; Reed et al., 2007; van Rooyen, 1998); these other
counties often emphasized the self-governance of scientific
communities, citizen participation, and democratic collabora-
tion among the various social members and organizations.
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Furthermore, among the six mostimportant factors, the lack of
understanding of the local conditions and people described
three of them: the lack of knowledge of scientists of the local
conditions (No. 2); the lack of communication between the
scientists and local people (No. 3); and lack of science suited to
local conditions. This finding was consistent with previous
studies for the importance of local knowledge, local conditions,
and local people (Davis, 2005; Mukhopadhyay, 2008; Mwangi
and Ostrom, 2009; Nelson et al.,, 2008; Norton et al., 1998;
Ostrom, 1990; Reed et al., 2007; Roba and Oba, 2008; Thomas and
Twyman, 2004; Stringer et al., 2009; Winslow et al., 2011). The
least important factor among the six was the lack of effective
systems for the science and technology transformation,
extension and application. This is also consistent with previous
studies (Yang, 2009, 2010; Yang et al., 2010; Yang and Wu, 2010)
and the contentions of the interviewees, such as the Mongolian
people in Xinlinhaote City.

4.2.2.  Major improvements
All of the listed improvements were highlighted by more than
47% of the survey respondents. That is, the survey respon-
dents highly agree with all of them. Corresponding to the most
important problems, both of survey respondents and the
interviewees highlighted the improvements of the govern-
ment behaviors and the understanding of the local conditions
and local people. However, the six most important improve-
ments were slightly different from the problems. For example,
“government bureaucracy and corruption” was the most
identified problem, but “reducing government bureaucracy
and corruption” was deemed to be the fourth-most important
improvement. While “improving scientists’ knowledge on
local conditions,” “improving attention of central government
on the function of science and technology”, and “improving
attention of local government on the function of science and
technology” were deemed to be the three most important
improvements. The fifth improvement was about the com-
munication between the scientists and local people.
Furthermore, the improvements stressed the social atten-
tion and support for the function of science and technology (the
sixth-ranked factor), which was not included in the six most
serious problems. The increased emphasis for “scientist
knowledge on local conditions,” “the attention of the central
government”, and “the attention of local government” com-
pared to “reducing government bureaucracy and corruption”
indicated that the survey respondents had more trust and
hopes for changes in the behaviors of scientists than for the
government officials, as well as for changes in the attention of
the central and local government officials than for reducing
their bureaucracy and corruption. That is, if the government
officials could improve their allocated attention and support for
the function of science and technology, some of the bureaucra-
cy and corruption could be tolerated (because the survey
respondents knew that they could not change the bureaucracy
and corruption of government officials in China). Furthermore,
the increased emphasis on “the attention of central govern-
ment”’ compared to “the attention of local government”
demonstrated that the respondents also put more trust and
hope in the central government than in the local government.
All of these findings demonstrated some unique characteristics
of a society with powerful government agencies (Bian and

Logan, 1996; Jahiel, 1998). Such findings are different from those
that would be found in other, more democratic societies.

4.3.  Influences of biophysical conditions and types of
respondents on the roles of science

Several conclusions can be drawn from the correlations
between the biophysical conditions of the counties/respon-
dent types and the research variables:

(1) The elements of the biophysical conditions of the counties
and the types of the respondents could negatively or
positively influence the perceived roles of science on
institutional change in desertification control. Among the
six correlated elements of the biophysical conditions,
longitude, total area, and annual average precipitation had
anegative influence on some of the research variables, while
the influences of climate division (higher divisions indicate
more arid regions), annual average precipitation, and annual
wind speed were positive. Among the 11 correlated types of
therespondents, middle schools, generalresearch institutes,
universities, news media, international organizations, and
others had negative influence on some of the research
variables, while the influences of farmers, government,
businesses, other public institutes, and NGOs were positive.
Different elements of the biophysical conditions and types
of the respondents influenced different types of the
research variables; there was no any element of the
biophysical conditions or type of the respondents system-
atically influenced all the research variables. But among
the six correlated elements of the biophysical conditions,
annual wind speed, annual average precipitation, and
longitude had more significant influence on the roles of
sciences than the other elements; among the 11 correlated
types of the respondents, businesses, universities, other
public institutes, news media, international organizations,
and others had more influence.

Although both higher longitudes and annual temperatures
reduced the extents and effects of some types of sciences
used in desertification control, only higher longitudes
reduced the total extents of scientific application. Further-
more, the respondents from businesses often had more
positive assessments on the extents and effects of the types
of sciences used in desertification control, but their assess-
ments were not significantly correlated with the accumu-
lated or total extents and effects of scientific application.
The respondents from other public institutes had a more
positive attitude on the accumulated impact of scientific
application on institutional change and on the four aspects
ofinstitutional changes than the other types of respondents.
Therespondents from the counties with higher annual wind
speed often had a more positive attitude on the improve-
ments of scientific application in desertification control, but
the respondents from universities, international organiza-
tions, others, and news media often had a more negative
attitude on the improvements of scientific application.
Although there was no any single element of the
biophysical conditions or type of the respondents system-
atically influenced all the research variables covered in the
study, the elements of biophysical conditions and the
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types of the respondents could influence the assessments
of the research variables together. For example, because
the elements of the biophysical conditions and the types of
the respondents with negative influences often had higher
values and because the elements and the types with
positive influences often had lower values, Naiman always
had low values (Tables 3, 4, 6, 9 and 10).

In conclusion, the biophysical conditions of the counties
and the types of respondents both influenced the perceived
roles of science in institutional changes in desertification
control in a number of ways. Because of the large number of
diverse biophysical conditions, the large sample size of
various respondent types, and the supplemental study cases
based on interviews, observations, archives, and the litera-
ture, our findings on the perceived roles of science in
institutional changes in desertification control were robust.
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