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Agriculture Powers Urbanization. How and when agriculture influences urbanization in underdeveloped regions remain poorly
understood from an agricultural contribution perspective, specifically the food contribution (FDC), raw materials contribution
(MLC), labor contribution (LRC), and market contribution (MTC). This study investigated this issue in the context of Tibet. A
Granger causality test (GCT), the impulse response function (IRF), and variance decomposition (VD) were used. The GCT results
demonstrated that agricultural contribution factors (ACFs), Granger-cause urbanization, and the IRF and VD results dem-
onstrated that the influences of ACFs on urbanization were various and asynchronous. Both MTC and LRC quickly and positively
respond to urbanization; however, LRC currently influences urbanization, whereas MTC influences urbanization currently and in
the future. Both MLC and FDC negatively and slowly respond to urbanization; however, MLC currently influences urbanization,
whereas FDC will influence urbanization in the future. This study’s findings depict changing trajectories of the role of ACFs in

urbanization, elucidating urban-rural transformation.

1. Introduction

Urbanization or rural-to-urban transition, an important
issue in the urban-rural dual system, is a long-standing topic
of research. Research on the mechanisms of urbanization has
theoretically recognized the roles of agriculture [1]; vertical
disintegration [2, 3]; producer service expansion [4]; eco-
nomic growth [5]; rural-to-urban migration in accordance
with the Ranis-Fei model [6] and the push-pull hypothesis
[7]; income expectations [8, 9]; capital accumulation [10];
spatial production [11]; and network society [12].
Theorists have recognized the outsized influence of ag-
riculture in the initial stage of urbanization [13-15]; this
influence is due to the large demand for agricultural surplus
products, which is driven by the expansion of cities. Recent
empirical studies have reported that changes in agricultural
activity, particularly the expansion of soybean exports, have
promoted urban growth in Brazil [16, 17] and have exerted
both beneficial and harmful effects on urbanization in India

[18]. Thus, according to theoretical and empirical evidence,
agricultural development promotes urbanization. However,
when and how agriculture influences urbanization have yet to
be analyzed with reference to the aforementioned theories.
The Tibet Autonomous Region has experienced no-
ticeable agricultural modernization and urban development.
In 2019, 68 laborers produced 10,000 RMB in agricultural
output value, which was only one-seventh of the 466 laborers
in the corresponding 1990 figure. Furthermore, in 2019,
Tibet’s agricultural gross output value reached 21.3 billion
RMB (2 billion RMB in 1990), and the region’s grain yield
reached 1.05 million t (0.61 million t in 1990). Together with
such growth in agricultural production, Tibet’s total pop-
ulation has also grown from 2.18 million people in 1990 to
3.51 million people in 2019, and the urbanization rate in
Tibet, which reached 31.54% in 2019, is continually in-
creasing. Agricultural modernization makes agriculture less
labor intensive, which in turn frees up people who would
otherwise work in agriculture to work in the city, thus
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increasing the urbanization rate. However, according to Chen
et al. [19], if agricultural modernization lags behind the pace of
urbanization, it hinders urbanization, but if it develops ahead of
the pace of urbanization, it puts pressure on urbanization
because of the corresponding shortage of food and the cor-
responding glut of laborers in the urban labor market. For
example, in 2019, 494,000 workers in rural Tibet worked in
nonagricultural industries; this figure is much higher than the
corresponding figure of 50,000 in 1990. The migration of rural
workers to cities also puts pressure on city infrastructure.

Therefore, agriculture does not straightforwardly pro-
mote urbanization under all circumstances. Correspond-
ingly, the contexts under which agriculture promotes or
hinders the urbanization process have constituted a key
topic of research in agriculture’s relationship with urbani-
zation. In particular, Chang [1] and Johnston and Meller
[20] have theoretically recognized that agriculture benefits
cities by providing food contribution (FDC), raw materials
contribution (MLC), labor contribution (LRC), and market
contribution(MTC).

In this present era of postindustrialization and global
urbanization, studies have focused on developed regions
when theorizing the roles of industrialization and financi-
alization in urbanization [21-23], neglecting agriculture’s
role in the urbanization process in underdeveloped regions,
especially from the perspective of agriculture’s contribution
to urbanization. This gap in the literature must be filled not
only because agriculture provides goods that are necessary to
urbanization, but also because agriculture aids poverty re-
duction and economic growth [24].

With consideration of advances in urbanization, this
study investigated the roles played by agricultural contri-
bution factors (ACFs; i.e., FDC, MLC, LRC, and MTC) in the
urbanization process in Tibet, an underdeveloped region of
China. ACFs are also of particular importance for other
underdeveloped regions, where urbanization is theoretically
characterized as slowly increasing [25] and being powered
by industrialization [26]. This study answered the following
questions: What was the role of ACFs in urbanization? How
and to what extent have the ACFs affected urbanization,
especially in the short and long term?

2. Literature Review

In recent decades, theoretical inquiry into the relation-
ship between agriculture and urbanization has changed
much in terms of its fundamental approach. Early re-
search had emphasized agriculture’s relationship with
economic growth, whereas newer research has empha-
sized agriculture’s role in stimulating urban development
(18, 24].

Traditionally, economic growth was considered to create
job opportunities in the city, widen the urban-rural income
gap, attract migrants, and promote industrial concentration
[7, 27]. This traditional conception, however, has been
contested. Studies have demonstrated that although agri-
culture drives economic growth in developing countries
[28, 29] by supporting secondary- and tertiary-sector growth
through demand and production linkages [30], the effects of
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these linkages on economic growth are negligible in de-
veloped countries [31].

The increase in agricultural productivity is an important
stimulus through which labor streams to the manufacturing
sector, which in turn accelerates urban development [32]. In
India, Africa, and Brazil, the green revolution, which was
aimed at increasing agriculture productivity, promoted the
development of agricultural activity. India has witnessed rapid
urbanization [33, 34]. Tripathi and Rani [18] found that, with
respect to agricultural growth, the male workforce in the rural
agriculture sector slowed the pace of urbanization and in-
creased expenditure on agriculture and fertilizer increased the
pace of urbanization. In African countries, strong linkages
were found between agriculture and urbanization; specifically,
the urbanization rate increased by approximately 0.5 standard
deviations with a one-standard-deviation decrease in the
agricultural value produced yearly [35]. Furthermore, because
African countries cannot bypass a broad-based agricultural
revolution to successfully launch their economic transfor-
mations [36], such countries have leveraged the stronger links
between agriculture and small towns to transition into in-
clusive development, specifically in economic growth and
poverty reduction [24]. In Brazil, soybean agriculture has also
led to socioeconomic changes in cities [16]. The expansion of
export-driven soybean agriculture promotes urban develop-
ment by increasing the demand for services, housing, and
goods to nonagricultural sectors, providing these sectors with
workers and capital [17].

Chinese researchers have acknowledged that agricultural
modernization, industrialization, and urbanization consti-
tute a complete system, in which agricultural modernization
supports industrialization [19]. Empirical studies have found
that agricultural modernization is a Granger cause of ur-
banization in Xinjiang and Jilin provinces; however, the
effects vary in the long and short term [37, 38].

The forces driving Tibetan urbanization have also been
discussed. Before China’s 1979 opening-up reforms, the
executive branch of government was the main force pro-
moting Tibet’s urban development [39, 40]. However, after
1979, economic forces (such as tourism) were more influ-
ential in promoting Tibet’s urban development [41]. The role
of agriculture in this development, however, has been
neglected in the literature.

The literature has elucidated agriculture’s contribution to
urbanization, but some shortcomings remain. First, the effects
of agricultural factors on urbanization in underdeveloped
regions have not been investigated, especially in Tibet; more
attention has been paid to the nonagricultural factors affecting
urbanization dynamics in developed regions. Second, em-
pirical studies on the relationship between agriculture and
urbanization have rarely focused on agricultural contribu-
tions; these studies have instead focused on agricultural ac-
tivities. Third, the mechanisms through which agricultural
activities influence urbanization in Tibet remain unidentified.

The literature has elucidated the interrelationships be-
tween agriculture and urbanization, but it has not elucidated
how agriculture influences urbanization processes in un-
derdeveloped regions from the perspective of agricultural
contribution. The theory of agricultural contributions
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introduced by Chang [1] (pp. 187-194) helps fill this gap in
the literature.

To bridge these gaps in knowledge, the researchers of this
study considered the role of agricultural contributions in the
causal links between agriculture and urbanization. By doing
so, this study made two main contributions to the literature.
First, the causal links between agriculture and urbanization
were investigated. Second, agriculture’s role in urbanization
was further elucidated from the perspective of agricultural
contributions. In general, this study’s findings contribute to
the body of scientific knowledge on the dynamics of agri-
culture-driven urbanization.

3. Materials and Methods

3.1. Study Area Description. Tibet Autonomous Region,
located at an average altitude greater than 4000 meters, has
shaped aid-oriented development model through national
level development policies [42].

Since the reform and opening up, CPC Central Com-
mittee held seven “Work Forum on Tibet” (WFT) and put
forward phased tasks of agriculture and urban development
projects in Tibet. The third WFT (In 1994) focused on the
construction of agriculture, basic industries, and infra-
structures. In 2010, the fifth WFT put forward projects on the
development of economic and people’s livelihood. In 2020,
in the new WFT, China government proposed blueprints to
build a new socialist modern Tibet with unity, prosperity,
civilization, harmony, and beauty [43].

The aid-oriented urbanization model, which is quite
different from the industrialized-and financialized-oriented
urbanization model in most of developed coastal China
[44-46], has transformed Tibet into an atypical dual eco-
nomic structure. In the atypical dual economic structure,
agricultural and nonagricultural sectors are separated and
show low correlations with each other [47]. However, the
agricultural modernization witnessed positive effects on
urbanization by providing necessary agro-products to the
cities as well [48]. Under such circumstances, the role of
agricultural contributions in urbanization may differ from
the theory. Thus, Tibet Autonomous Region was selected for
study.

3.2. Research Hypotheses. As the source of industrialization,
agriculture contributes to urbanization through FDC, MLC,
LRC, and MTC [1, 20]. The mechanisms that link ACFs to
urbanization are illustrated in Figure 1. The mechanisms are
threefold.

First, food supply is either a promoter or constrainer of
urbanization. Food is a product supplied by farms and is
consumed by those working in industry [1]. The increase in
population and national income from urbanization places
stress the food supply; if such stresses are alleviated by
improving farming productivity through industrialization
[1] or by importing food, developed industries compete with
the agricultural sector for resources because of a higher
marginal output in urban regions compared with rural re-
gions [49]. Therefore, an abundant food supply promotes

FIGURE 1: Analytical framework of relationships between ACFs and
urbanization in Tibet.

urbanization. By contrast, if the food supply fails to meet the
increased demand, food prices spike, which threatens in-
dustrial profits, investment, and economic growth [20].
Therefore, an insufficient food supply constrains
urbanization.

Second, raw materials and labor are critical contributors
to industrial development. Although not all industries re-
quire raw materials from the agricultural sector, for those
that do (e.g., the textile, leather, shoe, food processing, and
packaging industries), the cost of materials usually accounts
for approximately one-third of the total cost of production
[1]. The size of the occupational population in the agri-
cultural sector is positively correlated with the level of
productivity during a given period [1]. When technological
changes occur in social productivity, occupational shifts
occur among the population; such shifts are characterized by
agricultural workers migrating away and switching to oc-
cupations in nonagricultural sectors [1].

Third, market contribution stimulates the expansion of
industry, which promotes urbanization. The expansion of
industry is stimulated by the exchange between industrial
and agricultural sectors; this is because such an exchange
increases not only the rural net cash income, but also the
purchasing power of farmers [20]. Thus, agriculture provides
the initial capital and market power for the expansion of
industrial sectors.

On the basis of the preceding analysis, the following
hypotheses were formulated.

Hypothesis 1: ACFs (i.e., FDC, MLC, LRC, and MTC)
Granger-cause urbanization over the short and long
term.

Hypothesis 2: FDC, MLC, LRC, and MTC strongly
promote urbanization over the short and long term in
Tibet, China.

Hypothesis 3: The effects of FDC, MLC, LRC, and MTC
on urbanization are synchronous over the short and
long term in Tibet, China.
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TaBLE 1: Index systems of independent variables for the econometric model.

ACFs Descriptions Unit Direction
X11: Urban food consumption per year t +
FDC X12: Quantity of surplus agricultural products per year t +
X13: Power of farm machinery kWh +
X14: Grain yield per hectare kg +
X21: Total value of agricultural-product-processing industry 10,000 ¥ +
MLC  X22: Ratio of total value of agricultural-product-processing industry to total value of industry % +
X23: Ratio of agricultural commodities by value % +
X31: Agricultural labor input per unit of agricultural-product value Person/100,000¥ -
LRC X32: Ratio of rural residents employed in agriculture % -
X33: Ratio of rural residents employed in nonagricultural sectors % +
X41: per capita savings deposit of urban and rural residents ¥ +
MTC X42: per capita rural expenditure ¥ +
X43: Rural retail sales of consumer goods 10,000 ¥ +

3.3. Dependent and Independent Variables. The dependent
variable was the proportion of urban residents in Tibet (i.e.,
the population urbanization rate). The independent vari-
ables were selected based on a review of theoretical and
empirical studies. All variables that were potentially suitable
as parts of an econometric model are listed in Table 1. These
independent variables are as follows.

(1) FDC: Ranis and Fei [6] defined the total agricultural
surplus as the proportion of total agricultural output
in excess of the consumption requirements of the
agricultural labor force receiving an institutional
wage. In other words, the relationships between food
production, consumption, and surplus constitute a
series of links, and these links are likely to affect
urbanization. In this study, the variable “urban food
consumption” (denoted X11) was used, which was a
multiplier obtained by using the “food consumption
of urban residents per year” and “total population of
city” to represent the consumption link. Further-
more, this study used the difference that is “total
yield of agricultural products” minus “total con-
sumption of urban and rural residents” to explain the
variable “quantity of surplus agricultural products,”
which was denoted as X12. Subsequently, “farm
machinery” (denoted as X13 [37, 38]) and “grain
yield” (denoted as X14 [38]) were chosen as inde-
pendent variables; they have been widely used to
explain levels of farming technology and food pro-
duction to in turn represent the production link.

(2) MLC: the food processing industry is an important
component of Tibet’s industrial system [41] and has
made considerable contributions to the local econ-
omy [50]. Therefore, this study identified 11 food
processing industry sectors included in the Chinese
government’s statistical yearbook and calculated the
total value (denoted as X21) and ratio (denoted as
X22) of the agricultural-product-processing industry
to total industry. Subsequently, the “ratio of agri-
cultural commodities by value” (denoted as X23) was
chosen as a measure of the raw materials provided by
the agricultural sectors to the nonagricultural sectors

through the commodification of agriculture [51];
data on this variable are commonly available.

(3) LRC: Johnston and Mellor [20] used the agricultural
labor input per unit of agricultural-product value
(denoted as X31) as a variable to explain the labor
supply. Other alternative variables, such as the ratio
of people employed in a primary industry and the
number of rural laborers, were also employed
[18, 38]. This study used the “ratio of rural residents
employed in agriculture” (denoted as X32) and “ratio
of rural residents employed in sectors other than
agriculture” (denoted as X33) to explain labor
contribution.

(4) MTC: to explain the market contribution of ag-
riculture, “savings deposit,” “rural expenditure,”
and “retail sales of consumer goods” were used,
which were denoted as X41, X42, and X43,
respectively.

The data for 1990-2019 were obtained from the Tibetan
Statistical Yearbook [52] and National Economic and Social
Development of Tibet report. The data were log transformed
to eliminate differences in scale between data types.

3.4. Econometric Model

3.4.1. Vector Error Correction Model. The model used in this
study was a five-variable vector error correction (VEC)
model. On the basis of agricultural contributions theory, this
study employed FDC, MLC, LRC, and MTC as the en-
dogenous variables. The VEC model was that of Zhang et al.
[53], which is written as follows:

k k
Ay, = aECM,  + Y oy, + Y Bxi+e. (1)

i=1 i=1

The various parts of equation (1) are described as follows.
First, ECM is the error correction term calculated by the
cointegration equation, which reflects the nonequilibrium
error of the deviation from the long-term equilibrium re-
lationships between variables. Second, « is the adjustment
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coefficient, which reflects the speed of change in the current
period of the variable that returns to the long-term equi-
librium relationship or eliminates the unbalanced error. If
the adjustment coeflicient is negative, the deviation from the
unbalanced error is corrected. Otherwise, the error not only
remains uncorrected, but also increases. Third, y; is the
urbanization vector. Fourth, x; is the vector of FDC, MLC,
LRC, and MTC. Fifth, ¢, is the residual term. The lag length
of the model, appropriate lag2, was determined using
Akaike’s criteria.

Prior to model analysis, a unit root test and cointegration
test were used to verify that the model was accurate. These
tests proceeded as follows.

(1) Unit root test: Standard estimation procedures
cannot be applied to a model that contains a non-
stationary variable [54], because it can result in a
spurious regression. Therefore, this study employed
the augmented Dickey-Fuller (ADF) unit root test to
determine whether a series was stationary before the
series was used in a model. The following regression
model was analyzed [55, 56]:

p-1
Ay, =pyi 1+ Z Biyei + e (2)
i=1

where p=30 9,1 fi=-Y1 . 95 y is the
vector of urbanization, FDC, MLC, LRC, and MTGC;
and t=1, 2, ..., T. The null hypothesis in this ADF
test was p = 0 against the alternative hypothesis p < 0.
If the null hypothesis was accepted, y, was a non-
stationary series. The series was then taken the unit
root test in “first difference.” This process was re-
peated until a stationary series was obtained.

(2) Cointegration test: Even if two time series are
nonstationary, the linear combination of these series
is stationary [57-59]. Thus, this study determined
whether any combination of the series was cointe-
grated using the Johansen cointegration test [60],
which is written as follows:

p-1
Ayt:H+ZFi+Ayt_i+th+s[, (3)

Y i=1

where [[ =32, (¢; - I); T; = —Zf:iﬂgoj; and y, and x; are
two series among the urbanization, FDC, MLC, LRC, and
MTC variables. If [ [y;.; was stationary, the two series were
cointegrated. If the variables were cointegrated, the VEC
could be specified using the level data. Otherwise, the vector
autoregression (VAR) model was employed using differ-
enced data.

3.4.2. Granger Causality Test. The Granger causality test [61]
was employed to evaluate the causal relationship between
changes in agriculture and changes in urbanization in Tibet.
An F-test was conducted to analyze the hypothesis that the
FDC, MLC, LRC, and MTC of agriculture did not cause a
change in urbanization.

3.4.3. Impulse Response Function and Variance Decompo-
sition Analysis. The VEC has two main uses and has been
widely used in empirical studies. The impulse response
function (IRF) traces the effect of a one-time innovation
shock to the explanatory variable on current and future
values of the dependent variable. The variance decompo-
sition (VD) is used to obtain information on the relative
importance of explanatory variables [62].

IRF analysis was used to measure the effect of FDC,
MLC, LRC, and MTC on current and future changes in
urbanization. The vertical coordinate was the impulse power
of urbanization (expressed as a percentage), and the hori-
zontal coordinate was the time interval of the impulse
(expressed in years). VD analysis was used to measure the
relative importance of FDC, MLC, LRC, and MTC in
explaining the variation in urbanization. The vertical co-
ordinate was the percentage of variance in urbanization
explained by a given independent variable, and the hori-
zontal coordinate was the time interval of impulse
(expressed in years).

4. Results and Discussion

4.1. Growing Curves of Urbanization and ACFs in Tibet

(1) Long-term urbanization in Tibet was characterized
by a slowly increasing curve (Figure 2(a)). Tibet had
an urbanization rate of 31.5%in 2019, which was
considerably lower than the national average in
China of 60.6%.

This urbanization curve for Tibet was divided into
three periods: (1) 1990-2012, where the urbanization
rate in Tibet increased steadily at 1.5% yearly to reach
22.7% in 2012; (2) 2012-2017, where the rate in-
creased rapidly at 6.8% yearly to reach 30.9% in 2017;
and (3) from 2018, where the rate slowed to 1.3%
yearly. These results indicated that Tibet was still in
an early stage of urbanization.

(2) The increasing curve of FDC indicated a decrease in
surplus food in Tibet from 1990 to 2019; this decrease
has accelerated since 2000 (Figure 2(b)).

The decrease in surplus food was closely related to
food production and consumption. The food pro-
duction output continued to increase from 1990 to
2019, and food consumption also increased due to
the increase in the total population; moreover, the
increase in food consumption has accelerated since
2000, whereas the increase in food production has
slowed. Thus, Tibet faces the challenge of producing
sufficient food for its growing urban population.

(3) The increasing curve of MLC indicated that, from
1990 to 2019, the value of agricultural commodities
in Tibet first increased to 60% in 2009 and then
decreased to 51% in 2019 (Figure 2(c)).

In Tibet, the decline in the trade of agricultural
products has meant that the need for raw materials
by nonagricultural sectors has decreased since 2009.
The industrialization rate in Tibet was low and
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stagnant at 7.7% in most years between 1990 and
2019. The agricultural-product-processing industry
constituted an important part of Tibet’s industrial
system, but the ratio of the total value of agricultural-
product-processing industry to total industry output
value exhibited a saddle-shaped growth curve, which
fluctuated around 20%. At present, Tibet’s industrial
structure is undergoing an adjustment away from
light industry to heavy industry. The industrial
output value of the agricultural-product-processing
industry is likely to decrease in the future.

(4) The increasing curve of LRC indicated that agri-
cultural labor efficiency in Tibet greatly improved
from 1990 to 2019 (Figure 2(d)).

In 1990, 466 agricultural laborers produced every
100,000 RMB of agricultural output; this figure
greatly decreased to 68 laborers in 2019, indicating
that many laborers who were previously working in
agriculture were released to other sectors. The rural
employment structure in Tibet has also changed
much. The proportion of agricultural laborers
employed in nonagricultural work increased sharply
from 5.3% in 1990 to 34% in 2019. The construction
(10.7%) and transportation sectors (4.6%) accounted
for the largest share of the workforce in rural
nonagricultural sectors in 2019; by contrast,
manufacturing industry accounted for 2.6% of this
workforce. In addition, the total power consumption
of farm machinery increased from 4.5 million kWh
in 1990 to 11.85 million kWh in 2019, which indi-
cated a large increase in agricultural productivity in
Tibet.

(5) The increasing curve of MTC indicated a continuous
increase of per capita savings among both urban and
rural residents in Tibet from 1990 to 2019
(Figure 2(e)).

In 2019, the per capita savings in Tibet reached 29,000
RMB, much higher than the corresponding figure of 180
RMB in 1990. This increase in per capita savings was closely
related to improvements in the incomes and socioeconomic
status of Tibet’s residents. Among rural residents, higher
incomes have not only increased savings, but also stimulated
the consumption of products produced by secondary in-
dustries. These increasingly wealthy rural residents have
formed a market that expanding urban industries have
depended on.

4.2. The VEC Model. By employing the ADF unit root test
(Table 2), the Johansen cointegration test (Table 3), and
stability condition check (Figure 3), a VEC model was es-
timated (Table 4).

(1) For unit root test, p-value and Durbin-Watson
statistic (DW-stat) were used to identify model
specification and lag length at the level and at the first
difference. For the identification of model specifi-
cation, p-value of t-statistic of @ TREND(“1990”) and

C in variables less than 0.05 was used as standard to
determine the correct type. Thus, types of intercept
and trend, intercept, and none were separately es-
timated. For the identification of lag length, DW-stat
approximately equal to 2 (the empirical value was
between 1.8 and 2.1) was used as standard to de-
termine the correct one. Thus, lags of 1, 2, and 3 were
separately estimated.

By doing this, we identified that LNy was a non-
stationary series without trend and intercept and was
stationary at the first difference, that is, I(1). At the
same time, variables of LNx11, LNx13, LNxI4,
LNx23, LNx31, LNx41, and LNx42 were I(1) as well
(Table 2). Then, it was possible to construct several
vector autoregression (VAR) models. However, to
further test the model VAR (2), we certified that
LNy =f(LNx14, LNx23, LNx31, LNx41),
LNy=f(LNx11, LNx23, LNx31, LNx42), and
LNy =f(LNx14, LNx23, LNx31, LNx42) had a stable
VAR (2) (Figure 3). Ultimately, endogenous vari-
ables of X14, X23, X31, and X41 were used as in-
dicators to interpret the FDC, MLC, LRC, and MTC
of agriculture, respectively.

(2) Cointegration tests and VEC. As all variables were
stationary at the first difference, we applied the
Johansen cointegration test to examine whether a
long-term relationship existed among the five var-
iables. Trace statistics were significant for rejecting
the null hypothesis of no cointegration ranging from
0 to 2 at most (Table 3). The adjustment coefficient «
of the CointEql had two negative values (Table 4),
indicating that the deviation from the unbalanced
error would be corrected; i.e., the cointegration re-
lationship was valid. At the same time, the cointEql
showed that the change in UR in the short term was
constrained by the long-term equilibrium rela-
tionship of five variables, namely, UR, FDC, MLC,
LRC, and MTC. Then, a VEC was estimated
(Table 4).

(3) For Granger causality tests, results of both the long
and short term were estimated (Table 5). The results
for the short-term Granger causality, which depends
on data in the second column in Table 5, indicated
that FDC, MLC, LRC, and MTC were Granger causes
of urbanization; however, urbanization was not a
Granger cause of FDC, MLC, LRC, or MTC. The
results for the long-term Granger causality, which
depends on the ECT(-1) term in the VEC model
[63], indicated that urbanization itself, FDC, MLC,
LRC, and MTC were long-term Granger causes of
urbanization.

Thus, hypothesis 1 (that ACFs influence urbanization in
Tibet over the short and long term) was verified.

4.3. Impulse Response Function Results. Figure 4 presents the
results for the IRF for both the long (after 5years) and short
(within 5 years) term.
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TABLE 2: Results of the stationary process analysis for selected variables.
st .
ADF test Level 1% difference Results
(G, T, K) DW-stat t-statistic (G, T, K) DW-stat t-statistic

UR LNy 0,0, 2) 1.961 2.409 (G, 0, 1) 1.948 -3.042° 1(1)
LNx11 (C, 0, 2) 2.065 3.288 (0, 0, 1) 2.131 ~2.016° (1)

FDC LNx12 0,0,1) 1.826 -0.876 (0,0, 2) 1.851 -1.715 I1(2)
LNx13 (G, T, 1) 2.030 -2.261 (G, 0,1) 1.935 —4.728% 1(1)
LNx14 (C, 0, 1) 1.902 -2.522 (C, T, 1) 1.927 —4.731° 1(1)
LNx21 (0,0, 1) 1.993 1.516 (0,0, 1) 1.976 ~1.643 1(2)

MLC LNx22 (C, 0,2) 1.958 ~2.351 (0,0, 1) 1.952 ~1.938 1(2)
LNx23 (C,0,1) 2.039 ~2.191 (0, 0, 1) 2.161 ~2.136° 1(1)
LNx31 (C, T, 1) 1.922 ~2.679 (C, 0, 1) 1.950 —4.252° 1(1)

LRC LNx32 (C, T, 1) 2.007 -2.596 (C,0,1) 1.945 22122.573 1(2)
LNx33 (C,0,1) 2.050 ~1.295 (0, 0, 2) 1.938 ~1.068 1(2)
LNx41 (C, T, 3) 2150 ~3.099 (C, T, 1) 2,018 ~4.784% 1(1)

MTC LNx42 (C, T, 1) 1.947 ~2.486 (C,0, 1) 2.054 ~3.940° 1(1)
LNx43 (0, 0, 3) 2.012 1.945 (0,0, 1) 2.095 ~1.398 1(2)

Notes: C, T, and K are respectively the intercept, trend, and lag in the ADF test; * Indicates significance at the 1% level; " Indicates significance at the 5% level.

(1) As indicated in Figure 4(a), the response of urban-
ization to a positive shock in FDC pointed in the
same and opposite direction as the FDC did before
and after the seventh year, respectively. The reversed
effect was long lasting and gradually increased in
magnitude. The results indicated that, in Tibet, FDC
stimulates urbanization in the short term but hinders
urbanization in the long term.

This result is consistent with agricultural contribu-
tions theory on the mechanism linking FDC to
urbanization. The aforementioned growth curve of
FDC indicated increasing stresses on the food supply
from the present rate of population growth under
present levels of agricultural productivity.

The development of agriculture and urbanization in
Tibet is inextricably linked to the continual assis-
tance provided by the Chinese government for more
than 60years. Chinese government assistance to
Tibet, primarily in farming machinery [64], farmland
irrigation [65], agricultural technology, and agri-
cultural expenditure [64, 66], has increased agri-
cultural productivity and thus food production in
Tibet.

The agriculture-related projects proposed in the
third WFT (1994) by the Chinese government have
completely transformed previously backward
methods of agricultural production in Tibet. Grain
output in Tibet increased rapidly throughout the
1990s, reaching 980,000t in 2002. The fourth WFT
(2001) focused on urban development [67]. Thus,
agricultural productivity changed little throughout
the 2000s, and grain output increased slightly. The
fifth WFT (2010) proposed a strategy for developing
the countryside, and agricultural productivity in-
creased again, with grain output reaching 1.05
million t in 2019. At present, agricultural produc-
tivity in Tibet is relatively high, and grain output

cannot be further improved through technological
improvements [68]. Without food imports, urbani-
zation in Tibet will be hindered by FDC in the long
term.

(2) Figure 4(b) illustrates the reversed response of ur-

banization to a positive shock in MLC, which
reached a maximum in the fifth year before weak-
ening. The results indicated that MLC hindered
urbanization in Tibet over the short and long term.

These results elucidated the mechanism linking MLC
to urbanization, as theorized in agricultural contri-
butions theory. In Tibet, MLC hindered urbanization
in small urban industrial sectors, especially in the
agricultural-product-processing industry.

(v) The aforementioned growth curve of MLC indicated

that the low industrialization rate could not stimu-
late urbanization, although the agricultural-product-
processing industries have been a critical component
in Tibet’s industrial system [69], contributing much
to the local economy [50]. This result has two ex-
planations. First, the high proportion and growth of
the construction sector in the secondary industry
displaced other secondary industrial sectors, hin-
dering their growth. From 1990 to 2019, the pro-
portion of the construction sector in the secondary
industry increased from 46% to 82%, whereas the
proportion of manufacturing sector in the secondary
industry decreased from 54% to 18%. Second, the
high growth of heavy industry in the secondary
industry sector displaced light industry, hindering
the growth of light industry. From 1990 to 2019, the
proportion of heavy industry increased from 62% to
81%, whereas the proportion of light industry de-
creased from 38% to 19%.

The structure of national investment has resulted in

the small scale and slow growth of the agricultural-
product-processing industry in addition to the high
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TaBLE 3: Results of Johansen cointegration tests.
Hypothesized no. of cointegrating equation(s) Eigenvalue Trace statistic 0.05 critical value Probability
None* 0.869 136.839 69.819 0.000
At most 1" 0.792 81.983 47.856 0.000
At most 2* 0.613 39.640 29.797 0.003
At most 3 0.385 14.003 15.495 0.083
At most 4 0.032 0.877 3.841 0.349

“denotes rejection of the null hypothesis at the 5% level.

cost of raw materials for this industry [1]; these have
hindered the industry’s growth. Thus, MLC hindered
urbanization over the short and long term.

(3) Figure 4(c) indicates that the reversed response of
urbanization to a positive shock in LRC reached a
maximum in the third year. After the 15th year,
however, the effect was in the same direction as LRC
(LRC is a negative indicator). The results indicated
that LRC promotes urbanization over the short term
but hinders urbanization over the long term.

The results elucidated the mechanism linking LRC to
urbanization, as theorized in agricultural contribu-
tions theory. For Tibet, when urban nonagricultural
activities cannot absorb surplus rural labor, LRC
stimulated urbanization over the short term but
hindered urbanization over the long term.

The aforementioned growth curve of LRC indicated
that, in Tibet, the agricultural labor required for a
given unit of agricultural output decreased by 80%
from 1990 to 2019. Furthermore, a large surplus of
rural workforce meant that workers migrated to the
cities for work. Among rural laborers in 2019, 34%
(approximately 494,000 people) worked in nonag-
ricultural sectors, mostly in informal employment in
the construction and transportation sectors [70].

The employment structure indicated that the surplus
rural laborers in Tibet were passively absorbed into
the urbanization process, and they had relatively few
opportunities for formal employment—a situation
made worse by the household registration system.
Thus, flexible informal employment made it easy for
rural laborers to switch between working in urban
and rural areas, escaping from being marginalized in
the urban labor market [71]. Therefore, LRC hinders
urbanization over the long term.

(4) As illustrated in Figure 4(d), the response of ur-
banization to a positive shock in MTC was in the
same direction as MTC; this response was long
lasting and reached its maximum in the fifth year.
The result indicated that MTC stimulates urbani-
zation in both the short and long term.

This result is consistent with the mechanism linking MTC
to urbanization, as theorized by agricultural contributions
theory. The aforementioned growth curve of MTC indicated
that the savings of rural residents in Tibet increased.

In rural areas, increased incomes and savings have stim-
ulated consumption and production. Rural Tibet has thus

provided a market for industry in urban Tibet. Rural residents
now demand higher-quality industrial products, such as au-
tomobiles and home appliances, to improve their quality of life,
thus increasing the total volume of consumer retail sales. From
1990 to 2019, this sales volume increased from 400 million
RMB to 1.09 billion RMB. Furthermore, rural residents have
increasingly purchased agricultural equipment (e.g., machin-
ery, pesticides, and fertilizers) to save on human labor costs.
The number of machinery units owned increased from 26,706
units in 1990 to 11.85 million units in 2019 (to almost five units
of machinery owned per rural resident).

In summary, the growing consumption capacity of
rural Tibet has stimulated urban industrial production,
indicating that MTC simulated urbanization in the short
and long term.

4.4. Variance Decomposition. The VD results are presented
in Figure 5.

(1) The VD results indicated that the contribution rate of
MTC to urbanization rapidly peaked at 23% in the
fourth year before stabilizing (Figure 5). The results
indicated that MTC responded quickly to changes in
urbanization and acts as a key positive indicator of
urbanization in Tibet at present and in the future.
MTC was closely related to the growing demand for
goods in rural Tibet to save human labor costs
improve quality of life. This growing rural demand
stimulated urban industry in particular and urban-
ization in general.

(2) The VD results indicated that the contribution rate of
LRC to urbanization rapidly peaked at 39% in the
second year before gradually decreasing to less than
10% in the 12th year (Figure 5). The results indicated
that LRC responded quickly to changes in urbani-
zation and acts as a key positive indicator of ur-
banization in Tibet at present.

(3) The VD results indicated that the contribution rate of
FDC to urbanization was small in the first 10 years
before slowly peaking to 24% in the 13th year
(Figure 5). The results indicated that FDC responded
slowly to changes in urbanization and will act as a
key negative indicator of urbanization in Tibet in the
future.

(4) The VD results indicated that the contribution rate of
MLC to urbanization peaked at 14% in the sixth year
before gradually decreasing to less than 10% in the
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TaBLE 4: Results of VEC.

11

Cointegrating . .
Equation(s): CointEql CointEq2
LNUR(-1) 1.000 0.000
LNEDC(-1) 0.000 1.000
- -0.296 (0.131)
LNMLC(-1) 0.595 (0.062) [9.625] [2265]
. —0.791 (0.187) ~1.686 (0.394)
INIRC(-1) (4.240] (~4.277]
-0.539 (0.073) —0.737 (0.155)
LNMTC(-1) [-7.347] [—4.754]
C 1.388 3.154
ErrorCorrection: D(LNUR) D(LNFDC) D(LNMLC) D(LNLRC) D(LNMTC)
-0.309 -0.210 -0.061 0.890
CointEql _O'ffi 7(2'1(])5 2 (0.130) (0.403) (0.400) (0.547)
‘ [-2.373] [-0.521] [-0.153] [1.628]
CointEq2 0.030 (0.024) [1.221] 0.259 (0.058) [4.496] 0.157 (0.178) [0.880] 0.053 (0.177) [0.302] 0.001 (0.242) [0.002]

D(LNUR(-1))
D(LNUR(-2))
D(LNFDC(-1))
D(LNFDC(-2))

D(LNMLC(-1))

0.794 (0.121) [6.587]

-0.421 (0.107)
[-3.931]
-0.362 (0.116)
[-3.128]

0.004 (0.107) [0.039]

0.102 (0.043) [2.385]

~0.185 (0.284)
[~0.651]

0.148 (0.252) [0.588]

—0.691 (0.273)
[-2.536]
~0.792 (0.252)
[-3.138]

0.004 (0.101) [0.038]

~0.372 (0.878)
[-0.423]

0.141 (0.781) [0.180]

0.082 (0.844) [0.097]

-0.082 (0.782)
[-0.105]

0.012 (0.312) [0.040]

0.224 (0.872) [0.257]

-0.212 (0.775)
[-0.274]
—0.353 (0.838)
[-0.421]

0.231 (0.776) [0.297]
—0.154 (0.310)

0.581 (1.192) [0.488]

~1.116 (1.060)
[-1.053]

0.189 (1.146) [0.165]

0.778 (1.061) [0.734]
-0.292 (0.424)

[-0.497] [-0.689]
D(LNMLC(-2)) 0063 7(205(;37) 0.038 (0.086) [0447] 0285 (0.267) [1.068] 0156 (0265) [0588] ") 2(8'73]62)
~ ~0.344 (0.049) ~0.308 (0.115)
D(LNLRC(-1)) 7.038] 2.683] 0.560 (0.356) [1.574] 0.006 (0.353) [0.016] 0.553 (0.483) [1.146]
~ ~0.060 (0.069) ~0.227 (0.496)
D(LNLRC(-2)) (20.350] 0.109 (0.161) [0.678] 0.131 (0.499) [0.263] 0.458] 1.008 (0.678) [1.488]
-0.032 (0.029) -0.085 (0.067) -0.206 (0.206)
D(LNMTC(-1)) [~1.128] [-1.264] 0.142 (0.208) [0.685] [-0.997] 1.108 (0.282) [3.929]
—0.108 (0.030) -0.066 (0.215) —0.059 (0.292)
D(LNMTC(-2)) [=3.663] 0.073 (0.070) [1.047] [=0.307] 0.012 (0.214) [0.058] [=0.201]
-0.020 (0.017)
C 0.009 (0.002) [3.648] 0.016 (0.006) [2.880] 0.025 (0.017) [1.434] C1.146] 0.047 (0.024) [2.009]
R’ 0.931 0.741 0.467 0.311 0.703
Adj. R? 0.871 0.519 0.010 -0.279 0.448
F-statistic 15.655 3.339 1.021 0.527 2.757
Notes: Standard errors in round brackets; t-statistics in square brackets.
TaBLE 5: Results of the Granger causality test.”
) Short-term causality Long-term causality
Dependent variable
D(LNUR) D(LNEDC) D(LNMLC) D(LNLRC) D(LNMTC) ECT(-1)
D(LNUR) 0.485 0.187 0.089 1.140 6.587"
D(LNEDC) 15.698" 0.052 0.660 0.662 -3.128"
D(LNMLC) 10.687% 0.202 0.735 1.880 2.385"
D(LNLRC) 52.364% 10.168* 2.572 2.662 -7.038%
D(LNMTCQC) 14.989° 2.607 0.550 0.995 -1.128°

“Null hypothesis: No causal relationship exists between the variables. ECT (1) was the error correction term that lagged by one period. “Indicates significance
at the 1% level. "Indicates significance at the 5% level. “Indicates significance at the 10% level.

12th year (Figure 5). The results indicated that MLC
responded slowly to changes in urbanization and

acts as a relatively important negative
urbanization in Tibet at present.

The results differed from theoretical expectations.

First, the impulse power of ACFs to changes in urbanization
was less powerful than expected. For example, for a shock from
FDC, MLC, LRC, and MTC, the maximum change in

indicator of
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FI1GURE 5: Variance decomposition of urbanization using Cholesky factors.

urbanization was small at <0.012%. According to development
theory, agriculture greatly stimulates urbanization only if sec-
ondary industry greatly expands. Because Tibet’s ecology is
fragile, industrialization in Tibet was limited to a small scale [50];
this has greatly inhibited agriculture’s ability to stimulate
urbanization.

Second, LRC will hinder urbanization in the future. Studies
have demonstrated that urbanization is stimulated by greater
rural-to-urban migration [72, 73]. In the dual social model, the
surplus labor of the rural sector flows into secondary industry,
leading to greater industrial production and urbanization.
However, this process was likely to be distorted by the lack of
rural push factors and urban pull factors. Johnston and Mellor
[20] acknowledged that the transfer of workers from

agricultural to nonagricultural sectors is stimulated by labor
contribution but is hindered by rural population shortages and
increases in agricultural output. However, in Tibet, rural push
factors and urban pull factors will lead to LRC hindering
urbanization in the future. First, religious beliefs and a lack of
professional skills have made surplus rural laborers unwilling to
migrate to the cities [70, 74]. Second, urban industry is too
small to absorb the surplus of rural laborers [71], resulting in
many rural migrants engaging in informal employment.
Third, policymakers in Tibet must coordinate agricul-
tural modernization with urbanization. Agricultural mod-
ernization aids cities by providing food and raw materials
but hurts cities by encouraging rural laborers to migrate to
the cities, causing an oversupply of urban laborers. In Tibet,
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a tension is observed between such an oversupply and the
excess demand from rural and urban areas. This structural
tension between a high agricultural modernization level and
a low wurbanization level is becoming increasingly
pronounced.

5. Conclusions and Policy Implications

This study (1) employed FDC, MLC, LRC, and MTC, as
theorized in agricultural contributions theory, and (2)
constructed a VEC model to analyze how and when ACFs
influence urbanization in Tibet. Hypothesis 1 was verified,
but hypotheses 2 and 3 were not. The results were as follows:

(1) ACFs Granger-cause urbanization over the short and
long term; however, the dynamic is less powerful
than expected.

(2) In Tibet, first, FDC and LRC stimulate urbanization
at present but hinder urbanization in the future. This
hindering effect increases over time, and FDC is
more influential than LRC. Second, MLC hinders
urbanization in Tibet over the short and long term.
Third, MTC stimulates urbanization over the short
and long term, and this stimulating effect peaks in
the short term.

(3) First, FDC responds very slowly to changes in ur-
banization, and it will act as a key negative indicator
of urbanization in Tibet in the future. Second, MLC
responds slowly to changes in urbanization, and it
acts as a relatively important negative indicator of
urbanization in Tibet at present. Third, LRC re-
sponds quickly to changes in urbanization, and it
acts as a key positive indicator of urbanization in
Tibet at present. Fourth, MTC responds quickly to
changes in urbanization, and it acts as a key positive
indicator of urbanization in Tibet both at present and
in the future.

This paper’s findings have crucial policy implications.
First, localized industries should be encouraged. This is
because MTC consistently stimulates urbanization in Tibet
both at present and in future, considering the current large-
scale consumption of consumer goods and agricultural
equipment. Second, the government should train and ed-
ucate rural residents and ensure the provision of more
formal employment in cities. This is because LRC will hinder
urbanization in Tibet in the future due to a dearth of skilled
workers and formal employment. Third, and finally, the
agricultural-product-processing industry should be ex-
panded. This is because MLC hinders urbanization at
present and will do so in the future, because the agricultural-
product-processing industry is small and growing slowly.

This study has the two limitations. First, it was difficult to
obtain the direct representative indicators that measure the
ACFs; thus, the paper employed indirect variables to sub-
stitution. This potentially led to an overestimation or un-
derestimation of agriculture’s contribution to urbanization.
Second, Tibet was not compared with another post-
industrialized region, which limited the validity of this
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study’s findings of agriculture’s role in urbanization.
Nonetheless, this study elucidated the influence of ACFs on
urbanization; its findings are helpful to underdeveloped
countries and regions other than Tibet in terms of policy-
making. Furthermore, future studies could make consid-
eration of openness in assessing impacts of agricultural
contributions to urbanization.
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