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Abstract: As a daily necessity and an important cash crop in China and many other countries,
tea has received increasing attention. Using production concentration index model and in-
dustry’ s barycenter theory, we analyzed the spatio-temporal distribution of tea production and
barycenter movement trajectory of tea plantations and production in China between 1986 and
2015. Driving forces of the movement were also analyzed. From 1986 to 2000, tea production
in China’s Mainland of grew slowly (by 210x10° t). The continuous increase in tea yield per
unit area was the primary contributor (more than 60%) to the growth in tea production during
this period. Since China joined the World Trade Organization (WTO) in 2001, tea production
has grown rapidly, by 1.59x10° t between 2001 and 2015. The increase in the tea plantations
area is the main contributor. Over the last 30 years, the barycenters of tea production in China
have moved westward from the Dongting Lake Plain to the eastern fringe of the Yun-
nan-Guizhou Plateau. Guizhou, Guangxi, and Sichuan in southwestern China have gradually
become regions of new concentrated tea plantations and main tea production provinces.
Lower cost of land and labor in southwestern China are the main drivers of the westward
movement of China’s tea industry. In addition, supportive policies and the favorable natural
geographical environment contribute to the westward movement of tea industry. Our research
highlights the spatio-temporal variation of China’s tea production in the last three decades.
The result indicates importance to make appropriate policies to promote the development of
tea industry in China.
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1 Introduction

Tea is a daily necessity in China, the UK and many other countries. Tea is also an important
cash crop for many farmers in the world. In some sense, tea is one of China’s labels on the
world stage. Tea has been planted and drunk in China for more than one thousand years.

Received: 2017-03-28  Accepted: 2017-07-05
Foundation: National Natural Science Foundation of China, No.41571162; National Social Science Foundation of China,
No.17ZDA061
Author: Xiao Zhi (1974-), PhD Candidate and Associate Professor, specialized in resources geography and land use
change. E-mail: zhi2008xiao@163.com
“Corresponding author: Huang Xianjin (1968-), Professor, specialized in land use change. E-mail: hxj369@nju.edu.cn or
Yang Hong (1978-), lecturer, specialized in environmental science. E-mail: hongyanghy@gmail.com

www.geogsci.com  www.springerlink.com/content/1009-637x



276 Journal of Geographical Sciences

Since the reform and opening up policy in the late 1970s, China’s tea production has
increasingly relied on policy and new technology. As the largest tea producer, China contri-
buted 2.278 million tons tea in 2015, accounting for 42.94% of world production (Table 1).
The tea industry has already become an important supporting industry in some tea-produc-
tion regions in China (Zhang, 2012). Tea export and income from foreign countries have
promoted the economic development (Su, 2011). In addition, the tea industry plays a pivotal
role in upgrading agricultural structure, increasing farmers’ income, and constructing sus-
tainable rural areas (He, 2011; Wei and Li, 2014).

Table 1 World tea production from major producers (thousand tons)

Region 1985 1990 1995 2000 2005 2010 2015
World 2290 2531 2521 2940 3537 4281 5305
China’s Mainland 432 540 588 683 935 1475 2278
India 656 720 756 847 946 966 1,209
Kenya 147 197 245 236 323 399 399
Sri Lanka 215 234 246 307 317 331 329
Turkey 137 127 103 170 222 231 259
Vietnam 31 40 40 59 133 175 170
Indonesia 132 145 144 163 156 151 129

Source: International Tea Committee (ITC), Annual Bulletin of Statistics, 1993, 2001, 2007, 2016.

Researchers have studied world tea industry mainly from the perspective of industrial
economics (Ganewatta et al., 2005; Gesimba et al., 2005) and management science (Blow-
field, 2003; Hazarika and Subramanian, 1999; Loconto, 2014) to promote its development.
In particular, China’s tea production received wide attention. Some important and interesting
conclusions have been reached. For example, (1) a tea farmer’s years of education, the size
of his/her family labor force, and the location of his/her village, along with the government’s
function had an insignificant impact on tea farmers’ investment intentions (Su, 2010); (2)
innovations of technology and management played a significant role in promoting the de-
velopment of China’s tea industry (Niu ef al., 2007); and (3) the promulgation of regulations
for pesticide residues had a significant negative impact on the tea trade (Chen, 2011). These
conclusions were drawn primarily based on the theories of industrial economics and man-
agement without, in most cases, considering the geographical location and spatial factors.

Since joining the World Trade Organization (WTO) in 2001, China has taken more meas-
ures to adjust the structure of the agricultural and forestry industry and to optimize the ur-
ban/rural land use. In the meantime, China’s tea industry has faced a series of new chal-
lenges and opportunities, resulting in changes in China’s tea production and trade. Under the
circumstance, analyses of the spatio-temporal pattern of tea industry in China and its driving
forces are of theoretical value and practical significance. However, most previous studies
focus on tea production in the regional perspective, without consideration of the geographi-
cal location factor which also affects the development of the tea industry. In particular, due
to the data limitations, it is still unclear about the spatio-temporal pattern of the tea produc-
tion pattern and its driving factors in China.

Spatial analysis is a branch of geography research (Li et al., 2017; Yao et al., 2013). Re-
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searchers have explored the sequential variation process, geographical aggregation charac-
teristics, and influencing factors of crops, including grain (Jin, 2014; Liu et al., 2013), corn
(Tan et al., 2014; Yang et al., 2016), vegetables (Ji et al., 2016), soybeans (Zhang et al.,
2014), and sugar (Gao et al., 2016). However, to the best of our knowledge, the understand-
ing of the spatial pattern of China’s tea production is still very limited. Using the production
concentration index model and the industry’s barycenter theory, the current study attempts to
investigate the spatio-temporal evolutionary trend of tea production in China before and af-
ter China joined the WTO. In addition, we explored the driving forces of the evolution of tea
production in China. Our results provide a valuable reference for optimizing the distribution
of tea production in China.

2 Data and methods
2.1 Data sources

The research period of this paper is from 1986 to 2015. The data were obtained from the Tea
Database, Ministry of Agriculture, the People’s Republic of China (http://202.127.42.
157/moazzys/chaye cx.aspx) and China Statistical Yearbook from 1986 to 2016
(http://www.stats.gov.cn/tjsj/ndsj/). The map data were obtained from the National Geomat-
ics Center of China (NGCC, http://ngcc.sbsm.gov.cn/). The research areas are focused on 18
tea-producing regions in China’s Mainland (hereinafter China for convenience), while the
relevant information for Taiwan is excluded from this study due to the data limitation. Ac-
cording to the Economic Regionalization Scheme of the National Bureau of Statistics of
China, tea production regions in China are classified into eastern, central and southwestern areas
(Figure 1). Because tea is planted only in part areas of Gansu, Shaanxi, Henan, and Shan-
dong, the geometric centers of the tea-producing region in these four provinces are consid-
ered as their barycenters. For the remaining provinces, the geometric centers of the adminis-
trative region of each province are considered as their barycenters. Considering the change
in the administrative relation-
ship between Chongqging and
Sichuan, 17 tea-producing
provinces, cities and autono-
mous regions are analyzed as
the spatial units for the period
before 1997, and (103.46°E,
30.53°N) (X, Y) are set as the
barycenter coordinates of
Sichuan before 1997. In 1997,
Chongqing became a di-
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1997. Figure 1 Tea production areas in China
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2.2 Research methods
2.2.1 Measuring tea production rates

Based on the crop yield decomposition method proposed by Zhu et al. (1997), the increase
in tea production can be decomposed into three terms: the increment product in the tea plan-
tation area and the past tea yield, the increment product in tea yield and the past area, and
the increment product in the tea plantation area and the increment in tea yield. Given this
decomposition, the rates of contribution (percentage) of the increment in the tea plantation
area and the increment in tea yield to the increase in tea production quantity were calculated
as follows (Zhu et al., 1997):
dA=(A,—A)*1/2*(Y—Y)/P*100 (1)
dY=(Y,—Y)*1/2*(A,+A,)/P*100 2)
where dA and dY represent the rates of contribution of the increment in the tea plantation
area and the increment in tea yield to tea production quantity, respectively; P represents the
difference in tea production quantity between the comparison year and the base year; A; and
Y, represent the tea production area and the tea yield in the base year; and A; and Y, repre-
sent the tea production area and the tea yield in the comparison year.

2.2.2 Production concentration index (PCI)

The PCI refers to the proportion of tea production in a region (the area of tea plantations in
the region) in terms of the total tea production of the entire country (the total area of tea
plantations in the country) during a given period. The PCI is commonly used to estimate the
spatial concentration of an industry and is calculated using the following equation (Song and
Zhang, 2005):

Cit =M, ZMit 3)

where C;; represents the PCI of the tea production quantity (the area of tea plantations) in
province (city or autonomous region) i in China during period ¢; M}, represents the tea pro-
duction quantity (the area of tea plantations) in province (city or autonomous region) i dur-
ing period #; and n represents the total number of tea-producing provinces in China. The
contribution of the tea production quantity (the area of tea plantation) in a region at a certain
time to the tea production quantity (the area of tea plantation) of the entire country can be
determined by calculating the PCI. In addition, the time series change in the PCI can reflect
the change in the standing of a region in the entire country in terms of tea production.
Therefore, the PCI can be used to horizontally and longitudinally analyze the variation in the
regional pattern of tea production in China.

2.2.3 Industry’s barycenter theory

The barycenter of an industry is the barycenter of the spatial distribution of this industry in
the region (Amos, 1988). Due to the different economic development rates inside the region,
the barycenter of the industrial development changes constantly (Li et al., 2012). Therefore,
the analysis of the location and the movement path of the barycenter of an industry is the
research focus of the spatial distribution of the industry (Bai, 2015).

(1) Location of the barycenter

The location of the barycenter was calculated as follows (Zhang and Gu, 2002):
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X=iMin- Zn:Mi’ Y=§:MiYi Zn:Mi 4)
im1 im1 iml im1

where X and Y represent the geometric spatial center (barycenter) of the certain attribute of the
tea industry in the region; X; and Y; represent the coordinates of the geographical center of sub-
region #; n represents the total number of administrative sub-regions; and M; represents the nu-
merical value of a certain attribute (e.g., crop area, crop yield) of the tea industry in sub-region i.
(2) Movement distance of the barycenter
The inter-annual spatial distance of the barycenter movement was calculated using the
following equation (Sun and Zhang, 2012):

Dy =R*\J(X, = X)) +(% - Y)) (> )) (5)

where D, ; represents the distance over which the barycenter moves between the jth year and
the ith year (km); (X;, Y;) and (X], Y;) represent the geographical coordinates of the barycen-
ter in the jth year and the ith year; and R represents the transformation coefficient of the co-
ordinates of latitude and longitude on the earth spherical surface into a planar distance and R

is111.13 in the current study.
2.2.4 Partial least squares model (PLS)

The PLS model is a new and improved method of multivariate statistical analysis based on
the ordinary least squares model; and it can be employed to effectively decompose and
screen system information (Nitzl, 2016). Therefore, the PLS model is suitable for the re-
gression modeling of multiple independent variables into dependent variables and demon-
strates a higher reliability when there is multi-collinearity among the variables.

In the current study, the PLS model was employed to analyze the factors affecting the
spatio-temporal pattern of China’s tea industry. Tea production is a process affected by both
natural and social-economic factors. The primary factors affecting the tea industry mainly
include natural resource endowments, industrial policies, production technologies, labor costs,
and land costs (Jiang et al., 2009; Li, 2010; Li et al., 2014; Zhang et al., 2006). In the analyses,
the dependent variables include the proportion of the tea plantation area in each main
tea-producing region in terms of the total tea plantations area in China (Y1) and the propor-
tion of the tea yield in each tea-producing region in terms of the average tea yield in China (Y?2)
during the research period. Referring previous researches (Li, 2010; Li et al., 2014; Jiang et al.,
2009; Wan, 2016; Zhang et al., 2006), the following variables were selected as independent
variables: the proportion of tea plantation area in terms of the total plantation area (X1), the
proportion of expenditures on the agricultural and forestry industry in terms of the general
public budget revenue (X2), the proportion of turnover on the technical market in terms of
gross domestic product (GDP) (X3), the ratio of the per capita income of rural residents to per
capita income of urban residents (X4), and the proportion of the land value-added tax reve-
nue in terms of the total value-added tax revenue(X5). The analyses were conducted using
the software SIMCA-P11.5 (Umetrics, Umea, Sweden) (Nitzl, 2016; Zang et al., 2017).

3 Results

3.1 Trend analysis and contribution analysis

In this study, trends of total tea plantation, production, and yield over the last 30 years were
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analyzed. In addition, the contribution factors of tea plantation area and tea yield to total tea
production in China were explored.

3.1.1 Trend analysis

Overall, the tea plantation area in China increased from 1986 to 2015 (Figure 2). The expan-
sion of tea plantations can be approximately divided into two periods by the year 2001: the
slow growth period (1986-2001) and the rapid growth period (2001-2015). During the first
period, the tea plantation area in China increased by only 70 thousand ha and even decreased
slightly in several years. After 2001, tea plantation area grew rapidly, at an average annual
rate of 7.11%.
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e—e—e Teca plantation area

6—e—o Total tea production
+—+—+ Teayield

3000 - ,700

2000 600

Tea yield (kg/ha)

1000 500
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Figure 2 Tea plantation area (thousands ha), total tea production (thousands tons), and tea yield (kg/ha) in
China between 1986 and 2015

Tea yield fluctuated over the last 30 years, reaching a minimum (452 kg/ha) and a maxi-
mum (794 kg/ha) in 1986 and 2015, respectively. Although China’s tea yield has exhibited an
increasing trend, it remains considerably less than the world average yield. For example,
according to International Tea Committee’s Annual Bulletin of Statistics 2016, the tea yield in
China was only 67.11% of the world average tea yield (3-year average) between 2013 and 2015.

With the combined effects of the two factors noted above, total tea production in China
exhibited a continuously increasing trend in the last three decades. Before 2001, tea produc-
tion increased slowly from 470 thousand tons in 1986 to 680 thousand tons in 2000, a mere
increase of 210 thousand tons. From 2001, total tea production has grown increasingly. No-
tably, after the tea export quota was abolished in 2006 (Li and Liu, 2011), total tea produc-
tion increased at an average annual rate of 9.24%. In 2015, total tea production in China
reached 2278 thousand tons. Total tea production in China increased 1590 thousand tons
between 2001 and 2015, 7.6 times of the increase between 1986 and 2000.

3.1.2 Contribution analysis

The contributions of the change in the tea plantation area and tea yield to total tea produc-
tion in China were calculated using Equations (1) and (2) and results are shown in Figure 3.
The increase in total tea production is mainly attributed to the increased tea yield and its
contribution was higher than 60% before 2001. The contribution of the increase in the tea
yield peaked (98.27%) in 1998. Over the same period, the contribution of the increase in the



XIAO Zhi et al.: Spatio-temporal variation and the driving forces of tea production in China over the last 30 years 281

100

Tea plantation area

o Tea yield

80

[=2)
(=
T

Contribution rate (%)

0 ! 1 | I I
1985 1990 1995 2000 2005 2010 2015
Year

Figure 3 Contribution of the increase in the tea plantation area and the tea yield to the increase in total tea
production in China from 1986 to 2015 (the year 1986 is the base year)

tea plantation area to total tea production was relatively lower, less than 40%. From 2001,
total tea production increased rapidly, while the contribution of the increase in tea yield de-
creased markedly. During this period, the tea plantation area in China increased rapidly, and
the contribution of the increase in plantation area to the increase in total tea production also
increased rapidly, surpassing the contribution of the increase in tea yield in 2008. During the
“12th Five-Year Plan” (2011-2015), the contribution of the increase in tea plantation area to
the increase in total tea production remained greater than 60%.

3.2 Spatial analysis

To further investigate the spatial pattern of tea production in China, 1990, 1995, 2000, 2005,
2010, and 2015 were selected as representative years. Based on the PCI of each
tea-producing region (Figures 4 and 5) and the trajectory of the barycenter movement of tea
production (Figure 6), the change of the spatial distribution of China’s tea production was
analyzed.

3.2.1 The change of spatial distribution

Tea plantation area is one of the main factors affecting the total tea production. The change
in the distribution of tea plantations reflects the spatial movement of China’s tea industry.

The PCI of tea plantations in eastern China decreased, whereas the PCI of tea plantations
in southwestern China increased (Figure 4). Specifically, the PCI of tea plantations in the
coastal regions of eastern China, such as Shandong, Jiangsu, and Hainan, stabilized in the
range of 0-2 during all periods. In comparison, tea plantation area in the traditional
tea-producing regions, such as Zhejiang and Fujian, increased slightly, and the PCI of tea
plantations in these regions decreased gradually from over 12 (1990) to below 10 (2010).
The PCI of tea plantation area in Hunan, Anhui, and Jiangxi (in central China) decreased. In
comparison, the tea industry was developed vigorously in Guizhou and Sichuan (in south-
western China) and in Hubei and Henan (in central China). The tea plantation area in these
regions increased markedly, and these regions gradually became the new areas of concen-
trated tea plantation.
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Figure 4 Spatial variation in the production concentration index (PCI) of tea plantation area in provinces
in China in 1990 (a), 1995 (b), 2000 (c), 2005 (d), 2010 (e), and 2015 (f)

Figure 5 shows that the spatial pattern of the total tea production in provinces changed
significantly. The proportion of tea production in Fujian (in eastern China), Hubei (in central
China), and Yunnan and Guizhou (in southwestern China) in terms of China’s total tea pro-
duction increased markedly, by 7.18%, 3.71%, 8.58%, and 7.20%, respectively. The propor-
tion of tea production in Henan (in central China) and Shaanxi (in western China) in terms
of China’s tea production also increased obviously, by 2.06% and 2.59%, respectively.
However, the proportion of the tea production in Zhejiang (in eastern China) and Hunan and
Anhui (in central China) in terms of China’s total tea production decreased considerably, by
14.69%, 8.14%, and 5.12%, respectively. The proportion of tea production in Jiangsu,
Jiangxi, Guangdong, and Hainan in terms of China’s tea production also decreased to

Sea kslands

Figure 5 Spatial variation in the production concentration index (PCI) of the total tea production in prov-
inces in China in 1990 (a), 1995 (b), 2000 (c), 2005 (d), 2010 (e) and 2015 (f)
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varying extents. Notably, in spite of the decreased proportion of the tea production in terms
of China’s total tea production, Zhejiang and Hunan ranked the 6th and 7th in terms of tea
production in 2015. Overall, the standing of the traditional tea-producing regions in central
and eastern China, such as Hunan, Anhui, Zhejiang, and Guangdong, gradually declined.
The standing of Guizhou (in southwestern China) and Hubei (in central China) continuously
increased and these two provinces, together with such traditional tea-producing regions as
Fujian, Sichuan, and Yunnan, gradually became the main tea-producing regions in China.

3.2.2 Change of barycenter

The barycenters of the tea plantation areas and total tea production in China remained on the
east of the base point of the regional barycenter (Jishou City), while they moved from the
Dongting Lake Plain (east of 112°46'E) to the Yunnan-Guizhou Plateau (west of 110°15E).
By 2015, they had moved westward to the Xiangxi Autonomous Prefecture and Huaihua
City near the edge of the Yunnan-Guizhou Plateau (Figure 6).

From 1986 to 1990, the barycenter of the tea plantation area shifted 75 km to the south-
west. During the periods of 1991-2000, 2001-2010 and 2010-2015, the barycenter of the tea
plantation area shifted to the northwest, with the distance of 33 km, 168 km, and 25 km, re-
spectively. Overall, from 1986 to 2015, the barycenters of the tea plantation shifted 291 km
to northwest from Ningxiang County to Guzhang County, Hunan Province. It moved 36 km
vertically (to the north) and 278 km horizontally (to the west).
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Figure 6 The movement of the barycenters of the tea plantation area and total tea production in China
from 1986 to 2015

In 1986, the barycenter of total tea production was located in the north of Changsha city,
Hunan Province. From 1986 to 1990, it shifted 16 km to the southeast; from 1991 to 1995, it
shifted 57 km to the southwest; from 1996 to 2000, it shifted 10 km to the northeast; and
from 2011 to 2015, it shifted 120 km to the southwest (Table 2). Overall, from 1986 to 2015,
the barycenter of tea production shifted 272 km to the southwest, moving 29 km vertically
(south) and 290 km horizontally (west).

In terms of the movement rate, the barycenter of the tea plantation area moved westward
at an average rate of 9.69 km yr ', higher than that of the barycenter of tea production of
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Table 2 Changes in the barycenters of the tea plantation area and total tea production in China from 1986
to 2015

Shift of tea plantation Shift of total tea production

Stage Year Period barycenter barycenter
Distance (km) Speed (kmyr')  Distance (km) Speed (km yr™)

Before 1986-1990  7th Five-Year 75 15 16 3

2001 1991-1995 8th Five-Year 13 3 57 11
1996-2000 9th Five-Year 20 4 10 2

After 2001 2001-2005  10th Five-Year 78 16 46 9
2006-2010 11th Five-Year 90 18 82 16
20112015 12th Five-Year 25 5 120 24

9.06 km yrﬁl. In four periods (the 7th Five-Year, 9th Five-Year, 10th Five-Year, and 11th
Five-Year), the annual movement rate of the barycenter of tea plantation area was rapid. In
general, over the 7th Five-Year and 9th Five-Year plan periods, the barycenter of total tea
production moved slightly east, indicating that the regional fluctuation of tea production was
much greater than that of the tea plantation area and that the tea plantation area and its
movement became more stable.

3.3 Driving factor analysis

3.3.1 Regression analyses

Regression analyses were individually performed based on the tea plantations area and tea
yield per unit area in the eastern, central and southwestern China. The results are shown in
Table 3 and Figure 7.

Table 3 Regression coefficient of the PLS model for the tea producing regions in eastern, central, and
southwestern China

Variable Tea plantation area Tea yield
Eastern Central Southwestern Eastern Central Southwestern
X1 0.0602 -0.2739 0.2141 0.2481 -0.2946 0.1843
X2 0.2832 0.2646 0.2609 0.3553 0.2841 0.2298
X3 0.2092 0.1222 0.1935 -0.006 0.0875 0.2324
X4 0.4291 0.2386 0.2401 0.2048 0.2128 0.2701
X5 0.5053 0.3352 0.3096 0.4223 0.3325 0.3011
1.5
15 @ 15 ®) ©
1.0 1.0
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Sos S g~(5)
0.0 X5 X4 X2 X3 1 05 X5 X1 X5 X2 X4 X1 X3
-0.5 .
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> 0.5
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Figure 7 Variable importance projection (VIP) of five independent variables (X1-X5) of the PLS model
in eastern, central, and southwestern China
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Table 3 shows the driving (positive regression coefficient) and restricting (negative re-
gression coefficient) effects of the independent variables X1-X5 on the change in tea plan-
tation area in different regions in China. Overall, the independent factors X1-X5 are posi-
tively correlated with the tea plantation area and the tea yield, indicating that a favorable
natural environment, industry-supporting policies, the application of new technologies, and
labor/land costs all promote the development of the tea industry in China.

Figure 7 demonstrates the values of the variable importance projection (VIP) in the PLS
model. VIP characterizes the explanatory power of an independent variable for the depen-
dent variable. An independent variable with a VIP value greater than 1 is often considered as
the dominant factor causing changes of the dependent variable (Zang et al., 2017). As dem-
onstrated in Figure 7, all the factors except for X3 have relatively high explanatory power
for the increases in the scale of tea plantations and tea yield per unit area.

3.3.2 Factor analysis

(1) Land and labor costs

In terms of the importance of the five factors, regardless of the increase in the tea planta-
tion area (Figures 7a—7c¢) and tea yield (Figures 7d-7f), X5, which represents land costs,
exerts the most significant impact (VIP>1) on the development of the tea industry in eastern,
central, and southwestern China.

In addition, X4, which represents labor costs, is positively correlated with the scale of tea
plantations (eastern China) and the tea yield per unit area (southwestern China) (Figures 7a
and 7f), indicating that X4 is an important driver of the tea industrial development in some
areas (VIP>1).

(2) Industry-supporting policies

As demonstrated in Figures 7c¢ and 7d, X2, the supporting policies, has a substantial driv-
ing action on the expansion of the scale of tea plantations (southwestern China) and the in-
crease in the tea yield per unit area (eastern China) (VIP>1).

(3) Natural environment

The proportion of the area for tea plantations (X1) represents the natural conditions suit-
able for developing the tea industry. As demonstrated in Figures 7b and 7e, X1 has relatively
high explanatory power for the expansion of the scale of tea plantations and the increase in
the tea yield per unit area in central China (VIP>1). Therefore, X1 has an important driving
action in the central area.

4 Discussion

Tea industry is important in many countries, especially in China. Tea industry is closely re-
lated to many industries (He, 2011; Zhang, 2012) and is a powerful driver for economic de-
velopment in the country (Wei and Li 2014). In this study, we analyzed the spatio-temporal
pattern of China’s tea industry and explored the factors affecting the changes.

4.1 Costs of land and labor resources

Our results showed a clear westward movement of China’s tea industry. The westward
movement of the barycenter of the distribution of tea production in China is favorable to the
construction of an ecological civilization in the ecologically vulnerable and environmentally
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sensitive areas in southwestern China (Hu and Yang, 2016).

Tea production is a labor-intensive industry (Wang and Zhai, 1993). A tremendous amount
of labor resource is required, from the planting of tea trees to the management of tea planta-
tions to the picking, processing, and selling of tea leaves. Because of its relatively abundant
and low-cost labor resources in southwest China, the costs of tea cultivation and processing
in southwestern China are relatively smaller compared to economically developed eastern
China (Li, 2010).

Tea plantation area determines the supply scale of tea production. The increase in the tea
plantation area requires the input of more land resource. There are a large proportion of hills
and mountains in southwestern China. Consequently, the land costs for tea plantations in
southwestern China are much lower, reducing the tea production cost and providing favor-
able conditions to compete in tea production on the domestic and international markets.

The westward movement of the tea industry from eastern China can benefit from the rela-
tively lower land and labor costs in southwestern China (Li, 2010), promoting the sustain-
able ecological development and environmental protection (Yang, 2014). Amid the westward
movement of the tea industry, decision-makers in southwestern China should formulate rea-
sonable plans for further developing the tea industry and transforming southwestern China to
one of China’s main tea-producing regions, characterized by large-scale, mechanized, and
standardized development (Liu et al., 2014; Yang et al., 2013a). Effective measures are also
needed to minimize the impact of tea industry on precious water and soil resource in South-
west China (Yang et al., 2013b; Yang, 2016).

4.2 Supporting industrial policy

Industrial policy is one of the important means to actively intervene the economic develop-
ment (Liu, 2014). The agricultural structure adjustment strategy and the national subsidy
policy for the tea industry vary among regions and consequently have an important impact
on the change in the regional pattern of tea production.

Since China joined the WTO in 2001, the area of tea plantations in China has entered a
rapid growth period (increasing at an annual rate of 7.11%). The increase in the trade de-
mand is the external cause of the increase in the area of tea plantations. In addition, the cen-
tral government also attaches great importance to the development of the tea industry and
provides strong support for the development of the tea industry through favorable industrial
policies. These are the internal driving forces for the increase in the area of tea plantations.
For example, Anhui introduced the Planning for the Development of the Tea Industry in An-
hui (2003-2007) in 2003. Subsequently, the Ministry of Agriculture of China published the
Planning for the Development of Key Tea-Producing Regions in China (2009-2015) in 2009.
The central government has been gradually increasing the intensity of investment of special
funds for the tea industry. Local governments have also prioritized tea production, process-
ing, and logistics projects in the area of land use. The aforementioned actions, together with
the implementation of various preferential tax policies, have resulted in the construction of a
number of new standardized, large-scale tea plantation bases in various regions and pro-
moted the rapid increase in the tea plantation area and the adjustment/upgrading of the tea
industrial structure.
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4.3 Natural environment

Tea quality varies with the natural geographical environment where it grows. China’s
tea-producing regions are mostly located in the subtropical monsoon climate zone with hot,
wet, and rainy summers. In addition, China also covers a vast area with various terrains. As
a result, numerous microclimatic environments suitable for the growth of tea trees are
formed (Wang and Zhai, 1993).

The natural environment in southwestern China has promoted the western movement of
China’s tea industry. For example, Sichuan is located in the Sichuan Basin, which has abun-
dant precipitation, plentiful clouds, low sunshine conditions, and high relative humidity.
Therefore, Sichuan has favorable natural conditions for developing its tea industry. Relying
on its low-latitude, high-altitude, low-sunshine, and cloudy geographical environment,
Guizhou has become a main green-tea-producing region in China (Hu and Yang, 2016). The
aforementioned conditions lay a good foundation for the westward movement of the tea in-
dustry in China. In comparison, the proportion of the area of tea plantations in Shandong,
Guangdong, and Hainan (in eastern China) and in Hubei and Hunan (in central China) is
relatively low, limiting the increase in the area of tea plantations.

4.4 International trade and domestic consumption

China was once world’s largest tea exporter. The gap in tea exports is narrowing between
China and some member states of the Commonwealth of Nations, such as Sri Lanka and
India. According to data of China’s tea imports and exports since 2001 and statistics pub-
lished by relevant agencies (e.g., Department of Foreign Trade, Ministry of Commerce of
China, 2015), China’s tea exports increased from 255,000 t in 2001 to 329,000 t in 2015,
with an annual average growth rate of only 0.47%. Therefore, foreign demand has made lit-
tle contribution to the development of China’s tea industry. Worse, global economic crisis,
for example financial crises in 2008, can exacerbate the negative effect of international trade
and China’s export, including tea (Lu et al., 2015; Wu et al., 2015).

According to data provided by China Tea Marketing Association, China’s domestic tea
consumption increased from 206,000 t in 2001 to 2,050,000 t in 2005. Due to lack of de-
tailed statistical data, domestic demand was excluded as an influencing factor in our analysis.
However, with an average annual growth rate of 12.29%, the driving action of domestic de-
mand on the expansion of the tea plantations area and the increase in tea yield per unit area
cannot be overlooked. It seems that domestic demand makes a more important contribution
to the development of China’s tea industry than foreign trade.

4.5 Innovations of technology and management

The application of new technologies can increase both tea yield and tea plantation area,
which has been manifested in eastern, central, and southwestern China. Since 2000, total tea
production in China has entered a period of rapid growth, at an average annual rate of 10%,
mainly due to the rapid increase in the proportion of the tea plantation area in the newly es-
tablished tea-producing regions where improved varieties of clonal tea were planted (Xiao et
al., 2017). For example, the area proportion of clonal tea trees in Zhejiang reached 70.80%
in 2013 (Liang and Shi, 2015).

In addition, new technologies can promote the updating of the tea plantation management.
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For example, in 2005, the Ministry of Agriculture of China introduced a series of supporting
policies for establishing standardized tea plantations, requiring each main tea-producing re-
gion to construct and manage new tea plantations that meet the “ecologicalization, improved
variety, normalization, and standardization” requirements; certify pollution-free, organic tea
production bases. A series of standardized production technologies were increasingly used,
for example, the formulated fertilization based on soil testing, disease and pest prevention
and control, and the mechanized picking of tea leaves (Han et al., 2016). These policies and
measures have promoted obviously the increases in the tea yield and total tea production.

4.6 Limitation and future research

Same as many studies, several uncertainties remain in the current studies. Due to data limi-
tation, our analysis was performed based on provincial level. Because of relatively low spa-
tial resolution, some results may be insufficiently accurate. Similarly, because of insufficient
data, only five aforementioned independent variables were used in this study to investigate
the factors that drive the spatial evolution of tea production in China. The representativeness
of these indices may be limited to some extent. For example, factors such as foreign trade,
domestic demand and the popularization and application of new technologies can also to a
certain extent affect the development of the tea industry. Tea was an important trade product
on the ancient Silk Road. With the comprehensive integration and rapid development of a
global economy and culture, particularly in the background of “the Belt and Road Initia-
tives” developed by China’s government, the global tea industry will face new opportunities
and challenges. The dominant factor affecting the development of tea industry may vary
among regions in next decades. Therefore, future research with more accurate data will
clearly increase the understanding of the development of China’s tea industry.

5 Conclusions

Based on models for measuring production rate, the PCI and barycenter, this study analyzed
the regional distribution pattern and the path of the barycenter movement of China’s tea
plantation area and tea production between 1986 and 2015. The driving forces of the move-
ment of the tea industry were also analyzed. The following conclusions are obtained:

(1) The change of the tea plantations area and tea production in China can be divided into
two stages by the year 2001, when China joined the WTO. In the first stage, a slow growth
stage between 1986 and 2001, the increase in tea yield per unit area was the primary con-
tributor to the growth in China’s total tea production (210x10° t). In the second stage, a rapid
growth stage between 2001 and 2015, growth in total tea production (1.59x10° t) resulted
primarily from an increase in the area of tea plantations. In particular, after 2011, the in-
crease in the tea plantation area contributed steadily to more than 60% of total tea production.

(2) Over the last 30 years, there has been a clear spatial change of China’s tea industry.
The standings of Hunan and Anhui (in central China), as well as the traditional
tea-producing regions in the eastern coastal regions of China (e.g., Zhejiang and Guang-
dong), have slowly declined. The tea industry has gradually moved to the southwest with
advantageous natural endowments. Guizhou, Yunnan, and Sichuan, as well as Hubei, have
gradually become China’s main tea-producing provinces.

(3) During the last three decades, the barycenters of tea production in China have moved
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westward from the Dongting Lake Plain (east of 112°46'E) to the eastern fringe of the Yun-
nan-Guizhou Plateau (west of 110°15'E). The barycenter of the tea plantation area has
moved roughly from “east-south” to “west-north”. The barycenter of tea production has
moved roughly from “east-north” to “west-south”. In terms of the movement rate, the bary-
center of the tea plantation area moved faster than the barycenter of tea production.

(4) The relatively low costs of land and labor in southwestern China lay a good founda-
tion for the westward movement of the tea industry. In addition, the industry-supporting
policies implemented by the central and local governments also ensure processes of indus-
trial standardization, normalization and base construction. The favorable natural endow-
ments in southwestern China have objectively encouraged China’s tea industry to gradually
move southwestward.
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