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Abstract: Agricultural trade, which involves the exchange of virtual water and land resources, can
effectively regulate the allocation of resources among countries while enhancing the well-being of
resource-rich and resource-poor nations. China’s animal products trade market concentration is
greater, and the livestock industry consumes more water than other agricultural sectors. In order
to alleviate the pressure on China’s domestic water and land resources and to ensure that Chinese
residents have access to animal products, this article examines the trade situation and drivers of
virtual water and land resources related to Chinese animal products trade. This study used the heat
equivalent method to measure the virtual water and land flows of the import and export of beef,
pork, and mutton from 1992 to 2018, which is followed by the gravity model to investigate the factors
impacting China’s flow of virtual land and water related to livestock products trade. We found that
the economic development and the agricultural resources of exporters, as well as China’s agricultural
employment rates, have a stable beneficial impact on China’s livestock imports. The population of
importing nations, China’s cultivated land area, and the livestock production index of importers and
exporters have a positive impact on the export of livestock products from China. Our results remain
robust following a series of additional tests.

Keywords: livestock products; gravity model; virtual water; virtual land; economic distance

1. Introduction

Recent animal diseases and public health crises have had a significant effect on China’s
livestock business and animal product supply [1]. Due to African swine fever, China’s
pork output dropped significantly in 2019. Since the implementation of COVID-19 in
2020, both the volume of imported animal goods into China and the effective supply
of animal products have declined. Nonetheless, as China’s urbanization process has
advanced, the food consumption structure and consumptive mode of locals have altered
substantially, with the demand for high-protein, high-nutrition livestock goods such as
meat and eggs increasing greatly. Between 1982 and 2018, China’s per-capita consumption
of livestock products climbed by 37 kg [2], and the country now has the fastest-growing
meat consumption [3]. Despite recent years, the consumption of livestock products has
expanded dramatically, but there is still a large structural gap in the consumption of
animal products, which is impacted by climate, dietary patterns, and other factors. The
consumption of animal products has historically been led by pork, whereas mutton has
the highest growth rate. In this regard, China outlined in the Central Document No. 1 of
2022 its intention to protect the supply of food basket products for residents, accelerate
the expansion of beef and dairy production, and promote the pilot demonstration of the
transformation and upgrading of the grassland livestock industry. This demonstrates the
nation’s increasing importance in the provision of livestock products.

Farmland is necessary for the production of food and livestock products. Countries
place a premium on the preservation of arable land. For example, Japan places a premium

Land 2023, 12, 1493. https:/ /doi.org/10.3390/land 12081493

https:/ /www.mdpi.com/journal /land


https://doi.org/10.3390/land12081493
https://doi.org/10.3390/land12081493
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0009-0003-7003-0395
https://orcid.org/0000-0002-0551-0187
https://doi.org/10.3390/land12081493
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land12081493?type=check_update&version=2

Land 2023, 12, 1493

2 of 20

on the sustainable management of agricultural land [4]. The livestock industry consumes
35% of the world’s crop-produced water [5], a third of the global agricultural water [6], and
one-fifth of the international food trade [7]. This percentage is expected to rise [8]. China is
not only compelled to regulate imports to ease internal food supply and demand problems
and resource tensions due to its lack of water and arable land [9], but it must also do so in
compliance with international trade laws of comparative advantage. China should employ
“two markets, two resources” both domestically and globally in order to secure its national
food security [10]. Virtual resources can indicate the amount of resources required to create
livestock products, or in a virtual sense, it can be tied to livestock products [11,12]; hence,
agricultural trade can conserve virtual resources between trading nations [13].

Statistics show that China’s imports of livestock products climbed by 43.4% in the first half
of 2020, and the trade deficit for animal products increased by 58.1% to $21.36 billion [14,15].
China’s consumption of livestock products as a percentage of total food consumption has
increased in recent years, and the average annual growth rate of per-capita consumption
of livestock products reached 3.61% from 1982 to 2018 [2]. In addition, there is a high
concentration of the import and export market and the influence of uncertainties such as the
COVID-19, which will be negative for China’s export and import trade of animal products
and the protection of local demand for livestock products. Consequently, what elements
impact China’s livestock trading structure? How can China optimize the nation’s trading
structure to lower the trade imbalance in livestock products while maintaining domestic
demand for animal products? These subjects demand in-depth research. Consequently,
the goal of this study is to analyze China’s livestock products trade flow variations from
1992 to 2018 by calculating the implicit quantity of virtual water and land resources in
trade. The installation of an enlarged gravity model will simultaneously explore the
factors that influence the flow of virtual water and land resources in China’s livestock
trade, recommending the improvement of animal product trade structure. This study
theoretically refines the investigation of virtual water and land resources in agricultural
product exchanges, expands the use of gravity models, and analyzes the phased effects
of trade policy. In practice, the content of this study can explain the flow of virtual water
and land in China’s international trade in livestock products, provide fact-based policy
recommendations for optimizing the trade structure of animal products in China, and
offer a fresh perspective for formulating a policy to safeguard China’s water and land
resources. At the same time, this study also analyzes how to ensure the food safety of
Chinese livestock products from the perspective of virtual land and water.

The remaining section is structured as follows. The literature review in Section 2 is
brief, Section 3 describes the technique employed in this study, and Section 4 provides em-
pirical results, which is followed by the discussion section. The final section is conclusions
and policy recommendations.

2. Literature Review

In recent years, researchers have concentrated on the implicit resource flow under-
lying agricultural commerce [13,16,17]. Agricultural trade involves a variety of resource
exchanges that can effectively regulate the allocation of resources among countries [18],
while improving the welfare of resource-rich and resource-deficient countries, and it is
one of the most important means of addressing food security in countries with inadequate
arable land and water. In addition, identifying the virtual land and water of agricultural
trade is an essential component of sustainable agriculture that can reduce the resource use
per unit production [19]. Virtual water was first proposed by British researcher Allan (2003)
and then evolved into the current idea, which refers to the water resources employed in
the production of goods and services [20,21]. In reference to the notion of virtual water,
virtual land is the quantity of land required for the production of goods and services [22,23].
Due to the growth of globalization, scholars have become interested in the virtual land
and water represented by commodity trading [24,25]. Ali et al. (2017) discovered that
agricultural import trade not only significantly alleviated the pressure of Chinese land and
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water shortages but also preserved global water and land resources [13]. The development
of local industrialization facilitates product trade and virtualizes the flow of virtual water
to satisfy the needs of local residents despite Iran’s relatively limited water resources [26].
This suggests that the essence of international agricultural trade is the transfer of virtual
land and water from regions of excess to regions of deficiency.

The study of virtual water and land resources in business has yielded numerous
achievements. Hoekstra and Mekonnen (2012) estimate the nation’s virtual water flow
based on agricultural and industrial goods, and they discovered that some nations rely
largely on foreign water resources [6]. Gerbens-Leenes et al. (2013) computed the water
footprints of poultry, pork, and beef in China, Brazil, and the United States and discovered
that the water footprints of these three animal products varied based on the conversion
efficiency, ingredients, and sources of their feed [27]. Brindha (2017) determined the vol-
ume of virtual water that was implicitly present in the trade of Indian crops and animal
husbandry from 1986 and 2013, with China being the largest importer and Indonesia being
the largest exporter of Indian virtual water [28]. In 2012, China was a net importer of
virtual land, as determined by Han and Chen (2018), who evaluated the changes in China’s
overseas trade of virtual land in 2012 [29]. Mekonnen et al. (2019) estimated the amount
of virtual water required for the production of livestock products in the United States
between 1960 and 2016, and they discovered that less water was consumed per unit of
animal products in 2016 [30]. By calculating water footprints for 42 agricultural products
and three livestock products in South Korea between 2003 and 2012, Kim and Kim (2019)
discovered that the water footprint per ton of beef was approximately 4.2 times that of veg-
etables per ton [31]. Agriculture trade has helped China and the rest of the globe conserve
a significant amount of water and soil resources, according to studies by Shi et al. (2014) and
Ali et al. (2017) [13,32]. However, some scholars have also proposed a virtual water trade
mystery phenomenon similar to the “Leontief Mystery”, namely, that the virtual water
trade activities of some countries, such as Greece and India, do not entirely depend on
their relative trade endowments, as water flows from relatively scarce regions to relatively
abundant regions [32,33]. This is not conducive to the global allocation of water resources
in the long term.

In order to examine the effects of agricultural trade, academics have generated sig-
nificant study findings from the perspective of virtual resources. To explore the impact of
virtual water resources on agricultural trade, researchers typically apply enlarged grav-
itational models [13,16,34,35]. The focus of the experts” research, from the standpoint of
the study subjects, was on the analysis of the driving forces of the agricultural trade in
foodstuffs, grains, and cotton [13,16,36]. When examining the elements that determine
virtual land or water flow, scholars generally analyze economic levels, population size,
water and land resources, trade costs, and trade policies, among other aspects [17,37-41].

Similar investigations undertaken by scholars have made substantial progress, giving
a solid foundation for this piece. Nonetheless, the following limitations remain in the
present research: First, regarding the analysis of trade impact factors in terms of virtual
resources, the study subjects are primarily grains and cotton, and research for animal
products needs to be expanded. Second, given that the production of grain requires the
consumption of land and water resources, feed grain used in the production of livestock
products will also consume a certain amount of land and water resource, so international
trade in animal products involves a significant amount of land and water resource consump-
tion [42]. Currently, China’s water and soil resources are scarce; calculating the amount of
virtual land and water in the import and export of livestock products helps to analyze the
utilization of soil and water resources in China and the structure of livestock products trade.
Third, China’s export trade receives less consideration in the study examining effect aspects
from the perspective of virtual resources. This study first analyzes the import and export
trade situation of Chinese livestock products by calculating the total amount of virtual
resources contained in the trade; second, it uses the virtual resources volume included in
the trade as dependent variables, using an expanded gravitational model to explore the
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drivers affecting the trade in China’s animal products; and third, it concludes, based on
empirical results, that how to optimize the structure of the trade in China’s animal products.

3. Methodology and Model Construction

To investigate the factors that affect the flow of virtual water and land resources in
China’s livestock products trade, it is necessary to first exchange the three animal products,
namely beef, pork, and mutton, in China’s import and export trade for the corresponding
amount of virtual water and land using the heat equivalent method. Following a thorough
review of the relevant literature, the appropriate variables and models must be chosen to
analyze the market-driving aspects. The larger gravitational model was used in this study
to analyze the factors that drive China’s trade in animal products.

3.1. Accounting Methodology for Virtual Land

The combination of available studies suggests that the primary estimation approaches
for virtual land in commodity are as follows. The heat equivalent approach utilizes the
relationship between energy to convert processed agricultural goods into primary products,
which is based on the FAO’s nutritious ingredient table and the heat balance principle [43].
Thus, to prevent duplication, by exchanging the heat contained in animal products and
grain crops, the computation of the multiplication of the units of crops cultivated with the
quantity of imports and exports yields the virtual land in the trade of animal products,
using heat as a conversion factor [44]. Frequently, the amount of virtual land included
in processed products is measured with the product tree approach, which takes a greater
quantity of data and employs the value and yield of the products [35,45]. The feed-per-
conversion rule is utilized to determine the quantity of virtual land by calculating the feed
ratio required in the production of animal products or the material ratio and the output per
unit area of grain crops. Similar to Huang et al. (2017) and Yuan et al. (2018), they turned
animal products into the feed grain necessary to compute virtual land in their study [46,47].
The majority of Chinese academics calculate feed grain as food directly in exchange for
virtual land. Nonetheless, the composition of feed grain is complex, and this method is
not particularly exact. In addition, the Food Balance Law is used to estimate national
food balances (deficits and surpluses) and future food demand in support of food security
policies and initiatives [48].

Based on the advantages and disadvantages of the above methods, this study uses
the heat equivalent method to transform animal products into cereal crops according to
Liu et al. (2017) [43]. Given that China is the world’s top producer of rice and wheat [49],
and these two food crops comprise a considerable amount of China’s farmed land area,
they have been picked for exchange in this article’. Based on relevant research and the
consumption structure of domestic livestock products [2,8], three animal products, namely
beef, pork, and mutton, were chosen as study items. With reference to the current literature
and taking into account the extent of trade [2,15], this study screened China’s key trade
items of animal products, which primarily include Canada, Denmark, France, and a total
of 31 nations [14,15]%.

First, this study converts the three animal products to rice based on heat from Yang
(2018)’s Chinese Food Composition Table 2018, and the outcome is shown in Table 1 [50].
Following that, the amount of beef, pork, and mutton imported and exported from China
is converted into the corresponding amount of rice. Then, using the data on rice seed area
and output, we compute the yearly unit area yield of rice. Finally, the amount of virtual
land represented by rice for China’s annual imports and exports of livestock products is
calculated by multiplying the quantity of rice yields by the annual unit area yield of rice.
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Table 1. Food calories and calorie conversion result.
Varieties (per 100 g) Calories (kcal) Converted to Rice (kg)
Beef 160 0.46
Pork 331 0.96
Mutton 139 0.40
Rice 346

3.2. Virtual Water Accounting

The amount of water that a crop must consume during production is known as its
virtual water content (VWC). Because crops are the main commodities in trade, only direct
water use during the crop’s growing period is considered for calculating the virtual water
content in agricultural trade. A crop’s virtual water content is calculated by subtracting its
yield from its evaporative emissions during growth. The equation is as follows:

_ Ryce
YDy

Wic 1
where W, denotes the virtual water content per unit of area n crop ¢, Ry denotes the
average evapotranspiration of crop c in area #, i.e., water demand, and D;,, denotes the
yield per unit area of crop c in area n.

Therefore, the formula for adjusting crop water requirements between 1992 and 2018
(except 1999) is as follows:

Y D1999,
Wipe = W1999,nch (2)
nc

where Wiggg ,, denotes the unit virtual water content of crop ¢ produced in area 7 in 1999,
Y D1999 4, denotes the unit area yield of crop c in area n in 1999, and Y Dy, is the unit area
yield of crop c in area n in year t. The annual area planted and total output of rice were
gathered from the annual Chinese statistical yearbooks for this study, and the unit area
yield of rice was determined for each year.

Because China is the subject of this study, the virtual water in trade is calculated
using China’s manufacturing conditions. That is, the measurement of virtual water in
export trade indicates China as a producer, whereas it determines China as a consumer in
import trade. As a result, the total amount of imported or exported virtual water in China’s
agricultural trade for the year is the sum of virtual water in all crops imported or exported
by China this year. The calculation formula is as follows:

VWC = Ecwtc X T ®3)

where VWC; represents the total amount of virtual water imported or exported by China
in year t, W, is the amount of water required to produce c crops in China in year t, and T},
is the amount of ¢ crops imported or exported by China in year ¢.

This article uses the heat equivalent approach to convert the number of beef, pork, and
mutton imports and exports based on calories into the amount of virtual water represented
by rice for import and export trade. To put it another way, the calorie ratio of imported and
exported livestock products and rice is exchanged for the comparable amount of rice, and
the equal virtual water is determined using Formula (3).

3.3. Model Construction

This article explores the impact variables on China’s livestock trade from the perspec-
tive of virtual land. Due to database restrictions, the study period is from 1992 to 2018.
The import and export trade data of animal products is extracted from the United Nations
Commodity Trade Statistical Database using the HS1992 classification by selecting beef,
pork, and mutton. The beef data are obtained by summing up the 0201 and 0202 encoding
data in the H51992 classification, and the pork data are based on the 0203 encoding data,
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while the lamb data are based on the 0204 encoding data. Using the procedures outlined
above, the amount of imported and exported livestock products is converted into the equiv-
alent amount of virtual land and water. This article explores the factors that drive trade in
China’s livestock products and discusses how to optimize the structure of that trade using
an enlarged gravity model. Tinbergen (1962) introduced the gravitational model, which
is derived from Newton’s law of gravity [51]. The gravitational model permits the con-
sideration of prospective influencing variables such as income, population, geographical
distance, and political system within an economic framework. It subsequently evolved into
a significant tool for the analysis of trade flows and was increasingly applied to the study
of international trade. This study explores the impact factors on China’s livestock trade
from the perspective of import and export, and it uses the virtual land and water contained
in the imported and exported livestock products to analyze trade flows. Hence, This article
employs the gravitational model.

Based on neoclassical trade theory, the existing literature and the study aims of this
study, the gravity model incorporating trade-influencing factors is as follows.

(1) Economic distance between trading countries

In international trade, both imports and exports involve transportation costs, which
are proportional to the economic distance between trading nations. As recent trade trans-
portation costs have been cheap, trade exchanges have grown increasingly accessible [52].
The economic distance, which is the direct-line distance between the countries’ capitals
divided by the yearly average crude price index, is used to compute the transportation
expenses in this study according to Wang et al. (2018) [18].

(2) Population and economic development level

Population growth will raise the need for livestock products, and nations with a high
level of economic development will also experience an increase in demand. Wang et al.
(2018) and Hu et al. (2021) have confirmed this point [18,38]. Therefore, this study provides
demographic data and assesses economic development using GDP per capita in order to
assess the impact of population and economic growth on the trade in livestock products.

(38) Agricultural Resources

The imbalance in the distribution of agricultural resources across nations is the funda-
mental cause of the flow of virtual land and water in the livestock trade. The cultivated
land area (i.e., the scope of livestock farming) and labor force play a significant impact in
animal product output. Using the research of Zhao et al. (2019), Han et al. (2021), and
Tian et al. (2023), this study examined the agricultural resources of countries based on
total farmland area and agricultural employment rate [53-55]. In addition, the livestock
production index can be used to measure a country’s livestock and dairy production; hence,
it is also used to measure agricultural resources in this article.

(4) Conditions of commerce

The influence of trade policies on the volume of trade cannot be overstated. A favorable
trade policy environment can promote a nation’s trade activities and reduce resource
allocation distortion, whereas an unfavorable trade policy environment will readily cause
trade friction and raise trade costs [56,57]. Accession to the World Trade Organization
(WTO) improves international trade and grants advantageous tariffs to the agricultural
industry. This study contains the indication of a country’s length of WTO membership to
show its trading circumstances [10,58]. According to Cornelius and Harald’s study (2020),
the first four years of a country’s accession to the WTO are assigned a value of 1 and the
following years are assigned a value of 0 [59].

Table 2 lists the names of the variables and data sources.
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Table 2. Variables and data sources.
Name of Variable Variable Symbols Data Sources
Economic distance dis France CEPII database; EPS Database
Economic level pgdp World Bank Database
Arable land area land World Bank Database
Population pop World Bank Database
WTO phase-in effect wtol World Trade Organization
Length of WTO accession wto2 World Trade Organization
Agricultural employment rate aer World Bank Database
Livestock production index Ipi World Bank Database

The gravitational models of virtual land are developed as follows based on prior
research findings, the goal of this study, and the variables chosen:

jultpe, = c1 + aqdis + axpgdpe;r + azpgdpijs + aglande;; + aslandiy + agpope;, )

+a7popijt + aswtoly + agwto2; + aypaere;r + ayyaerii + applpie;, + ayzlpiij + €

coltpe; = c3 + Mdis + Appgdpeis + Azpgdpijs + Aglandej; + Aslandij + Agpopey, 5)

+/\7P0pijt + Aswtoly 4+ Agwto2y + Aqpaere;; + Allaeriiﬁ + )lelpieit + A13lpiijt + &2
where jovltpe and cvltpe denote the number of imported and exported virtual land rep-
resented by rice of Chinese livestock products, respectively; dis denotes the economic
distance between China and the trading countries (taking logarithms); pgdpe and pgdpi
denote the GDP per capita of exporting and importing countries (taking logarithms), re-
spectively; lande and landi represent the total arable land area of exporting and importing
countries (taking logarithms), respectively; pope and popi represent the total population
of exporting and importing countries (taking logarithms), respectively; wtol represents
the policy phase-in effect of WTO accession, and wto2 represents the length of time that
countries have joined the WTO; aere and aeri represent the agricultural employment rate in
exporting and importing countries, respectively; Ipie and Ipii represent livestock production
index in exporters and importers, respectively.

The gravitational models of virtual water are constructed as follows:

vwcjp, = c3 + Prdis + Papgdpe;r + Bapgdpij + Balande; + Bslandiy + Bepope;, ©)
+ﬁ7p0pi]-t + ‘Bswtolt + ﬁgwtOZt + ﬁloaerel-t + [Sllaeriijt + ﬁlzlpieit + ‘Bl3lpll]t +é&3
vweepy = ¢4 + widis + wapgdpeis + wapgdpij + walande;; + wslandiy + wepope;, @)
+w7popi]-t + wswtoly + wowto2; + wypaere;s + wyaeriij + wial piey; + wislpiij + €4
where vwcjp and vweep represent the volumes of imported and exported virtual water
characterized by the rice of Chinese livestock products, respectively; the other variables
have the same meanings as in Equations (4) and (5).

4. Empirical Results
4.1. Trend Analysis of Flow Changes of Virtual Land and Water Resources

This article has selected Brazil, France, Germany, and a total of 22 export trading
nations and 17 import trading nations for China’s trade in livestock products. Figure 1
shows the trend of the total quantity of virtual water and land resources involved in China’s
import and export trade of animal products from 1992 to 2018 using the methodologies
and formulas discussed in Section 3. The import and export of livestock products are
equivalent to the import and export of the corresponding water and land resources, and the
exchange of resources between the importing and exporting countries is achieved, which is
conducive to reducing the environmental burden of the importing countries in terms of its
resource consumption. Consequently, the volume of trade in Chinese livestock products
and the circulation of virtual water and land resources are consistent. From 1992 to 2018,
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the number of Chinese imports of animal products and the total volume of imported virtual
land and water resources rose. Between 2007 and 2009, the volatility of imports of livestock
products increased, which was most likely a result of the 2008 global financial crisis. During
2014-2016, the import of animal goods and virtual water surged dramatically, which may
be attributable to a combination of events resulting in a drop in the prices of worldwide
herbicide products (beef and mutton). These include cheaper production costs as a result of
better endowment of natural resources, the appreciation of the RMB, a drop in international
energy prices, which cuts transportation expenses, etc. [60]. China has no discernible export
advantage in terms of livestock, and total exports are falling. Before 2008, China sold more
virtual land and water, although exports were largely flat after 2008.

—&— the amomnt of
virtual land of
exportedrice 210

—0— the amomt of
virtual water of 150 |
exported rice

—@— the amount of a0
virtual land of
mported rice

60 F
—8— the amount of 0
virtual water of

mported rice o La " & oL o
1o w [ — ol oen T ] o o~ el oo - oo
HRds8cfdEgscEgs3esEsBEEIED DTN ESZR
L= I = = O = O = o e T o O e e TR e Y e o QO e Y e o = O == e e o e Y e Y o == L = ]
e T I B B e o I TR e o e T B T B T B o B T B B

Figure 1. Total amount of virtual water and land resources in China’s livestock import and export
trade. Note: The unit of virtual land in Figure 1 is thousand hectares, and the unit of virtual water is
ten million cubic meters. Data source: UN Comtrade, using HS1992 classification.

Figure 1 also reveals that the virtual water content contained in livestock products
is obviously greater than the virtual land contained in livestock, confirming that the
livestock industry consumes a lot of water in agriculture [5-7]. China’s water resources
are also strained by the rapidly growing demand of industrial and residential sectors, with
per-capita water resources accounting for less than one-third of the global average [61].
Agriculture is the most water-intensive sector. Overall, China is a net importer of virtual
land and water resources, alleviating the shortage of domestic land and water resources by
importing livestock products.

Figure 2 illustrates the import share of virtual land for animal products in China in
2018 with a total import volume of 241,744 hm? for virtual land. In 2018, Brazil, Germany,
Spain, and Canada accounted for nearly fifty percent of all imports. This suggests that
China’s import market for livestock products is relatively concentrated. China traded
animal products with Canada, the United States, New Zealand, and Australia, among other
import nations, from 1992 to 2018. These four countries are China’s key import markets for
livestock products. Moreover, the fluctuations in China’s imports of virtual land from these
four countries are moderate. This is owing to the superior animal husbandry and economic
development of these nations, both of which facilitate the export of livestock products.
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* Belgium

Austria

= Poland

Figure 2. The share of virtual land characterized by rice for imported livestock products in 2018.
Note: Since the share of virtual water characterized by rice for imported livestock products in China
is consistent with the virtual land, no detailed analysis is performed. Data source: UN Comtrade,
using HS1992 classification.

The percentage of China’s virtual land exports in 2018 is represented in Figure 3. In
2018, the entire amount of virtual land exported was 0.369 thousand hm?, which was
much less than the volume imported. In 2018, the top exporters were Mongolia, Singapore,
Brunei, and Malaysia. In that year, the share of virtual land sent to Mongolia constituted
58.36% of the entire export volume, exceeding 50%. This indicates that the import market
for livestock products in China is relatively concentrated in Asia. Prior to 2008, China’s
principal trading partner for virtual land exports was Russia, a nation with a relatively
high export volume. From 1992 to 2018, China’s exported to Malaysia, Mongolia, the
United Arab Emirates, and Singapore, and there were more exports to Singapore than to

the other three.
113%_ 0.89%__ 0.69%_ 0. 0.54%
— T T 7 0.48%
146% -
= Mongolia 381%

3.94%
= Singapore

= Brunei
Malaysia

= Brazil

= Italy

= Kyrgyzstan

= The United Arab
Emirates

= Jordan

= Kuwait

= Uruguay

Figure 3. The share of virtual land characterized by rice for exported livestock products in 2018.
Note: Since the share of virtual water characterized by rice for exported livestock products in China
is consistent with the virtual land, no detailed analysis is performed. Data source: UN Comtrade,
using HS1992 classification.
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4.2. Descriptive Statistical Analysis

Table 3 gives a descriptive statistical study of the elements that influence China’s
livestock exports. According to Table 3, the average amount of virtual land in China’s
livestock export trade is 3.661, and the coefficient of standard deviation is 0.683, indicating
that the maximum value of the variable is significantly different from the minimum value
and that the export market is highly concentrated. The exporting nations have a very
small standard deviation between cultivated land area and population, which is consistent
with China’s policy of cultivating 1.8 billion acres of land and a growing population. The
coefficient of standard deviation between cultivated land area and population in importing
nations is bigger than that of exporting countries, suggesting that cultivated land area
and population may be the most relevant elements in the trade of livestock products. The
average of wtol is 0.164, while the average of wto2 is 9.389, indicating that the bulk of
China’s exports of livestock products entered the WTO earlier than the median. The average
agricultural employment rate of the importing and exporting countries varies significantly,
with an average of 42.554 in the exporting country, which is nearly three times the average
of the importing country, indicating that exporters greatly benefit from the high average
agricultural employment rate.

Table 3. Descriptive statistical analysis of the variables in the virtual land model in China’s exports
of livestock products.

Variable Average Maximum Minimum Standard Standard Deviation
Name Deviation Coefficient
cultpe 3.661 9.770 —6.652 2.502 0.683

dis 13.211 15.358 10.818 0.943 0.071
pgdpe 7.623 9.201 5.904 1.057 0.139
pgdpi 9.087 11.129 4.930 1.667 0.183
lande 18.608 18.632 18.599 0.008 0.000
landi 14.221 19.031 6.328 3.232 0.227
pope 20.980 21.055 20.876 0.051 0.002
popi 16.726 19.605 12.520 1.781 0.106
wtol 0.164 1.000 0.000 0.371 2.262
wto2 9.389 24.000 0.000 7.783 0.829

aere 42.554 58.500 26.070 9.761 0.229

aeri 14.834 69.810 0.060 18.186 1.226

Ipie 78.085 101.130 38.020 19.110 0.245

Ipii 83.492 307.580 7.720 25.560 0.306

Note: When cvltpe is the dependent variable, and the exporting country is China, so the variables ending with the
letter “e” represent China.

Table 4 presents the descriptive statistical analysis of the variables involved in China’s
import trade for livestock products. According to Table 4, the mean of virtual land is
5.984, the standard deviation is 0.627, and the highest and minimum values diverge greatly,
showing that China’s animal product import industry is extremely concentrated. Signif-
icant standard variations exist between the cultivated land area and population of the
importing and exporting nations. The agricultural land area and population of exporting
nations are more volatile, whereas China’s agricultural land area and population tend to
stable. The average wtol value is 0.148, while the average wto2 value is 11.111, showing
that the majority of China’s imported livestock products entered the WTO earlier. The
agricultural employment rates of the importing and exporting countries differ greatly, and
the average agricultural employability in China is clearly higher than in the exporting
country, but China still imports, indicating that China’s livestock production efficiency
must be improved.
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Table 4. Descriptive statistical analysis of the variables in the virtual land model in China’s imports

of livestock products.

Variable . - Standard Standard Deviation
Name Average  Maximum  Minimum Deviation Coefficient
joltpe 5.984 10.782 —6.245 3.754 0.627

dis 13.736 15.360 12.331 0.746 0.054
pgdpe 10.067 11.278 7.808 0.779 0.077
pgdpi 7.623 9.208 5.904 1.057 0.139
lande 15.729 19.031 12.897 1.676 0.107
landi 18.608 18.632 18.599 0.008 0.000
pope 16.999 19.605 14.964 1.306 0.077

popi 20.980 21.055 20.876 0.051 0.002
wtol 0.148 1.000 0.000 0.356 2.405
wto2 11.111 24.000 0.000 7.626 0.686
aere 5.472 25.130 0.060 4.880 0.892

aeri 42554 58.500 26.070 9.763 0.229

Ipie 91.697 115.040 41.120 10.778 0.118

Ipii 78.084 101.130 38.020 19.115 0.245

Note: When jvltpe is the dependent variable, the importing country is China, so the variables ending with the
letter “i” represent China.

4.3. Analysis of the Influencing Factors of Virtual Water and Land Resource Flows

To establish panel data for regression, we have conducted the unit root test firstly to
test the stationarity of the data used in this study. Because the trade data used in this study
have missing values, that is, the data in this study are unbalanced panel data, so we used
Fisher Chi-square (ADF), and Fisher Chi-square (PP). Eviews10.0 was used to conduct the
unit root test, and the results are shown in Table 5. The results show that the data met the
5% significance threshold [16].

Table 5. Unit root test results.

Import Virtual Land and

Export Virtual Land and

Water Water
Variable ADF PP Variable ADF PP

joltpe 0.000 * 0.000 * coltpe 0.048 * 0.011*
(88.392) (220.045) (9.591) (53.226)

vwejp 0.00 * 0.000 * vweep 0.048 * 0.011*
(88.392) (220.044) (9.591) (52.939)

dis 0.000 * 0.000 * dis 0.003 * 0.000 *
(135.984) (145.510) (74.817) (188.307)

gdpe 0.029 * 0.000 * gdpe 0.049 * 0.000 *
(51.213) (115.997) (60.654) (91.706)

gdpi 0.000 * 0.000 * gdpi 0.000 * 0.000 *
(107.639) (70.864) (96.594) (161.292)

lande 0.000 * 0.000 * lande 0.000 * 0.020 *
(89.527) (87.450) (131.874) (65.273)

landi 0.000 * 0.035 * landi 0.000 * 0.000 *
(91.562) (50.438) (98.056) (84.148)

pope 0.019 * 0.002 * pope 0.010 * 0.000 *
(53.328) (62.568) (68.643) (346.319)

popi 0.020 * 0.000 * popi 0.011* 0.008 *
(53.043) (267.610) (68.296) (69.980)

aere 0.000 * 0.000 * aere 0.002 * 0.026 *
(147.216) (243.898) (76.026) (64.052)

aeri 0.000 * 0.042 * aeri 0.000 * 0.000 *
(77.538) (49.495) (307.517) (572.109)

Ipie 0.000 * 0.000 * Ipie 0.007 * 0.000 *
(73.595) (198.359) (70.229) (405.255)

Ipii 0.000 * 0.000 * Ipii 0.000 * 0.025 *
(260.509) (313.152) (90.765) (64.140)

Note: * represents that the test was passed at the 5% significance level. t statistics are shown in parentheses. When
joltpe and vwcjp are the dependent variables, the importing country is China, so the variables ending with the

i

letter “i” represent China. When cvltpe and vwccp are the dependent variables, the exporting country is China, so
the variables ending with the letter “e” represent China.
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This work leverages the techniques of prior research and the Poisson pseudo-maximum
likelihood estimation approach (ppml) introduced by Silva and Tenreyro (2006) for the
estimation of parameters [52,62,63]. Table 6 shows empirical findings.

Table 6. Empirical results of virtual water and land resources characterized by rice for imports and exports.

Variables jultpe cultpe vwcjp vweep
dis —44.396 * 3.454 —49.822 * —1.458
(26.933) (23.089) (28.157) (23.770)
pgdpe 0.392 ** —3.105* 0.390 ** —2.871*%
(0.181) (1.764) (0.180) (1.553)
pgdpi 1.295 —0.727 *** 1.505 —0.758 ***
(1.408) (0.162) (1.417) (0.166)
lande 24.429 *** 5844.697 *** 24.876 *** 5384.731 ***
(5.561) (1769.507) (5.621) (1468.037)
landi —3509.658 * —36.022 *** —1786.586 —36.044 ***
(1896.102) (7.526) (1637.931) (7.848)
pope 0.966 286.097 0.761 —2416.128
(7.901) (2473.330) (7.955) (2082.680)
popi 699.660 28.532 *** 942.147 28.724 ***
(2410.373) (10.019) (2485.176) (9.970)
wtol —2.343 *** 0.367 —2.797 *** 0.481
(0.830) (0.572) (0.771) (0.525)
wto? 0.180 —0.020 0.145 —0.010
(0.164) (0.045) (0.164) (0.044)
aere 2.948 —12.290 3.169 —-10.176
(2.761) (12.977) (2.731) (11.976)
aeri 21.200 ** —1.142 16.833 * —1.390
(9.523) (1.135) (9.635) (1.144)
Ipie 2.519 ** 13.765 * 2.545 ** 20.270 ***
(1.121) (7.343) (1.125) (7.005)
Ipii 2.031 0.583 ** -0.711 0.642 **
(6.496) (0.269) (6.125) (0.275)
Intercept term 475.221 —1130.341 * 118.428 —473.747
(552.800) (673.843) (514.477) (545.106)
Number of samples 297 267 301 268
R square 0.485 0.328 0.484 0.381

Note: ***,** and * represent 1%, 5%, and 10% significance levels, correspondingly. When juvltpe and vwcjp are the
dependent variables, the importing country is China, so the variables ending with the letter “i” represent China.
When cvltpe and vwecp are the dependent variables, the exporting country is China, so the variables ending with

R

the letter “e” represent China.

The economic distance, economic development level of exporting countries, arable
land area and livestock production index, as well as WTO phase-in effect and agricultural
employment rate of importing countries all pass the significance test, according to the
findings. China’s imports of livestock goods were positively influenced by the exporting
countries” economic development, cultivated land area, livestock production index, and
agricultural employment rate of importing countries. The amount of imported virtual
land and water would grow by 0.392% and 0.39%, respectively, if the exporting nation’s
economic level increased by 1%. As there are more exportable resources, the high economic
level of exporting nations helps the expansion of international trade. The findings of
this study indicate that China’s economic level has no significant effect on imports of
livestock goods. The unusually large coefficient of cultivated land area in exporting
countries significantly influenced China’s import of virtual land and water resources.
The more arable land there is in the exporting nation, the more favorable it is for the
development of livestock husbandry in that nation. The feed grain for animal products and
the quality of animal goods would be assured, making exports more possible. The livestock
production index of the exporting country is favorable for China’s imports, as a high index
implies an abundance of livestock products in the exporting country, hence facilitating
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export commerce. China is better off importing virtual land the greater the agricultural
employment rate in the importing country. This may be the outcome of China’s high labor
input in other agricultural products, such as maize, while it imports livestock products,
hence increasing the quantity of imported virtual land.

The arable land area of the importing country had a substantial negative influence only
on imported virtual land, with a coefficient of —3509.658, which is extremely significant,
while this variable had no effect on the import of virtual water resources. It may be
because China’s cultivated land area represents China’s cultivated soil resources, resulting
in a deeper relationship with virtual land. China’s imported virtual water and land
resources were adversely affected by economic distance and the phasing effect of WTO
entry. Geographic distance raises the cost of importing livestock goods, hence reducing
Chinese imports of dairy products. The WTO phase-in effect coefficient was negative,
indicating that there was a negative impact on China’s import of livestock products while
China and other trade nations had not joined the WTO. Exporting nations” economic
position, the total cultivated land area, the livestock production index, and the agricultural
employment rate of importing nations all influenced China’s expanding imports of virtual
land. In contrast, the duration of China’s WTO membership had little impact on China’s
livestock imports, which was probably due to the fact that the WTO'’s rules are formulated
as fundamental trade facilitation measures.

The economic development level of both importing and exporting countries had
a negative impact on China’s exported virtual land and water resources, with the exporting
country’s coefficient being bigger and having a greater influence. This could be explained
by the Kuznets curve idea. The importing and exporting countries” economic development
levels have reached a U-shaped inflection point, resulting in a negative effect. It may also
be related to the increased economic standing of importing nations, which drives the rise
in animal husbandry production and decreases the need for imported animal products.
Moreover, as their levels of economic development increase, exporting nations will be more
likely to meet their domestic water and soil resource needs through imports and preserve
their domestic resource and environmental carrying capacity. A significant amount of
arable land in importing nations may result in self-sufficiency in livestock products and
a decline in demand for imports, which would be adverse to China’s export of livestock
products, as seen by the negative coefficient of the importing countries’ arable land area.
The bigger the amount of arable land in the exporting country, the more profitable it was
for China to export virtual land and water resources, and this variable’s coefficient was
relatively large. It appears that the principle of comparative advantage governs the flow of
virtual land in China’s livestock product trade. China has a substantial amount of arable
land and acreage for animal husbandry, resulting in an increase in the number of livestock
products. The feed and cereals for livestock goods are guaranteed, and the export quantity
and quality of livestock products will be improved, consequently enabling the export of
livestock products from China. This indicates that China should maintain its policy of
maintaining 18 billion acres of arable land.

Table 6 shows that a 1% rise in the average population of importing countries raised the
amount of Chinese exported virtual land and water by 28.532% and 28.724%, respectively.
This is due to the fact that the increasing population of the importing nation would boost
agricultural product consumption and the consumer structure, resulting in a rise in imports
of virtual water and land resources. However, among the influencing elements of China’s
imported virtual water and land resources, the population of the importing and exporting
countries played no substantial role, demonstrating that the demographic component
plays a dual role in international commerce. On the one hand, population expansion has
increased the domestic division of labor and decreased foreign trade, yet on the other hand,
population growth will raise demand and hence enhance international trade [64]. The
amount of the impact of population expansion on the rise in demand and intensity of the
domestic division of labor also depends on other variables, such as agricultural production
technology. This study indicated that the importing country’s livestock production index
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adds to China’s export of virtual water resources and has a stronger impact on virtual
water exports. Due to the fact that the importing country’s livestock business is mostly
focused on eggs and dairy products, rather than animal goods, it is forced to buy from
other countries, which boosts China’s animal products export trade growth. China’s strong
livestock production index implies that the country prioritizes the growth of livestock and
would boost the number and quality of animal goods, allowing it to export more animal
products. The increase in the quantity and quality of livestock products is associated with
the availability of feed grains and natural grass in the animal husbandry business, which
is intimately related to water resources and may have a stronger impact on exports of
virtual water [65]. The coefficient of the variable to join the WTO was negative, and two
of its correlated variables lacked statistical significance. After countries joined the WTO,
barriers to the free flow of commodities, services, and technologies were lifted, increasing
agricultural production and decreasing the import demand for livestock products [58], thus
discouraging China from exporting livestock products.

4.4. Robustness Tests

To validate the validity of the preceding conclusions, this article replaced the depen-
dent variable with wheat-representing virtual land and water resources. The transformation
of three kinds of animal products into wheat was comparable to the transformation of rice.
First, the quantities of imported and exported livestock, pork, and mutton from China
were changed to wheat. Wheat contains 338 kilocalories per 100 grammes, while 1 kg of
beef, pork, and mutton may be turned into 0.47, 0.98, and 0.41 kilos of wheat, respectively.
Furthermore, the quantity of wheat was multiplied by the yearly yield per unit area of
wheat in China to establish the amount of virtual land for China’s annual import and export
of livestock products. Calculate the virtual water for the import and export of Chinese
livestock products using Section 3’s formulas. The trajectory of changes in the total amount
of virtual land and water resources represented by wheat in China’s livestock product
trade was similar to that of rice. There were considerable variations between 2007 and 2009,
and the export of virtual land and water in China was stronger before 2008 than after. The
export volume remained largely consistent after 2008.

Subsequently, the equation was approximated, and Table 7 shows the estimated
findings. The principal findings align with the preceding paragraphs. According to Table 7,
the exporting countries” economic development level, the cultivated land area and livestock
production index, and the agricultural employment rate of the importing country had
a considerable beneficial effect on China’s imported virtual land and water resources. In
addition, the results revealed that the arable land area of importing countries was not
favorable to China’s imported virtual land, and the coefficient is —4007.840, indicating
a significant effect with a substantial influence. However, it had no significant detrimental
effect on the imported virtual water resources. In the interim, the WTO phase-in effect
coefficient was negative. In contrast to imported virtual land, imported virtual water was
significantly impacted negatively by economic distance. This may be because more than
90% of China’s wheat imports come from the United States, Canada, and Australia, and the
distance does not prevent the import of China’s livestock products [18]. During the sowing
of wheat, the change in planting area fluctuates less than water use. When the planting
region is reasonably steady, water resources have a stronger impact on wheat planting, and
hence, virtual water resources are impacted more.

The export of virtual land and water resources represented by wheat in China is
affected by the same empirical findings as the export of virtual land and water resources
represented by rice. China’s export of virtual land and water was negatively affected by
the economic development level and cultivated land area of importing nations. China’s
export of virtual land and water was positively influenced by the population and livestock
production indices of importing nations as well as the total arable land area and livestock
production indices of exporting countries. The divergence lies in the fact that the economic
development level of exporting countries had a considerable negative influence on exported
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virtual water but had no effect on exported virtual land. China has limited water and land
resources; thus, as its economic development level rises, it will tend to import virtual water
rather than export. Due to the fact that arable land can be maintained by returning grass
to farmland or forests to farmland, and because it is more difficult and requires a higher
technological level to obtain freshwater resources, China’s level of economic development
has a significant negative impact on the export of virtual water.

Table 7. Empirical results of virtual water and land resources characterized by wheat for imports
and exports.

Variables jultwe coltwe vwcjw vwecw
dis —41.865 4.258 —48.044 * —0.067
(26.581) (22.049) (27.767) (22.828)
gdpe 0.416 ** —2.861 0.416 ** —2.647 %
(0.181) (1.745) (0.180) (1.556)
gdpi 1.560 —0.703 *** 1.789 —0.730 ***
(1.376) (0.156) (1.387) (0.159)
lande 24.570 *** 5510.618 *** 25.019 *** 5095.437 ***
(5.519) (1730.382) (5.588) (1449.214)
landi —4007.840 ** —37.218 *** —2220.257 —37.240 ***
(1872.182) (7.204) (1611.204) (7.498)
pope 1.001 435.042 0.878 —2208.892
(7.859) (2472.452) (7.928) (2062.348)
popi 872.342 30.502 *** 1200.386 30.626 ***
(2376.912) (10.069) (2457.817) (10.024)
wtol —2.289 *** 0.324 —2.779 *** 0.431
(0.813) (0.545) (0.762) (0.503)
wto2 0.193 —0.024 0.157 —0.015
(0.163) (0.043) (0.164) (0.042)
aere 2.842 —10.111 3.141 —8.059
(2.746) (12.788) (2.717) (11.876)
aeri 24.811 *** —1.058 20.509 ** —1.283
(9.325) (1.095) (9.478) (1.106)
Ipie 2.513 ** 12.596 * 2.550 ** 19.012 ***
(1.079) (7.160) (1.082) (6.824)
Ipii 0.738 0.550 ** —2.268 0.604 **
(6.368) (0.261) (6.060) (0.269)
Intercept term 528.806 —1101.314 * 141.623 —465.638
(543.751) (662.721) (507.787) (536.836)
Number of samples 297 267 301 268
R square 0.467 0.332 0.465 0.375

Note: ***,** and * represent 1%, 5%, and 10% significance levels, correspondingly; joltwe and cvltwe denote the
quantity of imported and exported virtual land characterized by wheat of Chinese livestock products, respectively;
vwejw and vwecw denote the quantity of imported and exported virtual water characterized by wheat of Chinese
livestock products, respectively; other variables have the same meanings as in Equations (4) and (5). When jultwe
and vwcjw are the dependent variables, the importing country is China, so the variables with the letter “i” are all
Chinese. When cvltwe and vwccw are the dependent variables, the exporting country is China, so the variables
with the letter “e” are all Chinese.

5. Discussion

By calculating the amount of virtual water and land resources contained in the import
and export trade of Chinese livestock products during 1992 and 2018, the volume of
imported animal products shows a general upward trend, the total exports are roughly
declining, and the trade deficit is gradually growing [14,15]. China’s livestock export trade
has no advantages, and China relies more on imports of virtual water and land resources
to alleviate domestic water—soil tensions and to meet domestic livestock demand [13,32].
However, there are significant issues with market concentration in the import and export of
Chinese livestock products. China’s primary exporter of animal products is concentrated
in southeast Asia, while the United States, Canada, New Zealand, Australia, and Denmark
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are the leading importers. This is not conducive to the sustainable development of China’s
livestock trade and supply, and the structure of animal product trade needs to be optimized.

The results of this study are consistent with Duarte et al. (2019) and Tian et al. (2023),
who found that the higher the economic level of the exporters, the more favorable to China’s
import of livestock products [37,55]. A study by Xia et al. (2022) revealed that the GDP of
importers has a positive effect on virtual water flow [16], whereas China’s own level of
economic development has no discernible impact on its imported virtual water and land
resources represented by rice in this study. This may be related to the Kuznets curve theory,
where the impact is negligible because China’s economic development has reached the top
of the inverted U-shaped curve. Among the influence factors of China’s imported livestock
products, the cultivated land area of the importers has a significant negative impact on the
amount of imported virtual land, confirming the research findings of Qiang et al. (2020)
that when China’s cultivation land area is larger, the country will be largely self-sufficient
in livestock products, and import demand will be drastically reduced [66].

The economic distance and WTO phase-in effect variables have a negative impact
on the virtual water resources of imported Chinese livestock products. This provides
additional support for Wang’s (2018) findings that geographical distance increases the cost
of importing livestock products [18], thereby limiting Chinese animal product imports. The
WTO phase-in effect factor is negative, indicating that China and other trading countries
had a negative impact on Chinese imports of livestock products when they were not mem-
bers of the WTO. This provides a new basis for Wang’s (2018) study that it is a significant
factor affecting import trade [18]. But this is in contrast to the findings of Cornelius and Har-
ald (2020), who concluded that the coefficient of the WTO was not statistically significant
in their study [59]. This may be due to differences in the selection of other control variables
or differences resulting from the intensity of the WTO policies on livestock products trade.

Among the influence factors of China’s export of livestock products, the cultivated
land area of the exporters plays its active role, which means that the larger cultivated soil
area of China itself is conducive to the export of Chinese livestock products. In addition
this variable coefficient is relatively large and the degree of influence is high, which is
consistent with the comparative advantage theory. However, the findings of Liu et al. (2010)
demonstrate that China’s agricultural land resources are negatively correlated with the net
exports of international trade in agricultural virtual water, indicating that there may be an
over-development of agricultural lands in China resulting in inefficient land use [67].

6. Conclusions and Policy Recommendations

This article used the heat equivalent method to calculate the amount of virtual land
and water represented by rice and wheat in livestock products traded between China and
major trading countries between 1992 and 2018, in light of China’s increasing consumption
of livestock products and its persistent trade deficit. It investigated in depth the changes
in the flow of virtual water and land resources between China and the major trading
nations as well as employed the gravitational model to examine the factors that affect
trade. Among the 22 export trading nations, Singapore, Malaysia, Mongolia, and Brunei
were the leading exporters of China’s livestock products, while the United States, Canada,
New Zealand, Australia, and Denmark were the leading importers among the 17 import
trading nations. From 1992 to 2018, both the overall volume of virtual land and water
resources represented by rice and wheat, and the quantity of imported livestock products,
demonstrated a general upward trend. The volume of animal products imported during
2007-2009 was very variable; however, the increase during 2014-2016 was massively larger.
China did not have a substantial advantage in exporting animal products, and total exports
tended to drop, with the total amount of exported virtual land and water represented by
rice and wheat varying on a regular basis.

The economic development level, cultivated land area, and livestock production index
of exporting nations, as well as the agricultural employment rate of importing countries,
all had a consistent encouraging influence on the import of virtual land and water. Most
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influential were the exporting country’s cultivated land area and the importing country’s
agricultural employment rate. Statistically, the WTO phase-in effect, the economic distance,
and China’s total arable land area were detrimental to the growth of China’s livestock
product import trade. In addition, the effect was enhanced because the coefficient of the
variable of arable land area in importing nations was large. China’s export of livestock
goods benefited from the population of importing nations, the cultivated land area of
exporting countries, and the livestock production index of both importing and exporting
countries. The level of economic growth of importing and exporting countries, as well as
the cultivated land area of importing countries, had a detrimental effect on China’s export
of livestock products.

On the basis of the previous conclusion, it is conceivable to conclude that China’s
import and export trade plans for livestock products can be optimized with greater precision
and economic, social, and demographic factors do indeed affect the quantity of virtual
land and water imports and exports. The import volume of Chinese livestock products is
obviously greater than the export volume, indicating that China mainly relies on imports to
meet the demand for livestock products of residents and alleviate the shortage of domestic
water and land resources. This indicates that for China, importing livestock products is
one of the ways to ensure the consumption of livestock products. The Chinese government
should incorporate virtual land and water elements into livestock product safety strategy.
China needs to balance the import and export quantity of livestock products as well. It
is possible for the trade authorities to carefully select import and export trade partners
according to each country’s economic development, arable land, transportation costs and
animal husbandry production indices so that China can utilize its competitive advantages
more effectively. Additionally, the Chinese government encourages residents to modify
their food consumption structure or demand, and the livestock production sector should
improve the production quality of livestock products to assist the growth of China’s export
livestock product trade. In particular, the agricultural sector advocate maximizing farmland
utilization, and the results show that the land area has a significant impact on the quantity
of virtual land and water imports and exports. China can minimize the concentration
ratio of imports and exports of livestock products by opening up new import and export
markets while retaining great working ties with its current trade partners. China, for
example, should expand the interconnection and interaction of agricultural product trade
with nations along “the Belt and Road” to ensure food security.

This study’s limitation is that virtual land and water are not computed for all livestock
products; however, pork, beef, and mutton are chosen as representative of the everyday
intake of locals. Future research could study the virtual land and water of all livestock
products in order to acquire more precise results. In addition, the net imports and net
exports of livestock products are not considered in this study. Only the influence of natural
variables, especially arable land, is regarded among the influencing factors. However,
climatic circumstances and natural disasters (such as drought) have a significant impact on
the livestock industry sector, which consequently impacts the trade of livestock products
in importing and exporting countries. Therefore, future study objectives will include the
effect of natural disasters on the trade of livestock products.
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Notes

1

According to the National Bureau of Statistics in 2018, the sown area of rice and wheat in China reached 307.47 x 10°,
245.07 x 10° hm?, respectively.

2 Importing countries: Brazil, Germany, France, Netherlands, Uruguay, Australia, New Zealand, Canada, Denmark, Spain, Belgium,
Poland, Austria, USA, UK, Argentina, Ireland. Exporting countries: Brazil, Germany, France, USA, Netherlands, Singapore,
Vietnam, Malaysia, Mongolia, Italy, Tajikistan, Japan, Russia, Brunei, UAE, Jordan, Pakistan, Kuwait, Uruguay, Australia,
Kyrgyzstan, New Zealand.
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