
Regional Research Institute Working Papers Regional Research Institute 

2014 

China’s Inter-regional Trade of Virtual Water: a Multi-regional China’s Inter-regional Trade of Virtual Water: a Multi-regional 

Input-output Modeling Input-output Modeling 

Xueting Zhao 
xueting.zhao@mail.wvu.edu 

Follow this and additional works at: https://researchrepository.wvu.edu/rri_pubs 

 Part of the Regional Economics Commons 

Digital Commons Citation Digital Commons Citation 
Zhao, Xueting, "China’s Inter-regional Trade of Virtual Water: a Multi-regional Input-output Modeling" 
(2014). Regional Research Institute Working Papers. 19. 
https://researchrepository.wvu.edu/rri_pubs/19 

This Article is brought to you for free and open access by the Regional Research Institute at The Research 
Repository @ WVU. It has been accepted for inclusion in Regional Research Institute Working Papers by an 
authorized administrator of The Research Repository @ WVU. For more information, please contact 
researchrepository@mail.wvu.edu. 

https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/rri_pubs
https://researchrepository.wvu.edu/rri
https://researchrepository.wvu.edu/rri_pubs?utm_source=researchrepository.wvu.edu%2Frri_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1307?utm_source=researchrepository.wvu.edu%2Frri_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchrepository.wvu.edu/rri_pubs/19?utm_source=researchrepository.wvu.edu%2Frri_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:researchrepository@mail.wvu.edu


China’s Inter-Regional Trade of Virtual
Water: A Multi-Regional Input–Output

Table Based Analysis

Xueting Zhao* and Randall W. Jackson

Regional Research Institute
West Virginia University
Morgantown, WV, USA

*Xueting.Zhao@mail.wvu.edu

Received 21 September 2015
Revised 27 November 2015
Accepted 9 March 2016
Published 31 May 2016

The success of China’s economic development has brought increasing pressures on its
water resources, motivating it to better understand water use characteristics and how scarce
water resources are transferred among regions. Virtual water is a term used to refer to the
volume of freshwater consumed for producing traded goods and services. It reflects the
actual human consumption of water resources and therefore is important for water
resources management. The goal of this paper is to evaluate the current inter-regional
virtual water trade (VWT) structure and to assess the implications of these trade patterns for
water use and water conservation strategies in China. Based on the most recently available
multi-regional input–output (MRIO) data, we have developed an extended inter-regional
input–output (IRIO) model for eight economic regions in China to account for virtual water
flows. The findings show that water use efficiency has increased over the years, but it is still
unbalanced among the regions. The total amount of VWT has increased, and the major
source of the trade is domestic inter-regional trade, especially intermediate products trade.
Moreover, the main direction of virtual water transfer is from water-poor inland regions to
water-rich regions, which is unfavorable for water resource allocation and efficiency.
Therefore, in addition to enhancing water use efficiency and encouraging water-saving
production alternatives, we suggest that China’s government should also adopt a market-
based water pricing system.
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1. Introduction

China has been experiencing astonishing economic growth during the last three
decades. However, China also has been facing a fast growing water demand
because of its vigorous economic growth, population expansion, urbanization and
industrialization. China ranks No. 4 for total water resources in the world, with
access to about 6% of the world’s fresh water resources. However, the per capita
water availability in China is only about 2,200 cu m, which is about a quarter of the
global average. According to the international standards (WWAP 2012), people
face “water scarcity” when annual water supplies drop below 1,000 cu m/person
and “absolute water scarcity” when the value drop below 500 cum/person.
Figure 1 shows the per capita water resource distributions in China for 2002 and
2007. A total of 12 provinces faced water scarcity in 2002, 10 of which faced
absolute water scarcity. This number decreased to 11 provinces in 2007, including
eight that faced absolute water scarcity. In both of these years, the water-scarce
provinces were mainly located in arid northern China areas where water resources
are only 5% of the national total. However, these regions had the largest water
demands and represented one-third of the total area in China, provided more than
one-half of China’s wheat and one-third of its maize (Aeschbach-Hertig and
Gleeson 2012). This geographical mismatch between water demands and water
resources has become one of the largest threats to sustainable water supply in
China.

Recognizing this mismatch, the Chinese government has proposed several
physical water transfer projects to satisfy the water demands in water-scarce
regions, including the world’s largest — South-to-North Water Diversion Project
(SNWDP). However, these physical water transfer projects are costly and unsus-
tainable, thus they cannot be expected to play a sufficient role in a permanent
solution to the water scarcity problem. In addition to the physical water transfer
methods, virtual water is another solution to remedy regional water scarcity. By
definition, virtual water is the freshwater consumed for producing traded goods and
services (Allan 1994). Linking water use to consuming behavior can reveal evi-
dence of a region’s resource disadvantage when water withdrawal from one region
is consumed virtually by other regions through water embodied in consumed
products and direct use. On the other hand, regions that consume the products that
are produced in the other regions may well gain in its own water resource balance.
Therefore, importing and exporting goods and services is virtually equivalent to
importing and exporting water. Based on this concept, water-scarce regions can
and do import water-intensive products instead of producing them locally, thus
conserving local water resources.
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Hoekstra and Hung (2002) introduced the concept of virtual water trade
(VWT) to refer to the hidden flow of embodied water in products that are
transported from one place to another. Although water usage primarily occurs in
local production processes, it is also shaped dramatically by trading among
regions. Therefore, dealing with the water scarcity problem by only focusing on
local production processes is insufficient. Optimizing the VWT nexus is a more
appropriate objective, and one worthy of increased attention. VWT can help an
economic region relieve its water deficiencies by importing virtual water — water
embodied in trade — from water-abundant regions. Consequently, we contribute
to this objective by analyzing the VWT nexus as it relates to regional water policy in
China.

This study assesses the current inter-regional VWT structure and the impli-
cations of trade patterns in China for water use and water conservation strategies.
We investigate China’s regional virtual water embodied in export, outflow
(of both intermediate products and final products), and the domestic trade of
virtual water by applying an inter-regional input–output (IRIO) model based on
the most recently available multi-regional input–output (MRIO) data. IRIO
models can provide an accurate accounting of trade, and in this way identify the
places where water uses actually occur and reveal the linkages between regional
direct water use and embodied water requirements. The results of this study
show that water use efficiency has increased over the years in China, but is still
unbalanced among the regions. The total amount of VWT has increased, and the
major source of the trade is domestic inter-regional trade, especially intermediate
products trade. Moreover, the main direction of virtual water transfer is from
water-poor inland regions to water-rich regions, which is unfavorable for water
resource allocation and efficiency. The rest of this paper is organized as follows:
Section 2 gives a brief review of previous works, Section 3 introduces the
methodology and data, Section 4 presents the results, and Section 5 provides the
conclusions.

2. Literature Review

Evaluating virtual water has become a mainstream approach for understanding
how water resources are transferred among regions. VWT is one of the powerful
accounting tools used to map the linkages among consumption behavior, trade
activities, and water use. Many studies have revealed the relationship between the
local economic patterns and VWT in specific countries, e.g., United Kingdom
(Yu et al. 2010), Netherlands (Oel et al. 2009) and France (Ercin et al. 2013).
In recent years, a growing number of virtual water studies have been conducted

X. Zhao & R. W. Jackson
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in China. Guan and Hubacek (2007) and Zhang and Anadon (2014) assessed
the domestic VWT in China. They found that virtual water was traded from North
to South, from arid regions to wet regions, which is roughly the opposite of the
distribution of China’s water resources. Wang et al. (2013) and Zhang et al.
(2011) evaluated the water footprint (WF) and VWT of Beijing. They found that
Beijing is advanced in water use efficiency compared to the other provinces
in China; however, it is a net virtual water importer and it primarily relied
on external water supplies. Dong et al. (2013) evaluated the regional WF of
Liaoning province. They found that Liaoning was a net virtual water exporter,
although water shortage is a serious concern in this region. In addition, Zhao
et al. (2010) and Okadera et al. (2014) estimated the WF and VWT of Haihe
River basin and Yangtze River basin, respectively. They found that these basins
were small net importers of virtual water through the trade of raw and processed
food products.

The most popular methods used for estimating the VWT are WF and input–
output analysis (IOA). The WF method for virtual water estimation was first
introduced by Hoekstra in regard to the concept of ecological footprint, which is
defined as the sum of domestic water use and net virtual water imported into a
country (Hoekstra and Hung 2002). The current calculation of virtual water
through the WF method mainly concentrates on the agricultural and animal hus-
bandry products but excludes industrial products, primarily because industrial
products contain relatively less virtual water and the calculation process is com-
plex. Therefore, the WF method is only a partial accounting because it falls short of
accounting for the total virtual water among various products.

The IOA method provides a technique to study the interconnections and
interdependencies of different sectors quantitatively in an economic system. It was
first proposed by Leontief in the 1930s. IOA uses straightforward mathematic
routines to track all direct and indirect resource use embodied within consumption
(Leontief 1970). The IOA framework has been widely applied to studies of
resources embodied in the products, e.g., embodied land with ecological footprint
(Bicknell et al. 1998; Wiedmann et al. 2006), embodied carbon dioxide emissions
concerning global warming (Gale 1995; Meng et al. 2013), embodied energy use
(Zhang et al. 2013), and embodied water use with the WF (Zhang and Anadon
2014). An extended IRIO model can be generated by incorporating the sectoral
water use within a traditional IO table. In the IRIO framework, different regions are
connected through the inter-regional trade, and virtual water flows can be calcu-
lated and analyzed. Unlike the WF method, the IOA method estimates the virtual
water in all economic sectors, and can explicitly quantify the water embodied in
trade.

China’s Inter-Regional Trade of Virtual Water
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This study contributes to the literature in four unique ways: (1) evaluating the
current VWT structure of China by applying both the traditional IO-based measure
of regional virtual water in trade (VWiT) and the newly developed measure of
domestic trade in virtual water (TiVW); (2) analyzing the driving forces to derive
more details behind the VWT; (3) offering meaningful policy suggestions aimed at
relieving the inter-regional water imbalance; and (4) capturing the change and
development of regional VWT in China by comparing the results between 2002
and 2007.

3. Methodology and Data

3.1. Inter-regional input–output model

The IRIO model is established based on the MRIO tables of China for the years
of 2002 and 2007. Assuming that there are R regions and each region includes
N sectors in the model, the basic row balance of the MRIO table could be
expressed as

xri ¼
XR

s¼1

XN

j¼1

z rsij þ yri , ð1Þ

where xri stands for the total economic output of sector i in region r; zrsij represents
the inter-sector monetary flow from sector i in region r to sector j in region s, and
yri is the total final use supplied by sector i in region r. Given a technical coefficient
matrix Ars ¼ ½ars

ij � given by ars
ij ¼ z rsij =x

s
j, Eq. (1) can be reformulated as

xri ¼
XR

s¼1

XN

j¼1

ars
ij x

s
j þ yri : ð2Þ

Further, Eq. (2) for all i and r can be expressed in matrix form as

X ¼ AX þ Y , ð3Þ

where X ¼
x1

x2

..

.

xR

2
664

3
775 is the aggregate output for all regions, A ¼

A11 A12 � � � A1R

A21 A22 � � � A2R

..

. ..
. . .

. ..
.

AR1 AR2 � � � ARR

2
6664

3
7775 is the

aggregate cross-regional direct technical coefficient matrix, and Y ¼
y1

y2

..

.

yR

2
6664

3
7775 is the

aggregate final demand, which is the sum of consumption (rural house-
hold, urban household and government consumption), investment (fixed capital

X. Zhao & R. W. Jackson
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formation and stock consumption), the international exports and the other balanced
items.

The Leontief inverse matrix L ¼ ðI � AÞ�1 is obtained when solving Eq. (3)
for sectoral output as a function of final demand

X ¼ ðI � AÞ�1Y : ð4Þ

3.2. Indicators of water use in input–output framework

The direct water use coefficient of each sector could be calculated by incorporating
water use quantity as:

αj ¼ wj=xj, ð5Þ
where αj is the amount of water directly used by sector j to increase one monetary
unit output and wj is the water use of sector j, xj is the aggregate output of sector j.

By combining Eq. (4), the matrix form of Eq. (5) could be rewritten as

W ¼ αX ¼ αðI � AÞ�1Y , ð6Þ
where W ¼ ½wj� is the water use vector, α ¼ ½αj� denotes the direct water use
coefficient vector.

The cumulative water use coefficient β can be defined from Eq. (6)

β ¼ αðI � AÞ�1 ¼ ½βj�, ð7Þ
where βj represents the cumulative amount of water used, including both direct and
indirect water use, to generate one monetary unit of output in sector j.

The water multiplier γ represents the total amount of water consumed to pro-
duce a monetary unit of output relative to the amount of water consumed directly
per monetary unit produced. It is defined as cumulative water use coefficient
divided by direct water use coefficient

γj ¼ βj=αj, ð8Þ
where γj measures the water intensity of final use relative to production for sector j.
Values of γj range from 1 to1, with larger γj values indicating larger indirect water
use for producing sector j.

3.3. Virtual water trade

The water that is used in the production process of goods and services is called the
“virtual water” contained in the goods and services. International or inter-regional
trade of these goods and services brings along trade of virtual water. To explain
VWT from the perspective of inter-regional production networks, we apply both

China’s Inter-Regional Trade of Virtual Water
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the regional VWiT and the domestic TiVW to China’s inter-regional (eight regions)
frameworks. The critical difference between VWiT and TiVW is that the former is
based on a single IO table in which the inter-regional trade is treated as exogenous
variable, and the latter is based on an inter-regional IO framework in which the
inter-regional trade is determined endogenously. These distinctions become clear
in detailed definitions that follow.

3.3.1. Regional virtual water in trade

VWiT measures the embodied water in trade, including both the international trade
and inter-regional trade in goods and services. This measure is based on a single
national or regional IO table in which the international or inter-regional trade
in intermediate and final goods and services is treated as an exogenous variable.
To assess the virtual water embodied in a region’s export (international trade with
the rest of the world) and outflow (domestic trade with the rest of the nation), the
regional IO-based VWiT could be written as follows.

Water embodied in the exports of region r:

WEr ¼ β rexr ¼ αrðI � A
rÞ�1exr, ð9Þ

where β r is region r’s cumulative water use coefficients, αr is region r’s direct
water use coefficients, As is the intra-regional coefficient matrix of region r, and exr

is region r’s exports.
Water embodied in the outflow of region r:

WOr ¼ β rour ¼ αrðI � A
rÞ�1our, ð10Þ

where our is region r’s outflow.
The outflow could be separated into outflow of intermediate products and

outflow of final products. Water embodied in the outflow of intermediate products
of region r can be written as

WIr ¼ β rimdr ¼ αrðI � A
rÞ�1imdr: ð11Þ

Water embodied in the outflow of final products of region r can be written as

WFr ¼ β rfdr ¼ αrðI � A
rÞ�1fdr, ð12Þ

where imdr is region r’s outflow in intermediate products, and fdr is region r’s
outflow in final products.

3.3.2. Domestic trade in virtual water

To investigate domestic TiVW, we apply the concept of domestic TiVA (Johnson
and Noguera 2011) and TiCE (Meng et al. 2013) to measure the inter-regional

X. Zhao & R. W. Jackson
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trade of virtual water. TiVW measures a region’s virtual water used by the other
region’s final demand and export through inter-regional supply chains. This
measure is based on an inter-regional IO framework in which the inter-regional
trade in intermediate goods and services is treated as endogenous variables.

Virtual water use in region r caused by the other region’s final demand can be
expressed as

WFDr: ¼ u, uð Þdiagðαr, 0Þ Lrr Lr:

L :r L ::

� �
fdr:

fd ::

� �
, ð13Þ

where u is the unity vector, Lr: is the total input in region r to satisfy one unit increase

of final demand in any other region, and Lrr Lr:

L :r L ::

� �
¼ I � Arr Ar:

A :r A ::

� �� ��1

, Ar: is

the inter-regional input coefficients from region r to any other region, fdr: is region
r’s final demand for goods and services produced in any other region.

Virtual water use in region r caused by the other region’s exports can be
expressed as

WEXr: ¼ u, uð Þdiagðαr, 0Þ Lrr Lr:

L :r L ::

� �
0
ex :

� �
, ð14Þ

where ex : is any other region’s exports.

3.4. Data sources

The main data foundation of this study is the set of China MRIO tables of 2002 and
2007. The MRIO tables are constructed by China’s State Information Center (SIC
2011), and include 8 regions, reflecting the similarity of economic structure and
spatial location of provinces in China. The 8 regions contain 30 jurisdictions,
including 22 provinces, 4 municipalities and 4 autonomous regions in mainland
China. Each region includes 17 sectors (1 agricultural sector, 13 industrial sectors,
and 3 tertiary sectors). The regional classification is displayed in Appendix A.

The sectoral water data in this study are targeted at every sector in all provinces.
The water data are collected from China Environmental Statistical Yearbook
(CESY 2003, 2008), including the water use of the agricultural sector, industrial
sector and household and service sector. The water use in each region is equal to
the summation of the corresponding provinces. In this study, only the blue water
(surface and ground water) use is included, not the green water (rainwater and the
water stored in soil). Two assumptions are used in this study: (1) water intensity
(water use per unit economic output) across the industrial sectors and the service
sectors is assumed uniform respectively; and (2) disaggregation of the total water

China’s Inter-Regional Trade of Virtual Water
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use is according to the proportion of the intermediate input from the “water
production and supply” sector to the other sectors.

4. Results

4.1. China’s regional water use1

The national total amount of water use in China has increased from 5,497.30
hundred million cu m in 2002 to 5,818.66 hundred million cu m in 2007, which is
only a 5.85% increase. However, the national GDP has increased from 11,735.78
billion Chinese Yuan in 2002 to 21,327.85 billion Chinese Yuan in 2007, which is
almost double. Therefore, the water use intensity (water use divided by GDP) has
decreased from 4.68 cu m/Yuan in 2002 to 2.73 cu m/Yuan in 2007, which indi-
cates that the water use efficiency has increased greatly from 2002 to 2007 in
China.

Figure 2 shows the sector structure of per capita direct water use of each region.
Among the 8 regions, northwest has the largest per capita direct water uses in both
2002 and 2007, which were more than 800 cu m; and north municipalities have
the lowest per capita direct water uses, which were approximately 200 cu m. The
highest per capita direct water use is about four times more than the lowest one.
Among the economic sectors, the agricultural sector has the most direct water use.
Direct water use in the agricultural sector accounts for half of the total direct water
use in all the regions; particularly, this value is up to 90% in the northwest.

The direct water use coefficient α represents the water that is used to generate
one unit of monetary output. The results of the regional direct water use coeffi-
cients of 2002 and 2007 are shown in Table 1. From 2002 to 2007, the direct water
use coefficients have decreased in most of the sectors, which indicates that less
water is used to generate the same unit monetary output. The direct water use
coefficient for the electricity, gas and water supply sector in the northwest, for
example, decreased from 13.83 cu m/thousand Yuan in 2002 to 5.3 cu m/thousand
Yuan in 2007, which indicates that in order to generate the same unit monetary
output, the direct water use in 2007 is about three times less than in 2002. Similar
to the per capita direct water use, the agricultural sector also has the largest direct
water use coefficient, which were 384.81 cu m/thousand Yuan in 2002 and 198.64
cu m/thousand Yuan in 2007. Compared with the electricity, gas and water supply
sector, these values show more than a 30 to 40 times increase, which indicates
that in order to generate the same unit monetary output, the direct water used in the

1In order to eliminate the effects of inflation, all the monetary units are in the constant Year 2000
Chinese Yuan.
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Figure 2. Sector Structure of Per Capita Direct Water Use by Regions (2002, 2007)

China’s Inter-Regional Trade of Virtual Water
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agricultural sector is about 30 to 40 times more than the water used in electricity,
gas and water supply sector.

Water multiplier implies the indirect effects on the local water use in the pro-
duction process. Figure 3 gives the regional water multiplier by sectors for both
2002 and 2007. The results in Table 1 and Fig. 3 show that the upstream sectors in
the supply chain, such as agriculture, mining and quarrying, electricity, gas and
water supply have relatively larger water use coefficients and smaller water mul-
tipliers. Conversely, the downstream sectors, such as food products and tobacco,
textile and garment, wood products and furniture have much larger water multi-
pliers than the upstream sectors, but lower water use coefficients. This indicates
that the upstream sectors depend primarily on the direct water use and the
downstream sectors depend mainly on consuming the other sectors’ goods and
services to satisfy their water demand.

4.2. Regional virtual water in trade

Figure 4 illustrates China’s regional VWiT for both 2002 and 2007. At the absolute
level, the three developed coastal regions (north coast, east coast and south coast)
have a higher embodied water use in export than the other inland regions for both
years. The main reason is that these coastal regions are manufacturing-oriented
export economies with a large part of their total products exported internationally.
North municipalities have the lowest VWiT among the regions given their services-
oriented export economies. When analyzing the changing export pattern of VWiT,
the northwest shows a significant increasing trend, largely resulting from its
increasing export dependency. The main contribution of this export from the
northwest is from the electricity, gas and water supply sector, whose export has
increased about 200 times from 2002 to 2007.

The VWiT regional outflow values (export to other regions) are much larger
than their corresponding regional foreign exports values for all regions. This
indicates that the major source of the regional VWiT is domestic inter-regional
trade. By separating the outflow by intermediate products and final products (see
the bottom part of Fig. 4), we see that intermediate products play a dominant role
in VWiT. This is because the inland regions have been deeply involved in domestic
supply chains by providing more intermediate products to other regions. For the
VWiT in regional outflow of either intermediate products or final products, the east
coast and central regions have the largest absolute values, because these regions are
located in the upstream of inter-regional supply chains, providing a large pro-
portion of both intermediate products and final products to the other regions. When
analyzing the change patterns of the regional outflow, the northeast has the largest

China’s Inter-Regional Trade of Virtual Water
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Figure 3. Regional Water Multiplier by Sectors (2002, 2007)

X. Zhao & R. W. Jackson
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change rate for both intermediate products and final products. This is because the
northeast’s production process is more water-intensive and its status has changed
from the downstream to the upstream of inter-regional trade from 2002 to 2007.

4.3. Domestic trade in virtual water

To capture the structure and the origin and distribution of virtual water, we applied
the concept of domestic TiVW to China’s MRIO tables for 2002 and 2007. The
results of TiVW can explain further how the water is used and distributed across
the regions through the inter-regional supply chains. The results of China’s inter-
regional TiVW use by final demand and the trade balance are displayed in Table 2.
The results show that the total national TiVW has been increased from 717.1084
hundred million cum in 2002 to 1,171.1147 hundred million cum in 2007, re-
vealing a dramatic change in magnitude. In 2002, the central region was the largest
exporter of virtual water, which accounts for 26.14% of the total VWT, followed
by the northwest (18.36%). The central region was also the largest importer of
virtual water, which accounts for 18.09%, followed by the coastal regions (north
coast 16.14%, and east coast 16.10%). These results indicate that the central region

Figure 4. China’s Regional Virtual Water in Trade (2002, 2007)

China’s Inter-Regional Trade of Virtual Water
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plays an important water transfer role, importing it from the west inland regions
(northwest and southwest) and exporting it to the coastal regions. This is largely
due to its geographic centrality and well-developed transportation infrastructure,
placing it in a prime position to be both an important consumer and supplier of
intermediate products in China’s domestic supply chains.

By 2007, significant changes had occurred. The largest exporter has changed
from the central region to the northwest (36.56%), the trade balance of which has
increased from 31.9231 to 377.1295 hundred million cu m. The northeast has
changed from net virtual water importer to the second largest exporter in the
domestic TiVW framework. The trade balance for the northeast has changed from
�19.4303 to 101.4565 hundred million cu m. The coastal regions are still the
largest importers (east coast 24.47%, north coast 17.17%, and south coast 14.08%).
These results indicate that the direction of the VWT was from the water-poor
inland regions (northwest and northeast) to the water-rich regions (coastal regions)
in China, which is consistent with the results that Guan and Hubacek (2007) and
Jiang et al. (2014) found.

Figures 5 and 6 further confirm the results and show the detail inflow and
outflow of virtual water by regions for both 2002 and 2007. In 2002, the north
municipalities and the north coast had the largest trade deficit while the southwest
and the central regions had the largest trade surplus. In 2007, the east coast and
north coast regions had the largest trade deficit while the northwest and northeast
regions had the largest trade surplus. There are clear structural changes that oc-
curred between 2002 and 2007 for some of the regions. The central and the coastal
regions have tended to purchase considerably more final goods from the inland
regions rather than to produce them locally. On the contrary, the northeast and
northwest, as the important water base regions, have been able to provide more
highly processed water-intensive intermediate goods to support other regions’
supply chains rather than providing only water-oriented materials.

The results of the domestic TiVW by regional exports are shown in Table 3,
which measured the amount of a region’s water use embodied in its partner
region’s exports. These results facilitate the understanding of how a one region’s
virtual water uses are triggered by other regions’ exports when the region acts as a
producer of intermediate products in domestic supply chains. The give-out and
gain potential of virtual water use by regional exports for both 2002 and 2007 are
shown in Figs. 7 and 8, respectively. The give-out and gain potential of virtual
water use are defined as the potential decrease and increase of virtual water use in
producing intermediate products. The east coast and south coast regions had the
largest give-out potential of virtual water use in both 2002 and 2007, which
indicates that they had the largest trade effects on the other regions. One reason is
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Figure 6. Inflow and Outflow of Virtual Water by Regions (2002, 2007)

China’s Inter-Regional Trade of Virtual Water

1650016-19

W
at

er
 E

co
ns

. P
ol

ic
y 

20
16

.0
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 W
E

ST
 V

IR
G

IN
IA

 U
N

IV
E

R
SI

T
Y

 o
n 

09
/1

4/
18

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



T
ab

le
3.

D
om

es
ti
c
In
te
r-
R
eg
io
na
l
T
ra
de

in
V
ir
tu
al

W
at
er

U
se

by
R
eg
io
na
l
E
xp

or
ts
an
d
T
ra
de

B
al
an
ce

(2
00

2,
20

07
)

20
02

20
07

(1
00

m
il
li
on

cu
m
)

N
E

N
M

N
C

E
C

S
C

C
E

N
W

S
W

T
ot
al

N
E

N
M

N
C

E
C

S
C

C
E

N
W

S
W

T
ot
al

In
te
r-
re
gi
on

al
tr
ad
e

N
E

1.
36

84
1.
32
20

0.
76

67
1.
01

58
0.
17

50
0.
32

32
0.
11
24

5.
08

36
2.
95

40
5.
73
11

8.
01

96
5.
17
34

0.
93
44

1.
09

25
0.
37

95
24

.2
84
6

N
M

0.
04

16
0.
24
47

0.
06

58
0.
09

62
0.
01

03
0.
01

48
0.
00

48
0.
47

81
0.
09
60

0.
90

65
0.
39

83
0.
18
70

0.
04
03

0.
08

63
0.
01

43
1.
72

87
N
C

0.
54

08
3.
28

43
1.
87

95
1.
24

97
0.
36

60
0.
36

17
0.
06

45
7.
74

65
0.
83
14

4.
56

92
4.
32

29
2.
33
31

0.
95
93

1.
14

77
0.
12

01
14

.2
83
6

E
C

0.
35

93
1.
10

12
1.
83
39

6.
92

55
1.
67

41
0.
32

11
0.
23

91
12

.4
54

1
0.
37
18

0.
92

56
1.
58

48
11
.8
38

0
1.
70
87

0.
60

91
0.
27

96
17

.3
17
6

S
C

0.
52

39
0.
86

68
1.
11
99

5.
17

81
0.
61

85
0.
41

89
0.
53

95
9.
26

57
0.
68
57

1.
11
56

1.
35

14
8.
24

76
0.
87
36

0.
86

14
1.
04

18
14

.1
77
1

C
E

1.
02

66
2.
32

85
5.
51
74

15
.7
23

9
9.
94

02
0.
94

04
0.
45

75
35

.9
34

5
0.
73
14

1.
53

89
8.
75

53
42

.0
93

1
16

.6
94

7
1.
75

17
0.
56

06
72

.1
25
6

N
W

1.
43

89
1.
18

49
2.
72
56

3.
68

96
2.
19

03
0.
74

15
0.
29

22
12

.2
63

0
2.
53
40

3.
74

50
17

.3
28
6

25
.8
68

7
10

.3
72

7
2.
14
24

0.
96

01
62

.9
51
5

S
W

0.
62

84
0.
72

81
1.
19
14

2.
43

80
8.
50

75
0.
37

90
0.
80

70
14

.6
79

4
0.
56
24

0.
53

72
3.
04

16
8.
45

37
14

.1
36

4
0.
77
20

1.
67

45
29

.1
77
9

T
ot
al

4.
55

94
10

.8
62

2
13

.9
55

0
29

.7
41

7
29

.9
25

2
3.
96

44
3.
18

71
1.
71

00
97

.9
04

9
5.
81
26

15
.3
85

6
38

.6
99
3

97
.4
03

8
60

.7
35

4
7.
43
07

7.
22

31
3.
35

60
23

6.
04
66

S
ha
re

in

to
ta
l
in
te
r-

re
gi
on

al
tr
ad
e

in
w
at
er

N
E

1.
40

%
1.
35

%
0.
78

%
1.
04

%
0.
18

%
0.
33

%
0.
11
%

5.
19

%
1.
25

%
2.
43
%

3.
40

%
2.
19

%
0.
40
%

0.
46

%
0.
16
%

10
.2
9%

N
M

0.
04

%
0.
25

%
0.
07

%
0.
10

%
0.
01

%
0.
02

%
0.
00

%
0.
49

%
0.
04

%
0.
38
%

0.
17

%
0.
08

%
0.
02

%
0.
04

%
0.
01
%

0.
73

%
N
C

0.
55

%
3.
35

%
1.
92

%
1.
28

%
0.
37

%
0.
37

%
0.
07

%
7.
91

%
0.
35

%
1.
94

%
1.
83

%
0.
99

%
0.
41
%

0.
49

%
0.
05
%

6.
05

%
E
C

0.
37

%
1.
12

%
1.
87

%
7.
07

%
1.
71

%
0.
33

%
0.
24

%
12

.7
2%

0.
16

%
0.
39

%
0.
67
%

5.
02

%
0.
72
%

0.
26

%
0.
12
%

7.
34

%
S
C

0.
54

%
0.
89

%
1.
14

%
5.
29

%
0.
63

%
0.
43

%
0.
55

%
9.
46

%
0.
29

%
0.
47

%
0.
57
%

3.
49

%
0.
37

%
0.
36

%
0.
44
%

6.
01

%
C
E

1.
05

%
2.
38

%
5.
64

%
16

.0
6%

10
.1
5%

0.
96

%
0.
47

%
36

.7
0%

0.
31

%
0.
65

%
3.
71
%

17
.8
3%

7.
07

%
0.
74

%
0.
24
%

30
.5
6%

N
W

1.
47

%
1.
21

%
2.
78

%
3.
77

%
2.
24

%
0.
76

%
0.
30

%
12

.5
3%

1.
07

%
1.
59

%
7.
34
%

10
.9
6%

4.
39

%
0.
91

%
0.
41
%

26
.6
7%

S
W

0.
64

%
0.
74

%
1.
22

%
2.
49

%
8.
69

%
0.
39

%
0.
82

%
14

.9
9%

0.
24

%
0.
23

%
1.
29
%

3.
58

%
5.
99

%
0.
33
%

0.
71

%
12

.3
6%

T
ot
al

4.
66

%
11
.0
9%

14
.2
5%

30
.3
8%

30
.5
7%

4.
05

%
3.
26

%
1.
75

%
10

0.
00
%

2.
46

%
6.
52

%
16

.3
9%

41
.2
6%

25
.7
3%

3.
15

%
3.
06

%
1.
42
%

10
0.
00

%

T
ra
de
ba
la
nc
e

N
E

1.
32

69
0.
78
12

0.
40

75
0.
49

19
�0

.8
51

6
�1

.1
15

7
�0

.5
16

0
0.
52

42
2.
85

80
4.
89

97
7.
64

78
4.
48
77

0.
20
30

�1
.4
41

5
�0

.1
82
9

18
.4
71
9

N
M

�1
.3
26

9
�3

.0
39

6
�1

.0
35

3
�0

.7
70

6
�2

.3
18

2
�1

.1
70

2
�0

.7
23

3
�1

0.
38

41
�2

.8
58

0
�3

.6
62
7

�0
.5
27

3
�0

.9
28

5
�1

.4
98

6
�3

.6
58

8
�0

.5
22
9

�1
3.
65
69

N
C

�0
.7
81

2
3.
03

96
0.
04

56
0.
12

98
�5

.1
51

5
�2

.3
63

9
�1

.1
26

9
�6

.2
08

5
�4

.8
99

7
3.
66

27
2.
73

80
0.
98
16

�7
.7
96

0
�1

6.
18

09
�2

.9
21
6

�2
4.
41
57

E
C

�0
.4
07

5
1.
03

53
�0

.0
45

6
1.
74

74
�1

4.
04
97

�3
.3
68

5
�2

.1
98

9
�1

7.
28

75
�7

.6
47

8
0.
52

73
�2

.7
38
0

3.
59
04

�4
0.
38
44

�2
5.
25

97
�8

.1
74
1

�8
0.
08
62

S
C

�0
.4
91

9
0.
77

06
�0

.1
29

8
�1

.7
47

4
�9

.3
21

7
�1

.7
71

4
�7

.9
68

0
�2

0.
65

96
�4

.4
87

7
0.
92

85
�0

.9
81
6

�3
.5
90

4
�1

5.
82

12
�9

.5
11
3

�1
3.
09

46
46

.5
58
3

C
E

0.
85

16
2.
31

82
5.
15
15

14
.0
49

7
9.
32

17
0.
19

90
0.
07

85
31

.9
70

2
�0

.2
03

0
1.
49

86
7.
79

60
40

.3
84

4
15

.8
21

2
�0

.3
90

7
�0

.2
11
5

64
.6
94
9

N
W

1.
11
57

1.
17

02
2.
36
39

3.
36

85
1.
77

14
�0

.1
99

0
�0

.5
14

8
9.
07

59
1.
44
15

3.
65

88
16

.1
80
9

25
.2
59

7
9.
51
13

0.
39
07

�0
.7
14
4

55
.7
28
4

S
W

0.
51

60
0.
72

33
1.
12
69

2.
19

89
7.
96

80
�0

.0
78

5
0.
51

48
12

.9
69

4
0.
18
29

0.
52

29
2.
92

16
8.
17

41
13

.0
94

6
0.
21
15

0.
71

44
25

.8
21
9

T
ot
al

�0
.5
24

2
10

.3
84

1
6.
20
85

17
.2
87

5
20

.6
59

6
�3

1.
97
02

�9
.0
75

9
�1

2.
96
94

0.
00

00
�1

8.
47

19
13

.6
56

9
24

.4
15
7

80
.0
86

2
46

.5
58

3
�6

4.
69

49
�5

5.
72

84
�2

5.
82

19
0.
00

00

X. Zhao & R. W. Jackson

1650016-20

W
at

er
 E

co
ns

. P
ol

ic
y 

20
16

.0
2.

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 W
E

ST
 V

IR
G

IN
IA

 U
N

IV
E

R
SI

T
Y

 o
n 

09
/1

4/
18

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



Figure 7. Give-out Potential of Virtual Water Use by Regional Exports (2002, 2007)
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Figure 8. Gain Potential of Virtual Water Use by Regional Exports (2002, 2007)
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that the export market is mainly located in the coastal regions in China. The other
reason is that the efficiencies of water use in the coastal regions have increased
substantially. Analyzing the components of the results for the east and south coast
regions’ give-out potential, we find that the main provider of the virtual water was
the central region in 2002, and it has been changed to the northwest in 2007. The
centralized location and the large economy of the central region have caused it to
be the primary water transfer region, through which it gains the most virtual water
through inter-regional trade. The northwest has experienced a large increase of the
gain potential of virtual water use, which indicates that this region provided in-
creasingly more water-intensive intermediate products to be involved in the coastal
regions’ export products supply chains.

4.4. Driving forces behind China’s virtual water trade

In general, the driving forces behind the virtual water flows can be attributed to a
combination of reasons such as the differences of regional water use intensities,
economic structures and the region’s status in the supply chains.

Water use intensity, measured by water use coefficients, is one of the most
important drivers for VWT, and water use coefficients allow us to quantify ex-
plicitly a final product’s water demand in the supply chain. Among the eight
regions in China, the northwest has the largest agricultural water use coefficient,
which indicates that even if the same amount of agricultural products are ex-
changed, a large amount of virtual water would be transferred from the northwest
to the other regions. Since the agricultural sector is the largest water-intensive
sector, the northwest becomes the largest virtual water exporter in the inter-re-
gional VWT. Technological difference and product mix are examples of important
reasons for the differentiation of the water use coefficients across regions. With
different technology levels, developed regions and less developed regions use
different amounts of water to produce the same amounts of products. Different
crops require different amounts of water per unit output. Therefore, the techno-
logical gap and product mix are the major contributors for inter-regional virtual
water transfers.

The economic structure of a region includes the dominant economic sectors and
the import–export structures. In China, the dominant economic sectors of the less
developed inland regions are the traditional agriculture and energy sectors, which
are the water-intensive sectors; the dominant economic sectors of the developed
coastal regions are the industrial and tertiary sectors, which are the water-saving
sectors. Moreover, whereas less developed regions export a large share of water-
intensive products to the developed regions, more developed regions export more

China’s Inter-Regional Trade of Virtual Water
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labor and technology intensive products to the less developed regions. Thus, a
large volume of virtual water transfers from the less developed inland regions to
the developed coastal regions in the VWT supply chain. Therefore, distinct eco-
nomic structures between less developed regions and developed regions are the
other contributor for virtual water transfers among regions.

VWT might be viewed by some as a partial solution to the water scarcity
problem by transferring the water from water rich regions to water-scarce regions.
However, the results of this study reveal a paradox in China. The main direction of
the virtual water transfer is from water-poor inland regions to water-rich coastal
regions. This could be explained by the region’s general position in the supply
chain. The water-rich coastal regions are in the downstream of the domestic supply
chain, whose main products are industrial and tertiary products. These water-
saving but high value-added products are exported to the inland regions. The
water-poor inland regions are in the upstream of the domestic supply chain, whose
main products are agricultural products. These water-intensive but low value-
added products are exported to the coastal regions as either intermediate inputs or
final products. Due to the high-level demand of the water-intensive products in
coastal regions, the water-poor inland regions are locked into water-intensive
production. Therefore, the region’s position in the supply chain is another im-
portant factor of the virtual water transfers among regions.

5. Conclusions

While the virtual water embodied in the international trade has received much
attention, domestic VWT embodied in inter-regional trade for all products has not
been widely studied. Revealing the relative importance of international and do-
mestic trade for local water use can help policy makers identify and rethink prior
areas of local water problems. To assess the implications of the inter-regional VWT
patterns and water conservation strategies, we evaluated the current inter-regional
VWT structure by applying the extended IRIO model based on the most recently
available MRIO data.

The results of this analysis suggest that water use efficiency has increased over
time, reflected in the water use coefficients decrease for most sectors from 2002 to
2007, and indicating that less water is used to generate the same unit monetary
output. This is mainly due to the improvement of water use efficiency in the
important water-intensive sectors, such as agriculture, mining and quarrying,
electricity, gas and water. However, the water use coefficients are uneven among
the regions. The undeveloped inland regions have much higher water use coeffi-
cients than the developed coastal regions, which indicates that the inland regions
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have lower water use efficiency. This suggests that the inland regions should
improve their water use efficiency, including both direct and indirect water use
efficiency. For instance, change the water-intensive crop species to the species that
require less water under the premise that basic food security could be enhanced.
Further, it is important to encourage the water-saving production technologies,
such as reducing material waste and managing plant operations more effectively.
Another suggestion is to promote the sharing and exchange of information and
technology across regions to relieve the technology gap.

The results also suggest that the inter-regional TiVW at the national level has
almost doubled between 2002 and 2007, and the major source of the regional VWT
is domestic inter-regional trade, especially trade in intermediate products. Thus, it
is important to improve water use efficiency of intermediate products. Policy
suggestions could include more rapid adoption of water-saving materials in the
production processes of intermediate products and greater improvement in the
recycling rate of intermediate products.

Moreover, the results of this study reveal a paradox of VWT in China. The main
direction of the virtual water transfer is from water-poor inland regions to water-
rich coastal regions, which is unfavorable for water resource allocation and effi-
ciency. This is due to the region’s status in the domestic supply chain. Since
government policies, such as price controls, have artificially lowered water prices,
the current water price system does not consider the regional diversities of water
scarcity. Thus, the water-poor inland regions keep producing water-intensive
products and exporting them to the water-rich regions. This suggests that the
Chinese government should consider a water pricing system reform to encourage
the water-intensive products in the water-rich regions and the water-saving pro-
ducts in the water-poor regions. Moreover, this strategy should be applied mainly
to the water-intensive sectors, such as agricultural and energy sectors.

Limiting water use while concurrently increasing water efficiency has been the
focus of the new water policy framework in China. However, reshaping China’s
water-trade nexus, particularly in water-scarce regions, can provide alternative
opportunities to address local water scarcity problems. Optimizing the water trade
nexus may have more wide-spread socio-economic consequences than direct water
conservation measures. The VWT pattern may be strengthened in the future as
China’s economy continues to grow rapidly and more people immigrate from
inland regions to coastal regions for job opportunities. Therefore, shifting export-
oriented sectors from the water-intensive products to the water-saving products
could contribute to water conservation in China.

The main limitations within this study are due to data restriction. Longer time
dimensions could and will provide a better overview of the VWTchange over time.
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However, the 2002 and 2007 data are the only available data for China as of this
report. Given China’s rapid economic advancements, the comparison results are
perhaps telling of a trend of the VWT, which suggests that reshaping the water
trade nexus is an important task for protecting the water-scarce regions. As ad-
ditional data become available, it will be necessary for future studies to examine
the trend further in China.

Appendix A. Region Classification and Basic Regional Dataset
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