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Abstract. This study provides an insight into the impact of pressure. With the world markets flooded with “made in
China’s international trade of goods and services on its wa-China” products on the one hand and the increasingly severe
ter resources and uses. Virtual water flows associated withlvater stress and pollution endured in most parts of China
China’s international trade are quantified in an input-outputon the other, the impact of China’s international trade of
framework. The analysis is scaled down to the sectoral andjoods and services on its water resources and uses warrants
provincial levels to trace the origins and destinations of vir- a scrutiny.

tual water flows associated with the international trade. The Significant literature exists on the role of virtual water
results show that China is a net virtual water exporter oftrade in addressing water scarcity and in redistributing wa-
4.8x 101°m3yr—1, accounting for 2.1% of its renewable ter resources (virtually) (Yang and Zehnder, 2002; Yang et
water resources and 8.6 % of the total water use. Water scarcal., 2003; Oki and Kanae, 2004; Hoekstra and Hung, 2005;
regions tend to have higher percentages of virtual water ex¥ang et al., 2006; Hoekstra and Chapagain, 2007; Guan and
port relative to their water resources and water uses. In thédubacek, 2007; Liu et al., 2007; Chapagain and Hoekstra,
water scarce Huang-Huai-Hai region, the net virtual water2008). Studies on the relevant issues have hitherto mostly
export accounts for 8.0 % of the region’s water resources and¢oncerned with agricultural products due to their high wa-
11.3% of its water uses. For individual sectors, major netter intensity in production and large share in total water use.
virtual water exporters are those where agriculture provided-or instance, Yang and Zehnder (2002) estimated the vol-
raw materials in the initial process of the production chain.ume of virtual water embedded in food imports into the coun-
The results suggest that China’s economic gains from beingries in the southern Mediterranean region. They highlighted
a world “manufacture factory” have come at a high cost to itsthat food imports were imperative for compensating water re-
water resources. sources deficiency in these countries. The major components
of the virtual water flows were investigated at the global level
by Zimmer and Renault (2003). This analysis was further
refined by Hoekstra and Hung (2005). They quantified the
volumes of virtual water flows between nations related to
international crop trade and analyzed virtual water balance
in relation to national water needs and water availability.
Yang et al. (2006) assessed the efficiency of the water use
embodied in the international food trade from the perspec-

1 Introduction

International trade between countries entails flows of vir-
tual water, i.e. the water used for the production of traded
products (Allan, 1993; Hoekstra and Hung, 2005; Yang et

tal., t2hOOG; rl:ct)elijstra, gt al., ?r(])OQ). An inflow ?jf V|rtu?l Wa'ttives of exporting and importing countries. Hoekstra and
er throug rha ere ucestﬂ € pr}:as.sijrel ont omgz 'Ct Wf;]eéhapagain (2007) and Chapagain and Hoekstra (2008) ex-
resources, whereas an outliow ot virtual water adds 10 €, jinaq the water consumption in individual countries with

distinction of internal and external water sources. The re-
@ @ Correspondence td. Yang sults showed that worldwide, about 16 % of the water use is
= (hong.yang@eawag.ch) for the production of goods and services that are for export.
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Recent years have seen some studies extending the asseSsatistics of China, 2008). Tibet is not included due to data
ment of virtual water flows associated with the international unavailability. For simplicity, these 30 administrative enti-
trade to all the sectors of an economy. Zhao et al. (2009}ies are all called provinces in this study. Considering the
guantified China’s virtual water trade for each individual sec- sector correspondence between regional input-output tables
tor using an input-output model. They found that China as aand the data of sectoral direct freshwater use, the 60 sec-
whole is a net virtual water exporter, although the agricul-tors in the original provincial input-output tables are aggre-
tural sector is a net importer. However, they did not spec-gated into 20 sectors (Table 1). The basic data in determin-
ify the origin and destinations of the virtual water and the ing the direct freshwater uses per monetary unit of produc-
impact on water uses at the regional level. Using a similartion, called direct water use coefficient (DWUC2fvuan)
approach, Dietzenbacher and Velazquez (2007) assessed tfie Yuan~ 0.16 USD), are taken from Zhao et al. (2009).
virtual water embodied in the trade of 25 sectors in the An- In this study, water resources, water uses and virtual wa-
dalusian economy system and the findings reveal Andalusiger trade concern only blue water, i.e. the surface and ground
as a net virtual water exporter. So far, however, studies orwater. Soil moisture, the so-called green water is not consid-
virtual water flows associated with international trade of all ered. The definition of blue and green water follows that
the sectors in a national economy are limited. by Falkenmark and Rocké&tm (2006). The exclusion of

There are a number of gaps lying in the previous stud-green water is mainly for the content consistency of water
ies of virtual water flows associated with the international use across economic sectors. Except for the agricultural sec-
trade. One is the overwhelming focus on agricultural prod-tor and the sectors where agriculture provides raw materials
ucts and little attention to other sectors of an economy. Secin the production processes, all the other sectors use exclu-
ondly, most of the studies have been conducted at the countrgively blue water, the opportunity cost of which is high due to
level or for a single region. For a country like China which the possibility of choosing alternative water sources. Green
is vast in territory and uneven in water resources distributionwater use is typically 60—-80 % of the water use in the agricul-
treating the country as a whole overlooks the regional variatural sector. Including green water in water use accounting
tions in water endowments and the impacts of virtual watergreatly increases the share of agricultural water use in total
trade on regional water resources and uses. A sub-countryater use. Mixing blue and green water in the analysis could
study is more pertinent to reflect the specific local conditionsderive misleading conclusions in assessing the efficiency in
and regional water problems. Thirdly, the hitherto literature water resources utilization across regions and among differ-
generally lacks the specification of the origins of the virtual ent sectors.
water export and the destinations of the virtual water import  The scope of the water use in this study follows the defini-
within a country. The specification of the origins/destinationstion used in China’s official statistics (China Statistical Year-
of the virtual water export/import is important for identifying book). The water use in the industrial sectors refers to the
the prominent regions influencing national virtual water tradefreshwater intake during the whole production process. The
patterns and the regions where water resources and uses aeeycling and reuse of the water within the system is not in-
significantly affected by their international trade patterns.  cluded in the water use. In the agricultural sector, the water

This paper aims to quantify the virtual water flows asso- use is the irrigation water supply to the field.
ciated with China’s international trade of goods and services In both the agriculture and industrial sectors, part of the
in a framework of the input-output model. All the economic water used is returned to the natural water systems through
sectors in the national economy are considered in the assesgercolation and/or drainage and wastewater discharge. Con-
ment. The analysis is scaled down to the provincial level tosidering that the return flow from agriculture may be avail-
specify the impact of virtual water trade of individual eco- able for downstream users, the calculation of the agricultural
nomic sectors on water resources and uses across regiongater use and virtual water trade deducted the return flow
The results of this study contribute to a better understandby multiplying the direct water use coefficient with the water
ing of China’s water problems and provide scientific basesconsumptive use ratio available from the Water Resources
for supporting policies to alleviate the negative impact of its Bulletin of the six major river basins (Haihe, Huaihe, Yel-
international trade on water resources and uses in differedow River, Yangzi, Pearl River, Songliao River (River Basin
regions. Water Conservancy Commissions, 2008). In the industrial

sectors, the wastewater discharge is not deducted from the
industrial water use because the polluted water may not be

2 Data and methodology used again without treatment. Besides, lacking information
on the actual discharge rate and the pollution intensity in each
2.1 Data industrial sector also adds difficulties in considering the re-

turn flows. Neglecting return flows in the industrial sectors
The main data foundation of this study is the 2002 regionalin the calculation of virtual water flows is also seen in other
input-output tables of 30 provinces, autonomous regionsstudies, e.g. Hoekstra and Chapagain, 2007; Yu et al., 2010;
and municipalities in mainland China (National Bureau of Zhao et al., 2010.
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Table 1. Detailed results of sectoral virtual water trade accounting (2002).

DwUC TWUC Virtual Virtual Net Virtual Water use
Sectors (Average) Export Import  Water Export  for final demand
) 8 uj vj uj—vj i
m310~4vuan ! m3104vuan !l 18mlyr1 18mdyr1 1P mByr? 18 m3yr-1
1 Agriculture 915 1187 5589 7855 —2265 101974
2 Coal mining and processing 32 230 355 45 309 662
3 Food and tobacco processing 32 758 6199 3791 2409 64691
4  Textile goods 30 563 13824 1164 12660 3747
5 Clothing 6 419 9575 1035 8541 11203
6 Sawmills and furniture 3 453 3118 548 2571 4066
7 Paper and products 90 430 3849 883 2966 2632
8 Petroleum processing 25 308 1086 2719 —1633 478
9 Chemicals 48 353 7511 4558 2953 6528
10 Non-metal mineral products 23 534 3085 830 2255 4051
11 Metal smelting and products 41 614 9207 4611 4596 5279
12 Machinery and equipment 5 221 2846 6615 —3769 18321
13 Transport equipment 6 217 1584 1572 12 5180
14  Electric equipment, 3 207 14052 5856 8195 11437
telecommunication equipment
15 Other manufacturing 5 250 3363 2003 1360 2997
16 Electricity, gas and water 814 1043 67 3956 —3889 15216
production and supply
17  Construction 4 228 193 144 49 61042
18 Wholesale and retail trade and 40 188 7075 380 6695 13114
passenger transport
19 Restaurant and hotel 170 640 2187 22 2165 16703
20 Other services 23 168 3826 2360 1466 50715
Total 98591 50945 47 646 400034

DWUC: direct water use coefficient; TWUC: total water use coefficient

We would like to emphasize that the motivation of this input-output model is a practical tool in the virtual water
study, as stated in the title, is to explicitly address the impactrade estimation.

of China’s international trade on the water resources and uses The basic mathematical structure of the input-output sys-
in individual provinces. The intra-country trade is beyond thetem consists of: linear equations as shown in Eq. (1), de-
scope of this study. However, we are aware of the importanceicting how the productions of an economy depend on inter-

of the intra-national virtual water trade in regional water bal- sectoral relationships and final demand.

ances. An interregional Input-Output tables-based analysis

separate paper.

n
of interregional virtual water trade shall be conducted in a, _ inj +y;
j=1

2.2 Methodology

2.2.1 The basic mathematical structure of the
input-output model

@)

wheren is the number of economic sectors; is the total
output of sector; x;; is the inter-sectoral monetary flows
from sectori to sectorj. y; is the final demand of sector

The direct input refers to the input provided by a sector
for the production of another sector in the last stage of the

production chain and it numerically equals to the elements of
Input-output - table/model, firstly developed by Leon- the inter-sectoral flow matrix (i.e;; is the direct input from
tief (1941), represents the monetary transactions of goodgector to sectorj). The direct input coefficient;; indicates
and services among different sectors of economic systemMhe amount of input from sectarrequired to increase one
It provides a technique to specify how the substances flownmonetary unit output of sectgr(Eq. 2).

among sectors through supplying inputs (including water)

for the outputs (where the virtual water is embedded) in theal.j _ M
economic system. Since the information on interconnections Xj
and interdependences of economic units is essential to the
determination of the virtual water content of a product, the
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Therefore, Eqg. (1) can be rewritten so as to include the2.2.3 The water use to meet domestic final demand
direct input coefficienty;;:
The water use to meet domestic final demand can be obtained

< by multiplying TWUC with final demand:
Xi = Zaijxj + i 3) Y PYing

= _ _sS .S

=1 T=[1], =67} )
Equation (3) can be shown as follows in matrix notation: whereT (measured in 0m3yr-1) is the matrix of water
X=AX+Y (4) use for domestic final demand; is the water use for final

demand of sectoy in regionS; 8]5 is the TWUC of sectoy

whereX, A andY are respectively the matrices of output, . ) S _ B )
inregions; y; is the final demand of sectgrin regions.

direct input coefficients and final demand.
Assuming the matripA of direct input coefficients is con- ' ,
o i . . 2.2.4 Virtual water trade accountin
stant, it is possible to change Eq. (4) into a demand-driven 9

format In the virtual water trade analysis, the virtual water export
X=(1-A)lY.B=(—A) 1= 5] (5) can be obtained through Eg. (9).

s S_sS, S
where (-A)~1 is known as the Leontief inverse matrix;; U= [”J] uj =095 xej ©)

denotes how much output of secias required to meet one . . :
monetary unit of the final demand of sectorThus, the link whereU is the matrix of the virtual water export (measured
’ in 10°meyr=1); u$ is the virtual water export of sectgrin

between final demand and corresponding direct and indirect’ _ s - ) S
production has been built up with the Leontief inverse matrix regions; & is the TWUC of sectoy in region§; e} is the

as the bridge. export of sectoy in regions$.
The regional input-output tables used in this study are
2.2.2 Direct water use coefficient and total water use characterized as import-competitive. The underlying as-
coefficient sumption is that the import is competitive with domestic sup-

plies and thus can be incorporated into domestic supplies of
In order to combine the monetary trade with the associatedinal demand as well as the intermediate demand. The import
water use, the essential step is to derive direct water use c@onsisting of the two parts can be expressed as:
efficient (DWUC), the amount of direct water intake to pro- _
duce one monetary unit of output, representing the direct oij» =mf('") +mf(f) (10)
the first round effects of the sectoral interaction in the econ- _
omy (Bouhia, 2001; Hubacek and Sun, 2005). DWUC canwheremf is the total import of sectoy in region S; mJS-('”)

be expressed as Eq. (6). is the import for the intermediate demand of sectan re-
w; gion S; m‘f(f) is the import for the final demand of sectpr
W=o)]0;=— (6) in regionS. The two parts are determined according to the

i distributing proportions of the intermediate demand and final
where W is the matrix of DWUC (measured in demand inthe composition of the total demand.

m310~4 Yuan?! in this study); w; is the DWUC of Thus, v5? the virtual water imported for final demand,
sector j; (w;) is calculated by dividing the water use of can be obtained by multiplying the import incorporated in
sectoj (w;) by total output of sectgr (x;) (in monetary  final demandn>® with the corresponding TWUG}? as

J
term). N . shown in Eqg. (11).
The total water use coefficient (TWUG) (measured in
m310~* Yuan 1), an indicator of the total water consump- vf(f) = 515- ~mf(f) (11)

tion throughout the whole production chain, can be achieved = ) ) ] )
by multiplying DWUC w; with the Leontief inverse matrix While the virtual water imported for intermediate use and

[b:]- consumed by domestic final demand can be derived through
’ Eq. (12):
D=[5;].8;= i xbyj (1) sim _gs  simy s
" vj =0y my g (12)

whereD is the matrix of TWUC, which links the monetary wheren? is an adjusting coefficient derived as the proportion

product trade with their corresponding total amount of waterof the outcome of final demand minus export over the final

use. demand of final demand, representing that only a portion of
virtual water embodied in intermediate input will be used for
domestic final demand.
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The virtual water import with the two parts can be obtained & Other sectors
as: 15%
V= [vjs-], v]S- = vf(in) + vf(f) (13) B 11.Metal QERRN E 4.Textile goods
' . ' ' ' smelting and [ : 26%
whereV is the matrix of virtual water import (measured in products 10% £+
10°mPyr1); v? is the virtual water import of sectof in 100 XA .
region s; vf('”) is the virtual water import for intermediate D T
C ca o S ; - P
demand of sectoy in regionS v3® is the virtual water im-
. ' . 0 18.Wholesale el ;
port for final demand of sectgtin regions. 2osy/ E5.Wearing 18%

and retail trade i
and passenger

3 Results transport 14% A 14.Electric

equipment,
telecommunicat
ion equipment
17%

3.1 Virtual water import and export in individual
sectors

DWUC reflects the direct water intensity at the last stage
of the production chain, whereas TWUC reflects the wa-Fig- 1. Shares of the major net virtual water exporting sectors in
ter intensity throughout the whole production chain. Using total netvirtual water export (2002).
Egs. (6) and (7), DWUC and TWUC for each sector are cal-
culated. The virtual water import and export in each sector - :
are derived by multiplying the import and export values with (electricity, gas and water production and supply) are the net
TWUC (Table 1) importers of virtual water. The other 16 sectors are net ex-
L . .. porters.
TWUC is higher than DWUC in all the sectors. This is . .
expected bece?use DWUC only accounts for the water use ? Sector 4 (textile goods), Sector 5 (clothing), Sector 14

the last stage of the production chain, whereas TWUC is th electric equipment, telecqmmunlcatlon equipment), Sec-
X : ) or 18 (wholesale and retail trade and passenger transport)
accumulated water use in the whole production chain.

Sector 1 (agriculture) has the highest water-intensity f';md Sec_torll(metal smelting apd products) are the five ma-
with DWUC of 915n810-% Yuar® and TWUC of ‘jor _netwrt_ual waFer (_axporfcers (Fig. 1). The_se ;ectors are the
1187104  Yuarr-1 This is followed by Sec- mainstay industries in Chlna,.greatly contrlbu_tlng to Chm_a’s
tor 16 (electricity, ga§ and water production and supply)[OIeI as tthe “Worldtmanufatc tl;nniﬁg'g%ry’; Tt_]?rmtgénf (t)/wr—
where DWUC and TWUC are 81470074 Yuarr! and oy aor €XPOT amounts to Iyr =, Oreo.27

- . . .. of the total net virtual water export of the country.
1043 n? 10~* Yuan 1, respectively. Itis noticed that the dif- P Y

. The ratio of the net virtual water export to water use for
ferer_nce betwee_n DWUC and Twuc n these twp sectors A Yomestic final demand indicates how the water use is dis-
relatively small in comparison to the differences in other sec-

) N . _ tributed between domestic demand and external (abroad) de-
tors. The high DWUC indicates that the direct water use is (export). At the national level, the ratio is 11.9 %, in-

e 10 gomeaing It  conserable amount of waer s s Chin
' . 9 Y s€ arg or the production of goods and services for export.
water consumption. For manufacturing sectors like Sector

) . Sector 4 (textile goods) has the highest ratio of net virtual
(food and tobacco processing), Sector 4 (textile goods), Sec- : P
tor 5 (clothing), Sector 6 (sawmills and furniture) and Sec_water export to water use for final demand, 337.9 % (Fig. 2).

: .~ This suggests that the textile goods are mostly exported to
tor 10 (non-metal mineral products), the shares of the direc 99 g y exp

water use in the total water use of the whole production chai E)ther countries. Besides, Sector 7 (paper and products), Sec-
P "Mor 11 (metal smelting and products) and Sector 5 (cloth-
are lower than 5%. Hence, over 95% of the water use in.

: - A . _ing) are also of high ratios, respectively 112.7 %, 87.1 % and
these sgctors occurrgd nan |n_d|rect way, i.e. in the PrevIoUS g 2 9. sector 8 (petroleum processing) is the major net vir-
processing stages prior to the final stage.

The total t of virtual i . . tual water importer with the ratio 06£341.9%. Petroleum,
© 00631 _almoun or - virtual - waler Import 1S, important intermediate material for industries, is badly
5.1x 10'9m3yr—1, whereas the total virtual water ex-

. . needed to support the continuous economic growth in China.
03 yr—1
po[t |_st9.9|>< 1?1 meyr t. Hfzcge'lglg'”g‘ tu_r?s_ ou_t to bfe @ The domestic production is far short to meet the demand.
net virtual water exporter of 2. m=yr-= in view o The dependence on import is large and increasing over the
the whole national economy.

ears.
For individual sectors, the virtual water trade balancey

varies. Sector 1 (agriculture), Sector 8 (petroleum process-

ing), Sector 12 (machinery and equipment) and Sector 16

www.hydrol-earth-syst-sci.net/15/2871/2011/ Hydrol. Earth Syst. Sci., 15, 28802011
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ST Table 2. Virtual water trade at the provincial level (2002)
€ a0 7 (10®m3yr-1y.
200
100 Virtual Virtual Net virtual
Provinces water export  water import  water export
N
0] 18m3yr-1  108mlyr1  1fmiyrl
200 | 1 Beijing 2064 1497 567
2 Tianjin 2351 961 1390
3007 3 Hebei 1700 905 795
400 4  Shanxi 769 282 488
5 Inner Mongolia 596 342 254
Fig. 2. Ratios of net virtual water export to water use for domestic s’ 'ji'ﬁ‘r?”'”g 5:5175 5;0061 258414
final demand in different sectors (2002). 8 Heilongjiang 913 803 110
9 Shanghai 7602 4679 2924
s 10 Jiangsu 13030 6884 6146
€ . 11  Zhejiang 10563 2063 8500
] 12 Anhui 1136 479 657
0k 13 Fujian 6130 2293 3838
Bk 1T ; 14 Jiangxi 557 577 —-20
j‘; N 15 Shandong 10348 5979 4369
ol 16 Henan 1607 980 627
L1 S N N i 17 Hubei 818 1257 —439
) Lo el ~afanfll 18 Hunan 707 490 217
5 < SESEs E22 5 19 Guangdong 25734 11604 14130
10 : g-hEeg e = 20 Guangxi 581 348 233
ERN. e 21 Hainan 324 129 195
22 Chongging 494 414 80
Fig. 3. Ratios of net virtual water export to water use for final de- 23 S|c_huan 1025 453 572
mand in individual provinces (2002) 24 Guizhou 296 234 63
’ 25 Yunnan 657 400 257
26  Shaanxi 638 361 277
27 Gansu 289 207 82
3.2 Regional variations in virtual water trade 28 Qinghai 56 18 38
29 Ningxia 127 51 75
With significant discrepancies in natural conditions and eco- 30  Xinjiang 644 249 395
nomic development levels among regions, the virtual water Total 98591 50945 47646
trade patterns also appear to show spatial variations. Ta-
ble 2 provides the quantity of virtual water trade of individ-
ual provinces associated with their international trade of final
products. 3.3 Sectoral virtual water trade in selected water scarce

Except for Jiangxi and Hubei, all the other provinces are provinces
net virtual water exporters (Fig. 2, Table 2). Guangdong is
the largest net virtual water exporter with the net virtual wa- Water resources endowments vary across provinces in China.
ter export of 1.4« 1019°m3yr—1, accounting for 29.7% of Provinces in the north in general are water scarce. It is in-
the total net virtual water export of China. Zhejiang, Jiangsu,teresting to take a closer look at the virtual water trade pat-
and Shandong are also important virtual water exporters, acterns of the water scarce provinces to gain some insights into
counting for the total net virtual water export of 17.8%, the impact of the international trade on their water resources.
12.9%, and 9.2 %, respectively. Figure 4 shows the major exporting sectors in 4 extreme wa-

With two exceptions, all other provinces are net virtual wa- ter scarce provinces, Beijing, Tianjin, Hebei, and Shandong.
ter exporters (Fig. 2, Table 2). Some provinces have veryThe per capita renewable water resources availability in these
high ratios of net virtual water export to water use for final provinces is lower than 150%tcapita, far below the inter-
demand in individual provinces (Fig. 3), implying an export nationally recognized minimum standard of 100¥capita
oriented economy. The ratio of Zhejiang is 39 %, the high- (Wang and Wang, 2005). The net virtual water export in
est among all the provinces. Generally, the provinces in thghese 4 provinces accounts for 14.9 % of the total net vir-
Eastern Coastal area of China have relatively higher ratiogual water export of China, whereas the sum of their water
of net virtual water export to water use for final demand in resources is only 2.2 % of the national total.
individual provinces, consistent with their roles as the major Figure 4 presents the share of the first 5 major net virtual
contributors of the national economy and export in China. water exporting sectors in total net virtual water export in the

Hydrol. Earth Syst. Sci., 15, 2872880 2011 www.hydrol-earth-syst-sci.net/15/2871/2011/
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Beijing

@ Other sectors
(Net import)
33% B 19.Restaurant

and hotel 37%

0 3.Food and

@ 5.Wearing 8%

Tianjin

B Other sectors
19% B 14.Electric

equipment,
telecommunic
ation

tob equipment
obacco 37%
processing O 18 Wholesal
13% X o 0 fsla e O 11Metal
. p and retal smelting and
Ba5.
5V\igg/r|ng trade and products 11%
? passenger
1.Agriculture transport 36% )
32% B 8 Petroleum B 4.Texile
processing goods 15%
11%
Hebei Shandong
@ Other sectors
(Net import) B10.Non-metal @ Other sectors
-14% mineral (Net import)
products 8% 5%
0 9.Chemicals /4 a 4-2“;';/
18% for s goods 40% )
Ve B S.M:ILzzl/rlng A\ O 4Texile
[ f//{ ------- ° : goods 45%
@ 3.Food and\\ RN
4 4 4. <
tobacco 2D <:¢:<:¢:
processing N> .
18% : B S'V\i;f/""g B 1lMetal
(] .
B 11.Metal smelting and O 3.Food and
0,
smelting and products 17% tobacco
products processing

19%

19%

Fig. 4. The major net virtual water exporting sectors in the selected water scarce provinces (2002).

selected provinces. Apart from Sector 4 and Sector 5 (textile4 Discussion

and clothing sectors), there are significant variations in other

major sectors in the selected provinces. They reflect the secd.1 The scale of virtual water export and impact on

toral specialization in these provinces. For example, the net domestic water resources

virtual water export in Beijing mainly concentrates in the sec-

tors related to services (Sector 18 and Sector 19). The virtual he results confirm the earlier findings that China is a net

water export of services refers to the water used in providingvirtual water exporter. Given the total water resources of

services to the people coming from outside China. As Bei-2.2x 10"2m3yr~! (average of 2002-2008), the net virtual

]|ng is the Capita| C|ty visited by many foreigners every year, water export is about 2.1 % of the total water resources of

the service related sectors are the main contributors to its virthe country. This is seemingly a small percentage. However,

tual water export. In Tianjin, Sector 14 (electrical goods andnot all the water resources of the country are accessible be-

communication equipments) and Sector 8 (petr0|eum pro.CaUSG of geographical, topographical and other barriers. This

cessing) have large shares in net virtual water export. ThdS particularly the case for the abundant water resources in

large net virtual water export in Sector 8 corresponds to Tianthe southwest part of the country, which are generally not

jin's role as one of the most important petroleum productionaccessible for other regions.

bases in China. Tianjin's advantage in port transportation Table 3 provides the regional level information on net

conditions facilitates the export of petroleum products. InVirtual water export and water resources conditions. The

Shandong, the net virtual water export is highly concentratedlata of water resources (WR) and water resources per capita

in the five major exporting sectors. The share of the remain{WR/cap) are the average values of 2002-2008 (China Sta-

ing sectors is-5 %, meaning that the net virtual water import tistical yearbook 2003-2009). The regional net virtual wa-

in these sectors offsets 5 % of the net virtual water export inter export (NVWE) is the summation of the corresponding

the province. provincial results shown in Table 2. Looking into individ-
ual regions, the situation differs largely. In the HHH region
(Huanghe-Huaihe-Haihe region), which is extremely water
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scarce, the net virtual water export is about 8.0 % of the wa-
ter resources of the region. 17.3 % of China’s net virtual wa-

ter export is from this region. Hence, the impact of China’s

international trade on its water resources is much more sig-
nificant when reviewed at the regional level.

It should be pointed out that a country or region’s interna-
tional trade occurs for multiple reasons, including economic
development, political motivation, social consideration, his-
torical trend, natural endowments (apart from water), tech-
nology, etc., rather than the water resources concern only.
Even for the water sufficient regions, it is imprudent to claim
that virtual water export is laudable because of the needs tc
consider trade-offs between the economic well-being and the
state of the environment. The results from this study indicate

Legend
NVWE/WU(%)

that it is important to incorporate international virtual water
trade into the strategic water and trade planning in China,
particularly for the regions with severe water scarcity.

I Net import
EH0-1%
1% - 5%

5% - 20%

. >20%

4.2 Impact of the international trade on water uses

According to the Chinese statistics, the total water use in )
China is 5.5< 101*m3yr—1. The net virtual water export ’
of 4.8x 101°m3yr—1 accounts for 8.6 % of the total water
use. In other words, 8.6 % of the water use in China is for
the production of goods and services for export. For indi-
vidual provinces, variations are significant (Fig. 5). It is no-
ticeable that some water scarce provinces, such as Beijingsig. 5. Share of net virtual water export in total water use in differ-
Tianjin, Jiangsu, Shandong, have large shares. In Tianjingnt provinces (2002).
an extremely water scarce area with the water resources of
36 mP/capita, 63.4% of the water use is “exported” in the
form of virtual water. In Beijing and Shandong, the shares4.3 Sectoral scrutiny
are 17.2% and 20.2 %, respectively. Hence, the virtual wa-
ter export in these provinces has significant impact on theiThe net virtual water export is highly concentrated in Sec-
water uses. With strong export-driving growth mode, it is ex- tor 4 (textile goods), Sector 5 (clothing), Sector 14 (electrical
pected that water demand will continue to increase, puttinggoods and communication equipments) (Fig. 1). The three
further pressure on their already stressed water resources. sectors account for 61.7 % of total net virtual water export
The total water use for meeting the domestic final de-of the country. These sectors are typically labor intensive,
mand in China is 4.& 10" m3yr~! based on the data in which employ a large number of rural migrant workers. In
2002 (Table 1) and the total water use is approximatelyterms of water use, Sector 4 and Sector 5 are water inten-
5.5x 10t m3yr=1in 2002 (China Statistical Bureau, 2003). sive with high TWUC in their whole production chain. As
The gap is 1.5 10"t m3yr—1. This means that China uses shown in Sect. 3.3, the share of these sectors is high in water
about 37.5% more water than that required by its peoplescarce provinces. The results suggest that the international
for the final demand. Subtracting the net virtual water ex-trade patterns and structure of the whole country and indi-
port of 4.8x 101°m3yr~1, there is a missing amount of vidual provinces have been shaped mainly by other factors,
10.2x 101%m3yr~1 in the national water balance. This is rather than water resources endowments.
about 18.5 % of the total water use of the country. The “miss-  The study finds that the agriculture sector is a net importer
ing” water may be partly attributed to treated water and wa-of virtual water at the national level, which is consistent with
ter loss during the supply and use. Even when the statisticaie results in other studies (Hoekstra and Hung, 2002; Zhao
errors and lumping errors are considered, the unproductivet al., 2009). However, it is not the case for all the provinces.
losses are still expected to be significant. Hence, reducingyyyr study reveals that provinces like Fujian, Anhui, Hubei,

losses in the overall water management and water supply Sy$qunan, and Sichuan are net exporters in the agricultural sec-
tem could make a significant contribution to the alleviation of tqgy.

water stress in China.

Itis worth noting that food and tobacco processing, textile,
and clothing are typical downstream industries of agriculture,
i.e. using raw materials from agriculture in the initial stage of
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Table 3. Net virtual water export (NVWE) and water resources (WR) in different regions (2002).

Regions Provinces WR/cap WR NVWE NVWE/WR

9 m3/person  18m3yr-1 108 m3yr-1 (%)
North Beijing, Tianjin, Hebei, Shanxi, Shandong, Henan 331 103251 8235 8.0%
Northeast Liaoning, Jilin, Heilongjiang 1196 128114 935 0.7%
East and Middle  Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan 1696 624501 17986 2.9%
South Fujian, Guangdong, Hainan, Guangxi 2977 504562 18396 3.6%
Southwest Chongging, Sichuan, Guizhou, Yunnan 2979 594 356 972 0.2%
Northwest Inner Mongolia, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang 2198 256101 1122 0.4%

Total 1737 2210886 46628 21%

Data source for WR/cap and WR: China Statistical yearbook 2003—2009

their production processes. Although the agricultural sectofTWUC variation consists of regional technology variation
is a net importer in China, its downstream industries are noteflected by Leontief inverse matr[)bij] and regional water
(Table 1). The situation suggests that part of the importedntensity variation reflected by DWUG( ). In this study,
virtual water from agriculture is re-exported through the ex- the national average DWUCs for individual sectors are used
ports of products in the downstream sectors. for all the provinces due to the unavailability of provincial

The international trade partners in China contribute to itsDWUC data. This may cause overestimations of the vir-
sober water situation not only in quantity, but also in quality. tual water embodied in the products from the provinces with
The wastewater discharge from food and tobacco processiigher water use efficiency, and underestimations of the vir-
ing, textile, clothing, paper and products, and metal smelt-tual water embodied in the products from the provinces with
ing and products accounts for 53 % of China’s total indus-lower water use efficiency. Therefore, lack of this informa-
trial wastewater discharge (China Statistical Bureau, 2009)tion makes it difficult to exactly quantify the overall impact
Small scale and low technology are the common features obn the national virtual water trade figures.
enterprises in these sectors, and they are notorious for releas-
ing heavily polluted waste water often without any treatment
(Wang et al., 2008). In essence, China is exporting a largéé Conclusions
amount of virtual fresh water to other countries while at the
same time keeping heavily polluted water to itself. The re- This study quantifies the virtual water flows associated with
sults suggest that China’s economic gains from being a worldchina’s international trade in an input-output framework.
“manufacture factory” have been attained at a high cost to itsThe analysis is scaled down to the provincial level to spec-
water resources and through pollution to its environment.  ify the impact of virtual water trade of individual economic

sectors on water resources and uses across provinces.
4.4 Remarks The results show that China is a net virtual water exporter

of 4.8x 101°m3yr—1, accounting for 2.1 % of its renewable
Itis worth noting that our estimate of the total net virtual wa- total water resources and 8.6 % of the total water use. The
ter export of China is almost double of the volume estimatedimpact of China’s international trade on its water resources
by Zhao et al. (2009), which was 24101°m3yr—1in 2002.  is much more significant when reviewed at the regional level.
The difference stems primarily from the regional discrepancyWater scarce regions tend to have higher percentages of vir-
incorporated in the assessment process. Regional discrepdal water export relative to their water resources and water
ancy in TWUC was not considered in Zhao's study, while uses. In the water scarce HHH region, the net virtual water
partly considered in ours as specified in Egs. (9) to (13). Be-export accounts for 8.0 % of the region’s water resources and
sides, Zhao'’s result was obtained based on the national Inputt1.3 % of its water uses. For individual sectors, major net
output table, whereas this study is a provincial-level analysisvirtual water exporters are those where agriculture provides
using the provincial Input-output tables in which the regional raw materials in the initial process of the production chain.
technology variations are embodied. This difference indi- The results suggest that China’s economic gains from being
cates the importance to take into consideration the regionah world “manufacture factory” have been attained at a high
discrepancies in the virtual water trade assessment. cost to its water resources.

Despite the effort to incorporate regional discrepancies, This study is a first attempt to use the input-output model
some limitations remain. Due to data constraint, the assesde investigate the virtual water flows associated with China’s
ment does not fully differentiate the regional discrepancyinternational trade of goods and services with regional spec-
in water use efficiency. As shown in Eq. (7), the regional ifications. The accounting process used here adopts some
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assumptions due to data constraint. Besides, the quality ofioekstra, A. Y., Chapagain, A. K., Aldaya, M. M., and Mekonnen,
the data from the official statistics can also affect the ac- M. M.: Water Footprint Manual State of the Art 2009, Water
curacy of the results. Improvements would need more re- Footprint Network, Enschede, The Netherlands, 2009.

liable data on the regional disparity of water use ef‘ficiencyHUbacekv K. and Sun, L.: Economic and societal changes in China

and the information on wastewater discharge, intensity and and their effects on water use: a scenario analysis, in: Consump-
treatment tion and the Environment, edited by: Hertwich, E., J. Ind. Ecol.,

9, 1-2, 2005.
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