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Abstract: With population increases and the socio-economic development of Chinese society, the demand for and use of
water in China is increasing rapidly. Water scarcity is one of the main problems for sustainable development, especially in
arid areas in the northwest of China. Water saving is thus one of the main concerns of local and national policy makers.
Analysis of the linkage effects of water resource use between economic sectors, and the movement of commodities and
services using water is helpful in water conservation management, water use rationalization, and in strengthening water-
saving practices. The Heihe River is the second largest inland river basin in the northwest of China, and water scarcity is the
key problem for its sustainable development. The Zhangye city area, which is in the middle Heihe River Basin, is a pilot
area for water saving. For this reason, it was chosen as the research site for this study. To produce commodities and to
supply services an area needs water. Water-movements associated with the complex linkages among sectors are usually
ignored, however, in favor of measures of direct consumption. Studying the movement of commodities and services can
reveal the movement of water. In this study, an input-output resource analysis is integrated with an hypothetical extraction

method, to uncover the in-depth characteristics of the inter-sectoral patterns of water movement. Commodity input-output
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tables and water input-output tables were developed for Zhangye for the years 2000, 2002, 2005, 2007, 2010 and 2012.
Based on a mixed type input-output model of Zhangye, water resources for the period 2000—2012, a modified hypothetical
extraction method was applied to identify indicators and analyze the linkage effects among six economic sectors of Zhangye in
relation to water resource use. These sectors were the planting industry, livestock farming, other agriculture, industry,
construction, and service sectors. The results showed that: (1) by comparing direct water consumption with vertically
integrated sectoral water consumption, the direct water consumption of all sectors was not equal to the water required to meet
final demand in any of them. However, in view of the state of the economy, total direct water consumption in all sectors was
deemed equivalent to the total of water required to meet internal demand. With respect to the water resources transferred
among productive sectors, the planting industry consumes the largest amount of direct water, and of vertically integrated
water consumption. However, because vertically integrated consumption is less than direct water consumption, the planting
industry is a real net output sector with respect to water resources in Zhangye; (2) by measuring the internal effects, mixed
effects, net forward linkages and net backward linkages in the six sectors, compared with other sectors the internal effects
and mixed effects in the planting industry were the largest of all. In contrast, the net backward linkages in the service
industry were the largest determinant of inter-sectoral water consumption, which shows that this sector has the highest
dependency on other sectors; (3) in terms of the water resources transferred among sectors, the largest water resource
provider in Zhangye was the planting industry, and transferred a large amount of water to the service industry by
intermediate inputs ( the largest recipient of water). Conversely, the construction industry does not make net water transfers
to other sectors, but receives a certain amount of net water inputs from them. Thus, the construction industry is a “pure”
input sector; and (4) the internal effects, mixed effects, net forward linkages, and net backward linkages of the six sectors
were analyzed in terms of the Zhangye economic system between 2000 and 2012. These data show the dynamic linkages
relating to water use among industrial sectors, and indicates clearly that the key sector in terms of water use in the Zhangye
economic system is the planting industry. This paper argues that the linkage effects of water resource movements among
different sectors actually stem from the demand that transfers from one sector to another. Using a modified hypothetical
extraction method, and analyzing direct consumption and decomposing the components of water resources, this study could
more directly and clearly quantify the linkage relationships found between and within each industrial sector in relation to
water resources. This in turn revealed the regularity of industrial water consumption patterns, and therefore may provide a

new perspective on structural adjustment, and a more scientific basis for policy-making.

Key Words: linkage effect; hypothetical extraction method ; vertically integrated consumption; input-output model
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Table 1 Direct and vertically integrated water consumption of dirrerent industries in Zhangye in 2012

N ) e HoAth e B (TC

%51 Fl &R VBRI oy gy s FCre)
. Planting Livestock Other . . Total

Categories . . . Industry ~ Construction  Service .

industry farming agriculture consumption

HHEIHFER (DC) Direct consumption/ ( 10*m?) 211562 14874 7362 4166 965 515 239443

DC/TC 0.88 0.06 0.03 0.02 0.00 0.00

4 b 43

Jyk['ﬁl'%ﬁi{'ﬁﬁ(VIC)/( 10 m ) 189786 19737 10649 7127 3508 8635 239443

Vertically integrated consumption

VIC/TC 0.79 0.08 0.04 0.03 0.01 0.04

% (DC-VIC) Transfer/(10*m*) 21776 —4863 -3287 -2962 -2543 -8121

(DC-VIC)/DC 0.10 -0.33 -0.45 -0.71 -2.63 -15.78
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Table 2 Results of linkage effects of water use among sectors in Zhangye in 2012

ok L R T T
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Sector blocks . . . . . .
ranking ranking linkage/ranking linkage/ ranking

A Planting industry 188410/1 928/1 448/6 22223/1

F M0l Livestock farming 1454572 12/3 5180/2 317/4

HAbA . Other agriculture 6863/3 4/5 3782/4 495/3

Tk Industry 2088/4 36/2 5003/3 2042/2

FHl Construction 951/5 /6 2557/5 14/6

JIR45 k. Service 463/6 6/4 8167/1 46/5
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Table 3 Results of linkage decomposition among sectors in Zhangye in 2012
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Sector blocks . . . Industry Construction Service .
industry farming agriculture linkage
A Planting industry — 5006.24 3640.23 4786.17 1653.02 7137.50 22223.16
POl Livestock farming 29.03 — 15.29 152.19 44.75 75.49 316.75
HAhAge Al Other agriculture 9.81 4.18 — 48.48 227.87 204.21 494.55
Tk Industry 404.18 167.12 121.37 — 611.75 737.14 2041.56
@5 Construction 0.19 0.09 0.14 0.80 — 12.29 13.51
55\l Service 4.37 2.11 4.66 15.41 19.15 — 45.70
ST OCIE Net backward linkage 447.57 5179.73 3781.69 5003.06 2556.54 8166.63 —

HRAEE(13) K6 3 B mT BB 2R T A T K 0 U4 B8 (0 50 AL LA 1) (L 1) o RO 2 450
I IR R K IR R Al R G RS B AR T Tk A 22 5, Horp, DAY 5 8% 31 R 55l 1) 7K
Wi, N 713313 7 m’  HEOEFRER R & B0 /K &, 3 5 Tk i sk ol i AR 2 B B AF . 5340, T
AR ) BRFP AL Z AN R T 1420.49 7 m’ 7K 258 KRS HRTT . AR AR R« Al g ARTT, FhAE
A B WO ol Tl IR 55 Mk 43 5% Hidi A 1652.83 1 m® 44.66 77 m® 227.73 71 m® .610.95 J7 m’#l
6. 87 J7 m* /K&,

http ; //www.ecologica.cn



12 SEMEYe AR TR UL B9 R WA T L P A SGHR 3A 4221

Etulk 44.66
14.93 J3.39

a5l
1652.83
610.95 1 RN FER/ (X 10°m?)
— 7133.13 6.8 —» 0—10
l/ - — 11100
4381.99 AR 55k — 101—1000
Tolk 22773 — >1001
11.11 - /199.55
3630, 72.8
Hoptn gl

Bl1 2012 3K &K F RS E

Fig.1 The analysis of net water transfer among sectors in Zhangye in 2012
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Fig.2  The linkage effects of crop farming Fig.3 The linkage effects of livestock farming
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Fig.6 The linkage effects of construction
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