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ABSTRACT

The main purpose of this study was to explore factors affecting water use efficiency (WUE) by sector and find ways
to improve it. A new Multi-Sector and Multi-Factors Logarithmic Mean Divisia Index (MLMDI) decomposing model
was established in the paper. The model can decompose the change of WUE by sector into 14 factors definitely
which can reveal 10 kinds of technology and structure effects and include indirect impacts. Applied the MLMDI
model to Beijing, the affecting extent of 14 factors on WUE of 19 sectors during 2002-2007 were figured out. It was
found that during 2002-2007 the drop of export and transfer out ratio of agriculture, the increase of grain
production by unit of arable area had evident effects on improving water use efficiency by each sector. Industrial
structure adjustment and labor structure change among different sectors had small impact on improving water use
efficiency.
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INTRODUCTION

As the competition for the finite water resources earth increases due to growth in population dfideace,
industries are faced with intensifying pressuréniprove the efficiency of water use. The efficierafywater use
can be improved further through technological irat@mns, new policies and simple improvements irrafens. In
the 1930s and 1940s, steel production for exanypliedlly consumed up to 200-300 tones of waterntperof steel.
Today just 3-4 tons of wates required to do the same job in the most efficigants [1]. More and more water
suppliers and planning agencies are beginning toloex efficiency improvements to lessen pressures o
increasingly scarce water resources, reduce thersehecological effects of human withdrawals ofemnatnd
improve long-term sustainable water use [2-5].

The causes for the relatively low water use efficie by different sector are numerous and complesiuding
environmental, management, engineering, social enmhomic facets. The complexity of the problem,hwits
myriads of local variations, requires a comprehensionceptual framework as the basis to analyzeskigting
situation and quantify the efficiencies, and tonpdad execute improvements.

This paper constructed the framework of water resoinput-occupancy-output table as a basis toyjaedhe water
use situation by sector, provided a MLMDI modelfiod factors affecting water use efficiency by secand
applied the model to Beijing district. Since [6}roduced water input as a production factor (messim physical
units) in a traditional input-output model to eatiel the water requirements of the California econanput-output
analysis has become a popular tool to constructréimework connected water use and industrial dgreént and
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guantify water use efficiency. Within this framewp[7] studied the supply and demand balance faem@sources
in Shanxi Province of China. [8] developed a hydoconomic model by incorporating the water industiigo the

input-output table. [9] evaluated the internal effand the induced effect of water use efficiencySpain. [10]
established a number of indicators to evaluate e efficiency and study the intersectoral waddationships in
the economy of Andalusia. [11] provided an improirdex to evaluate water use efficiency by incogpiog fixed

assets effects.

To find the affecting factors of water use effiatgndecomposing analysis will be applied. There tare broad
categories of decomposition techniques: strucdeabmposition analysis (SDA) and index decompasitinalysis
(IDA) [12]. One advantage of SDA is that the inputtput model includes indirect demand effects—dehian
inputs from supplying sectors that can be attridute the downstream sector’'s demand. So that SDA ca
differentiate between direct and indirect demamtikile the IDA model is incapable of capturing iretit demand
effects before this research. There are severfdreift SDA decomposition forms to the same variablany
researches [13-19] made great contributions taldsgn and the improvement of the SDA method. Thdakhe
greater structural details in the input-outputéalDA has another advantage of being able tandissh between a
range of technological effects and structural efie@/hile SDA has some drawbacks in data limitafaml-O table
is often dray up every five years. IDA can be agplio any available data at any level of aggregatibis more
widely used owing to not high demand for data anelaisily handled with time series and pool data.

There are a variety of different indexing methduist tcan be used in IDA ([16], [20]). Several vattaaf the IDA
approach have been developed [21-23]. However,l&mge extent, selection of method seems to bdrarpiand
there is little consensus as to which one is thmesar method. [16] and [23-24] argued that thealithmic mean
divisia index (LMDI) method should be preferred dther decomposition methods with the advantagepatti
independency, ability to handle zero values andistency in aggregation. While to the literatureaaerned with
LMDI models we have ever reviewed, they usually ahegosed one index into 3-5 affecting factors like
technological effect and structure effect. Thestois were covering a wide range of meaning, wiiehe difficult
to be tracked and adjusted in practice. To relaxlimitations of the LMDI model, this paper provitl@ new
decomposing analysis model (MLMDI) with the aid input-output analysis. The paper is organized #evis.
Section 2 presents MLMDI model. Section 3 descridagset. Section 4 applies the model and predhats
calculation results. Section 6 gives conclusions.

MLMDI MODEL
The paper compiled 2002 and 2007 Beijing waterues |00 tables with the framework in [11]. Thealowvater

use coefficient Wt was applied to evaluated water use efficiency.ds$ defined as [11],
Iwt = lwd (1 - A-jD)™ 1)

where D represents the direct occupancy coeffisiemtrix of fixed assetsy is a diagonal matrix of fixed assets
depreciation rate.

Wt = Wt %y, )

whereyj is the final consumption of sectorv\jtj means the amount of water used directly and intlyreto
producey; .

In equation (2), f0r|Wtj >0, if y, <0 it will bewtj <g- It meanswt, /y,-:‘Wtj‘/‘yj‘ 3)

From equations (2) and (3), equation (4) can beicksdl

— _ _ 2 * N n * n * * . * * *

Wt =wg; 1y, —‘Wtj‘/‘yj‘—wdj /Zl:de*‘Wtj‘/de Yowd, /Y Va Yvava V&L LS YL Re RP/AAT AAIGP
j= j=1 j=1 j=

j=1 IES

GP/Wdl*Wdl/EXl*EX:l/iEXI*ZH:EXJ/EXJ*EXJ /‘yj‘ 4)(

=1 =

where Va, is the value added of sector |ij is the number of employees by sector j. RP issize of rural

population, AA is the arable land area, GP is gmwduction volume in the research yeavd, is the volume of
water used directly by sector EXJ- is the export and transferred out volume in mametarms of sector j.
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et "2 =t fwd, d o n 15, =Va, /L. , —L /S, 17=% ,
I, :Wd1/21WdJ 12, =|wt;|/wd, 13 = JElwdi Iy Va, ' 14, = l§1VaJ IVa, 15, =Va; /L, 16, =L,/ ,2—1 L; > L,/RP
< = = -

=1 j=1

18=RP/AA, 19= AA/GP, 110=GP/wd,, 111=wd,/Ex, 1127 g Sogy o+ 113, =3y 114 = Bx Uy
j= j=1

Then equation (4) can be rewritten awt, =11,* 12, *--*114, (5)

It means lwt, can be decomposed into 14 factors. The economiaimgaf them and the technology and structure
they represented were clear.

The change of total water use coefficient by sejc(gnmj) from time 0O to time 1 can be decomposed as falow

AWt = W = IWE)= 11 % 128 %% 145~ 110% 120 % .. %] 14°

=AIWE+AIWE' 2+ Al AT (6)
SetL, = (Iwt} — Iwt))/In(IWt; / IWt®) )
Then: AlWt=1 *In(Ik! /1k?) (=1, 2...n; k=1, 2...14) ®)
— 14 .
A'WtJ :ZAHTVtJ!k (]:1, 2n) (9)
k=1
Al\TVtJrSd =0 (J:]., 2n) (10)
DATA SOURCE

In the paper, Water Resource 100 tables of Beijing002 and 2007 were compiled. The input-outpbtets with
42 sectors published by Beijing Statistics Bureauweaaggregated to form tables with 19 sectors fgendix A)
for water data limitation, which highlighted watetensive sectors 1-10 [25].The direct water us& dar 4 main
sectors (agriculture, industry, domestic and emvitent) sourced from Beijing Water Bulletin 2002 &@D7. The
detailed direct water use data by industrial secteere deduced from [25] and [26] and Beijing W&saletin 2002
and 2007. The detailed direct water use data jatgrindustries were deduced from [27] and BeijMtater
Bulletin 2002 and 2007. The employees and the fakskts data was cited from Beijing Statistics B2@83, 2008
and Beijing Economic Survey 2008.

RESULTS

With |wtas an index to evaluate water use efficiency, eggMLMDI model, Alwt, (=1, 2...19) of Beijing from
2002 to 2007 can be decomposed into 15 parts gepardesults see Table 1(Only top 5 factors wisted).

Table 1 showed that, (1) For all sectors, 13 ar@dl dimost fell in top 5 impact factors, IF9 rankedthe top 3-8
affecting factors. These showed that reducing tinectl water use by unit value added had evidergcefbn
improving water use efficiency, which is very ewtlg but this verified the rationality of the modeWore
important, these told us that lower the export tradsfer out ratio of agriculture, increase theirgroduction by
unit of arable area had evident effects on imprgwimter use efficiency by each sector.

(2) 14 was the top 1 impact factor to sector 3,tth® 4 impact factor to sector 1, the top 7 imgactor to sector 6,
sector 10 and sector 16. To the other 14 sectbnwak ranked in the last 4 impact factor. Theseakd that adjust
industrial structure was not the best way to reduﬁej of most sectors during 2002-2007. [28] indicatedt th

industrial structure adjustment presented the gisiand of the contribution rate of water savingidg 1990-2000
years, the contribution was 29.5% during 1990-19%4i|e it was 46.1% during 1998-2000. After 200@ere was
little water saving potential by industrial struadjustment.

(3) 16 ranked in the top 3-7 impact factor to sect8, sector 7, sector 1, sector 12 and sectoif @4he other 14

sectors, 16 fell in the last 5 impact factor. Thesean that labor structure change among differectoss had small
impact on improving water use efficiency.
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(4) To all sectors, 18 ranked in the last 5 imgfactor. 17 fell in the top 4-9 impact factor, whishowed that control
the process of urbanization at a rational speedcamducive to water conservation.

Table 1: Thetop 5 factor s of AlWt, (j=1,2...19) and their contributionsAc ( Acl!k :AIWt}k/NWt )
]

SC| T1 | Ac | T2 |Ac| T3 | Ac | T4 | Ac | T5 | Ac

1 [ 112] 34| 113 34| 13] 34 114 32 19 2B
2 I3 |1 38| 112] 38| 19| 24§ 12| 2§ 71 2p
3 14 1 39| I3] 36| 112) 35 19| 24 11 2.p
4 I5 21| I3] 20| 112 1.9 19| 13 7 1.1
5 13 120 112] 2.0 113 14 19| 1 17 1p
6 [ 114 23| 13| 1.8 112/ 18 11 13 19 1p
7 I5 | 17| 114] 14| 13| 1.2 112 12 12 141
8 | 113 | 16| 114] 12| 5] 12 13 11 112 14
9 [ 114 39| 12| 38 13| 15 114 1% 19 1p
10| 12 | 27| 113] 1.6/ 114 109 I13) 08 112 0J7
11 ] 12|12 11| 10 13| 09 1142 09 19 0p
12 | 13 | 21| 112] 21 19| 14 17 12 110 1p
13 | 13 | 43| 112] 42| 6] 3.7 17] 25 110 20
14 | 13| 25| 13| 22 1120 234 120 19 114 17
15 | 114 | 26| 113] 23 13] 14 I5 16 112 16
16 | 114 25| 12| 15 3] 13 113 18 11 12
17 | 114| 80| 113] 79 13] 13 112 12 19 08
18 | 11 | 38| 13| 27| 112] 248 15 2. 17 1b
19 | 13 | 14] 112] 14 I5] 1.1 19] 09 11 0B

CONCLUSION

The paper established a new MLMDI decomposing mddet like the existed LMDI models, this model epable
of capturing indirect demand effects. It can decosepone index into 14 elements definitely by seuwtioich can
reveal 10 kinds of technological and structure affdike economic structure, labor structure, urlaad rural
structure, export and transfer out structure, diveater use structure, water use multiplier, prdiditg of labor,
water use intensity of agriculture et al. It is meoapable to distinguish between a range of teolgicd! effects and
structural effects than SDA method. Furthermoresthud these decomposing factors are easily to dekéd and
adjusted in practice. This modeling framework carektended to make energy, land and other natsalirces use
efficiency decomposition analysis in different i@ug.

Applied the model to Beijing, it is found that, thg 2002-2007 the drop of export and transfer @iior of
agriculture, the increase of grain production byt wf arable area had evident effects on improvivager use
efficiency by each sector. Industrial structureuatipent and labor structure change among diffeseators had
small impact on improving water use efficiency.
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Appendix A. Sector classification of the water resource (1 OO) tables of Beijing, Chinain 2002 and 2007

Sector 1, Agriculture, Forestry, Animal Husbandry & Fishery; Sector 2, Manufacture of foods; Sector 3, Manufacture of Beverage; Sector 4,
Manufacture of Raw Chemical Materials and Chemical Products; Sector 5, Manufacture of Medicines; Sector 6, Manufacture of Non-metallic
Mineral Products; Sector 7, Smelting and pressing of Ferrous Metals; Sector 8, Manufacture of Transport Equipment; Sector 9, Manufacture of
Communication Equipment, Computers and other Electronic Equipment; Sector 10,Production and supply of Electric Power and Heat Power;
Sector 11, Other industries; Sector 12, Commercial Industry; Sector 13, Hotels and Catering Services;, Sector 14, Scientific Research and
Integrated Technical Service; Sector 15,Education; Sector 16, Health, Social Security and Social Welfare; Sector 17, Public Management and
Social Organization; Sector 18, Management of Water Conservancy, Environment and Public Facilities; Sector 19, Construction and other
tertiary industries.
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