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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 on earth increases due to growth in population and affluence, 
industries are faced with intensifying pressure to improve the efficiency of water use. The efficiency of water use 
can be improved further through technological innovations, new policies and simple improvements in operations. In 
the 1930s and 1940s, steel production for example typically consumed up to 200-300 tones of water per ton of steel. 
Today just 3-4 tons of water is required to do the same job in the most efficient plants [1]. More and more water 
suppliers and planning agencies are beginning to explore efficiency improvements to lessen pressures on 
increasingly scarce water resources, reduce the adverse ecological effects of human withdrawals of water, and 
improve long-term sustainable water use [2-5].   
 
The causes for the relatively low water use efficiency by different sector are numerous and complex, including 
environmental, management, engineering, social and economic facets. The complexity of the problem, with its 
myriads of local variations, requires a comprehensive conceptual framework as the basis to analyze the existing 
situation and quantify the efficiencies, and to plan and execute improvements. 
 
This paper constructed the framework of water resource input-occupancy-output table as a basis to analyze the water 
use situation by sector, provided a MLMDI model to find factors affecting water use efficiency by sector and 
applied the model to Beijing district. Since [6] introduced water input as a production factor (measured in physical 
units) in a traditional input-output model to evaluate the water requirements of the California economy, input-output 
analysis has become a popular tool to construct the framework connected water use and industrial development and 
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quantify water use efficiency. Within this framework, [7] studied the supply and demand balance for water resources 
in Shanxi Province of China. [8] developed a hydro economic model by incorporating the water industries into the 
input-output table. [9] evaluated the internal effect and the induced effect of water use efficiency in Spain. [10] 
established a number of indicators to evaluate water use efficiency and study the intersectoral water relationships in 
the economy of Andalusia. [11] provided an improved index to evaluate water use efficiency by incorporating fixed 
assets effects.  
 
To find the affecting factors of water use efficiency, decomposing analysis will be applied. There are two broad 
categories of decomposition techniques: structural decomposition analysis (SDA) and index decomposition analysis 
(IDA) [12]. One advantage of SDA is that the input-output model includes indirect demand effects–demand for 
inputs from supplying sectors that can be attributed to the downstream sector’s demand. So that SDA can 
differentiate between direct and indirect demands. While the IDA model is incapable of capturing indirect demand 
effects before this research. There are several different SDA decomposition forms to the same variable. Many 
researches [13-19] made great contributions to the design and the improvement of the SDA method. Thanks to the 
greater structural details in the input-output table, SDA has another advantage of being able to distinguish between a 
range of technological effects and structural effects. While SDA has some drawbacks in data limitation for I-O table 
is often dray up every five years. IDA can be applied to any available data at any level of aggregation. It is more 
widely used owing to not high demand for data and is easily handled with time series and pool data.  
 
There are a variety of different indexing methods that can be used in IDA ([16], [20]). Several variants of the IDA 
approach have been developed [21-23]. However, to a large extent, selection of method seems to be arbitrary and 
there is little consensus as to which one is the superior method. [16] and [23-24] argued that the logarithmic mean 
divisia index (LMDI) method should be preferred to other decomposition methods with the advantages of path 
independency, ability to handle zero values and consistency in aggregation. While to the literatures concerned with 
LMDI models we have ever reviewed, they usually decomposed one index into 3-5 affecting factors like 
technological effect and structure effect. These factors were covering a wide range of meaning, which were difficult 
to be tracked and adjusted in practice. To relax the limitations of the LMDI model, this paper provided a new 
decomposing analysis model (MLMDI) with the aid of input-output analysis. The paper is organized as follows. 
Section 2 presents MLMDI model. Section 3 describes dataset. Section 4 applies the model and presents the 
calculation results. Section 6 gives conclusions. 
 
MLMDI MODEL 
The paper compiled 2002 and 2007 Beijing water resource IOO tables with the framework in [11]. The total water 

use coefficient twI was applied to evaluated water use efficiency. It was defined as [11],  
 

( ) 1ˆ −−−= DAIIwdtwI γ                                                                           (1) 

 
where D represents the direct occupancy coefficients matrix of fixed assets. γ̂  is a diagonal matrix of fixed assets 

depreciation rate. 
 

jjj ytwIwt *=                                                                                (2) 

 
where

jy is the final consumption of sector j.
jwt means the amount of water used directly and indirectly to 

produce
jy . 

 
In equation (2), for 0>jtwI , if 0<jy , it will be 0<jwt . It means,

jjjj ywtywt // =                          (3) 

 
From equations (2) and (3), equation (4) can be deduced. 
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where 

jVa  is the value added of sector j, 
jL  is the number of employees by sector j. RP is the size of rural 

population, AA is the arable land area, GP is grain production volume in the research year, 
1wd is the volume of 

water used directly by sector 1, 
jEx  is the export and transferred out volume in monetary terms of sector j. 
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Then equation (4) can be rewritten as, 

jjjj IIItwI 14**2*1 L=                                       (5) 

 
It means 

jtwI can be decomposed into 14 factors. The economic meaning of them and the technology and structure 

they represented were clear. 
 
The change of total water use coefficient by sector j (

jtwI∆ ) from time 0 to time 1 can be decomposed as follows. 

 

jtwI∆ = 01
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DATA SOURCE 
In the paper, Water Resource IOO tables of Beijing in 2002 and 2007 were compiled. The input-output tables with 
42 sectors published by Beijing Statistics Bureau were aggregated to form tables with 19 sectors (See Appendix A) 
for water data limitation, which highlighted water-intensive sectors 1-10 [25].The direct water use data for 4 main 
sectors (agriculture, industry, domestic and environment) sourced from Beijing Water Bulletin 2002 and 2007. The 
detailed direct water use data by industrial sectors were deduced from [25] and [26] and Beijing Water Bulletin 2002 
and 2007. The detailed direct water use data by tertiary industries were deduced from [27] and Beijing Water 
Bulletin 2002 and 2007. The employees and the fixed assets data was cited from Beijing Statistics Book 2003, 2008 
and Beijing Economic Survey 2008.  
 

RESULTS 
 

With twI as an index to evaluate water use efficiency, applied MLMDI model, 
jtwI∆ (j=1, 2…19) of Beijing from 

2002 to 2007 can be decomposed into 15 parts separately. Results see Table 1(Only top 5 factors were listed). 
 

Table 1 showed that, (1) For all sectors, I3 and I12 almost fell in top 5 impact factors, IF9 ranked in the top 3-8 
affecting factors. These showed that reducing the direct water use by unit value added had evident effect on 
improving water use efficiency, which is very evidently but this verified the rationality of the model. More 
important, these told us that lower the export and transfer out ratio of agriculture, increase the grain production by 
unit of arable area had evident effects on improving water use efficiency by each sector.  
 
(2) I4 was the top 1 impact factor to sector 3, the top 4 impact factor to sector 1, the top 7 impact factor to sector 6, 
sector 10 and sector 16. To the other 14 sectors, I4 was ranked in the last 4 impact factor. These revealed that adjust 
industrial structure was not the best way to reduce 

jtwI of most sectors during 2002-2007. [28] indicated that 

industrial structure adjustment presented the rising trend of the contribution rate of water saving during 1990-2000 
years, the contribution was 29.5% during 1990-1994, while it was 46.1% during 1998-2000. After 2000, there was 
little water saving potential by industrial structure adjustment.  
 
(3) I6 ranked in the top 3-7 impact factor to sector 13, sector 7, sector 1, sector 12 and sector 14. To the other 14 
sectors, I6 fell in the last 5 impact factor. These mean that labor structure change among different sectors had small 
impact on improving water use efficiency. 
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(4) To all sectors, I8 ranked in the last 5 impact factor. I7 fell in the top 4-9 impact factor, which showed that control 
the process of urbanization at a rational speed was conducive to water conservation.  

 
Table 1: The top 5 factors of 

jtwI∆ (j=1,2...19) and their contributions Ac ( Ik
jAc = Ik

jtwI∆ /
j

twI∆ ) 

 
SC T1 Ac T2 Ac T3 Ac T4 Ac T5 Ac 
1 I12 3.4 I13 3.4 I3 3.4 I4 3.2 I9 2.3 
2 I3 3.8 I12 3.8 I9 2.6 I2 2.9 I7 2.2 
3 I4 3.9 I3 3.6 I12 3.5 I9 2.4 I13 2.2 
4 I5 2.1 I3 2.0 I12 1.9 I9 1.3 I7 1.1 
5 I3 2.0 I12 2.0 I13 1.4 I9 1.3 I7 1.2 
6 I14 2.3 I3 1.8 I12 1.8 I1 1.3 I9 1.2 
7 I5 1.7 I14 1.4 I3 1.2 I12 1.2 I2 1.1 
8 I13 1.6 I14 1.2 I5 1.2 I3 1.1 I12 1.1 
9 I14 3.9 I2 3.8 I3 1.5 I12 1.5 I9 1.0 
10 I2 2.7 I13 1.6 I14 1.0 I3 0.8 I12 0.7 
11 I2 1.2 I1 1.0 I3 0.9 I12 0.9 I9 0.6 
12 I3 2.1 I12 2.1 I9 1.4 I7 1.2 I10 1.0 
13 I3 4.3 I12 4.2 I6 3.7 I7 2.5 I10 2.0 
14 I13 2.5 I3 2.2 I12 2.2 I2 1.9 I14 1.7 
15 I14 2.6 I13 2.3 I3 1.6 I5 1.6 I12 1.6 
16 I14 2.5 I2 1.5 I3 1.3 I13 1.3 I12 1.2 
17 I14 8.0 I13 7.9 I3 1.2 I12 1.2 I9 0.8 
18 I1 3.8 I3 2.7 I12 2.6 I5 2.0 I7 1.5 
19 I3 1.4 I12 1.4 I5 1.1 I9 0.9 I7 0.8 

 
CONCLUSION 

 
The paper established a new MLMDI decomposing model. Not like the existed LMDI models, this model is capable 
of capturing indirect demand effects. It can decompose one index into 14 elements definitely by sector which can 
reveal 10 kinds of technological and structure effects like economic structure, labor structure, urban and rural 
structure, export and transfer out structure, direct water use structure, water use multiplier, productivity of labor, 
water use intensity of agriculture et al. It is more capable to distinguish between a range of technological effects and 
structural effects than SDA method. Furthermore, most of these decomposing factors are easily to be tracked and 
adjusted in practice. This modeling framework can be extended to make energy, land and other natural resources use 
efficiency decomposition analysis in different regions.  
 
Applied the model to Beijing, it is 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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Appendix A. Sector classification of the water resource (IOO) tables of Beijing, China in 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. 


