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Abstract:

 China has been stressing the needs of promoting regional sustainable development through industrial transformation. In the northwest region of China, which is faced with both urgent socioeconomic development and fragile ecological conditions, with water scarcity being one of the major characters, the relationship between industrial transformation and water use efficiency ought to be investigated. This paper conducted an empirical analysis of industry transformation’s impact on water use efficiency by using the Input-output analysis. First, we compiled an extended Input-output table with water use account; Second, the input-output analysis model was built based on the extended Input-output table; Then, a counterfactual experiment was performed to document the water use efficiency caused by industrial transformation; Finally, water use efficiency of different sectors in both northwest region of China as a whole and its five provinces were calculated. The results show that water use efficiency of northwest region of China is improved by optimizing industrial structure. Also, sectors with low water use efficiency but huge improvement potential were found out. Then policy implications for regional sustainable development and water resources management are provided at the end of the article.
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1. Introduction

The optimization of the industrial structure and the transformation process directly influence the stability of national economic development [1,2,3,4]. Industrial transformation is the essential demand for economic prosperity, especially for less developed countries [5]. Here the term industrial transformation in this paper refers to the industrial structure adjustment. At the end of the twentieth century, western developed countries actively altered their national industrial structure, vigorously developed high technology industry to boost sustainable economic development [6]. Now under the background of economic globalization, the optimization and upgrading of the industrial structure of developed countries would lead irresistibly to worldwide industrial structure changes. Therefore, China should seize the opportunity to promote regional socioeconomic development via industrial transformation, especially in the Northwest region, which is characterized by scarcity of natural resources, fragility of ecological environment and lagged socioeconomic condition [7].

However, problems occur with this rapid economic growth, the industrial structure gradually shifts to high energy consuming industries, widening the gap between resources supply and demand [8,9]. Among them, the resources supply of land, water, energy, minerals and labor is in sharp conflict with the demand of economic development [10,11]. The resources supply cannot satisfy the current economic development [12,13]. Thus, in order to achieve sustainable development, ecological concerns, especially, for water use, must be taken into account during the industrial transformation process.

Researchers believed that socioeconomic development might affect water resources and water use [14,15]. The issue of water scarcity under conflicting demands for water and potential solutions to sustain both ecological and economic development under future climate and global changes is an important issue in river basin management [12,16,17,18]. Therefore, in this study we aim to analyze water use efficiency change brought by industrial transformation to provide reference for river basin water resources management. And in this research we use the marginal gross output value (thousand CNY/m3) produced by one more cubic meter’s water consumption in each sector to represent the water use efficiency.

In order to build the connection between the production of goods and exchange of materials between economic sectors, many researchers introduce Input-output (I-O) tables into their studies. The I-O table method was first developed by Leontief in the 1930s, which is a top-down economic technique based on sectoral monetary transaction data to account for the complex interdependencies burdens associated with the consumption of products [19]. After that, the I-O table method was extended and applied in various kinds of research areas to analyze and solve social economic problems of utilization of resources and environment for sustainable development [20,21,22]. Different with other efficiency assessment models, such as DEA (Data Envelopment Analysis) model [23,24,25], the I-O table method could clearly describe the energy flow among different sectors, especially for water consumption.

To evaluate the water use efficiency changes, we adopt the I-O table of the year 2002 and 2007 to generate the water consumption index inventory. In this way the water account is added to the I-O table to quantitatively analyze the relationship between industrial transformation and water use efficiency. Then we aimed to seek out the low efficiency and come up with the countermeasure to increase the water use efficiency. In this study, we pay more attention to the secondary industry sector by refining the secondary industry sector because of the different characteristics of the three sectors.

The rationale behind the choice of the study area lies in that the northwest region of China, which has long been characterized by water shortage, faces severe conflicts between water supply decrease and the demand increases under the increasing economic construction for urbanization. The economic development in arid regions is circumscribed by water resources [26]. In this status quo, it is necessary to understand the water resources allocation in each industry during the regional economic development and industrial transformation. And in order to facilitate the socioeconomic analysis, we defined the region with the administrative boundaries and selected the five provinces, including Shanxi, Gansu, Qinghai, Ningxia and Xinjiang, as the study area.

In the following part of this paper, we first introduce materials and methods, which cover the study area with the focus on the industrial structure, data used in this study, the application of I-O analysis, and the counterfactual experiment for probing the relationship between industrial transformation and water use efficiency. Then the results are presented to give the main research findings of the I-O analysis. Subsequently, discussions were made based on the results. The conclusion and recommendations are reached to conclude this study and provide potential policy references.



2. Materials and Methods


2.1. Study Area

The northwest region is the arid and semi-arid region in the inland China, which accounts for 32.2% of the gross area of China. This region is scarcely populated, has a lack of water, and fragile in ecological environment. However, the abundance of land, energy and mineral resources make this region one of China’s most important reserve bases to guarantee sustained and stable development of the national economy. The structure of the three major industries is quite similar in the five provinces in the northwest region. Because of China’s western development program, the economic structure of the five provinces present a similar trend that agricultural labor occupies the majority of the work force, industry accounts for a larger proportion of output value and service industry is gradually expanding.

In recent years, the growth rate of the gross domestic product (GDP) in this region is higher than the average level of the whole country, while the gap with the eastern coastal area is still enlarging. The economic development should not solely rely on government input and preferential policies, instead the economy efficiency and competitive advantage of industry sector should be utilized. Therefore, the optimization and upgrading of industrial structure are crucial for this region.



2.2. Data

In our study two kinds of I-O tables are used, the regional ones and the provincial ones. We use the regional IO table of 2002 and 2007 to analyze the effect of water use efficiency change caused by industrial structural transformation in the whole northwest region of China, which are compiled by State Information Center [27]. The regional tables include 29 sectors, 1 is in agriculture, 24 of these are in industry, 1 in construction, 2 in transport and communication and warehousing industry, and 1 in other services. China is divided into eight regions based on geographic, agro-climate, and demographic characteristic and economic development levels, while the regionalization is consolidated with provincial-level administrative boundaries. Thus, published regional input-output tables are based on administrative regionalization. In order to analyze the water use efficiency among different provinces in the northeast region of China, we use provincial input-output tables of the five provinces of 2007 as well, which are compiled by the State Statistical Bureau of China [28]. Forty-two sectors are included in the provincial tables, and among these sectors, 1 is in agriculture, 24 are in industry, 1 in construction, 2 in transport and communication and warehousing industry, and 15 in other services.

Industrial water consumption in different sectors of the economy for the northwest region of China is needed in our study, we obtain the data from the China Economic Census Yearbook 2008 [29], which are categorized by provinces and compiled into 41 industries sectors. As to the industrial water consumption in agriculture and service sectors, they are not recorded in the China Economic Census Yearbook 2008, so we collected them from the Statistical Yearbook 2008 of the five provinces. As a result, we have the industrial water consumption of 43 sectors. We combine the 29-sector regional I-O tables with the 43-sector industrial water consumption, coming out with a 16-sector reclassified I-O table coupled with industrial water consumption for the sake of data availability and consistency, which includes 1 agriculture sector, 14 industrial sectors and 1 service sector considering that we focus more on the secondary industry (Table 1 Code). Similarly, we combine the 42-sector provincial I-O tables with the 43-sector industrial water consumption into a 26-sector reclassified I-O table coupled with industrial water consumption on the basis of the 16-sector reclassified I-O tables we previously made (Table 1 Subcode). The water price of the northwest region of China is also needed in order to analyze the water use efficiency, it is collected from the China Water Net [30], which includes monthly water price in each city of the five provinces in 2007. Given the data structure of I-O tables and industrial water consumption, we calculate the annual mean water price of the five provinces as the water price in the study (Table 2).

Table 1. Industrial water consumption in different sectors of the economy for the northwest region of China in 2007 (in million cubic meters (106 m3)).


	Name
	Abbreviation
	Shaanxi
	Gansu
	Qinghai
	Ningxia
	Xinjiang
	Northwest





	Primary Industry
	PrimIndu
	5551
	9853
	2050
	6480
	47,844
	71,778



	Coal extraction & washing
	CoalExtWash
	24.1
	22.28
	1.15
	26.92
	16.15
	90.6



	Petroleum and gas extraction
	PetrGasExt
	69.72
	13.27
	19.49
	0.27
	333.93
	436.68



	Metal extraction
	MetaExt
	17.05
	8.47
	6.52
	0.03
	11.92
	43.99



	Non-metal extraction
	NonmExt
	0.59
	0.46
	1.55
	0
	4.66
	7.26



	Food, beverages & tobacco
	FoodBeveToba
	33.3
	39.38
	4.04
	8.59
	39.49
	124.8



	Textile
	Texti
	13.84
	1.89
	0.24
	0.69
	9.19
	25.85



	Leather products & apparel
	LeatProAppa
	0.2
	0.97
	0.03
	0.09
	1.02
	2.31



	Wood products & furniture
	WoodProFurn
	0.13
	0.2
	0
	0.04
	0.53
	0.9



	Paper, paper products & printing
	PapeProPrin
	32.52
	10.2
	0.15
	60.48
	16.62
	119.97



	Petroleum, coking & nuclear fuel products
	PetCokNucPro
	26.53
	57.38
	2.3
	8.51
	60.19
	154.91



	Industrial chemicals
	InduChem
	105.49
	76.46
	40.83
	46.9
	119.48
	389.16



	Non-metallic mineral products
	NonmMinePro
	17.04
	21.02
	2.45
	4.53
	16.53
	61.57



	Metal smelting & rolling products
	MetaSmeRolPro
	48.64
	162.04
	33.23
	21.52
	58.41
	323.84



	Metal products
	MetaPro
	1.73
	0.81
	0.25
	2.06
	1.06
	5.91



	Machinery and equipment
	MachEqui
	21.03
	7.44
	2.55
	4.3
	0.88
	36.2



	Transport equipment
	TranEqui
	22.82
	3.91
	0.01
	0.01
	0.27
	27.02



	Electric Equipment and Machinery
	EleEquMac
	6.3
	1.73
	0.04
	1.19
	0.55
	9.81



	Communication equipment, computers & other electronic equipment
	CommEquComEqu
	16.16
	2.09
	0
	0
	2.54
	20.79



	Instrumentation & cultural office machinery manufacturing
	InstCultManu
	1.28
	0.07
	0.04
	0.39
	0.01
	1.79



	Handicrafts and other manufacturing
	HandOthManu
	1.14
	38.79
	0.26
	0
	0.01
	40.2



	Waste recycling
	WastRec
	0.16
	0.13
	0
	0
	0
	0.29



	Electricity and heat production and supply industry
	EleHeaProSup
	136.65
	207.63
	8.94
	81.94
	555.93
	991.09



	Water and gas production and supply industry
	WatGasProSup
	0.2
	0.86
	0
	0.07
	0.2
	1.33



	Construction
	Constru
	0.83
	67.34
	472.99
	83.76
	170.55
	795.47



	Tertiary industry
	TertIndu
	1434
	1057.46
	341
	267.9
	162
	3262.36





Notes: (a) Data source is China Economic Census Yearbook 2008 [29] with some calculation; (b) We only illustrate the industry water consumption of 2007 in accordance with the counterfactual experiment introduced in the Section 2.4. A counterfactual experiment part below.




Table 2. Water price of northwest region of China in 2007 (CNY/m3) (in 2007 CNY).








	
	Primary Industry
	Secondary Industry
	Tertiary Industry





	Shaanxi
	0.1
	2.6
	2.6



	Gansu
	0.1
	1.75
	1.75



	Qinghai
	0.1
	1.38
	1.38



	Ningxia
	0.1
	2.1
	2.1



	Xinjiang
	0.1
	1.57
	1.57



	Mean for Northwest of China
	0.1
	1.88
	1.88





Notes: (a) Data source 1, the water price of primary industry, come from Xiangzheng Deng et al. [31]; (b) Data source 2, the water price of secondary industry and tertiary industry, come from the China Water Net [30] with certain calculation; (c) We only illustrate the water price in 2007 here as there is little variation of water price from 2002 to 2007.










2.3. I-O Table Analysis

I-O analysis is a kind economic quantitative analysis method, which synthetically and systematically analyzes the quantitative dependence relationship among each national economy sector and each process of reproduction, by compiling I-O table and establishing relevant I-O table analysis model under the guidance of economic theory [32]. It is an important analysis tool for complex associations, which combines economics and mathematics on the basis of Computable General Equilibrium (CGE) theory, absorbing the economic activities’ correlation idea of CGE and the idea of mathematics to describe the correlation by algebraic simultaneous equations.

There are two kinds of important equilibrium relationship in an I-O table (Table 3). Firstly, the sum of each row is equal to the sum of each column, which means that the amount of the production produced by each sectors and allocated into other sectors of national economy are equivalent (the import and export is irrespective), in other words, the value and use value of the production produced by each sector are equal. Meanwhile, the sum of the first quadrant and the second quadrant are equal to the sum of the first quadrant and the third quadrant, which means the amount of production and the amount of allocation are equivalent in the whole society. Secondly, the sum of the second quadrant is equal to the sum of the third quadrant, which means that the national income that society created is equal to the one that the society final used in a period.


Table 3. Fundamental forms of I-O table.
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In order to combine the economic value and the resource data within a consistent methodological framework, we extend the I-O tables by a set of water accounting scheme that represents industrial water consumption for each sector (Table 4). The row of the enlarged I-O tables is the same as the traditional one consists of intermediate product, final use, and gross output. While the line of the enlarged I-O table, which is also the input part, includes the industrial water consumption account and the traditional part that consists of the consumption of the intermediate product and the input of initial production factors. As, is mentioned before, the industrial water consumption account is embedded into tables with the categories of industrial sectors. In addition, the industrial water consumption account is in physical unit and monetary unit, respectively, for the sake of different analysis.

Table 4. A schematic presentation of the extended I-O table.








	
	Sectors of the economy
	Final demand
	Gross output





	Sectors of the economy
	Xij
	Yi
	Xj



	Added value
	Nj
	
	



	Total input
	Zj
	
	



	Industrial water consumption
	Kj
	Ri
	Qi








Among the enlarged I-O table, Xij represents the consumption value of i industry sector, which is consumed by j industry sector; Kj represents the industrial water consumption of j industry sector; Nj means the newly-increased value, including labor payment and social net income produced during the producing of j product by i industry sector; Yi means the final product value of i industry sector; Xj represents the gross output value of j industry sector; Zj means the total input value during the producing of j industry sector; Ri represents the gross industrial water consumption of the final demand field; Qi represents the gross industrial water consumption of the gross output of each industry sector.



On the basis of enlarged I-O tables, we need to calculate four kinds of coefficient to build our I-O analysis to analyze the water use efficiency, the direct consumption coefficient, the full demand coefficient, the influence coefficient and the response coefficient.

The direct consumption coefficient is calculated by the following formula:



[image: there is no content]



(1)




While the direct consumption coefficient matrix is expressed as:



[image: there is no content]



(2)




Equation (3) establishes the connection between production and gross output:



[image: there is no content]



(3)




Then we fit direct consumption coefficient in Equation (3), and express (3) in matrix form, we get:



[image: there is no content]



(4)




Therefore, Equation (4) can be written as:



[image: there is no content]



(5)




where I is the unit matrix, and (I – A) is the so-called Leontief multiplier matrix.
Further deformation of Equation (5), we get the fowling equation:



[image: there is no content]



(6)




where (I − A)−1 is the full demand coefficient matrix (B matrix), which means the gross demand value of gross output from the unit of final production, it can be expressed as:


[image: there is no content]



(7)




The influence coefficient is defined as follow:



[image: there is no content]



(8)




where [image: there is no content](j = 1, 2, …, n) represents the influence of j sector, which means the demand for the gross output of the national economic sectors from j industry sector per increase of the unit of final output. And [image: there is no content] (j = 1, 2, …, n) means the social average influence. The greater the value of rj, the stronger influence of j industry sector holds. If rj = 1, then the influence of j industry sector is equal to the social average influence, which means the influence of j industry sector is neutral; If rj ˃ 1, then the influence of j industry sector is greater than the social average influence, which means the influence of j industry sector is promotion; If rj ˂ 1, then the influence of j industry sector is less than the social average influence, which means the influence of j industry sector is slack up.
Similarly, response coefficient is defined as follow:



[image: there is no content]



(9)




where, [image: there is no content] represents the response of i industry sector, which means the increase output of i industry sector when the gross final output of the national economic sectors increase an unit. And [image: there is no content](j=1,2, …n) means the social average response. The more intermediate consumption value an industry sector can supply to other sectors, the greater value of the response it holds. If [image: there is no content]= 1, then the response of i industry sector is equal to the social average response, which means the response of i industry sector is neutral; If si ˃ 1, then the response of i industry sector is greater than the social average response, which means the response of i industry sector is a strong restriction; If si ˂ 1, then the response of i industry sector is less than the social average response, which means the response of i industry sector is weak restriction.
According to Table 4 and from the respective of production balance and industrial water consumption balance, we can get the balance equations of each industry sectors following:



[image: there is no content]



(10)
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(11)






[image: there is no content]



(12)




where, n is the number of sectors.
Here we fit direct consumption coefficient to the balance equations, we get the following equations:



[image: there is no content]



(13)
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(14)




Here we specify kj as the industrial water consumption coefficient of j industry sector, wj as the adjustment range of the value of j industry sector, which reflects the readjustment of the industrial structure. Assume that direct consumption coefficient is constant, if the value of j industry sector increase or decrease, it will inevitably lead to an increase or decrease of intermediate inputs, therefore cause an increase or decrease of gross output of the sector itself and other sectors. If Xj increase or decrease wj, then the change of gross output of the sectors caused will be:


[image: there is no content]



(15)




Here we assume that the industrial water consumption coefficient is constant, and we specify ΔEj as the increase or decrease of the industrial water consumption caused by the increase or decrease of the gross output of j industry sector (wj), then ΔEj can be calculated by the following equation:



[image: there is no content]



(16)




where, kj is the industrial water consumption coefficient of j industry sector, which means the industrial water consumption consumed per unit gross output of j industry sector, it can be calculated by:


[image: there is no content]



(17)




where, kj is the water consumption of j sector.
Here we define the industrial water use efficiency of j industry sector caused by industrial transformation as the marginal gross output value produced by one more cubic meter’s water consumption of j industry sector. Therefore, the water use efficiency of j industry sector can be written as the following under the circumstance that the direct consumption coefficient and the industrial water consumption coefficient are constant:



[image: there is no content]



(18)




Meanwhile, we define the indirect promote coefficient of water resource in j industry sector as Mj, which represents the indirect promote capacity of water use to other sectors by j industry sector, it can written as following:



[image: there is no content]



(19)




where 1/Ej is the reciprocal of water use efficiency, called the total water use coefficient, which means the total water use value per gross output of j industry sector.
Above is the I-O analysis model of northwest region of China we built through I-O table with water consumption account, which we can use it to analyze the mutual influence between national economy increase and the water use efficiency of industry sectors, and to research the input-output relationship between the gross output and gross demand of the macro economy and the water use efficiency of industry sectors.



2.4. A Counterfactual Experiment

In particular, it is true that water use efficiency is also correlated with climate and other unobservable factors. Yes, factors like the climate will affect the water consumption amount in primary industry greatly. And it is obvious that water use efficiency of primary industry is quite large compared to other sectors. So what we really want to probe in this research is the relationship between industrial transformation and water use efficiency, especially on the industrial sectors. To make this point clear, we perform a simple counterfactual experiment to document the role of industrial transformation in accounting for water use efficiency. We ask what would have happened before industrial transformation (that is in 2002) if the climate factors were eliminated.

For before the industrial transformation in 2002, we replace the industrial water consumption in different sectors of the economy of the northwest region of China with the counterpart water use consumption after the industrial transformation in 2007. In this way, we got the counterfactual experiment before industrial transformation in 2002, and we regard the situation in 2007 as the actual experiment. To simplify the analysis and to make it more understandable, we use the situation in 2002 and 2007 instead of the counterfactual experiment and the actual experiment in the following analysis.




3. Results and Discussion

After building the I-O analysis model, we get the water use efficiency by industry sectors of the northwest region of China in 2002 and 2007 for analyzing the impact of water use efficiency caused by industrial structure transformation. Furthermore, in order to carry on the comparative analysis among the five provinces of northwest region of China, we also obtain the counterpart of results and analysis of the five provinces in 2007.


3.1. The Water Use Efficiency of the Northwest Region of China

Figure 1 presents the water use efficiency of 16 industry sectors of northwest region of China in 2002 and 2007. By water use efficiency here we mean the marginal gross output value (thousand CNY) produced by one more cubic meter's water consumption in each sector. From the picture, we can see that water use efficiency of the northwest region of China in 2007 is higher than the water efficiency in 2002 in every industry sector, which means the industrial structure transformation in the northwest region of China has got a positive impact on improving their industrial water use efficiency. However, the degree of impact is different in different industry sectors. Basically, the water use efficiency of primary industry is the lowest among the three industries, both in 2002 and 2007, and its improvement caused by industrial structure transformation is as apparent as the improvement in the secondary and tertiary industry. To some extent, this result is reasonable. It is well known that the primary industry costs plenty of water in irrigation and other procedures of product production, while its gross output value is much lower compared with the other two industries. Nonetheless, in order to maintain the industrial structure balance among the three industries, we could neither reduce the proportion of the primary industry simply arbitrarily, nor count on the same water use efficiency as the other two industries. Consequently, in this study, we focus more on the analysis of the impact on water use efficiency of the secondary industry and the tertiary industry caused by industrial structure transformation. This is also one of the reasons we classified the industry sectors in that way.

Figure 1. Water use efficiency of northwest region of China in 2002 and 2007 (in 2007 thousand CNY/m3).
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Figure 1 also shows that the rank of water use efficiency of industry sectors does not have a remarkable difference between 2002 and 2007. As is shown in the input-output tables of 2002 and 2007, the percentage of the primary industry and the tertiary industry of the northwest region of China is decreased while the counterpart of the secondary industry is increased from 2002 to 2007. The consequence of this kind of industrial structure transformation is the overall improvement of the water use efficiency, which is shown in Figure 1. For further analysis of the specific effect of different sectors in the secondary industry on water use efficiency, we make a rank of water use efficiency by industrial sectors both in 2002 and in 2007, which is also represented in Figure 1. The transport equipment, electric apparatus and communication equipment, and the machinery and equipment sectors are the top three sectors among the 16 sectors in water use efficiency rank both in 2002 and 2007, which means that these three sectors have relatively higher water use efficiency in the northwest region of China. On the contrary, the bottom three sectors for water use efficiency are electricity; gas and water production; and supply industry, food, beverages and tobacco and electricity, gas and water production and supply industry both in 2002 and 2007 but with a little variation, if we do not consider the lowest water use efficiency industry sector—the primary industry. The water use efficiency of the tertiary industry of the northwest region of China is a little bit low both in 2002 and 2007, which ranks the fourth from bottom and the fifth from bottom among the 16 sectors in 2002 and 2007, respectively. The proportion of some sectors with high water use efficiency increased among the five years, which brought the promotion of the water use efficiency of the whole industry. For example, compared with 2002, the percentage of metal products sector rises 3.85% in 2007, and the sector is in the fourth place among the water use efficiency rank, which contributes to the improvement of the whole sectors’ water use efficiency to some extent.

In the actual process of production, the water resource consumption of a sector should consist of the direct water use amount and the indirect water use amount. The direct water use amount is the direct consumption of water resource in the production process, while the indirect water use amount means the consumption of water resource provided by other sectors for the need of the sector’s production. For example, the direct water use amount of the primary industry is the consumption of water resource in the process of agricultural products production, mainly including farmland irrigation and the water consumption of freshwater agriculture, etc. While the indirect water use amount of the primary industry is highly correlated to other sectors, such as industrial chemicals, for example, agriculture production needs fertilizer, pesticide and other chemistry products produced, which are produced by industrial chemicals, so the consumption of water resource consumed for the products used by primary industry by industrial chemicals belongs to the indirect water use amount of the primary industry. Consequently, the indirect water use amount of an industry sector means the indirect promotion of water resource by the sector, which could be quantified by the indirect promote coefficient of water resource.

By calculating the indirect promote coefficient of water resource in each sector, we found some sectors had high indirect promote coefficients of water resource, even though their direct water use amount are little. Through the analysis of the indirect promote coefficient of water resource and the water use efficiency coefficient we could identify the most noteworthy sectors, which promote the consumption of water resource. Figure 2 shows the total industrial water use coefficient and the indirect promote coefficient of water resource by sectors of the northwest of China in 2002 and 2007. The cross axle represents the 16 sectors, the vertical axis represents the total industrial water use coefficient, while the size of the bubble represent the indirect promote coefficient. Data in Figure 2 show that the primary industry not only has the most amount of direct water consumption, but also has the most promote in water resource to other sectors. Among the secondary industry, food, beverages and tobacco, textiles, apparel and leather and wood products and furniture are the top three sectors both in direct water use and the indirect promote of water resource to other sectors. Besides, other manufacturing and electricity and gas and water production and supply industry has less water consumption than other sectors, but with large indirect promote in water resource to other sectors, which should also be paid attention.

Figure 2. The total industrial water use coefficient and the indirect promote coefficient of water resource by sectors of northwest of China in 2002 and 2007 (m3/ in 2007 thousand CNY). TWUC stands for the total industrial water use coefficient.
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3.2. The Water Use Efficiency of the Five Provinces

The results above reflect the water use efficiency in the whole northwest region of China, in order to compare the water use efficiency among the five provinces of the northwest region of China, we refine the sectors into 26 sectors based on the 16 sectors, and carry out the analogous calculation of the five provinces in 2007. The results indicate that water use efficiency shows up significant difference in sectors among the five provinces (Figure 3). What the common point of the results in the five provinces is that their water use efficiency of primary industry is almost the lowest among the 26 sectors. This is reasonable because of the characteristics of primary industry. Besides, the water use efficiency of primary industry in the whole northwest region of China is also the lowest among the 16 sectors. Among the five provinces, the highest water use efficiency, of which is in Shaanxi Province, while the lowest of which is in Ningxia province. What is more, the results also show that the water use efficiency of the tertiary industry is not high in all of the five provinces, the water use efficiency of which in Xinjiang province is the highest, while the lowest of which appears in Ningxia province. From Figure 3, we can see that the real distinction of water use efficiency is performed in the secondary industry.

Figure 3. Water use efficiency of the five provinces of northwest region of China (in 2007 thousand CNY/m3).
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In Shaanxi province, the top five water use efficiency sectors are instrumentation and cultural office machinery manufacturing, metal products, water recycling, electric equipment and machinery, and transport equipment, which mainly belong to the manufacturing industry. These high water use efficiency sectors are mainly because Shaanxi province is mainly focusing on the development of chemistry engineering, energy, and manufacturing. While the five lowest sectors in water use efficiency are paper, paper products and printing, industrial chemicals, primary industry, textile, electricity and heat production, and supply industries. The water use efficiency of the last two sectors is even lower than the primary industry. In Gansu province, the top three water use efficiency sectors are wood products and furniture, metal products, and non-metal extraction. This kind of water use efficiency structure is decided by the industrial structure of Gansu province. Because Gansu province is rich in natural resources, its key sectors are raw materials processing industry, mining, and quarrying industries. While the three lowest water use efficiency industrial sectors are primary industry, paper, paper products and printing, handicrafts, and other manufacturing. This is decided by the industrial natural endowment; in other words, these low water use efficiency sectors have huge potential for improving water use efficiency. In Ningxia province, the top three water use efficiency sectors are non-metal extraction, wood products and furniture, handicrafts, and other manufacturing. While the lowest three water use efficiency sectors are petroleum, coking and nuclear fuel products; petroleum and gas extraction; paper, paper products and printing; since the proportion of resources processing industries are higher while the service industries are lower.

In Qinghai province, the water use efficiency is also highly correlated with industrial structure. Among the 26 sectors, wood products and furniture, metal smelting and rolling products, and metal products industries keep the highest water use efficiency, while the lowest ones are petroleum and gas extraction, and petroleum, coking and nuclear fuel products. Like other provinces, the water use efficiency of primary industry is relatively low. Since its tertiary industry does not account for too much among the whole sectors, the water use efficiency of it is also low, which is just 0.13 in 2007 thousand CNY/m3 higher than that in primary industry. As to Xinjiang province, since with certain resources advantages and industry foundation, the water use efficiency of tertiary industry and some secondary industrial sectors are relatively high, some of which are the highest among the five provinces. Tertiary industry, for instance, keeps the highest water use efficiency in the southwest region of China, which is 0.46 2007 thousand CNY/m3. The top three water use efficiency of sectors are metal products; electric equipment and machinery; handicrafts, and other manufacturing sectors. The water use efficiency of primary industry is really low, which is only 0.04 2007 thousand CNY/m3 and it is nearly the lowest one among the five provinces. The lowest three industries with water use efficiency are paper, paper products and printing; primary industry; and electricity and heat production and supply industry; among the 26 sectors.



Similarly, we analyzed the indirect promote coefficients of water resource by sectors of the five provinces in 2007 for better research (Figure 4). Figure 4 indicates that all five provinces not only have high direct promote coefficients, but also high indirect promote coefficient of primary industry, which is determined by the product features of primary industry. While the situation is a little bit different in tertiary industry, which has low direct promote coefficients but high indirect coefficients in all five provinces, which is also caused by the characters of tertiary industry. In this study, we focus more on the indirect promote coefficient of water resource of secondary industries. In Shaanxi province, the direct and indirect promote coefficient of food, beverages and tobacco sectors are both the highest among the secondary industry sectors. While textile and construction sectors have low direct promote coefficients but high indirect promote coefficients. In Gansu province, both the direct and indirect promote coefficient of handicrafts and other manufacturing and food, beverages and tobacco sectors are the highest among the secondary industry sectors. While construction and electric equipment and machinery sectors have low direct promote coefficients but high indirect promote coefficients. In Ningxia province, the value of direct promote coefficient and the indirect promote coefficients of secondary industry sectors are nearly homologous. In Qinghai province, both direct and indirect promote coefficients of food, beverages and tobacco and petroleum and gas extraction sectors are relatively high. While construction and Transport equipment sectors have low direct promote coefficients but high indirect promote coefficients. In Xinjiang province, both the direct and indirect promote coefficients of textile and food, beverages and tobacco sectors are relatively high among the secondary industry sectors. While electricity and heat production and supply industry and petroleum and gas extraction sectors have low direct promote coefficients but high indirect promote coefficients.

Figure 4. The indirect promote coefficient of water resource by sectors of the five provinces in 2007 (m3/thousand CNY) (in 2007 CNY). TWUC stands for the total industrial water use coefficient.
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4. Conclusions


4.1. Summary

With the help of input-output tables of 2002 and 2007 and the basis of previous researches, this study gave a new method to calculate and analyze water use efficiency by adding the water account to the traditional input-output table. This kind of method has been used in many researches in the past, but most of them just classify the whole industry into three big sectors, which is not convincing enough, and makes it hard to find out the real problems. The different with other researches is that we refine the secondary industry into 24 sectors in this study, which is highly requested for data collection. Further studies could be done to better understand the relationship between industrial structure and water use efficiency, and eventually to improve water use efficiency on the whole. Also, the method should be further improved by considering the practical situation of study areas under the basis of previous studies and attention ought to be paid to the connection between input-output analysis and water resource economics.

From the results of water use efficiency of different sectors and the analysis of the direct and indirect promote coefficients of water resources, some conclusions could be drawn. Firstly, the water use efficiency of primary industry are the lowest among the three industry sectors not only in the northwest region of China but also in its five provinces, which is similar to other regions in China compared with other researches with different methods [33,34,35]. Secondly, the water use efficiency of secondary industry sectors is quite different, which is determined by its industrial structure and the natural resource allocation. Thirdly, sectors with low direct promote coefficients could have high indirect promote coefficient, such as textile and construction sectors. These kinds of sectors should also be paid more attention; except for sectors with both high direct and indirect promote coefficients. Finally, because of the exit of the indirect promote of water resources by other sectors, the industry transformation do have certain impacts on water use efficiency of sectors, which are also proved by the results of 2002 and 2007.

Still, our research is not perfect; some further researches could be done. Though we have taken the water consumption occurring among various sectors into consideration by calculating the indirect water use coefficient, we did not include the counterpart occurred between the whole region of China and of the five provinces of the northwest region of China due to the limitation of trade data. Besides, it is rational that some other factors would also account for water use efficiency. Though we have eliminated those factors when performing the counterfactual experiment, we can still take into account those factors to take responding measures to improve water use efficiency in real situations.



4.2. Policy Implications

Given that the northwest region of China is faced with both urgent socioeconomic development and fragile ecological condition, and water scarcity is one of the major characters there, to improve water use efficiency is a necessity. According to the results and analysis above, some policy implications for regional sustainable development and water resources management are provided.

Firstly, industrial structure optimization should still be taken until the industrial structure is beneficial for both social economic development and the sustainable development of environment. Though the proportion of secondary industry keep rising recently—it even occupies the greatest proportion in some provinces—the proportion of the tertiary industry still need to be improved.

Secondly, improving the water use efficiency of low-efficiency industry sectors with by popularizing water saving technology, especially for primary industry. As is indicated form the results, water use efficiency of primary industry is quite low, and the indirect promote coefficients is really high, there are more potential in improving the water use efficiency. Therefore, we could improve water use efficiency of the whole industry starting from improving water use efficiency of the primary industry.

Finally, more attention should be paid to the industry sectors with low direct promote coefficient but high indirect promote coefficient. Because this kind of industry sectors may need more water than we can actually calculated in the process of producing. Meanwhile, some corresponding laws and regulations should also be made to assist and enhance the improvement of water use efficiency of economic sectors. There is still huge potential to improve water use efficiency of northwest region of China, which requested for concerted effects.
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