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ABSTRACT
Water conservancy is the infrastructure of national economy, its investment has close relationship with the security of national wealth, for example, gross national product, life and belongings of people, and so on. Particularly, after the Flood of 1998 in China, the Chinese government pays much more attention to water conservancy construction, so how to determine the amount of water conservancy investment in fiscal expenditure, firstly to find out the impacts of water conservancy investment, becomes an urgent task both to the policy-makers and researchers. 

This paper examines the impact of water conservancy investment on national economy by using input-output technique. Collaborated with State Statistical Bureau of China, we constructed the water conservancy input-output table of 1999. Different from other table, this table include not only water resource consumption of each sector, such as consumption of fresh water, recycle water, and waste water emission, but also water conservancy sectors, for example, water conservancy construction, water conservancy management, and hydropower, etc.  
In this paper, we use partial closed input-output model, calculating the impact of water conservancy investment, mainly including:

  ( The positive impact on GDP, such as total GDP induced by per unit increase of water conservancy investment and its impacts on value added of each sector. 

  ( Backward effect and forward effect of water conservancy investment on other sectors. 

The results show that the backward effect of per million RMB yuan water conservancy investment on agriculture is 431.75 million RMB yuan, ranking the first among all sectors, showing again the special importance of water conservancy construction in agriculture. As to the backward effect comparison induced by per capita investment, water conservancy construction has larger backward effect on GDP, only smaller than that of agriculture, coal industry and food processing, standing the forth place. Water conservancy is one of the basic industries, increase of water conservancy investment may produce great demands for the products of other sectors, for example, building materials, steel products, electric power, various machinery, chemical products and so on. Most of these sectors are heavy industry with high energy consumption, which also bring about much greater chain demands for other sectors. The forward effect of water conservancy industry, however, is the lowest. 

Employment effect of water conservancy investment is also presented in this paper. Together with coal industry, light industry and other services, water conservancy industry is one of the highest that can absorb labour force. 
1. Introduction

China is not rich in water resource. The average water resource of China is 2812.4 billion cubic meter, while per capita water resource is only 2200 cubic meter, about 1/4 of world average, ranking the one hundred and twenty-first place in the world (Ren, 2002). In the meantime, regional distribution is very unbalanced, most water resource locates in the sparsely-populated southwest area. In the Yellow river and Huai river range, however, water resource per capita is only 351-742 cubic meter. Among 666 Chinese cities, 330 cities is in water shortage, of which 108 cities are extremely poor in water resource. In the 32 big cities with over one million population, 30 cities suffer from water shortage in a very long time.
Water shortage will be a serious limit of China, especially northern China in future. On the other hand, however, China suffers a lot from flood, for example, the 1998 Flood in the Yangtze River and Songhuajiang River, it’s estimated that economic loss is over 200 billion RMB yuan in the 1998 Flood. To solve this problem, increasing water conservancy investment is the top priority. So, to decrease loss caused by flood as much as possible is as important as to lessen water shortage. In the past several years, Chinese government increases the water conservancy investment by a large margin, especially on flood control project. Another big project, south-north water transfer, is now being put into effect in order to alleviate water shortage situation of North China.

During the industrialization now in China, water resource has been a key factor of the sustainable development of national economy. The most important objects of water conservancy construction is to rationally utilize water resource and protect security of life and property, so we must comprehensively know the relationship between water conservancy investment and national economy. Water conservancy is the infrastructure of national economy, its investment has close relationship not only with daily life of the people, but also the security of national wealth, for example, gross national product, life and belongings of people, and so on. In this paper, we mainly use input-output technique to study the impacts of water conservancy investment on national economy. 

2. Partial-closed input-output model

There are two kinds of methods to calculate backward effect in input-output technique, one is using open input-output model, the other is partial-closed input-output model. The obvious shortcoming of open input-output model is that it doesn’t consider the direct and indirect effect of household sector, while partial-closed input-output model solves this issue. In fact, the consumption of labor power during production reflects as labor payment in the input-output table. The increase of household income produces new final demands, and the gross output value increases with final demand, which again causes the increase of household income. The increase of household income brings about another round of increase, and so on. Only when we consider the chain effect of household sector, can we get the comprehensive backward effect, so we employ partial-closed input-output model in this paper as the main analysis tool. 

Open input-output model is as follows:
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where A, X, Y denote matrix of direct input coefficients, column vector of gross output value and final demands in ordinary input-output model respectively.

Partial-closed input-output model is that household sector is incorporated into the first quadrant of ordinary input-output table, of which the row of household sector is labor payment from every sector and the column is household consumption of every sector products. Then the extended matrix of direct input coefficients A* is expressed as follows: 
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where Hr is row vector of income coefficients of households, Hc is column vector of consumption coefficients of households, h is payment coefficient of households to households, here we assume it as zero. 

Then from equation (1), we obtain:
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in which 
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Here XH is total income of households, YH is exogenous income of households. 

Using equation (2), we can calculate the gross output value induced by water conservancy investment. Suppose 
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Backward effect of per unit increment of water conservancy investment on gross output value 
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 as row vector of ratio of value-added to gross output value, and suppose value-added of household sector is zero, we have:

Then backward effect of per unit increment of water conservancy investment on Gross Domestic Products (GDP) is：
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Different from (I-A)–1, the total requirement coefficient calculated in the framework of partial-closed input-output model, (I-A*)–1, not only reflects the direct and indirect demands for products of each sector induced by final product through intermediate inputs, but also those induced through the increase of households income and further the households consumption.
3. Water Conservancy Input-occupancy-output Table

Many researchers study the water resource input-output table, mainly consider water consumption as an additional part of input-output table in the row below the value added. For example, H.O. Carter studied the issue of water resource allocation between California and Arizona states (1972); Xie Mei compiled Beijing water resource input-output table (1991); by employing input-output technique and mathematical programming, Reiner Thoss studied the utilization of water resource (1974); Chen Xikang, etc., compiled 1992 water resource input-output table for Shanxi Province in a World Bank project, to study the necessity of Wanjiazhai diversion work and calculate water price(1996)；Yang Cuihong compiled 1995 Township and Village enterprises(TVEs) input-occupancy-output table of China including water resource consumption, conducted comparative analysis of water resource between TVEs and State-owned enterprises(1999). These tables are very useful tools to investigate water consumption coefficient of each sector, while they cannot reflect the correlation among economic sector and water conservancy sectors. In order to better understand the mutual relationship of national economy and water conservancy construction, funded by Water Conservancy Ministry of China and National Natural Science Foundation of China, we conducted research on water conservancy input-occupancy-output table and its applications in the last two years.  In this table, we not only include water resource part, but also other water conservancy sectors. Specifically, based on 1997 input-output table of China with 40 sectors published by State Statistical Bureau of China, we subdivided water conservancy sectors into 12 ones and compiled 1999 water conservancy input-occupancy-output table of China. Table 1 shows sector classification of this table. 

Table 1  Sector classification of 1999 water conservancy input-occupancy-output table
Code 
Sector Classification

Non-Water Conservancy sector
Non-Water Conservancy sector
01
Agriculture (excluding fresh water fish farming and ecological forest)


02
Coal mining and processing


03
Crude petroleum and natural gas products


04
Metal ore mining


05
Non-ferrous mineral mining


06
Manufacture of food products and tobacco processing


07
Textile goods


08
Wearing apparel, leather, furs, down and related products


09
Sawmills and furniture


10
Paper and products, printing and record medium reproduction


11
Petroleum processing and cokemaking


12
Chemicals


13
Nonmetal mineral products


14
Metal smelting and pressing


15
Metal products


16
Machinery and equipment


17
Transport equipment


18
Electric equipment and machinery


19
Electronic and telecommunication equipment


20
Instruments, meters, cultural and office machinery


21
Maintenance and repair of machine and equipment


22
Other manufacturing products


23
Scrap and waste


24
Electricity, steam and hot water production and supply (excluding hydropower)


25
Gas production and supply


26
Construction (excluding water conservancy construction)


27
Freight transport and warehousing (excluding river freight transport)


28
Post and telecommunication


29
Wholesale and retail trade


30
Catering services


31
Passenger transport (excluding river passenger transport)


32
Finance and insurance


33
Real estate


34
Social services (excluding waste water treatment)


35
Health service, sports and social welfare


36
Education, culture and arts, radio, film and television


37
Scientific research


38
General technical services (excluding management on water conservancy and water ecological environment protection)


39
Public administration and other sectors

                                     to be continued 

    continued with table 1
Water Conservancy sector
40
Construction of flood and drought control, river realignment


41
Management of flood and drought control


42
Construction of water ecological environment protection


43
Water ecological environment protection (non-construction)


44
Construction of water supply project, hydropower and specified reservoir


45
Management of water supply and comprehensive use project


46
Waste water treatment


47
Agriculture and rural household water supply


48
Urban and industrial water supply


49
Hydropower


50
River transport


51
Fresh water fish farming

This sector classification is a little detailed for special use of our project. Because of analysis focus in this paper, we incorporate the related construction of water conservancy sectors, such as construction of flood and drought control, water ecological environment protection construction, construction of water supply project, hydropower and specified reservoir, into one sector what we call water conservancy construction. Water conservancy construction mainly include: dyke construction, flood control reservoir construction, flood discharge and diffluence project, river realignment, waterworks construction (civil engineering and installation), wastewater treatment plant, water supply and drainage pipe construction, irrigation system construction, and so on. Other water conservancy sectors are integrated into relevant sectors and at the meantime some economic sectors are united too in order to conduct comparative analysis with other years. Thus, we finally get a 1999 water conservancy input-occupancy-output table with 31 sectors. It should be emphasized here that most of water conservancy investment in capital construction goes to water conservancy construction sector, as shown in 1999 water conservancy input-occupancy-output table, the investment of water conservancy construction accounts for almost 98% of total water conservancy investment in capital construction. So here we substitute the investment of water conservancy construction for water conservancy investment in capital construction to calculate the impacts on national economy.
4. Impacts of water conservancy investment2
4.1 Backward effect

Employing partial-closed input-output model and using 1999 water conservancy input-occupancy-output table with 31 sectors, we calculate the backward effect of water conservancy investment on each sector, and the backward effect on GDP of investment in every certain sector. The results are shown respectively in table 2 and table 3.

Table 2 indicates that the backward effect of per million RMB yuan water conservancy investment on agriculture is 431.75 million RMB yuan, ranking the first among all sectors, showing again the great importance of water conservancy construction in agriculture. The backward on water conservancy construction ranks the second, up to 311.71 million RMB yuan. Besides, the backward effect is also larger on the following sector, other services, commerce, chemical industry and non-metal mineral products, and so on. 

Regarding agriculture, no matter water conservancy investment distributes in irrigation or flood control and water log control, agriculture will be the direct beneficiary. The development of water conservancy has greatly improved the agricultural production condition in the past fifty years and enhanced the ability of agriculture to fight against flood and draught disaster. For example, effective irrigation area increased from 16 million hectare in 1949 up to 53 million hectare at the end of last century; waterlog control area reaches 20 million hectares in total, accounting for 82% of those prone to waterlog. Irrigation at present has been one of the most important factors of grain output increase, especially in recent years when the drought disaster in north China become more and more serious. According to our calculation, with per hectare increase of irrigation area on average, grain output increase 3.1 ton. In addition, the improved water conservancy facility also supplies good condition for the development of forestry, stock raising and fish culture.

Table 2   Backward effect of per billion RMB yuan water conservancy investment on value-added of each sector      Unit: million yuan

Code
Sector
Backward effect of per billion RMB yuan water conservancy investment on value-added*

1
Agriculture
431.75

30
Water conservancy construction
311.71

29
Other services
268.64

27
Commerce
190.52

12
Chemical industry
136.69

13
Building materials and other Non-metal mineral products
122.82

6
Food products and tobacco processing
120.08

26
Freight transportation, post and communications
116.87

7
Textile industry
61.09

14
Primary metal manufacturing
56.50

24
Electricity, steam and hot water production and supply
55.96

16
Machinery industry
52.64

3
Crude petroleum and natural gas production
46.81

2
Coal industry
44.15

5
Non-metal mineral mining
38.62

8
Wearing apparel, leather, furs, down and others
37.78

15
Metal products
36.44

10
Paper products, printing and record medium reproduction
36.45

18
Electric machinery and equipment
30.37

11
Petroleum refineries and coke-making
24.12

19
Electronic and Telecommunication Equipment
23.01

17
Manufacture of transport  equipment
22.46

23
Waste goods
22.35

22
Other manufacturing Products
19.88

28
Passenger transport
19.05

4
Metal mineral mining
18.12

9
Sawmills and manufacture of furniture
18.06

21
Maintenance and repair of machinery and equipment
8.73

25
Construction(excluding water conservancy construction）
8.33

31
Water supply
6.86

20
Manufacture of instrument, meters and other measuring equipment
6.54


Total
2393.37

*Note: Ranks by backward effect in descending order. 

Table 3  Backward effect on GDP of per billion RMB yuan investment in every sector 

  Unit: billion yuan

Code
Sector
Backward effect on GDP of per billion RMB yuan investment

1
Agriculture
2.966

2
Coal Industry
2.480

6
Food products and tobacco processing
2.441

30
Water conservancy construction
2.393

25
Construction(excluding water conservancy construction）
2.373

8
Wearing apparel, leather, furs, down and others
2.364

29
Other services
2.348

27
Commerce
2.322

7
Textile industry
2.303

9
Sawmills and manufacture of furniture
2.300

21
Maintenance and repair of machinery and equipment
2.293

10
Paper products, printing and record medium reproduction
2.281

22
Other manufacturing products
2.276

5
Non-metal mineral mining
2.276

13
Building materials and other Non-metal mineral products
2.225

4
Metal mineral mining
2.221

15
Metal Products
2.199

20
Manufacture of instrument, meters and other measuring equipment
2.198

12
Chemical industry
2.182

18
Electric machinery and equipment
2.173

16
Machinery Industry
2.154

19
Electronic and Telecommunication Equipment
2.148

17
Manufacture of transport  equipment
2.147

14
Primary metal manufacturing
2.128

28
Passenger transport
2.126

31
Water supply
2.086

26
Freight transportation, post  and  communications
2.071

24
Electricity, Steam and Hot Water Production and Supply
2.031

11
Petroleum refineries and coke-making
1.883

3
Crude petroleum and natural gas production
1.716

*Note: Ranks by backward effect in descending order. 

From table 3, we can see that water conservancy construction sector has larger backward effect on GDP, only smaller than that of agriculture, coal industry and food processing, standing the forth place. As mentioned above, water conservancy is one of the basic industries, increase of water conservancy investment may produce great demands for the products of other sectors, for example, building materials, steel products, electric power, various machinery, chemical products and so on. Most of these sectors are heavy industry with high energy consumption, which also bring about much greater chain demands for other sectors.
4.2 Forward effect

Using partial-closed input-output model, we also calculate forward effect of water conservancy investment on other sectors. Here we use direct coefficient of distribution instead of direct input coefficient as follows. We use the following equation to calculate forward effect (Li and Xue 1998), 
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     According to equation (4), we calculate the forward effect of each sector (see table 4)

Table 4   Forward effect on GDP of per billion RMB yuan investment in every sector 

  Unit: billion yuan

Code
Sector
Forward effect on GDP of per billion RMB yuan investment

3
Crude petroleum and natural gas production  
6.784

1
Agriculture 
4.933

31
Water supply  
3.972

2
Coal Industry
3.860

26
Freight transportation, post  and  communications  
3.674

28
Passenger transport  
3.409

21
Maintenance and repair of machinery and equipment  
3.182

27
Commerce
3.161

24
Electricity, Steam and Hot Water Production and Supply
2.962

29
Other services
2.563

22
Other manufacturing products
2.066

4
Metal mineral mining
3.195

5
Non-metal mineral mining
2.889

12
Chemical industry
2.280

6
Food products and tobacco processing
2.200

10
Paper products, printing and record medium reproduction
1.915

 7
Textile industry  
1.865

 11
Petroleum refineries and coke-making  
1.569

8
Wearing apparel, leather, furs, down and others
1.534

9
Sawmills and manufacture of furniture
1.528

20
Manufacture of instrument, meters and other measuring equipment
1.470

16
Machinery Industry
1.409

14
Primary metal manufacturing
1.299

13
Building materials and other Non-metal mineral products
1.213

15
Metal Products
1.172

19
Electronic and Telecommunication Equipment
1.153

17
Manufacture of transport  equipment    
1.140

18
Electric machinery and equipment  
1.042

25
Construction(excluding water conservancy construction）
0.397

30
Water conservancy construction
0.343

     We can see form table 4 that, regarding forward effect, crude petroleum and natural gas production, agriculture, water supply, coal industry, freight transportation and post and telecommunications are in the top, showing that these sectors are very important to the development of other sectors and even the economy. The forward effect of water conservancy industry, however, is the lowest, indicating the special status of water conservancy, it’s infrastructure of the economy, mainly as guarantee of the economic development and security of property and life.  

4.3 Employment effect

China is very rich in labor force, in the countryside at present, plenty of surplus labor force are seeking job positions. To solve the employment issue of these people is one of the most urgent tasks of the Chinese government. As stated above, water conservancy investment has great impacts on GDP, but also can lessen the employment pressure. Using the tables above, we calculated the impacts on employment, including direct employment coefficient and total employment coefficient, i.e., employment multiplier (see table 5).
Direct effect on employment induced by per million water conservancy investment in 1995 is 85 persons, while the indirect employment is much more than direct employment. We calculate that the total employment coefficient is 475 persons by using partial-closed input-output model, i.e., per million water conservancy investment can induce 475 persons employed in total. 

Table 5 is the employment multiplier of each sector calculated from 1995 water conservancy input-occupancy-output table.

Table 5  Employment multiplier per million capital construction investment in 1995

                                                                                             Unit: person (1999 price)

Sector
Employment multiplier

Agriculture
778

Water conservancy construction 
475

Coal industry 
471

Other services
460

Light industry
423

Other construction
403

Freight transportation, post and telecommunications
387

Chemical industry
367

Building materials and other non-metal mineral products 
3.66

Mechanical and electrical products
362

Passenger transport
358

Non-ferrous metal industry
354

Ferrous metal industry
345

Commerce
330

Electricity industry
252

Petroleum industry
232

Natural gas industry
218

We can see that except agriculture, water conservancy construction has the highest employment multiplier, coal industry, other services and light industry follow.    

5. Conclusions

This paper has analyzed the impacts of water conservancy investment on national economy by using partial-closed input-output model based on water conservancy input-occupancy-output table we compiled. So far, although a lot of research has been done on water resource allocation and consumption in input-output framework, few studies touches upon analysis on correlation between water conservancy sectors and other sectors. This paper gives a pilot study on this issue and gets some good results. As a basic industry, water conservancy sector greatly influences the development of other sectors because both of its consumption of products of many other sectors and guarantee of normal economic progress and security. Development of water conservancy construction can also alleviate the increasingly serious employment pressure, because now in China it is still a labor-intensive sector in general, especially in vast countryside.
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