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                                             A B S T R A C T 

The present paper links the Indian economy and water pollution generated by different sectors using extended input-output model.         

The Model studies the total amount of water pollution generation directly and indirectly in details in different sectors of India. It has further been extended to incorporate pollution abatement cost in a straightforward manner by introducing a sector of clean water. 10 types of water pollutant have been considered. 

The results show that the amount of total pollution generation per unit of the product is significantly higher for all industries compared to direct pollution generation coefficient. Further the demand for all output of different sectors have changed and the prices of all the sectors have increased. Inorganic chemicals experience a higher percentage increase in output (13.5%) followed by construction (3.2%). The percentage price increase is higher for Livestock (11.45) followed by Leather Products (1.9%).

The present paper has considered variety of regulatory and economic instruments to reduce water pollution through simulation exercises. 

The paper has also estimated EDP (Environmentally Adjusted Domestic

Product) and found that loss in terms NDP is 3.52%.  
Key words: Water pollution,India,EDP

AN EMPIRICAL ANALYSIS ON THE EFFECT OF WATERPOLLUTION CONTROL SCHEME ON OUTPUT AND PRICES OF DIFFERENT GOODS AND SERVICES OF THE INDIAN ECONOMY

Sanghamitra Majumdar,Shibani Maity,Siddhartta Dutta

And Debesh Chakraborty
INTRODUCTION
Earlier growth and development topped the development agenda of a nation. Nature  and environment were not paid much attention. In recent times,  however, the  scenario  has  changed. Environmental  considerations  are becoming a part of the overall development policy of every nation.         

India,  being a developing country, has to resolve  massive  environmental problems. These are the direct consequences of the very process of  development.  The range of issues categorized as environmental problems include industrial pollution – pollution of air, water and soil due to industrial production. The damaging effect of pollution is now so extensive and increasing at such a rapid pace that, apart from politics, pollution is now one of the most widely discussed topic in India. 

            A limited numbers of  industries in  India  have  been  compelled  to  minimize  the  pollution  generation   in industries. Even if a single industry, for example, Chemical industry tries  to control  the pollution generation by it, production cost is bound to  increase. Such an increase in production cost will effect the market price of the product of  Chemical industries. Since the products of this industry are being  used  by other industries, they will also be affected. In this way the prices of all the sectors will also be affected. Pollution Control Scheme will also influence the demand  for output of different products which are used as inputs in the  above schemes. 

 
 The pollution abatement activities, alternatively, clean water production  involve cost, which in turn,  will affect  the price and output of different industries. There have  been  several studies  [Rossi,  Young and EPP(1979), Fraas  and  Munley(1984), Mehta, Mundle and Sarkar(1993) James and Murty(1996), Mehta , Mundle , & Sankar  (1997),  Roy and Ganguli(1997), Goldar and  Pandey(1997),  Goldar  and Mukherjee(1998) and    Pandey  ( 1999  )  on  the  cost  of  pollution abatement for industries in India in which the cost behaviour has been analysed with  the help of an estimated abatement cost function. Some of  these  studies have  used a Cobb-Dougals function, while some others have made an  attempt  to use the Transcendental Logarithmic(translog) functional form. 

Apart  from  these mention   may be made about the  studies  on  pollution Control  Acts by Desai (1993) and Central Pollution Control Board ( 1998  ).  In the  volume  by  Central Pollution Control Board an effort  has  been  made  to compile  the  Acts  and  Rules concerning protection  and  improvement of the environment  by  the  Department as well as the Pollution Control Board at the  Central and State levels.   

But  a  quantitative  analysis  involving  interdependence  between  water pollution and  all branches of production and consumption of an economy is only few. Maiti (1994), Maiti and Chakraborty (1989,1993a, 1993b) have made a  modest  contribution in this respect. They have studied the water pollution problem and the  structure  of  Indian  economy in an  Input-Output  framework.  They  have analysed  in  their  work  the amount of different  types  of  water  pollutant generated  directly  and  indirectly in different industries of  India.  In  an another work (1993b) they have analysed the amount of different types of  water pollutant  generated directly and indirectly in different energy sectors.  Some simulations studies based on alternative assumptions have also been done in  the work.  Further ,they (1999) have also studied the effect of cost  of  pollution control on the economy. 

All their works relate to the year 1979-80 and are of preliminary  nature, the  availability of the data being a serious constraint. But in  recent  years the   situation  has  changed.  With  detailed  and  recent  data  an   in-depth quantitative  study  linking  the  economy and  water  pollution  by  different industries of the Indian economy is to be done. 

The  purpose of the present work is to contribute to this area. The  study attempts  to  make a detailed quantitative analysis of the link  between  water pollution generated by different industries and the various economic activities of the Indian economy. 

The paper is organized as follows.

The theoretical model adopted for the present study is outlined in Section 2. Coverage and analysis of data are included in Section 3.  Experiment with model I and discussion on its results has been done in Section 4. In Section 5  we have experimented with model II and made discussion on its results. Certain policy simulation exercises on the basis of alternative assumptions are carried out and the results are presented in Section 6. Section 7 estimates green GDP for India. Summary and conclusions are presented in Section 8.
SECTION 2     

THE METHODOLOGY 

     
In  this  section we shall present the methodology which will be  used  in this work. The frame work is an extension of the basic Input-Output  model  of Leontief . Input-output model which primarily deals with methodology of analysing interdependence among the different sectors of the economy can be expressed as  

    X =  AX  +  Y                                                   (2.1)

From which,    X = (I - A)-1. Y                              (2.2) 

is easily derived. This gives the solution for the output vector ‘X’  given the final demand vector  ‘Y’ and the technical matrix  ‘A’. 

 Here 

      A = n X n  matrix of input-output coefficient matrix 

      X = n X 1  vector of output 

      Y = N X 1 vector of final demand 

      I = n X n identity matrix

3.2  POLLUTION MODEL 

                MODEL I   


The  input-output  framework  has been extended here  to  account  for  water pollution generation.  
To study water pollution generation associated with interindustry activity let us consider a matrix of pollution output coefficient, denoted by, W [Wkj], each element of which is the amount of water pollutant type ‘K’, (for  example,  chloride, sulphide) generated  per Rupee's worth of industry  ‘j's’   output. Hence ,the  level of water pollution associated with a given vector  of  total outputs can be expressed as 

                      R = WX                                          (2.3)

Where R is the vector of pollution level. Hence by multiplying the  traditional Leontief's  inverse  matrix  (I-A)-1, we can compute  R/   that  is,  the  total pollution  of  each type generated by the economy directly  and  indirectly  by different sectors. 

                 R/ = W (I - A)-1                                     (2.4)

Here,  

R/ is the direct and indirect water pollution coefficient  matrix  of different sectors (K x n) 

W  is the direct water pollution coefficient matrix of different sectors (K x n) 

    (I - A)-1 is the Leontief matrix multiplier of different sectors (n x n).
 MODEL II

 MODEL IIa


The model I has further being extended to incorporate pollution abatement cost. Incorporating the cost data into the input-output framework applied in our present work, for assessment of abatement cost of direct and indirect pollution and its impacts on output and prices of the economy, is the problem dealt herein.


As first step towards solving the problem, attempts have been made to extend the conventional input-output framework to cover not only production and consumption of ordinary goods and services, but also generation and elimination of  water pollution based on Leontief’s work in 1970 (Leontief, 1970). It has been achieved by introducing an additional row for water pollutants giving the amount of pollution produced by each sector per unit of output and a column for antipollution giving the amount of input required from each sector. And this can be presented in the matrix form as formally described below 
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                                                                                         (2.6)

where,

A11 is the original input-output matrix (without abatement) 

[image: image6.wmf]A12 is the input structure coefficients of anti pollution activities

A21 is the matrix of direct pollution output coefficients

A22 is the pollution output coefficients matrix for the anti pollution activity

X1, Y1 are respectively the original output and final demand vectors (without abatement). X2, Y2 are respectively the total output and final demand for the abatement sector.     


A point of discrepancy relating to a negative sign in the last row, led to the formulation of the model from a different angel (Quyam,1991  ).The discrepancy arises because

-A21 X1 + [I-A22] X2 

should have resulted in ‘-Y2’. As [I-A22]X2 denote the total amount of pollution eliminated and sum of [A21 X1] denote the total amount of water pollutants generated by the economy, the total amount tolerated i.e., ‘Y2’ given by the difference between the former two should have a negative sign.


The model thus formulated can be dealt with in a straight forward manner following Quyam by introducing a sector of clean water instead of a pollution producing sector with negative entries and a anti - pollution sector. With this alternative designation ‘X2’ will be the total amount of clean water produced through pollution abatement activities. This ‘X2’ is the same as in the previous treatment, because the amount of  water pollution eliminated is equivalent to the amount of clean water produced. And the amount of  final delivery of clean water, however, is the opposite of the amount of pollution tolerated by final consumers. That is, if we denote the amount of final delivery of clean water by ‘Y2*’ it will be equivalent to ‘-Y2’ of the earlier case.


With this slight reformulation the discrepancy arising due to the negative sign gets solved and the model stands at the same place, as in equation – (2.6). And the interpretation of  A11, A12, A21, A22, X2 and Y2 becomes as follows


A11 is the original input-output matrix (without abatement)


A12 is the input structure coefficients of ‘clean water ‘ sector.


A21 is the matrix of direct clean water output coefficients


A22 is the clean water output coefficient matrix for clean water production 


X2, Y2 are respectively the total output and final demand for the clean water sector. 
Then from the model the impact of the abatement cost on the output can be studied. 

   

 MODEL IIb


For expressing the effect of pollution abatement cost on prices of different goods and services, the original input-output model has similarly been extended to account for the ‘clean water’ sector, as described above in case of output model, and formally presented below
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(2.7)


where,


P1 is the prices of different goods and services


P2  is the prices of producing one unit of clean water


(1 is the value added coefficients of different products


(2 is the value added in clean water sector per unit of clean water 

produced. And A11, A12, A21, A22 has the same interpretation as discussed 

earlier in case of output model.

SECTION 3

DATA
The major data required for  the work are

     a. the Input-Output table.

     b. the different types of water pollutants generated by  the 

         different industries of India.

   c. pollution abatement cost data.

3.1 INPUT-OUTPUT DATA

     
The  study  has  used  the  latest  input-output  table   of India(1989-90) prepared by the CSO (1997). The table which  consists of 115*115  sectors has been aggregated into 32 sectors.  Sectors which have  a  relatively high  level  of  water  pollution  generation  (Livestocks,   Oil Refineries,  Leather, Paper, Chemicals, Food products etc.,)  are presented  as separate sectors. But the other sectors  have  been aggregated. 

 3.2 WATER POLLUTION DATA 

     
Data on water pollution are scanty and are not available  in the  required  form.  However, Central  Pollution  Control  Board (CPCB)  and  Bureau  of Indian  Standard  (BIS)  publish  certain documents  which  have been of great use in  attaining  different types  of water pollutants generated from  different  industries. We  have obtained 10 types of water pollution data. The  work  is constrained  by  the  fact that the sectors  mentioned  in  these documents  have  to  be dealt,  corresponding  with  input-output classification.  However, the correspondence between the  set  of information   could   be  done  without  much   complications.    Water pollutants  generated  by  the different Indian industries are mentioned below 

1. Suspended solids(SS)     

2. Dissolved solids (DS)

3. Chloride                        

4.  Sulphide

5. Zinc    

6. Phenol

7. Oil and Grease 

8. Biochemical Oxygen Demand (BOD)

9. Chemical Oxygen Demand      (COD)  

10.  Other polluntant nitrogen, chromium, cyanide,  Alkalinity, etc.,        

3.3 UNIT USED
     
This work has been done in hybrid units. Sectors are treated in  value  units (Lakh Rs.) and the different types  of  water pollutants generated are treated in physical units ( '000 tonnes).

3.4 CONSTRUCTION OF THE MATRIX OF WATER POLLUTANTS

Ten types of water pollutants generated by the industries of the  Indian  economy are shown quantitatively in table  3.1. For example, the entries  in  the  2nd row indicates that  Milk  &  Milk  Products generated  343.78  thousand  tonnes  of  suspended  solids,   479.48 thousand tonnes of dissolved solids, 131.18 thousand tonnes of oil &  grease  and 314.69 thousand tonnes of  other  pollutants  which include  within itself in this case only  alkalinity.Thermal  power plants  also   produces   water   pollution   [CPCB, (PROBES/51/1993-94)]  to the extent of 44.21 thousand  tonnes  of suspended  solids, major part of which constitutes of fly ash,  as depicted through entries in the 30th row of table 3.1. 

BOD  (Biochemical oxygen demand)  and COD  (Chemical  Oxygen demand)  measure  the strength of  organic and  chemical  waste respectively, in terms of the amount of oxygen consumed  (by  the micro  organism  and chemical present in water)  in  breaking  it down.  These  are a standard waste water treatment test  for  the presence  of  organic  and  chemical  pollutants. Available data of BOD and COD content of  waste water from different industries are given in the  table 3.1. It appears from the table that BOD and COD content of  water of  Milk  &  Milk  products are 560  and  1323.09  thousand  tonnes respectively,  while  for Drugs & Other chemical industry  it  is of  waste water containing 0.00014 and 0.00006 thousand  tonnes  of BOD and COD respectively.

3.5 COST DATA


Since most of the industries have no systematic approach towards effluent treatment, any figure obtained from them will not provide any practical idea about the cost involvement. Moreover, applicability of the types of treatment  schemes/ alternatives differs for different categories of a particular industry in terms of its production capability. Therefore, industries who have effluent treatment systems and also possess information about financial requirements are selected as listed below.

SECTORS SERIAL Nos.
SECTORS

3.

4.

7.

9.

10.

11.

13.

14.

16.

17.
Livestocks

Fishing

Sugar

Beverages

Food Products

Cotton Textiles

Jute Textiles

Man made Fibre

Leather Products

Natural Rubber

For the purpose of the present study we would be dealing only with the operational (or running / recurring) cost aspects of the pollution abatement measures. Running cost of the treatment plant will include cost of power, salaries of the staff, chemicals used, maintenance, repairs and depreciation.  We should make a point here that our main concern is only BOD removal.

The cost data so derived is incorporated in the input-output framework through introduction of a new sector, the ‘ Clean Water ‘ sector as presented in the row and column 33 of the table 3.2.

Of the running cost items, cost of power and chemicals (inorganic) used has been treated endogenously into the system and the salaries of the staffs, cost of operation and maintenance exogeneously as components of Gross Value Added.
TABLE 3.1

AMOUNT OF WATER POLLUTION FROM DIFFERENT INDUSTRIES


    SECTORS
   SS
   DS
CHLORIDE
SULPHIDE
OIL/GREASE
PHENOL
  ZINC
OTHERS
  BOD
  COD

1
AGRICULTURE
 0 
   0 
 0                       
   0 
   0 
   0 
   0 
   1568.75 
0
0

2
MILK & MILK
  343.78
  479.49
   47.49
   0
  131.18
   0
   0
  314.69
560
1323.09

 
PRODUCTS











3
LIVESTOCKS
  985.9398
   0
   0
   0
  203.7018
   0
   0
  2721.92
2770.3
5127.65

4
FISHING
  0.94
   0
   0
   0
  0.41
   0
   0
  0.26
1.82
3.89

5
COAL & LIGNITE
 0
  0.056
  0.0046
0.0093
   0
   0
   0
  0.0104
0
0

6
MINING &
   0
   0
   0
   0
   0
   0
   0
   0
0
0

 
QUARRYING











7
SUGAR
  302.533
  669.89
   0
   0
  4.3219
   0
   0
  15.127
864.38
1512.67

8
EDIBLE OIL &
  7.26
  0
   0
   0
  5.03
   0
   0
   0
29.04
61.04

 
VANASPATI











9
BEVERAGES
  41.105
   106.226
  0
   0
0
   0
   0
  5.655
130.117
251.365

10
OTHER FOOD
  0.24
   0
   0
   0
  0.002
   0
   0

1.42
2.68

 
PRODUCTS











11
OTHER TEXTILES
  0
   235.43
   0
   0
  0
   0
   0
  1.14
29
54.11

12
WOOLEN TEXTILES
  20.37
  76.93
   0
   0
  11.29
   0
   0
  1.552
28.82
50.19

13
JUTE TEXTILES
  .0053
  .123
  .0392
   0
  .0044
   0
   0
  .0664
0.0288
0.048

14
MAN MADE FIBRE
  10.43
  77.46
  20.15
   0
   0
   0
 1.7
  749.47
22.30
50.05

15
PAPER
  499.9
  0
   0
   0
   0
   0
   0
  212.77
250.27
815.43

16
LEATHER PRODUCTS
  56.25
  258.75
  82.5
  0.45
   0
   0
   0
  25.725
27.75
67.5

17
RUBBER PRODUCTS
  28.25
  78.12
   0
  .1.68
   0
   0
   0
  3.72
67.53
115.44

18
PETROLEUM PRODUCTS
  0
   0
   0
  11.77
  88.38
 1.33
   0
  0
22.48
616.35

19
INORGANIC CHEMICALS
  .45
  58.752
   0
   0
   0
   0
   0
  31.105
0
0

20
ORGANIC  CHEMICALS
   16.77
   0
   0
   0
   17.82
   5.66
   0
  2.46
318.75
684.99


    SECTORS
   SS
   DS
CHLORIDE
SULPHIDE
OIL/GREASE
PHENOL
  ZINC
OTHERS
  BOD
  COD

21
FERTILIZERS
  130.2
   0
   0
   0
   0
   0
   0
  33.467
0
0

22
PESTICIDES
0.0065

3.04


0

1.026
1.58
1.37

23
PAINTS
  0.69
   0
  0
   0
 0.078
  .036
   0
   0
2.35
2.94

24
DRUGS & OTHER CHEMICALS
  .000014
   0
  .000004
  .000005
  0
   0
   0
   0
0.00014
0.00006

25
NON METALLIC MINERALS
  0.1143
   0
   0
   0
   0
   0
  .072
  .0022
0
0.044

26
IRON & STEEL
   0
   0
  17.81
  .065
   0
  3.258
   0
  5.91
3.69
7.67

27
MISC. MANUFACTURING
   0
   0
   0
   0
   0
   0
   0
   0
0
0

28
OTHER INDUSTRIES
   0
   0
   0
   0
   0
   0
   0
   0
0
0

29
CONSTRUCTION
   0
   0
   0
   0
   0
   0
   0
   0
0
0

30
ELECTRICITY GAS WATER SUPPLY
  44.21
   0
   0
   0
   0
   0
   0
   0
0
5.1

31
TRANSPORT & COMMUNICATION
   0
   0
   0
   0
   0
   0
   0
   0
0
0

32
SREVICES
   0
   0
   0
   0
   0
   0
   0
   0
0
0

All parameters are in thousand tonnes.

Table 3.2

Extended Input-output Table 

(including the ‘Clean Water’ sector)


SECTORS
1
2
3
4 
5 
6
7
8
9
10
11
12 

1 
AGRICULTURE
1065818.2 
378654.4 
773625.9 
259.5 
4.7 
0.0 
376979.6 
511751.1 
144449.0 
290603.1 
412053.1 
95.5 

2 
MILK & MILK PRODUCTS
3102.6 
2661.4 
108.4 
17.9 

0.0 
96.7 
926.0 
1087.3 
178717.1 
467.0 
0.5 

3 
LIVESTOCK PRODUCTS
704963.7 
0.0 
427.4 
0.0 
0.0 
0.0 
350.1 
742.5 
375.8 
62967.7 
43397.7 
6501.0 

4 
FISHING
529.5 

18.5 
6293.9 

0.0 
16.5 
158.2 
187.8 
30504.3 
6.9 


5 
COAL & LIGNITE
1998.6 

1.8 

6422.1 
93.9 
1512.1 
1425.6 
5392.0 
3320.0 
11859.1 
208.2 

6 
MINING & QUARRYING
71.8 
0.0 
0.0 
0.0 
5873.6 
522.7 
2239.5 
10.6 
1347.8 
1159.1 
511.2 
1.0 

7 
SUGAR
1160.5 
0.0 
35.8 
0.0 
0.0 
0.0 
1331.1 
314.1 
7054.9 
59318.9 
1.9 
0.0 

8 
EDIBLE OIL & VANASPATI
1099.2 
37307.4 
53052.1 
0.0 
0.0 
0.0 
1.2 
18641.3 
11.7 
1637.4 
20.9 
0.0 

9 
BEVERAGES
66.2 
0.0 
0.7 
0.0 
0.0 
0.0 
5.9 
6.4 
44441.9 
1398.9 
12.3 
0.0 

10 
OTHER FOOD PRODUCTS
717.3 
2565.5 
16689.4 
1853.3 
0.0 
0.0 
157.1 
885.1 
7309.0 
25532.3 
3822.1 
4.4 

11 
OTHER TEXTILES
3862.5 
22838.7 
1675.4 
11882.7 
70.3 
0.0 
1464.2 
6063.7 
425.8 
2620.9 
915088.9 
29862.0 

12 
WOOLEN TEXTILES
5.2 

0.0 


0.0 
0.0 
18.3 
0.0 
0.0 
23268.6 
7304.1 

13 
JUTE TEXTILES
3690.0 

1.7 
701.2 

0.0 
8727.0 
718.2 
166.3 
4057.5 
27419.8 
205.2 

14 
MAN MADE FIBRE
11.7 

0.0 


0.0 
0.0 
737.1 
5.6 
764.6 
208517.5 
3916.9 

15 
PAPER
3386.9 
0.0 
12.4 
68.0 
1188.6 
74.9 
827.4 
1101.6 
5368.9 
33017.6 
16139.5 
159.2 

16 
LEATHER
17.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.5 
0.0 
16.4 
530.1 
45.3 

17 
RUBBER PRODUCTS
2013.1 

0.0 

299.7 
10.1 
12.8 
10.9 
50.2 
36.9 
6701.1 
24.8 

18 
PETROLEUM PRODUCTS
103707.5 
0.0 
6.7 
11555.1 
15522.7 
16126.0 
2907.1 
1510.4 
1214.9 
13655.0 
18527.9 
296.1 

19 
INORGANIC CHEMICALS
168.8 

0.6 
14.7 

1123.7 
1045.5 
1409.9 
1646.5 
1126.5 
13253.3 
153.1 

20 
ORGANIC CHEMICALS
319.0 

0.6 
4.0 

0.0 
3757.6 
1603.7 
1192.1 
1413.8 
27566.8 
383.3 

21 
FERTILIZERS
724704.4 

0.0 


0.0 
0.0 
376.3 
0.0 
2237.9 
60.6 
0.8 

22 
PESTICIDES
78960.6 

0.0 


0.0 
0.0 
41.0 
0.0 
453.3 
1.8 


23 
PAINTS
17.9 

0.0 


0.0 
31.7 
552.7 
35.6 
80.6 
45470.4 
490.6 

24 
DRUGS & OTHER CHEMICAL
202.0 
1251.4 
4697.5 
746.0 
20062.2 
2184.5 
808.7 
6980.8 
1353.0 
9635.2 
16723.1 
194.0 


SECTORS
1
2
3
4 
5 
6
7
8
9
10
11
12 

25 
NON METALLIC MINERALS
151.6 
0.0 
0.9 
0.0 
0.0 
9770.8 
2429.2 
120.9 
2843.2 
1634.4 
2091.5 
34.0 

26 
IRON & STEEL
320.9 
0.0 
0.0 
244.8 
0.0 
0.0 
175.3 
106.7 
174.3 
68.9 
4703.9 
50.7 

27 
MISC. MANUFACTURING
120271.2 
401.6 
1892.2 
15109.7 
83628.6 
24091.9 
6392.8 
3365.6 
7362.9 
22809.6 
62212.2 
1123.7 

28 
OTHER INDUSTRIES
1088.9 
0.0 
5.5 
1835.0 
2970.5 
389.8 
375.0 
2586.6 
8169.3 
11408.4 
17670.6 
136.7 

29 
CONSTRUCTION
221222.6 
1134.9 
4258.0 

1096.0 
3388.2 
867.9 
378.9 
249.0 
1238.9 
3727.4 
53.4 

30 
ELECTRICITY-WATER-GAS SS
110958.2 
0.0 
4.3 
175.4 
37330.1 
11586.4 
6456.3 
8677.9 
6925.9 
8906.0 
163273.6 
2062.4 

31 
TRANSPORT & COMN.
134312.4 
10202.1 
20712.3 
2144.5 
15698.1 
3730.4 
7161.4 
11413.3 
24175.6 
28796.5 
141211.4 
3378.4 

32 
SERVICES
436346.2 
80126.4 
140973.7 
10258.0 
43169.9 
34143.5 
101434.4 
59150.5 
44813.3 
156833.6 
547618.5 
16305.4 

33 
CLEAN WATER
0.0 
0.0 
204722.5 
747.2 
0.0 
0.0 
2777.2 
0.0 
527.4 
77.2 
1535.5 
0.0 


Total Input at Factor Cost
3725266.8 
537143.6 
1018201.9 
63163.9 
233337.3 
107236.9 
527564.2 
641790.0 
317829.8 
955971.2 
2733930.5 
72990.9 


Net Indirect tax
-320224.2 
9142.4 
13670.6 
6744.7 
33652.6 
18691.4 
12660.0 
22338.8 
21327.5 
57398.7 
148518.3 
7886.0 


Total Input at Purchaser's Price
3405042.6 
546286.1 
1031872.5 
69908.6 
266989.9 
125928.3 
540224.2 
664128.9 
339157.2 
1013369.9 
2882448.8 
80876.9 


Value added
9487848.8 
1931713.0 
809350.6 
378372.5 
324208.6 
705941.6 
122713.4 
44419.9 
123668.9 
278834.3 
1040311.5 
26585.8 


Gross output
12892891.4 
2477999.0 
1841223.1 
448281.1 
591198.5 
831869.9 
662937.6 
708548.8 
462826.1 
1292204.2 
3922760.4 
107462.6 

Contd…Table3.2


SECTORS
13 
14 
15
16
17 
18
19 
20 
21 
22 
23 
24

1 
AGRICULTURE
48790.7 
5785.7 
35040.1 
2868.5 
43467.4 
103.9 
5024.4 
5332.9 
68.0 
1.5 
1225.4 
163860.0 

2 
MILK & MILK PRODUCTS
 

0.7 
7.3 

0.0 
0.6 
3.9 
 
 

585.2 

3 
LIVESTOCK PRODUCTS
0.4 
794.1 
216.4 
43330.3 
120.7 
0.0 
83.3 
81.9 
679.0 
72.0 
99.3 
2482.0 

4 
FISHING

7.0 
22.4 
5.7 
30.7 
0.0 
50.6 
43.3 
209.8 
0.4 
20.3 
107.9 

5 
COAL & LIGNITE
982.0 
787.6 
14993.6 
233.3 
3370.7 
52664.1 
4905.6 
7010.7 
7697.9 
81.6 
1305.1 
6596.4 

6 
MINING & QUARRYING
0.4 
20349.1 
543.8 
4.5 
1027.4 
714075.5 
7367.7 
10858.0 
116225.6 
395.2 
844.1 
3151.2 

7 
SUGAR
0.0 
23.6 
0.0 
0.0 
0.0 
0.0 
94.6 
656.6 
2.1 
0.0 
5.1 
8405.1 

8 
EDIBLE OIL & VANASPATI
0.0 
1.2 
0.0 
0.0 
0.0 
0.0 
6.6 
9.9 
0.0 
0.0 
1.3 
2334.2 

9 
BEVERAGES
0.0 
568.6 
0.0 
96.6 
0.0 
0.0 
43.5 
70.7 
0.0 
0.0 
306.1 
208.9 

10 
OTHER FOOD PRODUCTS
10.8 
76.3 
1981.7 
71.7 
0.0 
0.9 
120.5 
98.1 
0.0 
0.0 
56.5 
5879.4 

11 
OTHER TEXTILES
2282.9 
13784.7 
5959.6 
8081.6 
25454.3 
480.5 
320.6 
418.8 
169.9 
141.7 
594.6 
13717.0 

12 
WOOLEN TEXTILES
1.4 
6.3 
0.0 
3.0 
3.9 
2.7 





24.7 

13 
JUTE TEXTILES
15312.3 
1636.3 
3655.1 
595.6 
225.3 
571.0 
1070.2 
1491.6 
20550.9 
37.2 
9.4 
2294.4 

14 
MAN MADE FIBRE
90.4 
67209.0 
3774.8 
1251.8 
26711.1 
559.6 
3583.1 
5874.3 
18.0 

8107.8 
2797.6 

15 
PAPER
188.8 
21978.6 
256502.7 
894.9 
1524.0 
1329.9 
2759.4 
9392.3 
702.6 
4362.9 
3573.4 
61606.6 

16 
LEATHER
0.0 
3.3 
1.7 
84467.1 
3384.3 
0.0 
3.7 
2.1 
0.0 
0.0 
1.6 
161.8 

17 
RUBBER PRODUCTS
27.6 
286.4 
103.5 
7724.8 
3428.5 
70.4 
24.3 
76.4 
24.1 
7.7 
17.7 
988.1 

18 
PETROLEUM PRODUCTS
1057.3 
3405.6 
4502.3 
2230.9 
3192.7 
23405.9 
4083.1 
9183.3 
13727.0 
2348.0 
2563.7 
12343.5 

19 
INORGANIC CHEMICALS
107.1 
7865.5 
14913.5 
2070.1 
3292.1 
329.2 
20251.4 
24988.2 
55056.9 
3184.8 
19522.7 
31410.1 

20 
ORGANIC CHEMICALS
209.0 
37717.2 
6148.8 
3728.2 
5799.7 
336.4 
24116.4 
46886.8 
64664.8 
4835.6 
21829.0 
83472.2 

21 
FERTILIZERS

2136.5 
1.5 
0.0 
2.4 
0.0 
2234.5 
3767.1 
63714.7 
940.5 
1.6 
21.9 

22 
PESTICIDES

5.8 
0.0 
0.0 

0.0 
30.7 
1018.9 
2042.2 
23772.9 
307.1 
19.1 

23 
PAINTS
100.0 
1198.2 
13411.7 
7301.1 
457.8 
329.7 
967.5 
1988.5 
26.3 
9.0 
23165.6 
4008.9 

24 
DRUGS & OTHER CHEMICAL
2656.7 
21341.0 
13724.2 
8472.7 
67215.7 
2870.4 
6021.8 
9987.9 
43237.7 
6528.6 
26572.2 
323854.8 

25 
NON METALLIC

 MINERAL MINERALS
105.9 
692.6 
1081.8 
108.5 
214.3 
74.3 
1723.2 
1763.2 
636.2 
675.2 
864.8 
9912.8 

26 
IRON & STEEL
842.4 
902.1 
1206.7 
187.8 
947.8 
236.7 
277.3 
561.5 
464.5 
59.1 
862.6 
1296.3 

27 
MISC. MANUFc.
5456.1 
12253.0 
31055.7 
5652.4 
22153.6 
5054.6 
13710.6 
19640.3 
21430.0 
8204.8 
20550.6 
40365.5 


SECTORS
13 
14 
15
16
17 
18
19 
20 
21 
22 
23 
24

28 
OTHER INDUSTRIES
140.5 
2278.0 
2044.9 
554.3 
1912.3 
560.7 
2349.1 
3037.9 
8293.7 
2006.3 
2373.0 
16689.5 

29 
CONSTRUCTION
1.0 
338.6 
575.4 
298.1 
258.0 
229.8 
117.9 
136.4 
204.7 
79.0 
39.2 
623.9 

30 
ELECTRICITY-WATER-GAS SS
12106.9 
28988.4 
48847.0 
5220.1 
13702.9 
7832.1 
33149.3 
45129.2 
39083.5 
5170.9 
10182.0 
43085.6 

31 
TRANSPORT & COMN.
7287.7 
14907.4 
35651.0 
10499.8 
14882.0 
40560.5 
9771.8 
15324.2 
30410.2 
3023.4 
10390.7 
52025.1 

32 
SERVICES
20587.6 
55530.4 
115245.4 
63289.9 
57228.8 
92447.7 
26450.7 
45047.1 
90863.1 
13741.1 
39418.9 
193003.5 

33 
CLEAN WATER
51.3 
3564.2 
0.0 
342.4 
96.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


Total Input at Factor Cost
118345.9 
322858.4 
611206.2 
259250.6 
300008.4 
944126.4 
170713.8 
269882.3 
580203.2 
79679.5 
194811.3 
1087333.4 


Net Indirect tax
5600.0 
77109.9 
45969.9 
21831.1 
54443.1 
409339.7 
24840.9 
49516.9 
59018.4 
9349.9 
39408.0 
149573.2 


Total Input at Purchaser's Price
123945.9 
399968.3 
657176.1 
281081.6 
354451.5 
1353466.1 
195554.7 
319399.1 
639221.6 
89029.4 
234219.3 
1236906.6 


Value added
50788.6 
89554.0 
232888.9 
83795.2 
136956.8 
136934.2 
41489.5 
78121.3 
73311.6 
30256.3 
31452.8 
328827.2 


Gross output
174734.5 
489522.4 
890065.0 
364876.8 
491408.3 
1490400.3 
237044.3 
397520.5 
712533.3 
119285.7 
265672.0 
1565733.8 

contd… Table 3.2


SECTORS
25
26
27
28
29 
30
31
32
33
TOTAL
  PFCE
  GFCE

1 
AGRICULTURE
5115.9 
765.1 
6840.2 
89121.9 
248682.4 
179.2 
74580.6 
342971.1 

3954294.2 
7685661.2 
16738.8 

2 
MILK & MILK PRODUCTS
3.0 
 
0.9 
0.0 
208.5 
0.0 
0.0 
81243.3 

187185.0 
2151843.6 
56917.1 

3 
LIVESTOCK PRODUCTS
395.2 
0.5 
8441.4 
108.3 
6607.3 
1500.1 
0.0 
70898.4 

819725.8 
856844.5 
342.6 

4 
FISHING
75.7 
0.1 
6280.3 
52.2 
37.0 
0.0 
0.0 
2004.6 

37715.6 
401991.8 
212.6 

5 
COAL & LIGNITE
68643.7 
108191.2 
30388.6 
622.6 
953.6 
287423.5 
14211.5 
24567.1 

32233.4 
11689.5 
119.3 

6 
MINING & QUARRYING
148048.8 
50280.8 
73232.3 
191.8 
313147.9 
144723.6 
0.0 
40581.6 

11737.5 
0.0 
430.1 

7 
SUGAR
0.0 
0.0 
2.0 
1.2 
88.1 
0.6 
0.0 
21971.1 

69217.3 
550734.8 
0.0 

8 
EDIBLE OIL & VANASPATI
0.0 
0.0 
2.8 
0.8 
21.5 
0.0 
130.1 
39512.8 

111771.1 
523422.7 
0.0 

9 
BEVERAGES
0.0 
0.0 
0.8 
8.1 
20.2 
0.6 
1330.8 
27292.3 

45932.1 
296348.1 
20.9 

10 
OTHER FOOD PRODUCTS
164.8 
52.0 
126.5 
58.1 
48.1 
2.1 
1332.6 
22350.8 

59535.4 
1077267.5 
597.1 

11 
OTHER TEXTILES
1502.7 
1018.8 
12071.3 
5817.7 
845.1 
562.7 
3290.7 
93537.5 

995855.2 
2257723.2 
5352.5 

12 
WOOLEN TEXTILES
1.1 
0.0 
100.2 
1.3 
16.9 
3.4 
602.3 
1932.5 

30596.2 
72096.2 


13 
JUTE TEXTILES
29300.8 
472.2 
2014.1 
867.0 
11643.8 
66.5 
291.7 
10517.9 

45687.1 
4424.6 
1542.3 

14 
MAN MADE FIBRE
579.8 
87.7 
65115.1 
103786.6 
570.5 
196.5 
48.3 
33384.4 

213953.4 

43235.7 

15 
PAPER
6231.0 
1600.8 
43404.8 
3692.4 
10886.0 
3774.3 
28341.7 
214371.9 

61345.0 
167282.1 
77368.6 

16 
LEATHER
8.1 
4.5 
1482.7 
150.8 
95.2 
0.6 
687.6 
10411.4 

613.8 
106682.6 
0.0 

17 
RUBBER PRODUCTS
84.7 
640.5 
76993.1 
733.6 
2991.2 
631.4 
124155.8 
10438.6 

9159.8 
82321.2 
2133.6 

18 
PETROLEUM PRODUCTS
63030.6 
86143.8 
117168.7 
2857.8 
116239.7 
23961.2 
553491.2 
39128.8 
 
185029.2 
387473.9 
58163.0 

19 
INORGANIC CHEMICALS
6325.1 
3404.7 
38646.0 
1247.8 
290.2 
1660.7 
114.3 
12966.4 
27922.5 
19942.8 

1498.6 

20 
ORGANIC CHEMICALS
11225.6 
10980.2 
43140.6 
13211.6 
477.6 
140.4 
3.7 
26076.9 

36241.1 

42465.1 

21 
FERTILIZERS
0.0 
0.0 
499.0 
4.1 
14136.8 
15.6 
0.0 
9770.0 

727379.9 

1897.8 

22 
PESTICIDES
0.0 
0.7 
188.5 
0.0 
5808.8 
0.0 
292.5 
1118.4 

79456.6 

36.4 

23 
PAINTS
1677.3 
1317.6 
40365.8 
3751.4 
85764.0 
37.3 
3148.0 
11873.7 

46679.5 



24 
DRUGS & OTHER CHEMICAL
1914.1 
1727.3 
39334.3 
7447.4 
536.0 
489.2 
1721.1 
325575.1 

64838.5 
372624.0 
44398.7 

25 
NON METALLIC MINERALS
64085.6 
7364.8 
24727.1 
1045.0 
592123.1 
59.6 
4258.3 
13238.0 

19076.4 
141037.8 
6.4 

26 
IRON & STEEL
20279.1 
646572.2 
1002625.1 
1592.7 
650811.2 
2766.1 
14132.4 
108306.9 

5845.5 
0.0 
3.1 


SECTORS
25
26
27
28
29 
30
31
32
33
TOTAL
  PFCE
  GFCE

27 
MISC. MANUFACTURING
49490.3 
297855.7 
2161601.3 
14942.7 
317263.0 
62445.5 
429773.0 
406901.0 

348661.9 
1051974.8 
382632.0 

28 
OTHER INDUSTRIES
7231.2 
2763.1 
58855.7 
36723.4 
113201.6 
165.1 
22202.3 
66174.3 

46636.4 
56394.9 
49795.2 

29 
CONSTRUCTION
10276.3 
3108.7 
15101.6 
296.0 
20392.8 
60016.6 
106137.4 
384964.6 

237615.2 

397913.3 

30 
ELECTRICITY-WATER-GAS SS
97275.9 
126176.9 
315120.6 
16090.4 
25853.5 
553780.4 
98765.7 
254765.6 
186518.9 
356356.4 
263719.0 
101111.1 

31 
TRANSPORT & COMN.
111635.0 
155853.9 
379243.9 
20158.7 
294680.0 
179700.9 
254117.5 
1014463.5 

402936.5 
1745797.7 
372132.7 

32 
SERVICES
137959.4 
265466.5 
1128447.0 
67292.3 
544174.7 
194585.0 
563282.4 
1592704.7 

1671173.4 
7497514.0 
3729262.9 

33 
CLEAN WATER
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

210386.9 




Total Input at Factor Cost
842560.8 
1771850.0 
5691562.3 
391875.6 
3378616.1 
1518888.8 
2300443.7 
5316015.3 
214441.4 
10934427.1 
27762869.9 
5386327.5 


Net Indirect tax
76212.0 
199322.8 
842413.8 
81848.2 
283489.2 
142077.8 
309153.3 
352257.9 

31806.8 
 
 


Total Input at Purchaser's Price
918772.7 
1971172.8 
6533976.1 
473723.8 
3662105.3 
1660966.6 
2609597.0 
5668273.1 
214441.4 
10966233.9 




Value added
264390.3 
372217.5 
2978058.4 
184615.6 
2331394.4 
842226.5 
2774038.2 
13654411.1 
65131.2 
15273968.7 
 



Gross output
1183163.0 
2343390.4 
9512034.6 
658339.4 
5993499.7 
2503193.1 
5383635.2 
19322684.2 
279572.5 
26240202.7 



Contd… Table3.2


SECTORS
GFCF
CIS
EXP.
Less
TOTAL
  GROSS







   F.DD
 OUTPUT

1 
AGRICULTURE
0.0 
150644.4 
126318.3 
120590.4 
7858772.3 
11813066.5 

2 
MILK & MILK PRODUCTS
 
 

 
2208760.6 
2395945.6 

3 
LIVESTOCK PRODUCTS
28126.8 
17815.0 
5479.6 
23021.8 
885586.8 
1705312.6 

4 
FISHING

523.0 
794.2 
1904.0 
401617.6 
439333.2 

5 
COAL & LIGNITE

-35118.0 
1009.9 
54366.0 
-76665.2 
-44431.8 

6 
MINING & QUARRYING
0.0 
14842.0 
70604.8 
910793.7 
-824916.9 
-813179.4 

7 
SUGAR
0.0 
18642.0 
2825.4 
9732.0 
562470.3 
631687.6 

8 
EDIBLE OIL & VANASPATI
0.0 
6540.0 
46738.7 
21944.9 
554756.5 
666527.6 

9 
BEVERAGES
0.0 
5360.0 
86322.6 
1104.8 
386946.8 
432879.0 

10 
OTHER FOOD PRODUCTS
0.0 
-261.0 
140944.7 
18310.5 
1200237.8 
1259773.2 

11 
OTHER TEXTILES
2306.8 
34745.0 
490414.8 
53689.6 
2736852.7 
3732707.9 

12 
WOOLEN TEXTILES

2669.0 
4225.1 
4823.5 
74166.8 
104763.0 

13 
JUTE TEXTILES

-2953.0 
23559.1 
148.9 
26424.1 
72111.2 

14 
MAN MADE FIBRE

7908.0 
12663.9 
111984.8 
-48177.2 
165776.2 

15 
PAPER
0.0 
-4607.0 
24779.2 
113221.9 
151601.0 
212946.0 

16 
LEATHER
0.0 
1075.0 
164017.9 
8379.0 
263396.6 
264010.4 

17 
RUBBER PRODUCTS
154589.4 
4886.0 
17468.1 
8598.1 
252800.1 
261959.9 

18 
PETROLEUM PRODUCTS
0.0 
8386.0 
58682.4 
291399.3 
221305.9 
406335.1 

19 
INORGANIC CHEMICALS

7242.0 
39116.9 
78402.8 
-30545.3 
-10602.5 

20 
ORGANIC CHEMICALS

9749.0 
36552.8 
132488.1 
-43721.2 
-7480.1 

21 
FERTILIZERS

9388.0 
38.3 
123416.8 
-112092.7 
615287.2 

22 
PESTICIDES

228.0 
9130.1 
4171.2 
5223.3 
84679.9 

23 
PAINTS

3838.0 
30096.4 
15841.5 
18093.0 
64772.5 

24 
DRUGS & OTHER CHEMICAL
0.0 
123346.0 
132606.2 
83307.8 
589667.1 
654505.7 

25 
NON METALLIC MINERALS
5758.1 
4899.0 
305074.9 
17443.9 
439332.4 
458408.7 

26 
IRON & STEEL
101796.8 
64225.0 
44955.5 
328366.2 
-117385.8 
-111540.3 

27 
MISC. MANUFACTURING
3921890.5 
355243.0 
625707.8 
1119875.3 
5217572.9 
5566234.8 

28 
OTHER INDUSTRIES
17739.4 
138061.0 
15423.7 
15268.0 
262146.3 
308782.6 

29 
CONSTRUCTION
4754775.1 



5152688.4 
5390303.6 

30 
ELECTRICITY-WATER-GAS SS
0.0 
387.0 
1292.6 
0.0 
366509.7 
722866.1 

31 
TRANSPORT & COMN.
115140.9 
0.0 
332106.0 
239066.0 
2326111.3 
2729047.8 

32 
SERVICES
417947.0 
0.0 
809591.5 
109571.0 
12344744.4 
14015917.9 

33 
CLEAN WATER



 
69185.6 
279572.5 


Total Input at Factor Cost
9520070.8 
947702.4 
3658541.6 
4021231.8 
43254280.3 
54188707.4 


Net Indirect tax
 
 
 
 
 
3264583.0 


Total Input at Purchaser's Price




 
40563683.2 


Value added





40054828.4 


Gross output





80618511.6 

        All parameters are in lakh Rupees.

SECTION 4

EXPERIMENT WITH MODEL I :  RESULTS AND DISCUSSION 


This section discusses on  results.

 4.1 DIRECT AND INDIRECT POLLUTION OUTPUT COEFFICIENT 

     
Tables 4.1, 4.2 show us the direct, total (direct and indirect)  water  pollution  generation  coefficients  of   different   sectors respectively.   In  some   cases  matrices  are  transposed  for  the  sake  of  conveniences.   

     
Every  entry  in table  4.2  ( total  coefficient) is  significantly  higher  compared  to  the corresponding  figure  in table 4.1  (direct coefficient only).  Every  null entry  in table 4.1  signifies that the sector is non polluting, however,  the corresponding  non-zero entry in table 4.2  stresses that though the sector  is non polluting, it indirectly participates in the over all pollution  generating machinery.    For  example ,  direct  total pollution  generation in transport and communication is assumed to be absent  (table4.1)  but    indirectly  ( through the inputs  it  uses )  it  generates pollution  indirectly  at  the rate of  0.000012, 0.000007, 0.000008, 0.000029 thousand tonnes of suspended solids(SS), Dissoved Solids (DS), Oil and  Grease,  Other pollutants respectively per Lakh Rupees of the products  of   these sectors. 

     
Tables 4.1 and 4.2 also present that among the sectors  direct  pollution generation  coefficient   is found  to  be  highest  in Paper and Livestock  products  sector .  Livestock  sector  directly  generates  (0.000535, 0.000110, 0.001478 thousand tonnes of suspended solids, Oil and  Grease , and  other  pollutant respectively) per Lakh Rs. of the products  of  these sectors.  Whereas  total (direct and indirect) generation is highest for the Paper industry. This   sector  generates directly and indirectly  0.000805, 0.000013, 0.000001, 0.000004, 0.000384 thousand tonnes of suspended solids, dissolved solids, chloride, oil & grease and other pollutants respectively.  

TABLE  4.1

DIRECT WATER POLLUTION OUTPUT COEFFICIENTS

(‘000 tonnes discharged per Lakh Rs. of output at 1989/90 price)


SECTORS
SS
DS
CHLORIDE
SULPHIDE
O/G
PHENOL
ZINC
OTHER

1 
AGRICULTURE
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000122 

2 
MILK & MILK PRODUCTS
0.000139 
0.000193 
0.000019 
0.000000 
0.000053 
0.000000 
0.000000 
0.000127 

3 
LIVESTOCK PRODUCTS
0.000535 
0.000000 
0.000000 
0.000000 
0.000111 
0.000000 
0.000000 
0.001478 

4 
FISHING
0.000002 
0.000000 
0.000000 
0.000000 
0.000001 
0.000000 
0.000000 
0.000001 

5 
COAL & LIGNITE
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

6 
MINING & QUARRYING
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

7 
SUGAR
0.000456 
0.001010 
0.000000 
0.000000 
0.000007 
0.000000 
0.000000 
0.000023 

8 
EDIBLE OIL & VANASPATI
0.000010 
0.000000 
0.000000 
0.000000 
0.000007 
0.000000 
0.000000 
0.000000 

9 
BEVERAGES
0.000089 
0.000230 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000012 

10 
OTHER FOOD PRODUCTS
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

11 
OTHER TEXTILES
0.000000 
0.000060 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

12 
WOOLEN TEXTILES
0.000191 
0.000716 
0.000000 
0.000000 
0.000105 
0.000000 
0.000000 
0.000015 

13 
JUTE TEXTILES
0.000000 
0.000001 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

14 
MAN MADE FIBRE
0.000021 
0.000158 
0.000041 
0.000000 
0.000000 
0.000000 
0.000003 
0.001531 

15 
PAPER
0.000562 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000239 

16 
LEATHER
0.000154 
0.000709 
0.000226 
0.000001 
0.000000 
0.000000 
0.000000 
0.000071 

17 
RUBBER PRODUCTS
0.000057 
0.000159 
0.000000 
0.000003 
0.000000 
0.000000 
0.000000 
0.000008 

18 
PETROLEUM PRODUCTS
0.000000 
0.000000 
0.000000 
0.000008 
0.000059 
0.000001 
0.000000 
0.000000 

19 
INORGANIC CHEMICALS
0.000002 
0.000248 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000131 

20 
ORGANIC CHEMICALS
0.000042 
0.000000 
0.000000 
0.000000 
0.000045 
0.000014 
0.000000 
0.000006 

21 
FERTILIZERS
0.000183 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000047 

22 
PESTICIDES
0.000000 
0.000000 
0.000025 
0.000000 
0.000000 
0.000000 
0.000000 
0.000009 

23 
PAINTS
0.000003 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

24 
DRUGS & OTHER CHEMICAL
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

25 
NON METALLIC MINERALS
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

26 
IRON & STEEL
0.000000 
0.000000 
0.000008 
0.000000 
0.000000 
0.000001 
0.000000 
0.000003 

27 
MISC. MANUFACTURING
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

28 
OTHER INDUSTRIES
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

29 
CONSTRUCTION
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

30 
ELECTRICITY-WATER-GAS SS
0.000018 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

31 
TRANSPORT & COMM.
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

32 
SERVICES
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

TABLE  4.2 : DIRECT & INDIRECT  WATER  POLLUTION  OUTPUT COEFFICIENTS (‘000 tonnes of pollutants directly & indirectly  discharged per Lakh Rs. (1989/90 price) worth of each industries sales to final dd)


SECTORS
SS
DS
CHLORIDE
SULPHIDE
O/G
PHENOL
ZINC
OTHER

1 
AGRICULTURE
0.000050 
0.000003 
0.000000 
0.000000 
0.000008 
0.000000 
0.000000 
0.000237 

2 
MILK & MILK PRODUCTS
0.000148 
0.000196 
0.000019 
0.000000 
0.000055 
0.000000 
0.000000 
0.000169 

3 
LIVESTOCK PRODUCTS
0.000561 
0.000003 
0.000000 
0.000000 
0.000115 
0.000000 
0.000000 
0.001588 

4 
FISHING
0.000005 
0.000004 
0.000000 
0.000000 
0.000003 
0.000000 
0.000000 
0.000011 

5 
COAL & LIGNITE
0.000010 
0.000003 
0.000001 
0.000000 
0.000003 
0.000000 
0.000000 
0.000015 

6 
MINING & QUARRYING
0.000002 
0.000001 
0.000000 
0.000000 
0.000002 
0.000000 
0.000000 
0.000004 

7 
SUGAR
0.000492 
0.001016 
0.000000 
0.000000 
0.000013 
0.000000 
0.000000 
0.000167 

8 
EDIBLE OIL & VANASPATI
0.000054 
0.000006 
0.000001 
0.000000 
0.000015 
0.000000 
0.000000 
0.000188 

9 
BEVERAGES
0.000142 
0.000278 
0.000001 
0.000000 
0.000005 
0.000000 
0.000000 
0.000122 

10 
OTHER FOOD PRODUCTS
0.000110 
0.000079 
0.000003 
0.000000 
0.000018 
0.000000 
0.000000 
0.000187 

11 
OTHER TEXTILES
0.000036 
0.000104 
0.000004 
0.000000 
0.000007 
0.000000 
0.000000 
0.000202 

12 
WOOLEN TEXTILES
0.000262 
0.000810 
0.000003 
0.000000 
0.000124 
0.000000 
0.000000 
0.000260 

13 
JUTE TEXTILES
0.000024 
0.000006 
0.000001 
0.000000 
0.000004 
0.000000 
0.000000 
0.000086 

14 
MAN MADE FIBRE
0.000089 
0.000199 
0.000048 
0.000000 
0.000008 
0.000002 
0.000004 
0.001834 

15 
PAPER
0.000805 
0.000013 
0.000001 
0.000000 
0.000004 
0.000000 
0.000000 
0.000384 

16 
LEATHER
0.000305 
0.000939 
0.000295 
0.000002 
0.000021 
0.000000 
0.000000 
0.000377 

17 
RUBBER PRODUCTS
0.000089 
0.000190 
0.000005 
0.000004 
0.000005 
0.000001 
0.000000 
0.000166 

18 
PETROLEUM PRODUCTS
0.000004 
0.000002 
0.000000 
0.000008 
0.000062 
0.000001 
0.000000 
0.000006 

19 
INORGANIC CHEMICALS
0.000039 
0.000282 
0.000001 
0.000000 
0.000010 
0.000002 
0.000000 
0.000212 

20 
ORGANIC CHEMICALS
0.000089 
0.000030 
0.000002 
0.000000 
0.000055 
0.000017 
0.000000 
0.000085 

21 
FERTILIZERS
0.000227 
0.000031 
0.000001 
0.000000 
0.000010 
0.000002 
0.000000 
0.000102 

22 
PESTICIDES
0.000057 
0.000016 
0.000033 
0.000000 
0.000007 
0.000001 
0.000000 
0.000065 

23 
PAINTS
0.000044 
0.000038 
0.000003 
0.000000 
0.000009 
0.000002 
0.000000 
0.000117 

24 
DRUGS & OTHER CHEMICAL
0.000065 
0.000022 
0.000001 
0.000000 
0.000007 
0.000001 
0.000000 
0.000086 

25 
NON METALLIC MINERALS
0.000016 
0.000005 
0.000001 
0.000001 
0.000006 
0.000000 
0.000000 
0.000023 

26 
IRON & STEEL
0.000012 
0.000005 
0.000011 
0.000001 
0.000006 
0.000002 
0.000000 
0.000021 

27 
MISC. MANUFACTURING
0.000016 
0.000009 
0.000002 
0.000000 
0.000003 
0.000001 
0.000000 
0.000037 

28 
OTHER INDUSTRIES
0.000034 
0.000038 
0.000009 
0.000000 
0.000005 
0.000001 
0.000001 
0.000354 

29 
CONSTRUCTION
0.000012 
0.000004 
0.000002 
0.000000 
0.000004 
0.000000 
0.000000 
0.000032 

30 
ELECTRICITY-WATER-GAS SS
0.000030 
0.000003 
0.000000 
0.000000 
0.000003 
0.000000 
0.000000 
0.000012 

31 
TRANSPORT & COMM.
0.000012 
0.000007 
0.000001 
0.000001 
0.000008 
0.000000 
0.000000 
0.000020 

32 
SERVICES
0.000019 
0.000006 
0.000001 
0.000000 
0.000002 
0.000000 
0.000000 
0.000029 

SECTION 5

RESULTS AND DISCUSSION OF MODEL II

Conducting experiment with these set of analysed pollution abatement cost data (based on the extended input - output model as described in earlier section) would result in a new set of outputs and prices as formally illustrated through tables 5.1 and 5.2.

TABLE 5.1

EFFECTS OF POLLUTION CONTROL COST ON OUTPUT OF DIFFERENT GOODS & SERVICES (figures are in Lakh Rs)


SECTORS
GROSS OUTPUT
NEW OUTPUT
% CHANGE

1 
AGRICULTURE
12892891.3927
12906343.8713
0.1043

2 
MILK & MILK PRODUCTS
2477999.0487
2478211.8232
0.0086

3 
LIVESTOCK PRODUCTS
1841223.1037
1842421.5653
0.0651

4 
FISHING
448281.0916
448320.7261
0.0088

5 
COAL & LIGNITE
591198.5134
597473.7886
1.0614

6 
MINING & QUARRYING
831869.8969
853099.3511
2.5520

7 
SUGAR
662937.5538
663040.7753
0.0156

8 
EDIBLE OIL & VANASPATI
708548.7711
708688.9925
0.0198

9 
BEVERAGES
462826.0931
462917.0045
0.0196

10 
OTHER FOOD PRODUCTS
1292204.1604
1292322.7664
0.0092

11 
OTHER TEXTILES
3922760.3859
3923588.1289
0.0211

12 
WOOLEN TEXTILES
107462.6477
107476.4033
0.0128

13 
JUTE TEXTILES
174734.5185
176029.4312
0.7411

14 
MAN MADE FIBRE
489522.3549
491706.4022
0.4462

15 
PAPER
890065.0042
893040.8746
0.3343

16 
LEATHER
364876.8222
364932.5751
0.0153

17 
RUBBER PRODUCTS
491408.2965
492325.7271
0.1867

18 
PETROLEUM PRODUCTS
1490400.3269
1501035.9144
0.7136

19 
INORGANIC CHEMICALS
237044.2735
268997.8584
13.4800

20 
ORGANIC CHEMICALS
397520.4714
402950.9576
1.3661

21 
FERTILIZERS
712533.2827
714282.4408
0.2455

22 
PESTICIDES
119285.7373
119657.5872
0.3117

23 
PAINTS
265672.0053
269165.1378
1.3148

24 
DRUGS & OTHER CHEMICAL
1565733.7892
1569532.6223
0.2426

25 
NON METALLIC MINERALS
1183163.0494
1203808.5202
1.7449

26 
IRON & STEEL
2343390.3539
2377206.1263
1.4430

27 
MISC. MANUFACTURING
9512034.5529
9541703.1434
0.3119

28 
OTHER INDUSTRIES
658339.3988
663323.3810
0.7571

29 
CONSTRUCTION
5993499.6823
6183114.8258
3.1637

30 
ELECTRICITY-WATER-GAS SS
2503193.1217
2520110.7530
0.6758

31 
TRANSPORT & COMN.
5383635.1583
5405946.5906
0.4144

32 
SERVICES
19322684.2395
19366474.3490
0.2266

33 
CLEAN WATER
279572.5100
279723.2128
0.0539

TABLE –5.2

EFFECTS OF POLLUTION CONTROL COST ON PRICES

OF DIFFERENT GOODS & SERVICES 

(figures are in Lakh Rs.)
Sl.No.
Old Price
New Price
% CHANGE

1. AGRICULTURE
1
1.006929
0.692994

2. MILK & MILK PRODUCTS
1
1.001217
0.121708

3. LIVESTOCK
1
1.114492
11.44928

4. FISHING
1
1.001900
0.190009

5. COAL & LIGNITE
1
1.000238
0.023813

6. MINING & QUARRYING
1
1.000069
0.006983

7. SUGAR
1
1.008403
0.840374

8. EDIBLE OIL & VANASPATI
1
1.005443
0.544367

9. BEVERAGES
1
1.004252
0.425282

10. FOOD PRODUCTS
1
1.008172
0.817245

11. OTHER TEXTILES
1
1.004116
0.411632

12. WOOLEN TEXTILES
1
1.009215
0.921554

13. JUTE TEXTILES
1
1.002703
0.270329

14. MAN MADE FIBER
1
1.009291
0.929164

15. PAPER
1
1.000867
0.086771

16. LEATHER PRODUCTS
1
1.019520
1.952071

17. RUBBER PRODUCTS
1
1.002097
0.209745

18. PETROLEUM PRODUCTS
1
1.000118
0.011802

19. INORGANIC CHEMICALS
1
1.000764
0.076483

20. ORGANIC CHEMICALS
1
1.000682
0.068288

21. FERTILIZERS
1
1.000669
0.066988

22. PESTICIDES
1
1.000563
0.056314

23. PAINTS
1
1.000959
0.095992

24.DRUGS & OTHER CHEMICALS
1
1.001646
0.164661

25. NON-METALLIC-MINERALS
1
1.000415
0.041577

26. IRON & STEEL
1
1.000314
0.031486

27. MISC. MANUFACTURING
1
1.000507
0.050710

28. OTHER INDUSTRIES
1
1.002781
0.278197

29. CONSTRUCTION
1
1.000693
0.069347

30. ELECTRICITY-WATER-GAS SS
1
1.000285
0.028598

31. TRANSPORT & COMMUNICATION
1
1.000344
0.034416

32. SERVICES
1
1.000798
0.079879

5.1   EFFECTS OF POLLUTION ABATEMENT COST ON OUTPUT

It gets reflected from table – 5.1, that, augmentation of the original input - output system with incorporation of a clear water sector results in output increase for all the sectors of the economy. For clear understanding the sectors could be grouped (as presented in table 5.3) under three broad headings, depending on percentage effect on its output (namely – above 10%, above 1% and below 1%).
TABLE 5.3

LIST OF SECTORS CATEGORISED BASED ON PERCENTAGE EFFECTS ON OUTPUT

Category
Sectors

Above 10%

Above 1%

Below 1%


Inorganic Chemicals

Organic Chemicals, Paints, Non-Metallic-Mineral, Iron & Steel, Construction 

Agriculture, Milk & Milk Products, Livestocks, Fishing, Sugar, Edible oil & Vanaspati, Beverages, Other Food Products, Other Textiles, Woolen Textiles, Jute Textiles, Man made Fibre, Paper, Leather Products, Rubber Products, Petroleum Products, Fertilizers, Pesticides, Drugs & Other Chemicals, Misc. Manufacturing, Other Industries, Electricity-water-gas Supply, Transport, Services   

It is seen that Inorganic Chemicals experiences a massive output increase at an rate of 13.5% from Lakh Rs. 237044.2 to Lakh Rs. 268997.8. Percentage output increase for sectors like., Organic Chemicals, Paints, Non-Metallic-Minerals, Iron & Steel, Coal & Lignite, Construction and Minning & Quarrying is noted to be marginal i.e., around 1.366%, 1.31%, 1.74%, 1.44%, 1.06%, 3.16% and 2.55% respectively. For rest of the sectors of the Indian Economy the percentage effect on output of abatement cost is negligible, specifically Milk & Milk Products, Fishing, Livestocks, Other Food Products etc, shows very negligible increase compared to Man made Fiber, Jute Textiles, Petroleum Products, Other Industries and Electricity-water-gas supply sectors which shows almost 1% increase in output.    

 Interpretation of it rests on the fact that as the clean water sector make use of  power and chemical inputs, the demand for these increases, thus calling for its increased production. This ,in turn ,increases the demand for products - like, coal and lignite, Mining minerals, Drug and other chemicals - used as inputs in the production of power and chemicals, which further increases the demand for or production of goods used in producing them (involving again power, chemicals and others). It is due to the working of this acceleration principle, which states that changes in the demand for or production of goods tends to give rise to amplified changes in the demand for or production of goods used in producing them, that the output increases for all the sectors of the economy. This is so because the sectors are all interlinked with or interdependent on each other directly or indirectly. The percentage increase (as depicted from column 3) being higher for Inorganic Chemicals, Electricity - water - gas supply, Coal and lignite and Mining sectors consecutively since these may be sectors with extensive linkage and for which the amplitudes of cyclical fluctuations are wider, in the present demand or production situation. 

5.2 EFFECTS OF POLLUTION CONTROL COST ON PRICES 


Considering that treatment activity is undertaken we have a value added vector with a non zero element (v2) and non zero matrix element  A12, A21, A22. whereas when treatment is not undertaken all of these terms vanish. So prices for all products will be different and higher in the former case than in the later case.


The added cost will of course be included in the price of the marketed products. Any shift in cost will tend to have an effect on prices. The direct cost of clean water production is not the whole story. Since many industries are affected the cost of purchased intermediate goods and services will also rise unevenly across the economy. So almost all the sectors will be affected more or less.


Herein, also the whole economy could be categorised under four heads depending on the percentage effect on its prices (namely – above 10%, above 1%, around 1% and negligible) as depicted through table 5.5

TABLE 5.5

LIST OF SECTORS CLASSIFIED BASED ON PERCENTAGE EFFECTS ON PRICES
Category
Sectors

Above 10%

Above 1%

Around 1%

Negligible
Livestocks

Leather Products

Agriculture, Sugar, Edible oil & Vanaspati, Other Food Products, Woolen Textiles, Man made Fiber

Milk & Milk Products, Fishing, Coal & Lignite, Mining & Quarrying, Beverages, Other Textiles, Paper, Rubber Products, Petroleum Products, Inorganic Chemicals, Organic Chemicals, Fertilizers, Pesticides, Paints, Non-Metallic-Minerals, Iron & Steel, Misc. Manufacturing, Other Industries, Construction, Electricity-water-gas supply, Transport, Services

As noticed from table 5.2 Livestocks shows a greater percentage effect on prices (i.e., its price increases by 11.45%). Leather Products experience a marginal price increase of around 1.95%. Sectors like., Agriculture, Sugar, Edible oil Vanaspati, Other Food Products, Woolen Textiles, Man made Fiber also depict a marginal increase in price around 1% ( .69%, 0.84%, 0.54%, 0.82%, 0.92%, 0.93% respectively). Of the rest of the sectors showing negligible increase in price, Mining & Quarrying and Petroleum Products experiences very negligible effect.   

It is evident from table 5.2 that price too increases for all the sectors of the economy. The explanation behind it is the same as in the case of output increase. With the difference, resting on the fact that the increase in price is the outcome of new Gross Value Added derived from the addition of salaries to the  staff and cost of operation and maintenance include because of the incorporation of an additional sector, the clean water. As a result of which price increase is not high for the sectors for which demand for or production percentage increase is high, but for sectors for which pollution abatement costs have been available. The reason being that such, additional cost (in form of salaries of the staff and cost of operation + maintenance) by convention influences the economic decision (of price fixing) of the sectors. Moreover, direct as well as indirect effect of the increased demand for or production of goods used as inputs by the clean water sector, (as reflected through the extended [ I - A]-1 matrix) also influence the price increase to an extent. The percentage increase in price is marginal for sector which doesn’t incur additional cost relating to pollution control measures, with exceptions to Agriculture, Milk and Milk product, Drugs & other chemicals, Other industries. These exceptions show quite an increase in price, which may be due to the increased demand for  production of these products corresponding to the clean water sector’s input requirements. 
SECTION 6

SIMULATION EXERCISES ON POLLUTION CONTROL POLICIES


Environmental pollution is often viewed as a negative externality. This external diseconomies of development activities can be minimized by controlling pollution, if polluters or some other agents of the economy incur some additional costs. However, since the environment is a public good, the particular agent will have no incentive to incur the pollution abatement cost. The reason being, it is difficult to define or enforce property rights to the services of such resources, thus cannot be priced. This justifies the governmental regulations and pollution control policies.

The present paper, however, will carry out experiments based on a set of instruments developed by us in this context. Those are; (I)  taxes / charges on sectors which make use of pollution generating inputs in their production process, i.e., on sectors which are not operating through pollution free or environmental – friendly production technologies and   (ii) charges in form of Water Cess on sectors for which water consumption data has been available, is also being accounted for.  

CASE 1 


Taxes / charges on sectors which make use of pollution generating inputs in their production process i.e., on sectors which are not operating through pollution free or environmental – friendly production technologies.


This case experiments with a tax that is imposed on sectors which uses such inputs that generates high level of pollution. A rate of tax ranging from 5-15% has been considered for the present experiment. The tax rate varies depending on the extent of the polluting input used in the technology engaged by the particular sector. Such a classification has been formulated as reported in the table - .
SECTORS 
TAX %

Agriculture 
5

Milk and milk products
-

Livestock 
5

Fishing 
5

Coal & lignite 
0

Mining 
-

Sugar 
10

Edible Oil + Vanaspati
10

Beverages
15

Food products
15

Other Textile 
15

Woolen textile
15

Jute Textile
10

Man-made Fibre
15

Paper
15

Leather
15

Rubber
15

Petroleum Products
5

Inorganic Chemicals
15

Organic chemicals
15

Fertilizer
15

Pesticides
15

Paints
15

Drugs 
15

Non-metallic Minerals
10

Iron + steel
5

Other industries
15

Construction
10

Electricity, Gas, Water
5

Transport & Communication
10

Services
5

Corresponding to this table the observation made is that the price increases for all the sectors, as depicted in table  6.1. But the percentage increase is higher for sectors on which tax is imposed at higher rate. Of 
TABLE 6. 1
EFFECT OF TAX ON PRICES (BASED ON POLLUTING INPUT USED)


SECTORS
OLD PRICE
NEW PRICE
% CHANGE

1 
AGRICULTURE
1.000000 
1.004037 
0.403681 

2 
MILK & MILK PRODUCTS
1.000000 
1.001063 
0.106262 

3 
LIVESTOCK PRODUCTS
1.000000 
1.002916 
0.291584 

4 
FISHING
1.000000 
1.002508 
0.250815 

5 
COAL & LIGNITE
1.000000 
1.010731 
1.073124 

6 
MINING & QUARRYING
1.000000 
1.001418 
0.141814 

7 
SUGAR
1.000000 
1.005724 
0.572448 

8 
EDIBLE OIL & VANASPATI
1.000000 
1.007734 
0.773365 

9 
BEVERAGES
1.000000 
1.012161 
1.216117 

10 
OTHER FOOD PRODUCTS
1.000000 
1.010749 
1.074929 

11 
OTHER TEXTILES
1.000000 
1.014282 
1.428243 

12 
WOOLEN TEXTILES
1.000000 
1.019554 
1.955386 

13 
JUTE TEXTILES
1.000000 
1.007922 
0.792220 

14 
MAN MADE FIBRE
1.000000 
1.035835 
3.583543 

15 
PAPER
1.000000 
1.017024 
1.702446 

16 
LEATHER
1.000000 
1.017801 
1.780148 

17 
RUBBER PRODUCTS
1.000000 
1.026101 
2.610128 

18 
PETROLEUM PRODUCTS
1.000000 
1.015788 
1.578789 

19 
INORGANIC CHEMICALS
1.000000 
1.026967 
2.696705 

20 
ORGANIC CHEMICALS
1.000000 
1.029473 
2.947327 

21 
FERTILIZERS
1.000000 
1.024080 
2.407972 

22 
PESTICIDES
1.000000 
1.023714 
2.371362 

23 
PAINTS
1.000000 
1.036946 
3.694563 

24 
DRUGS & OTHER CHEMICAL
1.000000 
1.025201 
2.520106 

25 
NON METALLIC MINERALS
1.000000 
1.012955 
1.295492 

26 
IRON & STEEL
1.000000 
1.012969 
1.296921 

27 
MISC. MANUFACTURING
1.000000 
1.016698 
1.669833 

28 
OTHER INDUSTRIES
1.000000 
1.029307 
2.930706 

29 
CONSTRUCTION
1.000000 
1.011035 
1.103482 

30 
ELECTRICITY-WATER-GAS SS
1.000000 
1.007886 
0.788606 

31 
TRANSPORT & COMMUNICATION
1.000000 
1.010958 
1.095816 

32 
SERVICES
1.000000 
1.003706 
0.370593 

which Man made Fiber(3.58%), Rubber(2.61%), Inorganic Chemicals(2.7%), Organic Chemicals(2.95%), Fertilizers(2.4%), Pesticides(2.37%), Paints(3.69%), Drugs & Chemicals(2.52%), Other Industries(2.93%) indicate comparability higher increase. The reason behind it may be that for these sectors the extent of polluting input used in its production process is noticeably higher. There are few exceptions Like, that in Iron and steel and Electricity- water – Gas supply sector, which show higher percentage price increase despite of being charged at a lower rate. It is so because these sectors are generally extensively linked with the other sectors of the economy. 

Whereas, sectors which have not been taxed also show sign of marginal price increase as consequence of indirect effect. Hence, emphasing  that the existence of linkages between industries should be accounted for, while adopting pollution control policies. Because such added cost would influence the decision (of price fixing) of the sectors of the economy directly as well as indirectly.

Case 2


Water Cess is also a form of fiscal incentive – though introduced mainly to augment the resources of the authorities and not to induce abatement as such. However, when provisions are made for giving a rebate on the cess payable to the sectors or industries which have installed a treatment plant, Water Cess potentially becomes an important instrument for inducing abatement. Limitation of data , restricted us to deal only with 11 sectors, for which water consumption data have been available. The list of the said sectors is (1) Livestock, (2) Fishing,(3) Sugar, (4) Beverages, (5) Cotton Textile, (6) Jute Textile, (7) Rubber, 

(8) Petroleum  product , (9) Organic Chemical, (10) Fertilizer, (11) Paints 

The rate was being fixed at a low level (varying between 1.5 paise to 5 paise per kilo of water consumed) at the very inception of the Water Cess Act of 1977. Exercises with 1.5 paise, 2 paise or so on per kilo failed to make much impact on prices, only the results for the case of 5 paise per kilo is presented in table 6.2.
TABLE  6. 2

EFFECT OF WATER CESS ON PRICES (@ Rs. 0.05 per kilo of water

Consumed)


SECTORS
OLD PRICE
NEW PRICE
% CHANGE

1 
AGRICULTURE
1.000000 
1.000290
0.029050

2 
MILK & MILK PRODUCTS
1.000000 
1.000050
0.005052

3 
LIVESTOCK PRODUCTS
1.000000 
1.003945
0.394543

4 
FISHING
1.000000 
1.000031
0.003157

5 
COAL & LIGNITE
1.000000 
1.000020
0.002005

6 
MINING & QUARRYING
1.000000 
1.000009
0.000900

7 
SUGAR
1.000000 
1.000177
0.017799

8 
EDIBLE OIL & VANASPATI
1.000000 
1.000227
0.022743

9 
BEVERAGES
1.000000 
1.000175
0.017582

10 
OTHER FOOD PRODUCTS
1.000000 
1.000291
0.029115

11 
OTHER TEXTILES
1.000000 
1.000118
0.011846

12 
WOOLEN TEXTILES
1.000000 
1.000303
0.030306

13 
JUTE TEXTILES
1.000000 
1.000108
0.010811

14 
MAN MADE FIBRE
1.000000 
1.000038
0.003873

15 
PAPER
1.000000 
1.000039
0.003923

16 
LEATHER
1.000000 
1.000634
0.063495

17 
RUBBER PRODUCTS
1.000000 
1.000069
0.006940

18 
PETROLEUM PRODUCTS
1.000000 
1.000273
0.027368

19 
INORGANIC CHEMICALS
1.000000 
1.000038
0.003809

20 
ORGANIC CHEMICALS
1.000000 
1.000041
0.004190

21 
FERTILIZERS
1.000000 
1.000038
0.003810

22 
PESTICIDES
1.000000 
1.000032
0.003227

23 
PAINTS
1.000000 
1.000034
0.003495

24 
DRUGS & OTHER CHEMICAL
1.000000 
1.000069
0.006988

25 
NON METALLIC MINERALS
1.000000 
1.000038
0.003888

26 
IRON & STEEL
1.000000 
1.000033
0.003305

27 
MISC. MANUFACTURING
1.000000 
1.000026
0.002608

28 
OTHER INDUSTRIES
1.000000 
1.000060
0.006054

29 
CONSTRUCTION
1.000000 
1.000038
0.003845

30 
ELECTRICITY-WATER-GAS SS
1.000000 
1.000039
0.003990

31 
TRANSPORT & COMMUNICATION
1.000000 
1.000043
0.004370

32 
SERVICES
1.000000 
1.000031
0.003171

Experiments have been conducted with Water Cess rate of 25 paise per kilo also, accounting for the inflation. The water cess of 5 paise per kilo as determined during 1977 price would certainly not provide the picture of the present price situation. Hence, the rate 5 paise per kilo has been inflated to 25 paise per kilo keeping in mind the inflation during the period 1977-2000. Results of which are  presented through table 6.3.
TABLE  6. 3

EFFECT OF WATER CESS ON PRICES (@ Rs. 0.25 per kilo of water consumed)


SECTORS
OLD PRICE
NEW PRICE
% CHANGE

1 
AGRICULTURE
1.000000 
1.001452
0.145251

2 
MILK & MILK PRODUCTS
1.000000 
1.000252
0.025262

3 
LIVESTOCK PRODUCTS
1.000000 
1.019727
1.972719

4 
FISHING
1.000000 
1.000157
0.015788

5 
COAL & LIGNITE
1.000000 
1.000100
0.010028

6 
MINING & QUARRYING
1.000000 
1.000045
0.004501

7 
SUGAR
1.000000 
1.000889
0.088995

8 
EDIBLE OIL & VANASPATI
1.000000 
1.001137
0.113719

9 
BEVERAGES
1.000000 
1.000879
0.087916

10 
OTHER FOOD PRODUCTS
1.000000 
1.001455
0.145575

11 
OTHER TEXTILES
1.000000 
1.000592
0.059231

12 
WOOLEN TEXTILES
1.000000 
1.001515
0.151531

13 
JUTE TEXTILES
1.000000 
1.000540
0.054059

14 
MAN MADE FIBRE
1.000000 
1.000193
0.019369

15 
PAPER
1.000000 
1.000196
0.019617

16 
LEATHER
1.000000 
1.003174
0.317475

17 
RUBBER PRODUCTS
1.000000 
1.000346
0.034698

18 
PETROLEUM PRODUCTS
1.000000 
1.001368
0.136844

19 
INORGANIC CHEMICALS
1.000000 
1.000190
0.019047

20 
ORGANIC CHEMICALS
1.000000 
1.000209
0.020955

21 
FERTILIZERS
1.000000 
1.000190
0.019052

22 
PESTICIDES
1.000000 
1.000161
0.016135

23 
PAINTS
1.000000 
1.000174
0.017475

24 
DRUGS & OTHER CHEMICAL
1.000000 
1.000349
0.034941

25 
NON METALLIC MINERALS
1.000000 
1.000194
0.019442

26 
IRON & STEEL
1.000000 
1.000165
0.016527

27 
MISC. MANUFACTURING
1.000000 
1.000130
0.013040

28 
OTHER INDUSTRIES
1.000000 
1.000302
0.030271

29 
CONSTRUCTION
1.000000 
1.000192
0.019229

30 
ELECTRICITY-WATER-GAS SS
1.000000 
1.000199
0.019952

31 
TRANSPORT & COMMUNICATION
1.000000 
1.000218
0.021851

32 
SERVICES
1.000000 
1.000158
0.015858

Herein, also price increases, but very negligible for all the sectors eventhough only 11 sectors have being charged with Water Cess and percentage increase in price is  higher for the latter case (i.e., 25 paise per kilo).
SECTION  7

 AN ESTIMATE OF GREEN GDP OF INDIA AND ITS IMPLICATIONS 

              So, far we have studied  the aspects concerning  water resources , water pollution  generation directly and indirectly  ,abatement  cost  and its effect on output, prices as well as on consumers. Ultimate results of  these are deterioration   in the water qualities and its depletion. Such  environmental  deterioration  has  adverse effect on human welfare. However, as conventional GDP  measure fails  to account for such welfare losses, an  attempt has been  made in this section to measure the green GDP of India for the year 1989-90.

7.1 DIFFERENT CATEGORIES OF ADJUSTMENTS TO THE  NATIONAL ACCOUNTS


There are    three categories of adjustments to the national accounts which have been proposed  to reflect the cost  and  benefits of   human  activity on the environment.  These are the  

a) depletion of natural capital

b) environmental degradation, and

c) defensive expenditure.
TABLE 7.1

ESTIMATE OF GREEN GDP OF INDIA FOR THE YEAR 1989-90.
(FIGURES ARE IN LAKH RS.)



DOMESTIC PRODUCTION
FINAL CONSUM-PTION
CAPITAL FORMATION
REST OF THE WORLD

1.
Supply of 

products






(1) Others 

sectors
(1) 79816925.19


(1) 4021232


(2) Water 

resources
(2) 522013.9


(2)       -

2.
Use of 

production
(1) 36678813.74
(1) 33033028.54
(1) 10467773.17
3658542



(2) 405845.08
(2) 116168.8
(2)   -


3.
Use of fixed 

capital
(1) 4526835

(1) 4526835


4.
Value added (VA/NDP)
NDP or NVA =38357895.7




5.
Defensive expenditure 
279574.51


799400.00

Health cost




Loss due to soil degradation
271880.00

Natural capital consumption 1350854.5



Total EC = Total EVA= Total EDP =
1350854.5  37806441.22 37007041.22

ECF = (CF –CC) –EC = 4220534.143



% Loss in terms of NDP
3.52%




Source :  1) Input-Output Transaction Table 1989-90, CSO

                 2)  IGIDR(1992), Bombay

                 3) Centre for Science and Environment (1982,85) 

                 4) Planning  Commission (1995)

Table 7.1 shows the environmentally adjusted national income accounting. It is evident from the above table that the total domestic production of goods and services (O), given by the sum of intermediate consumption’s (IC), final consumption (C), capital formation (CF) and net export (Export-Import) of all the sectors, is Rs. 80338939.099 (Lakhs). EVA derived from NVA by substracting EC (Environmental Depletion and Degradation Cost) account to Rs. 37806441.22 (Lakhs).  Finally EDP which is Environmentally Adjusted Value Added (EVA) – Household Environmental Cost (ECh) comes down to Rs. 37007041.22 (Lakhs). Consequently percentage of loss in terms of NDP is 3.52%.     

Environmental deterioration clearly has an adverse impact on human welfare. In the context of GDP measurement, national accounts are not meant to measure welfare( United Nations,1992). However, they can give insights into welfare generation. For instance, accounting indicators of the depletion or deterioration of stocks of environmental assets, in physical or money terms, provide signals about possible losses of our long-term capability to maintain environmental functions and hence their welfare contributions. Defensive expenditures even though increase GDP in terms of additional investment, it is deducted from GDP to arrive at EDP. The reason behind it being that this kind of investment is made to compensate for the welfare loss resulting from environmental degradation and depletion. The very same indicators may spur policy action, resulting in both the betterment of the environment and an increase in welfare. 

 Here whereas NDP is Rs. 38357895.73 (Lakhs), we arrived at  EDP of Rs. 37007041.21 (Lakhs) thus accounting for loss in terms of NDP to be around 3.52%. Apart from welfare loss view point one must also consider the positive side (Schafer, Stahmer  ,1989 )of incurring defensive expenditure too. That is, this kind of investment made for pollution abatement provides a upsurge for employment generation, thereby raising income and output level.        
SECTION 8

SUMMARY AND CONCLUSIONS

Almost all the countries of the world are becoming concerned with the environmental problems and environmental  considerations are  becoming a part of the overall development policy  of  every nation.    

     
  An economy consists of a large number of industries. These industries do not  exist in isolation from each other , rather , are interrelated  . The interdependence arise from the fact that the output of a  sector  is generally required as input by another  sector. Though some sectors do not produce pollution directly but these sectors produce pollution indirectly in a very significant way, depending on the methodology  of interdependence among sectors of the economy under the framework of Input-output technique of Leontief .         

            The  results show that the amount of total pollution generation per unit of the product ( Table 4.2) is  significantly higher for all industries compared to direct pollution generation coefficient  (Table 4.1)  . Thus one cannot simply look at the size of the direct water  pollution coefficients,  he  must  also  consider the  size  of  the  total coefficients (direct plus indirect). 

             A study by CPCB (1997) shows that a significant number of industries are controlling water pollution .The pollution abatement activities involve cost, which in turn, will  affect the price and output of different industries. The analysis shows that the demand for all  the output of different sectors  have changed and the price of all the sectors have increased . It is evident from the study that the inorganic Chemicals experiences a higher percentage  increase in output (13.5%) followed by  Construction (3.2%) and Mining and Quarrying (2.6%) .  

      
Any shift in cost  has an effect on prices. The direct cost of clean water  production is not the whole story . Since many industries are affected the cost of  purchased intermediate goods of service have also risen  unevenly  across  the economy. The pattern of final consumption  has also been affected . This study  points out that the percentage price increase is higher for Livestock’s  (11.4%) followed by Leather Products (1.9%).

Final consumers ,that is ,the households ultimately  bear the burden of pollution generation,  either through price increase- due to production of clean water or  tax imposed by the government  on producers - or health treatment  cost when pollution is not treated. From the point of  household  the relationship between the real cost and real benefits remain nevertheless the same, having paid for  clean water  production or tax imposed by government indirectly , he will have to spend less on health treatment cost directly.

It is observed from the study that the whole economy will be effected due to pollution control. Government can use a variety of regulatory and economic instrument to reduce water pollution. Some contributions have been made in form of policy suggestions in this paper from which it is evident that the price system would also differ if instead of voluntary action or to obey a special law ,each industry under takes to eliminate pollution at its expense,it pays off an appropriate proposed tax for pollution generation. The present  paper has considered  (1) taxes on those sectors which make use of pollution generating  inputs in their production process and (2) effect of water cess on prices @ Rs. 0.05 and 0.25 per kilo of water consumed. In the first case it is observed that the percentage increase in prices are higher for sectors on which tax is imposed of higher rate  In the latter case (case II) also price increases ,but very  negligible.

  Further, there is now a wide measure of agreement that the conventional system of National Accounts is no longer adequate as a means of measuring the impact of environmental changes on income and welfare. In the context of GDP measurement, national accounts are not meant to measure welfare. However, they can give insights into welfare generation. Defensive expenditures even though increases GDP in terms of additional investment, it is deducted from GDP to arrive at EDP. The reason behind it being that this kind of investment is made to compensate for the welfare loss resulting from environmental degradation and depletion. The very same indicators may spur policy action resulting in both the betterment of the environment and increase in welfare. In this paper where as NDP is Rs. 38357896.73 [(Lakhs) section 7] we arrive at EDP of Rs. 37007041.21 (Lakhs). So, loss interms of NDP is 3.52%. Apart from welfare loss view point one must also consider the positive side of incurring defensive expenditure too. This kind of investment made for pollution abatement provides a stimuli for employment generation, thereby raising income and output level. 

[ This paper is based on the report prepared by Chakraborty (2001) ]
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