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Abstract

A comprehensive assessment on the effect of pollutants on economy has revealed that the
market impact of air and water pollution leads to significant economic cost and hence
annual global welfare cost.

We hence develop a General Equilibrium Model which shows socially optimum levels of
production by different firms and their effects on the consumption under the
environmental impacts. This provides the theoretical framework of our model. Now, the
policies regarding environmental protection will lead to sustainability as pollution affects
health which in turn affects productivity of the human agents of the economy. Thus,
productivity of agents will remain intact or may increase in the model due to the application
of those policies rather than having a decay due to bad air quality owing to pollution.

Besides air pollution this paper also highlights the status of sewage and wastewater
treatment in a similar fashion.

Then we simulate the effects of such policies with data on Indian Economy in a Computable
General Equilibrium (CGE) model by building Social Accounting Matrix (SAM) based on
different microeconomic aspects according to our model. We extend the traditional SAM by
incorporating the following environmental factors. Firstly, we include the emission of
pollutants from different sectors. Secondly, we consider water treatment plants as a unique
sector of the economy. Finally, with environmentally extended SAM in the CGE model we
compare different policies which a government can take and also analyses and quantify the
costs and benefits of the policies using GAMS software.

Keywords- CGE Models, General equilibrium, Pollution Control, Abatement Cost,
Government Policy

JEL classification- C68,D058,052,Q58

Introduction

Often something which is invisible, causes harm at a greater extent. Air pollution is such a
threat to mankind. The standard way of determining air pollution severity is to measure
PM2.5 readings.

On the other hand, sewage disposal and wastewater treatment are serious issues in
developing countries. Untreated sewage water not only contaminates the environment but
also hampers the health of people.
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A comparison of GHG emissions by sector
between 1994 and 2007 in million tons of
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Thus, it becomes important to analyse how the economy will be affected when emissions
are reduced. A reason for the sluggish behaviour of the economic agents to switch over
from carbon fuel to more renewable and non-conventional energy sources is that such
shocks can be detrimental to the health of the economy. Thus, we don't take initiative to
develop such technology which can be used for better and greener environment.

The paper is structured in the following way: Section | presents a general equilibrium model
which provides a theoretical background of effects of pollution. Section Il provides the
construction of the SAM, CGE modelling and extension to its environmental aspect. Section
[Il shows the first simulation of a decrease in carbon emission. Section IV gives the extension
of basic SAM to another ESAM by incorporating water pollution and abatement sector and
provides a simulation of a decrease in COD emissions by different sector. Section V gives a
policy review and conclusion.

Literature Review
There is a growing literature on compilation of social accounting matrices and computable
general equilibrium models as we want to analyse policy options, though there has been less
emphasis on environmentally extended SAMs literature in India.
Keuning (1993) in his paper ‘National Accounts and The Environment: The Case for A
System’s Approach’ proposed pollution effects should be incorporated and accounted for in
the traditional SAM to extend into a national accounting matrix (NAMEA). Xie (1995)
constructed an EESAM or environmentally extended SAM which includes pollution
abatement sectors which have been included in our analysis on India. Xie extended the SAM
in many ways which accounted for the pollution taxes, subsidies in separate accounts and
gives a comprehensive outlook on Environmentally extended SAM. Horridge et al. (2005)
developed the TERM CGE model to consider the economic impact of drought. Onil
Bannerjee et al. also provide a nice framework of including natural resources in the analysis
of SAM construction.
CGE modelling has been used in many policy simulations in India. A. Ganesh Kumar et al.
showed dynamic recursive simulations for increase in government consumption expenditure
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on various endogenous variables for the Indian economy which includes GDP growth, export
import values, domestic demand etc.

Koushik Das et al. in their paper ‘General Equilibrium Analysis of Strategic Trade: A
Computable General Equilibrium Model for India” show several policy simulations on
international trade. Import liberalization, increase in capital inflow and technological change
and consumers preferences were simulated.

Section-|

Theoretical Model
We first present a simple model which explains and describes the functioning of an
economy taking into account emissions and pollution. The general idea is we can think
emissions as an input of the firm which if it uses more leads to more output. Emission
permits the firm to use of more energy and fuel (low cost) and thus leads to more output.
Thus, we take emissions as an input which accounts for different production activities
necessary. We suppose there are N number of firms and M number of agents in the
economy and each firm produces only one good

The production function of j firm among N firms in the economy is given by
Q] = AF}'(Lj,I(j,Ej,le, .....,XN]') B ] = 1(1)N

This represents the total output produced by the j-th firm in the economy using three
inputs labour (L) , capital(K) , emissions(E).

x; represents the intermediate inputs where input of i industry is used to produce the
output of the j" industry, where i = 1(1)N

Ais the level of technology used by the firm.

The assumptions of the production functions are

Qjz; > 0,Qjkx; > 0,Qj5, > 0,Qjx; >0, i =1(DN

aQj, 0Qjk 0Qj; 0Qjx;; 9QjL,;
<0 <0 <0

i = 1(DN ’
o, ~%%x <%%E <% <% 510 OF,

0 0Qjx;

'"OE,

>0

We suppose the following pollution function which describes the amount of pollution
occurring due to emission,
P=P(E),P >0,

where E is that amount of total emissions chosen from all firms’ the profit maximizing

conditions.

J
The profit maximising j* firm maximises the following problem.

[I; = pjAF (L), K}, Ej X1, . Xnj) = (WL + TK; + X pixij)

P;is the price of the j'" output, w is the wage level of labour and r is the rent of capital.
The first order conditions are
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Solving these equations, we obtain the optimum level of inputs, L,, K, E,.
In the consumer side the utility function of the k th individual is given by
U(fiks forr -~ fnio P) Where f;, is the final demand of the i*" good by households.

The assumptions are U, > 0,i = 1()N, U, <0

The consumer wants to perform the following maximisation problem.

Max U(fi forer - fvio P) s.to M = YN_. pifix Where M= money income of the consumer
Suppose emission target are set for all the j firms at some specified level E, which is
obviously binding condition. The changes in the optimum input level are shown graphically.

The level of emission is fixed at E, from the initial value E,
MPe

r'y

_,_\\M PE

E. Eo

FIXED EMISSION LEVEL

Decrease in emission leads to increase in labour productivity causing shift of MP_curve to
the right since

<0
OE;
So, the labour usage is increased from L,to L, thus leading to an increasing tendency to
output. Though in reality such changes don’t take place in the very short period of time.
Moreover, with modern technologies and energy intensive industries the downward trend on
output is more.
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INCREASE IN LABOUR

Lo L1

Decrease in emission leads to decrease in the level of capital from K, to K, since our

. . aQJ'K]'
assumptionis—=<0
an

MPK,I’

&

DECREASE IN CAPITAL

K1 Ko

Since the labour is increasing and capital and emission level are decreasing, so in reality the
change in output depends on the magnitude of the relative change.

Section-ll
I1.1 Construction of SAM

A social accounting matrix represents the transaction flows of an entire economy and its
activities by different agents in a particular year, where the columns represent the outflows
and the rows represent the inflows to the economy. It thus forms our base of the analysis
presented over here.

First, we provide the basic structure of a SAM on the basis of description given in Pradhan et
al.,2006.
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We have constructed the SAM of year 2007-08 to analyse the effect of different policies on
the economy. The different components of the SAM and their sources can be mentioned as

follows

1. Input Output Table - Input output table establishes the sale-purchase relationship in an
economy. We have obtained the input output table which is a commodityxcommodity
table from the MOSPI. The MOSPI provides the input output table for 130 sectors in a
detailed manner. For our analysis, we have aggregated those 130 sectors into 5 broad
sectors maintaining some similar characteristics among them. The aggregation scheme

was made on the basis of data of emissions of CO, as given below.

SERIAL
NO

SECTOR
CODE

SECTORS FOR SAM

SECTORS OF 10
TABLE

AGRI

FORESTRY

AGRICULTURE, PISCICULTURE AND

1-26,67

FUEL

FUGITIVE, MINING AND MINERALS

27-37,63,64,74,76

CHEM

CHEMICALS, FOOD PROCESSING AND
OTHER CHEMICAL MATERIALS

38-62,65,66,68-
73,75,107

MET

METALS AND MACHINERY

77-105

OTH

TRANSPORT AND ALL OTHER SERVICES

106,108,109-130

We performed the aggregation procedure for the input output table by matrix multiplication
method. The process is - A*=SAS' where A* is the new aggregated input output table we
formed. § is the aggregation matrix whose elements are s; where s; is 1if the particular
sector is included within the aggregated sector and O if not. S" is the transpose matrix of S.
A'is the initial matrix obtained from the MOSPI website. This aggregated input output table
forms the backbone of SAM.
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. Value Added Income Of Labour And Capital- Gross value added of each sector is
obtained from the input output table itself. The aggregation has followed the same
method as mentioned above. Now to decompose in into labour and capital, first we
estimated the net value added of each sector by subtracting the rate of depreciation
from gross value added of that sector. Depreciation of each sector is estimated from the
ratio of gross value added and depreciation of each sector. We obtain the wage and
non-wage income from the National Account Statistics.

Then we add the non-wage income obtained along with the total depreciation to
estimate the total value added of capital.

. Other Income Accounts- Income from enterprises of Government sector which include
the Government administration as well as public sector units and non-departmental
firms, have been obtained from the National Accounts of Statistics, Government of India
of 2007-08. Operating profits by different private firms are added as a balancing item of
the SAM.

. Tax And Savings Account- Data on personal taxes by households includes Income and
Wealth tax obtained from households. Data is obtained from the NAS of India of 2007-
08. Data on Corporate taxes by corporate private firms is retrieved in the same way.
Input output table provides the Net Indirect Taxes sector wise. Thus, these indirect taxes
are net of subsidies and cover all kinds of production taxes. Indirect tax like sales tax,
VAT etc. on Consumption, Investment, Government final purchase and Exports are also
provided by Input output table.

On the other hand, Household savings, Total Government savings and Corporate savings
are obtained from NAS.

Final Demand Account- The final demand by two agents- households and government
are obtained from input output table. Taxes on such purchases and total investment
expenditure are also obtained from the same source while the Depreciation data is
obtained from NAS.

Foreign Account- The column of ROW includes the exports and the row of ROW
includes the imports of different sectors obtained from the input output table. Net
factor income for both labour and capital, net current transfers to household and net
capital transfer to government are obtained from the National Accounts Statistics.
Foreign savings has been added as a balancing item.

Finally, we present the SAM computed for India for the year 2007-08.

CHEM MET OTH HOH Gov CAC ROW TOTAL

24366 16463 105374 64648 10043 488714 | 281513 | 133488
562.59 5.5118 53.45 867.09 09.592 1261 8.676 795.6

838841 10848 24983 10528 831389 375150 | 129081 108919
6.572 000.81 418.22 499.77 .0431 6.013 14.62 302.5

477361 | 744813 | 250877 520221 35726 12089 176583 | 172579
73.48 5.91 03.38 78.33 66.334 383.35 15.29 669.1
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132087 | 375812 64091 27336 104273 180615 157647 | 195076
6.807 4.46 848.28 470 42.77 1.531 70.12 502.2

59530 34083 28476 83248 135557 42947 46679 48528
67.069 285.78 946.3 080.16 505.4 351.34 997.95 4784.2

513940 | 139287 116227 | 130558 22760 20242
9.811 56.37 19.67 424.3 0 2642

165566 25453 177209 | 151805 18840 | 253607
47.79 835.93 29.29 508.5 00 993.7

159521 101943 40038
555 00.38 7953.4
134799 62435
38.73 479.73
311369 | 100762 62222 163212
00 53.05 495 7971

108618 51052 114023 734972 | 727876 40500
25.68 07 2 7 3 493.05

112022 34705 49163 190192
100 700 416.82 806.9

397625 | 124941 47296 124246
04.23 73.96 866.26 878.2

108919 172579 | 195076 163212 190192
302 669.1 502.3 796.8 807.5

1.2 CGE Model

CGE or computable general equilibrium models are defined on the basis of certain
equations describing the production frontier of factor usage in the production process. It
can be used to simulate different policies showing how different sectors of the economy
react. We have used GAMS winé4 28.2.0 software for the calibration and simulation purpose
in both the simulations performed.

Different modules of CGE model are

Production Module- Production module consists of the 5 broad sectors. In the second
simulation we have included an additional sector, Abatement sector which describes the
cleaning activity of wastewater in the economy. The production process in the model is
described by multistage nested production functions. As in the real-world economy in
this model we specify production process takes place by transforming intermediate
inputs by different factors used to desired output using a given level of technology. Final
production function aggregates different inputs and factors. Other than that, we have
specified the intermediate demand functions and factor demand functions separately.
Carbon emissions are also added in the functions to note the fact of pollution permit a
firm gets from authority (or Government). The intermediate demand functions are given
by equation 3 according to the input output co-efficient and output produced from j*
sector. The input output coefficients are calibrated in the calibration section from the
given ESAM.

Factor demands are described by three equations in each simulation which also include
the emissions requirements or can be interpreted as pollution permits. Thus, the
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production sector gets connected with environmental factors. We have neglected
carbon tax here as studies have been made regarding them, also in 2007 there was no
carbon tax in India.

Unit cost function has been described by the total cost of intermediate demand and
total cost of factor demand.

. Government Module- This module just describes the receipts and outlays of the
government. Government receives taxes from different sources as total indirect tax,
direct taxes from household and private enterprises which serve as income of the
Government. Government final consumption are also described equation 9 in both the
simulations.

Equation é represents the direct tax paid by household and equation 7 represents
corporate tax paid by private enterprises. We have calibrated for the both the
simulations the few required parameters from the constructed ESAM. In case of
government the calibrated parameters are direct tax rates for household and private
enterprises as these will be necessary for framing equations. Other parameters
estimated from the demand side of government behaviour are government's share for
total consumption and government's propensity to save.

Household Module- Here we explain two-stage consumption analysis. Sources of
income for the household are factor endowments from labour and capital, transfer
payments from government and net current transfer payments from the rest of the
world. First, we specify a household demand function. Next, we use a utility function as
shown in equation 27 which is a function of consumption levels for each sector. Income
of household is given in the bracketed portion of the equations. For that purpose, we
have calibrated the required share parameter of the utility function which measures the
constant income or budget share for the household from the ESAM in both the cases.
We assume a Cobb Douglas utility function with fixed share parameter.

. Savings-Investment Module- This module has primarily three equations of total savings
by the three agents of the model viz, Household, Government and Private enterprises.
Savings propensity is calibrated in both the simulations. Equations 11,12,13 give the
savings functions in both the simulations. Investment behaviour of the economy i.e.,
investment demand function is given by equation 10. Total investment is basically, the
sum of the change in stocks and gross capital formation though the separate accounts
are not shown in SAM and are accounted in the similar fashion. The Savings Investment
identity holds in this case as well.

International Trade Module - This module characterizes the open economy nature of
the Indian economy which is studied in this analysis. The Armington function combines
the domestic demand function and the import demand function. Thus it combines both
produced goods within and outside the economy. It also specifies that both the goods
are not perfect substitutes, rather imperfect substitutes. The functional form is of CES
type gives a constant elasticity of substitution. Thus, a CES aggregation function is used
to aggregate the demand side. The parameters of the Armington function i.e., share
parameters of domestic and import demand and shift parameters are estimated by
calibration for the both the simulations.
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The Import demand function is given by equation 19. This equation actually gives the
ratio of import consumption obtained from the Armington composite demand function
multiplied with the total Armington composite demand.

This is the demand side of the economy with foreign elements.

Coming to supply side, the transformation function combines the goods which are
supplied to or for domestic consumption and goods exported for consumption to the
rest of the world which is given in equation 21. Thus, it combines the domestic supply
function and export supply function. The aggregation function used is a CET or constant
elasticity of transformation function. The different shift and share parameters required
for framing the equation are calibrated from data of the ESAM in both cases.

The Export supply function gives the ratio of the exports of the total supply from the
transformation function multiplied by the total supply obtained from the transformation
function. Thus, it gives the total supply of exports from the rest of the world.

The Balance of Payments is given by equation 17 which maintains the foreign exchange
market. Here total foreign exchange receipts or supply is determined by net current
transfer payments and net capital transfer, exports and net factor income from abroad.
Total demand of foreign exchange receipts is given by imports. This determines
equilibrium in international trade sector.

. Domestic Module- Here we specify the domestic demand and supply equations.
Domestic demand is given by equation 20 in the similar way as import demand by
determining the ratio of it from the Armington function and then multiplying total
demand (Q) to it.

Domestic supply is also determined in the similar way by determining the ratio from the
transformation function and then multiplying it with total supply obtained from
transformation function in equation 22.

Macro Closure Module- This module specifies the equilibrium of different markets of
the model thus making the model a general equilibrium one. The foreign exchange or
BOP equation is already described in the international trade module. The product
market equilibrium is given in equation in 24. In this case we have total demand and
supply of composite good taking both the domestic and foreign elements. Total demand
(Q) is determined by total intermediate demand, consumption expenditure, investment
expenditure and government final consumption expenditure.

Factor market equilibrium for both labour and capital are given by equation 25. Here
total factor endowment of household, total factor endowment of government and
private enterprises and net factor income from abroad determine the total supply of
labour. Total labour demand is given by the earnings from all the sectors of the economy
and both demand and supply equalize to maintain factor market equilibrium.

. Emission Module - This is an extension of the traditional modules to incorporate
environmental factors. We have already taken into account the pollution permit or
emissions the firm in the production module. Here in equation 26 in Simulation | we have
noted the change in carbon dioxide emissions. In Simulation Il we have noted the change
in COD emissions for the water pollution module in equation 26.
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I1.3 Environmentally Extended SAM

We provide the scheme of the environmentally extended SAM.
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Section Il
First Simulation

The first problem which is addressed is air pollution.

We perform the simulation for a 50 % decrease in emissions of the GHG gases by different
industries. The base period taken in our analysis is 2007-08 SAM. We have considered a
Standard CGE model in this case which is a static model and provides a one period solution
of the simulation. Such a measure must have a negative impact on the output of different
sectors. We have to see by how much such changes affect and which of the sectors are
getting affected. Kyoto protocol and many UN environment programmes have concentrated
to emission reduction programmes. However, there is a scary outlook for firms to switch
over carbon neutral fuels which may increase their costs because reducing fuel may
increase costs and thus lesser profits and may even lead to lesser output. We include the
total emissions of GHG gases in the environmental SAM for different sectors. The data is
obtained from INCAA report.

AGRI | FUEL CHEM MET | OTH

289 5303 24366 | 164 10537
327 30.03 | 562.5 635 | 453.4
84.5 | 82 9 511 5
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9

1334
887
95.6

275
358

We have considered 5 sectors as given in our SAM, three agents viz. household, private
sector (corporate) and government. The two inputs used in production are capital and
labour. So, the four sets are

Sectors AGRI, FUEL, CHEM, MET, OTH Factors LAB, CAP

Emission CO Agents HOH, PVT, GOV

I11.1 Calibration

The parameters calibrated from the base SAM in this model are given in the following table.

| share parameter in utility function ‘ vli) ‘ scale parameter in Armington
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adi) function

g(h,j) | share parameter in production share parameter in transformation
function function

b(j) scale parameter in production share parameter in transformation
function function

ax(i,j) | intermediate input requirement scale parameter in transformation
coefficient function

ay(j) composite factor input requirement average propensity for household
coefficient saving

uli) government consumption share average propensity for private
saving

Ali) investment demand share average propensity for govt saving

dm(i) | share parameter in Armington function direct tax rate

do(i) | share parameter in Armington function corporate tax rate

Next, we obtain the elasticity parameters.

o] 'elasticity of substitution' = 2
U 'elasticity of transformation’ = 2
n; 'substitution elasticity parameter' = (o, - 1)/ o; = 0.5

0 ‘transformation elasticity parameter' = (; + 1)/ {, = 1.5

I11.2 Variables

The endogenous variables used in this model are
composite factor of j-th firm Sf foreign saving

the h-th factor input by the j-th firm | Td direct tax
intermediate input Tc corporate tax

output of the j-th good Tz,

; production tax

exports Tph | tax on purchase of household

imports Tpg | tax on purchase of government

Armington's composite good Ti tax on investment goods

domestic good Te tax on exports

the h-th factor price lg income from enterprises

composite factor price Op operating profit

supply price of the j-th good Gt government transfers

Armington's composite good price Id interest on debt

export price in local currency Nf net factor income

import price in local currency net capital transfer to government
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the i-th domestic good price net current transfer

exchange rate depreciation rate

household saving i CO2 emission

private saving change in CO2 emission

government saving utility [fictitious]

I11.3 Equations
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eqpvii) 'composite factor agg. func.’

}'} - EDJ = b_f ¥ thljﬁh'j
h

eqF(h,)) 'factor demand function’
P = .Iﬁ‘h.j Py * ﬂfpfh

eqX(1]) "Intermediate demand function'
X;

= ax;; *£;

of j

4. eqY()) 'composite factor demand function'
= ay; *Z;

. eqpzs()) 'unit cost function’

= ay; *py; +Z(axi.,- *Pq;)
i

. eqld 'direct tax revenue function'

Td = xd -Z(pf,, «FF,)
h

. eqTc ‘corporate tax function'
Tc = tc*(Zn (Pfn* Opp) + 1d)
. eqTz() 'production tax revenue function'
Tz; = tz;*xpz; * Z;
. eqXg(i) 'government demand function’
Xgi = w*(Td + Tc + Z (fa*1gn) + Z Tz; + Nct — Sg — Tpg)/paq;
h J

. eqXv(i) 'Investment demand function'
Xvi=A4;+(Sh + Sp + Sg + €+Sf — De — Ti)/pq;
.eqSh 'household saving function’

Sh = ssh*(Zn (Pfa* FFa)* Zn (Pfa * Nfn))
2.eqSg 'government saving function'

Sg = ssg*(Td + Tc + Z (pfn *1gn) + Nct + Z Tz;)
h i

.eqSp 'private saving function'
S = sspx (). (fu*0p) + 1)
R
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. eqXp(1) 'household demand function'
Xp; = a; * (En (Pfa* FE)* Ey (pfy * Nfy) — Sh = Tph — Td)/pg;

. eqpe(1) ‘world export price equation’

pe; = £* pWe;
ceqpmil)  'world import price equation’

pm; = £+ pWm,
. eqepsilon 'balance of payments'

Z pWe, + E; + Sf = prm[*a
i i
.eqpgs(1)  "Armington function'

Qi =y *(dm»M" +8d, * Dim}(ﬁj
. eqMi1) "import demand function'
M; = (™ = 6my » pgy/pm,OT0) « Q)
ceqDin) 'domestic good demand function'
Dy = (™ »&d; » pgi/pd;" /) « Q)

21 eqpzd(i) ‘'transformation function'
Zi gl' * [:{E.'i * E-!_I;P] + (fdl * Dim[_}[lfm[‘]

.eqDs(1) '"domestic good supply function'

D; = (8% » &d; * (1 + 12;) » pz;/pd;) M%) = Z,
.eqE(1) 'export supply function'

E; = (6," = {e; * (1 + 12)) * pz;/pe;) /090 x Z;
_eqpqd(i) ‘market clearing cond. for comp. good'

Qi = Xp; + Xg; + X, +2Xi.j
i

_eqpfih)  'factor market clearing condition'

ZFhJ. +th = Frh + Dph +fﬂ'h
T

26. eqdCO{1) 'change in CO2 emission function'
dCo; = (CO; /COD; —1) =100

wu =] [omira)

27. oby 'utility function [fictitious]'

I11.4 Results

The simulation provides results which goes with the economic logic and the model
presented above. All the results are shown in tabular and graphical form. We show the
changes for all the variables for all the sectors.

1. Change in output-
Output of all the sectors are adversely affected with the policy. The most affected
industry will be fuel. Fuel consists of all kinds of fugitive sources of emissions like coal
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and petroleum mining etc. Thus, the output of the major primary source of carbon
emission gets reduced. Hence, there will be an impetus for the economy if such
restrictions are imposed over carbon emission to switch over to renewable sources

dZ

AGRI | -17.474
FUEL | -45.05
CHEM | -22.501
MET -19.063
OTH -17.881

CHANGE IN OUTPUT OF j-th GOOD

FUEL CHEM MET

. Change in factor inputs- There is a labour capital substitution which can be readily

seen from the table and the graph, because labour for each sector except fuel increases
after the implementation of the policy while capital input has decreased. So, we cannot
say such a policy will lead to decrease in employment. But in actual economy with such
high output fall, there may be fall in investment and other things.

dF LAB CAP

10.101 | -37.098
-15.763 | -51.874
11.285 | -36.422
13.494 | -35.159
10.957 | -36.609
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CHANGE IN FACTOR INPUT OF j-th SECTOR

10,101 11.285 I 10.957

.

OTH

3. Change in Armington's Composite good- We see a negative change in the total
demand of the Armington's Composite good for all the sectors, which implies fall in both
domestic and export demand.

dQ

AGRI | -9.713
FUEL | -25.308
CHEM | -12.035
MET -10.402
OTH -7.461

CHANGE IN ARMINGTON'S COMPOSITE GOOD

4. Change in domestic demand- We observe adverse effect on the domestic demand for
each sector.

dD

AGRI
FUEL
CHEM

MET

OTH
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CHANGE IN DOMESTIC DEMAND

5. Change in supply price of j*" good -A target reduction in emission leads to an increase
in fuel prices due to constrained supply and also it leads to constraints in the production
process. As the output shortage occurs, we witness increase in prices of the goods.

dpz

AGRI | 30.794
FUEL | 35.484
CHEM | 31.061
MET 29.677
OTH 32.012

CHANGE IN SUPPLY PRICE OF j-th GOOD

35.434

6. Change in price of composite factor input - Here we show how the simulation

resulted in increase in prices of all goods. The same picture can be seen in factor prices
as well.

dpy
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CHANGE IN COMPOSITE FACTOR PRICE

53.297

7. Having considered the price of labour to be unity, i.e, the labour to be numeraire, the
change in price of capital is given by dpf= 75.036.

Section-IV
Simulation Il

IV.1 New ESAM

The first simulation was done on the basis of inclusion of GHG emissions of different
sectors. But another side of pollution is water pollution which leads to increase in pollutants
due to discharge of effluents by industries. In India, data on water pollution for different
sectors are not available rather we have data on how much different rivers are polluted or
available data is on state wise. Since our approach of simulation is a sectoral approach
based on SAM, we couldn't use that data. D. Chakroborty and K. Mukhopadhay in their
‘Water Pollution and Abatement Policy in India” have given estimates of Chemical Oxygen
Demand (COD) of different industries, which we have used to build the extended SAM-
ESAM.

In India we have different effluent treatment plants as well though most of them are
operating below capacity. By a selective study by CPCB the operational capacity of STPs in
Delhi is 64%. Thus, most of the wastes are not treated in India. So, we have added an
Abatement sector which plays an important role in controlling pollution and contributes to
greener economy. Data on STPs also is available on CPCB website state wise. Chakroborty et
al also provides estimates on cost of such treatment plants sector wise. It also provides
estimates on labour costs which we have used for computing the value added of labour and
other intermediate costs for inputs.

We have performed the simulation on reduction of COD emission by 50%.

PV
AGRI FUEL | CHEM MET | OTH T

289 530 164 | 105
327 330. | 24366 | 635 | 374
84.5 | 038 562.5 | .5611 | 53.
AGRI | 2 2 9 8 45 0
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ROW

TOTA
L

CcoD

We have considered 6 sectors as given in our SAM, three agents viz. household, private

sector (corporate) and government. The two inputs used in production are capital and
labour.

So, the four sets are
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Sectors AGRI, FUEL, CHEM, MET, OTH, ABT  Factors LAB, CAP
Emission CcOD Agents HOH, PVT, GOV

IV.2 Calibration

The parameters calibrated in this model and the equations used for those calibrations
remain the same as earlier simulation.

The calibrated values are-

Scale and share parameter Intermediate input requirement coefficient
AGRI | FUEL ax, AGRI | FUEL | CHEM | MET
I
0.12 | 0.0 . . . 2.89 53033 | 2.44E 16463
9 21 E+07 | O +07 5.5
0.4 0.2 . . . 2349 | 3.43E 83884 | 1.08E+
85 37 71 +07 17 07
0.51 | 0.76 . . . 4132 28324 | 4.77E+ | 74481
5 3 678 35 07 36
1.99 | 1.72 . 6022 | 13208 37581 6.41E+
9 8 82 77 24 07

0.6 0.3 . . . 1.18E | 59530 | 3.41E+ | 2.85E
4 25 +07 67 07 +07
0.0 0.0 . . . 1428 23087 | 47431 12370
05 04 77 A7 04 2.8
0.0 0.0
01 09

0.4 . . Average propensity of savings
57 and tax rates

0.5
43

ssh 0.223

5 ssp 0.901

6 ssg 0.188

0.3
24

d 0.016

c 0.099

IV.3 Varibles

The endogenous variables used in this model remain the same as the earlier
simulation except

CoD; COD emission
dCODi | change in COD emission
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IV.4 Equations

eqpyl]) 'composite factor agg. func.'

Y, — COD; = b = th- (P
h

'factor demand tunction’
Fh.j = ﬁh.j *py;* T}fpfh

'mtermediate demand function’

X; * 2

= ax; j

S i

'‘composite factor demand function’
¥, = COD; = ay; +Z;

‘umit cost function’

i*py; + Z[U—'x:'.; = pg;)
f

'direct tax revenue function'
td* ) (pfy+ FF)
h

'corporate tax function’

Tc = tc+ (Zy (pfa * Opa) + Id)
'production tax revenue function'

Tz; = 1z;*pz;* Z;
"sovernment demand function’

Xgi = w+(Td + Tc + ) (0fu+1gy) + ). Tz + Net — Sg — Tpg)/pa
h i

10, eqXv(1) 'Investment demand function'
Xv,=A;«(Sh + Sp + Sg + £+ 5f — De — Ti)/pg;
11. eqSh 'household saving function'

Sh = sshx(Zn (pfo* FFa)+ Zn (Pfa * Nfn))
12. eqSg 'sovernment saving function’

Sg = ssg*(Td + Tc + Z (pfn * Igy) + Net + Z Tz;)
h i
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.eqSp 'private saving function'
Sp = ssp+ (). hrOpy) + Id)
h

. eqXpli) "household demand function’
Xpi = ay* (B (pfa* FR)+En (pfa *Nfy) — Sh —Tph — Td)/pq;

. eqpe(1) "world export price equation’

pe; = £+ pWe;
ceqpmii)  "world import price equation’

pm; = £+ pWm,
. eqepsilon 'balance of payments'

Z pWe; + E; + Sf = prmi*a

L L
.eqpgs(l)  "Ammington function'
Qi =y *(&my*M" +8d; * Dim}(nlij
. eqMii) "import demand function'
i = (™ = 8my + pq; /pm; /U710 « ;)
ceqD1) 'domestic good demand function’
D; (y;™ » 8d; » pg/pd; ') « Q)
.eqpad(1)  ‘transformation function'
Z; = 0; » (§e; » E™ + &d; » D;PH/#0
. eqDs(1) 'domestic good supply function’
D; = (6;" » &d; » (1 + 12;) * pz;/pd;) /0% + Z,
. eqE(1) "export supply function'
E; = (8;% = §e; » (1 + 12) * pz; /pe; ) H/(1-P0) £ Z,
.eqpqd(l) ‘'market clearing cond. for comp. good'

G = Xpi + Xgi + Xvy +ZX[J
i

ceqpfih)  'factor market clearing condition'

ZFh'j +th = FFh + Dpﬂ. +Igh
7

.eqdCODY{1) ‘'change in COD emission function'
dCOD; = (COD; /CODO; — 1)+ 100

w =] [epra

IV.5 Results

. oby 'utility function [fictitious]'

1. Change in output- We see fall in output for all sectors in this simulation.
dz

AGRI | -14.629
FUEL | -34.546
CHEM | -22.111
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MET -22.557
OTH -16.27
ABT -37.172

CHANGE IN OUTPUT OF j-th GOOD

FHEL CHEW MET OTH

2. Change in factor inputs-

dF LAB CAP
AGRI |18.849 | -37.485
FUEL | 6.888 | -43.776
CHEM | 18.216 | -37.818
MET 14.183 | -39.939
OTH 18.272 | -37.788
ABT -3.5681 | -49.283

CHANGE IN FACTOR INPUT OF j-th SECTOR

18.216 14.183

CHEM MET

3. Change in Armington’s Composite good-
dQ

AGRI | -8.843
FUEL | -21.425
CHEM | -12.186
MET -11.31
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OTH -7.133
ABT -0.267

CHANGE IN ARMINGTON'S COMPOSITE
GOOD

4. Change in domestic demand-

dD

AGRI | -15.099
FUEL | -33.437
CHEM | -21.818
MET -23.065
OTH -15.394
ABT -32.335

CHANGE IN DOMESTIC DEMAND

5. Change in supply price of j*" good -

dpz

AGRI
FUEL
CHEM
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MET 29.13
OTH 36.493
ABT 53.206

CHANGE IN SUPPLY PRICE OF j-th GOOD

6. Change in price of composite factor input -

dpy

AGRI | 39.215
FUEL | 63.303
CHEM | 51.776
MET 47.441
OTH 41.254
ABT 53.464

CHANGE IN COMPOSITE FACTOR PRICE

63.303

Section-V
Conclusion and Policy Prescription

As per our analysis emission targets on different industries leads to increase in prices and
decrease in output. Output of all sectors have decreased as firms take carbon emissions as
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full permit to increase their output as explained in our model. Prices of output and factors
have increased. Domestic demand has decreased very much with decrease in output and
increase in prices. The concerning issue is the increase in import demand which can lead to
deficit in current account already a bigger problem for India. Such a policy if followed
rigorously can lead to a stagflation scenario in the economy with more current account
deficit and a big blow towards the growth process of the country. Thus, better policies can
be change in technology and new better fuel. Now we used a Static CGE model to analyse
the policy. The analysis on the data can be further simulated for dynamic models which may
give different results and a better picture of how such policies will affect in the long run.
Also, we haven't considered the inclusion of renewable energy substituting the coal energy
which can be a better policy. India has been progressing a lot to substitute fossil fuel energy
with solar energy. These polices can also be analysed using our database (can be extended)
for future study.
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