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CoPS What is CGE modelling? 

CGE modelling:  

•     has an economy-wide perspective; 

•    builds on Leontief’s (1936 & 1941)  input-output model by introducing  

        optimizing price-sensitive behaviour by individual  agents, and 

        resource constraints 

•     has gradually become the dominant form of economy-wide modelling  

       applied to an enormous variety of policy-relevant questions 
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CoPS Applications of CGE models since Johansen (1960) 

Over the last 50 years, CGE models have been used in the analysis of an 

enormous variety of questions including: 

the effects on 

• macro variables, including measures of nation-wide or even global 

economic welfare; 

• industry variables; 

• regional variables; 

• labor market variables; 

• distributional variables; and 

• environmental variables 

of  

• taxes, tariffs, subsidies and public expenditures; 

• environmental policies; 

• technology developments; 

• changes in international commodity prices and interest rates; 

• labor market policies and union behavior;  

• exploitation of mineral deposits (the Dutch disease); and 

• terrorism and other disruptive events 
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CoPS Off-the-rack versus tailor-made CGE models 

Off-the-rack is rarely adequate for policy-relevant applications (alter 

model and database)  

 

The first application of NCAER-VU required enhancement of  the 

agricultural sector. 
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CoPS Enhancing the agriculture sector of NCAER-VU to recognize 
competition between crops for agricultural land 

•  Different ways of producing the same crop 

    -  differing in fertilizer &electricity intensity, and regional land use 

 4 ways of producing Sugarcane 

     SC1 in Tamil Nadu:  Fertilizer intensive 

     SC2 in Karnataka & Andhra Pradesh: Fertilizer intensive 

     SC3 in Punjab, Haryana, Gujarat & Uttarakhand:  Fertilizer light 

     SC4 in Uttar Pradesh and others:  Fertilizer light 

 4 ways of producing Cotton 

      Cot1 in Punjab, Haryana: Fertilizer light 

     Cot2 in Gujarat & Andhra Pradesh 

     Cot3 in Rajasthan, Maharashtra& Karnataka  

     Cot4 in Madhya Pradesh:  Fertilizer heavy 

 3 ways of producing Paddy  

 4 ways of producing Wheat 

 4 ways of producing Coarse cereal    

 4 ways of producing Oil seeds 

• 23 different types of land defined by region 
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CoPS 

Application: the effects of removing agricultural 
subsidies 

What is the value of agricultural subsidies? 

 Fertilizer subsidies:    0.43% of GDP 

 Electricity subsidies:    0.55% of GDP 

 Production & sales subsidies:  1.74% of GDP 

  

 All agric. subsidies:     2.73% of GDP 
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CoPS NCAER-VU results for the output of agricultural 
industries explained by subsidy rates 
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Results

Fitted

Y(i) = -0.164  - 0.170*SR(i) R2 = 0.36

Y(i) = percentage change in output of industry i

SR(i) = subsidy rate for industry i (column 16 in Table 2)
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CoPS NCAER-VU results for the output of agricultural 
industries explained by subsidy rates  & relative rates  
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Results

Fitted

Y(i) = - 0.575  - 0.146*SR(i) +dummies for relative subsiiy rates                   R2 = 0.92

Y(i) = percentage change in output of industry i

SR(i) = subsidy rate for industry i (column 16 in Table 2)
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CoPS NCAER-VU results for the output of agricultural 
industries explained by subsidy rates  & relative rates 

rates  
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Results

Fitted

Y(i) = - 0.575  - 0.146*SR(i) +dummies for relative subsidy rates                   R2 = 0.92

Y(i) = percentage change in output of industry i

SR(i) = subsidy rate for industry i (column 16 in Table 2)

Cotton
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CoPS NCAER-VU results explained by subsidy rates, relative 
subsidy rates & exposure to price-sensitive exports 
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Results

Fitted

Y(i) = - 0.38 - 0.13*SR(i) + relative subsidy rates  - 0.38*PS_X(i)               R2 = 0.95

Y(i) = percentage change in output of industry i

SR(i) = subsidy rate for industry i (column 16 in Table 2)

PS_X(i) = measure of direct and indirect exposure of i to price sensitive  export markets

Cotton
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CoPS Effects on GDP of removing agricultural 
subsidies on:  Fertilizer, Electricity, production & 

sales (%) 

 Fertilizer Electricity Production  

& Sales 

All agricultural 

subsidies  

Real GDP 0.060 0.089 0.048 0.204 
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CoPS 

447,400 

(0.897%) 
327,497 

(0.657%) 

0.523 

1 
28,663 
(0.057%) 

Price 

Quantity of Fertilizer 

input to Agriculture 

 

-26.86% 

Demand 

Removing the subsidy on Fertilizer inputs to 
Agriculture: calculating the GDP or welfare 

triangle 

Rs, million, initial prices 
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CoPS 

275,929 

(0.553%) 
170,690 

(0.342%) 

32,924 

(0.066%) 

Quantity Electricity 

input to Agriculture 

-38.14% 

Removing the subsidy on Electricity inputs to 
Agriculture: calculating the GDP or welfare 

triangle 

0.374 

1 

Price 
Demand 

Rs, million, initial prices 
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CoPS 

3,954,739 

(7.93%) 

Price 

Quantity, Ag 

output 3,826,605 

(7.67%) 

-3.24% 

0.790 

1 

   13,454 

(0.027%) 

Demand 

Supply 

Removing subsidy on production and sales of 
agricultural commodities: calculating the GDP or 

welfare triangle 

Rs, million,  

initial prices 
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CoPS Percentage effects on real farm income of 
removing agricultural subsides 

Components of real farm 

income Fertilizer Electricity 

Production and 

sales 

All agricultural 

subsidies  

    Capital -0.042 -0.018 -3.495 -3.572 

    Labour 0.027 0.080 -3.545 -3.453 

    Land 2.277 1.900 -6.780 -2.610 

Total real farm income 1.041 0.893 -5.011 -3.089 
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CoPS Percentage effects on real prices and 
consumption of food products from removing 

agricultural subsidies 

Fertilizer Electricity 
Production 

and sales 

All agricultural 

subsidies 

Price Quantity Price Quantity Price Quantity Price Quantity 

1.25 -0.17 0.98 -0.11 4.90 -0.47 7.15 -0.74 
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CoPS Percentage effects on commodity outputs of 
removing agricultural subsidies: 

non-agricultural losers and winners  

No.  Commodity Fertilizer Electricity 

Production 

& sales 

All 

agricultural  

subsidies  

 

87 Fertilizers -19.82 0.88 -1.49 -20.68 Direct effect 

127 Electricity 0.1 -7.05 -0.34 -7.40 Direct effect 

67 CottonText -1.22 -0.58 -4.42 -6.19 Relies on agric input, trade exposed 

58 Sugar -1.41 -0.77 -4.00 -6.09 Relies on agric input, trade exposed 

42 AnimServ 0.38 0.39 -6.71 -5.96 Loses sales to agric sector 

61 OthEdibleOil -1.94 -0.6 -1.71 -4.22 Relies on agric input, trade exposed 

68 WoolenText -0.74 -0.23 -2.72 -3.69 Relies on agric input, trade exposed  

66 Khadi -0.81 -0.25 -2.60 -3.66 Relies on agric input, trade exposed 

.. .. .. .. .. ..  

.. .. .. .. .. ..  

112 CommunEquip 0.04 0.32 1.13 1.49 Exported 

149 OtherServ -0.01 0.28 1.60 1.87 Exported 

100 NonFerMetals 0.03 0.67 1.16 1.87 Exported 

144 ComputServ -0.05 0.29 1.85 2.09 Exported 

56 Mica 0.13 0.65 1.93 2.72 Import competing 
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CoPS Concluding remarks  

• CGE capability takes time to develop 

 -- needs strong intellectual and bureaucratic leadership 

 -- needs a sharply focused stream of applications 

 -- needs an open environment 

• Directions for development of CGE in India 

 -- regions, top-down versus bottom-up 

 --  socio-economic groups 

 -- dynamics, baselines  and updating 

 

• Development should go hand-in-hand with application 

  -- application guides development 

 -- application maintains interest of researchers 

 -- application maintains interest of sponsors 
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CoPS 

The End 
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CoPS 
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CoPS Concluding remarks 

As I emphasized at the beginning, CGE modelling is broadly applicable and has produced many 

policy-relevant insights.   

 

• CGE capability takes time to develop 

 -- needs strong intellectual and bureaucratic leadership  

 in Australia’s case this was provided in the 1970s by Alan Powell at IMPACT Project and by Alf 

Rattigan & Bill Carmichael (IAC) 

 -- needs a sharply focused stream of applications 

This was very natural for Australia, the issue was protection  

 -- needs an open environment 

Must allow publication because you need academically talented researchers 

 

The material I presented was preliminary and based on the first version of  the NCAER-VU 

model.  There are several important directions for future development.   

• Directions for development of CGE in India 

 -- regions, top-down versus bottom-up 

 --  socio-economic groups 

 -- dynamics, baselines  and updating 

While further development of the model is critically important, let me conclude by emphasizing 

that development should go hand in hand with application.  This is for three reasons: 

(a) Application guides development 

(b) Application maintains interest of researchers 

(c)  Application maintains interest of sponsors 
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CoPS Construction of a CGE model: input-output 
database 

  Absorption Matrix 

 

  1 2 3 4 5 6 

  Prod- 

ucers 

Invest- 

ors 

House- 

holds 

Exports Govern- 

ment 

Invent- 

ories 

 Size  I   I   1   1   1   1  

 

Basic Flows 
 

CS 

 

 

V1BAS 

 

V2BAS 

 

V3BAS 

 

V4BAS 

 

V5BAS 

 

V6BAS 

 

Margins 
 

CSN 

 

 

V1MAR 

 

V2MAR 

 

V3MAR 

 

V4MAR 

 

V5MAR 

 

V6MAR 

 

Sales 

Taxes 

 

CS 

 

 

V1TAX 

 

V2TAX 

 

V3TAX 

 

V4TAX 

 

V5TAX 

 

V6TAX 

 

Labor 
 
M 

 

 

LABOR 

 C = Number of commodities 

 I = Number of industries 

 S = Number of  sources of commodities 

 

Capital 
 
1 

 

 

CAPITAL 

 M = Number of occupations 

 N = Number of commodities used as margins  

 T = Number of types of land 

 

 

Land 

 

 
T 

 

 

LAND 

 

 

Production 

taxes 

 
1 

 

 

V0TAX 

 

 

Output 
 
1 

 

 

VOUTPUT 

 

 

 Import 

Duty 

Size  1  

 
C 

 

 

 

TARIFF 
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CoPS Preparing the input-output database: problems 
with published data 

  Absorption Matrix 

  1 2 3 4 5 6 7 

  Prod- 

ucers 

Invest- 

ors 

House- 

holds 

Exports Govern- 

ment 

Invent- 

ories 

-Imports 

(cif) 

 

 Size  I   1   1   1   1   1   1  

Flows: 

Dom, basic 

+Imp, cif 

 
C 

 

 

V1 

 

V2 

 

V3 

 

V4 

 

V5 

 

V6 

 

-V7 

 

Sales taxes 

+ tariffs 

 
1 

 

 

V1T 

 

V2T 

 

V3T 

 

V4T 

 

V5T 

 

V6T 

 

0 

 

Gross value 

added 

 
1 

 

 

GVA 

  

 C = Number of commodities 

 I = Number of industries 

 

 

Output 
 
1 

 

 

VOUTPUT 
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CoPS Weaknesses in published input-output data 

 lack of disaggregation of value added for each industry into returns to labour, 

capital and land.  For a CGE model, disaggregation of value added is required 

so that we can simulate competition between industries for scarce primary 

factors.   
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CoPS Weaknesses in published input-output data 

 use of indirect allocation of imports meaning that each commodity 

flow is an aggregate of an import and domestic flow.  For a CGE 

model, disaggregation of each flow into an import component and a 

domestic component is required so that we can simulate 

import/domestic substitution in response to changes in tariffs, the 

exchange rate and other variables that affect international 

competitiveness.  
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CoPS Weaknesses in published input-output data 

 representation of the use of a margin commodity (e.g. retail trade) to 

facilitate all flows to an agent (e.g. households) as a single purchase 

and representation of indirect tax collections on all flows to an agent 

as a single payment.   

 

For a CGE model, we need to identify the particular flows (e.g. 

purchases of apparel) to an agent (e.g. households) that give rise to the 

use of a margin service (e.g. retail trade) and to tax payments.  A 

matrix of data, rather than a row, is required for each margin service 

and for indirect taxes so that a CGE model can adequately represent 

the demand for margin services and the implications for government 

revenue collection of structural changes.  Matrices are also necessary 

for distinguishing between purchasers prices (that motivate demand 

decisions) and basic prices (that motivate production decisions).  
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CoPS Weaknesses in published input-output data 

 and recording of investment expenditures as a single column, showing 

economy-wide investment expenditure on each commodity.   

 

For a CGE model, we require a matrix of investment expenditures, 

identifying investment expenditures by each industry on each 

commodity.  This is necessary so that we can simulate the effects of 

changes in commodity prices on the cost of investment in each industry 

and the consequent changes in investment by industry.  Then we can 

work out the implications for capital-supplying industries (e.g. 

construction) and the rest of the economy. 
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CoPS Output, input and subsidy data for  
agricultural industries 

Industry 

Share in 

output of 

aggregate 

industry 

Share in flow 

of  Fertilizer 

to aggregate 

industry 

Subsidy rate 

on  Fertilizer  

Share in flow 

of  Electricity 

to aggregate 

industry 

Subsidy rate 

on  

Electricity 

Production & 

sales 

subsidy  

rate 

Total subsidy 

rate 

  (2) (4) (6)
2 

(8) (10)
3 

(12)
4 

(16)
7 

… … … … … … … … 

Sugarcane1 0.1092 0.1997 47.7 0.1089 92.0 17.5 28.4 

Sugarcane2 0.3863 0.4849 47.7 0.3863 62.2 17.5 25.0 

Sugarcane3 0.1097 0.0273 47.7 0.11 66.0 17.6 21.2 

Sugarcane4 0.3948 0.2881 47.7 0.3948 53.9 17.5 22.6 

… … … … … … … … 

Total or ave    47.7   62.6 9.9 14.2 
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CoPS Land rents by agricultural industry and land 
type (region) 

Land type () 
 

 

 

Agricultual 

activity (k) 
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1
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 T
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1
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 O
d
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2
3

 O
th

ers 

T
o

ta
l 

… … … … … … … … … … … … … … … … … … 

14 Sugarcane1 0 0 0 0 0 0 0 0 0 0 0 0 0 40873 0 0 40873 

15 Sugarcane2 0 0 0 0 0 0 0 0 0 94837 0 28138 21768 0 0 0 144743 

16 Sugarcane3 7181 9510 16304 0 0 0 0 8254 0 0 0 0 0 0 0 0 41248 

17 Sugarcane4 0 0 0 133830 4133 3414 1363 0 0 0 1052 0 0 0 1181 3145 148118 

… … … … … … … … … … … … … … … … … … 

Total 629006 422853 642831 1545999 589805 589241 741833 64099 64291 878524 152849 519765 846438 466639 371730 193775 9909204 

% of Sugarcane 

in total 1.14 2.25 2.54 8.66 0.70 0.58 0.18 12.88 0.00 10.80 0.69 5.41 2.57 8.76 0.32 1.62 3.78 
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CoPS 

Price 

Quantity 

PtoP 

GDP 

loss 

D=D(PtoC) 

S=S(PtoP) 

Total subsidy rate 
Producer benefit 

Consumer benefit 

PtoC 

Removing subsidy on production and sales of agricultural 

commodities: calculating the GDP or welfare triangle 
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CoPS Macroeconomic effects of removing agricultural 
subsidies on:  Fertilizer, Electricity, production & 

sales 

 

 Fertilizer Electricity 

Production  

& Sales 

Fertilizer, 

Electricity,  

production  

& sales  

 Simulation (1) (2) (3) (4) 

1 Real GDP 0.060 0.089 0.048 0.204 

2 Real GNP 0.097 0.100 0.039 0.241 

3 Real aggregate exports  -0.690 -0.081 -0.02 -0.788 

4 Real aggregate imports  -0.415 -0.022 -0.056 -0.492 

5 Terms of trade 0.186 0.053 -0.048 0.192 
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CoPS A CGE model for India with an application on the 
effects of eliminating agricultural subsidies 

This is the first product of the NCAER-VU memorandum of 

understanding to promote applied economic research on India focused 

around computable general equilibrium (CGE) modelling.  It was made 

possible by financial support from ACIAR.  We thank Scott Davenport 

and Sisira Jayasuria for advice and encouragement. 

 

Why NCAER? 

 NCAER has a 60-year history in applied, policy-relevant 

 research on the Indian economy. 

 

Why VU? 

 Victoria University’s Centre of Policy Studies (CoPS) has a 40-

 year history in CGE modelling in Australia, the U.S., China and 

 many other countries. 
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CoPS Effects on GDP of removing agricultural 
subsidies on:  Fertilizer, Electricity, production & 

sales (%) 

 Fertilizer Electricity Production  

& Sales 

All agricultural 

subsidies  

Real GDP 0.060 0.089 0.048 0.204 

 Estimated via efficiency 

triangles 0.057 0.066 

Why the underestimate?   

(1) Demand curves are concave from above meaning triangles are an  

 underestimate of the gains from removing subsidies 

 

(2)        NCAER-VU captures gains/losses from induced changes in  

              taxed/subsidized flows      

  -- favors Electricity more than Fertilizer 

      Fertilizer imports have tariffs  


