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 AUTONUMLGL  Introduction

This report analyses the short-run economic effects of a port construction project in Iran, using a specially built computable general equilibrium model. The work has been undertaken by the Centre of Policy Studies (CoPS) for Frontier Economics.

The project will construct rail, bridge and harbour works in or near Qeshm Island, Iran. The island is adjacent to Iran's main southern port, and so the new works will substantially increase the capacity of the area to handle sea-borne trade.

These eventual benefits of port upgrading are not analysed here. Instead we focus purely on the short-run stimulus to the Iranian economy which might arise from the construction of the new facilities.

To analyse the short-run effects of additional demands for construction-related goods and services, we use a CGE model of Iran, developed for the purpose.

The rest of this document is organised as follows. The CGE model is explained in Section 2. Details of the simulation are given in Section 3. The results are in Section 4.

 AUTONUMLGL  The ORANI-G model

The ORANI applied general equilibrium (AGE) model of the Australian economy was first devel​oped in the late 1970s as part of the govern​ment-sponsored IMPACT project
. The model has been widely used in Australia as a tool for practical policy analysis by academics, and by economists employed in government depart​ments and in the private sector.

The version of ORANI used here, ORANI-G, resembles the original ORANI specification, and is designed as a launching pad for developing new models. Indeed, it has already served as the basis for models of South Africa, Vietnam, Indonesia, South Korea, Thailand, the Philippines, Pakistan, Denmark, both Chinas and Fiji.

ORANI-G is a single-country CGE model designed for comparative-static analysis of a variety of policy issues. The version of the model taken as a starting point for this study is as documented in Horridge (2001). It distinguishes the 78 sectors listed on the right hand side of Table 1. Our computations use a 78-sector database, but, to simplify presentation, we have aggregated 78-sector results into the 13 broad sectors listed on the left-hand side of Table 1. In addition to the 78 sectors the model distinguishes household, government, investment, inventory and export final demanders.

ORANI-G is a comparative-static model: results should be interpreted as showing the percentage change in the value of say, 2006 GDP, due to the additional construction demand, compared with the value of 2006 GDP without the demand shock.

Table 1: Aggregated Sectors Used for this Report


Broad groups
Original 78 sectors

1
Agriculture
Wheat RicePaddy SugrBeetCane OthIndstCrop OthFarming Livestock Poultry Fishing HoneyEtc WoodForstPrd

2
Crude Oil & Natural Gas
Crude_NatGas NaturalGas

3
Mining
Coal IronOre CopperOre BldingStones OthOres

4
Food Processing
DairyProds Sugar Oils_Fats AnimalFeeds Tobacco_Cigs OthFoodProds

5
TCF
TextilesEtc Carpets_Rugs Clothing Footwear

6
Metal Products
BasIronSteel Copper_Prods OthNFerMtlPr MetlForIndCn

7
Machinery & Equipment
IndustMchnry AgricMachnry RadioTvEqp MotorVhicles

8
Other Manufacturing
PaperPulp Print_Pblish PaperProds SawmillProds WoodStrawPrd Cement GlassProds OthNonMtlMin ChemicalFert Plastc_MMFbr Pharmaceutcl OilProds RbbrPlstcPrd OthChemPrd OthManPrd

9
Utilities
Electricity Water

10
Construction
Infrastruct ResBuildings OthConstruct

11
Trade & Transport
TradeWholRtl DistGas_Oil RestrantCafe HotelsAccom FreightTrans RoadP_AirTrn TransportSvc

12
Private Services
Communcation FinanclInst RealEstate BusinessSvc ReligiousEtc ArtsCultSprt RepairSvc OthSvc

13
Public Services
PublicAdmin MilitPolice HigherEdRsch PublicEducn TechVocEducn HospitalsEtc VetrinarySvc CharitySvc

2.1 Main ORANI-G mechanisms

ORANI-G determines supplies and demands of goods and services through optimising behaviour of agents in competitive markets. Optimising behaviour also determines sector demands for primary factors, i.e., labour, capital, and land. In the short-run application described here we assume that capital and land are industry-specific and in fixed supply.

The basic theoretical assumptions made in ORANI-G are as follows.

Markets

Demand equals supply in all markets. Each market is assumed to be competitive, implying equality between the price received by the producer and the producer’s marginal cost. However, taxes and subsidies on commodities and primary factors can drive wedges between prices paid by purchasers and prices received by producers.

In markets for traded commodities, buyers differentiate between domestically produced products and imported products with the same name.

Input demands for production of commodities

Two broad categories of inputs to production are recognised: intermediate inputs and primary factors. Each sector is assumed to choose the mix of inputs to minimise total cost for a given level of output. Sectors are constrained in their choice of inputs by a two-level nested production technology. At the first level, intermediate-input bundles and primary-factor bundles are used in fixed proportions. At the second level, intermediate input bundles are formed as combinations of imported bundles and domestic goods with the same name, and primary-factor bundles are formed as combinations of labour, capital and land. In both cases the aggregator function has a Constant Elasticity of Substitution (CES) form.

 Household demands

There is a single representative household, which buys composite commodities according to the Linear Expenditure System (LES). In the simulation reported here, aggregate real household expenditure is exogenous (alternatively it may be linked to GDP). 

 Demands for inputs to capital creation and the determination of investment

For each sector, a cost-minimising capital creator combines inputs to assemble units of capital, subject to a nested production technology similar to that facing each sector for current production. The only difference is that the capital creator does not use primary factors. The use of primary factors in capital creation is recognised indirectly through inputs of commodities to capital construction.

Investment expenditure is distributed between sectors according to sectoral profitability. Sectors that experience increases in their rate of return relative to the average will attract more investment.

 Government demands for commodities

Government demands are set exogenously.

Export demands

Exporters of each commodity face a downward-sloping, constant-elasticity demand curve.

2.2 Database

The ORANI-G database used for this simulation is derived from the official 1991 Iran Input-Output Table, which had 78-sectors. To convert the IO table into a CGE database, it was necessary to make a series of uniformity assumptions (for example that import/domestic usage rates were uniform across users). The entire database was uniformly scaled so that GDP was equal to the World Bank 2001 estimate of 114.1 billion dollars US.

Parameter values were set at typical values seen in other CGE models. For example:

· the elasticity of substitution between capital, labour and land was set to 0.5 for all sectors.

· the Armington elasticity of substitution between domestic and imported equivalents was set to 2.0 for all commodities.

· export demand elasticities were set to -5.0.

The IO table distinguished two types of primary factor inputs: wages and profits. The wage values appeared not to include the contribution of owner-operators in agriculture or small business. As well, land was not distinguished as an input. To properly value the contributions to output of land and labour, we added (imputed) additional payments to land (in agriculture) and labour (in various industries). Corresponding amounts were subtracted from each industry's profit, so that industry outputs were unaffected.

 AUTONUMLGL  Setting up the simulations

2.2 The demand shocks

The cost of the port construction and allied works were estimated at around 349 million dollars US (2001), as shown below:

Table 2: Project Cost Estimates


Construction
Cost (US$)

Bridge
172,410,000

Port
73,085,000

Rail Link
103,200,000

TOTAL
348,695,000

No detailed breakdown of these expenditures was available which might show which commodities would be used by the project. However, two of the IO table sectors, Other Construction and Infrastructure represented activities similar to the Qeshm project. Accordingly we assumed that the inputs to the Qeshm project were a 50/50 mix of those required for the 2 construction activities. 

Table 3 below shows the broad input mix used by the two construction activities: they are quite similar. Table 4 breaks down the intermediate expenditure between the most important of the 78 commodities. As we would expect, stones, sand, cement, and basic metals are the main inputs used. Machinery does not figure strongly in either mixture. 

We assumed that the construction activity would mostly occur within a 3-year period, and that the expenditure would be spread evenly over the three years. Therefore, the total cost of 349 million is equivalent to 116 million per annum. This represents an additional annual expenditure of 58 million $US on each of Other Construction and Infrastructure.
Table 3: Broad Input mix of Infrastructure and Other Construction sectors

Input Category
Other Construction
Infrastructure

Intermediate demand for domestic goods
30.9
29.7

Intermediate demand for imported goods
13.6
18.1

Trade and transports margins on above
4.2
4.2

Taxes on inputs
1.4
1.7

Wages
23.9
19.1

Capital costs
25.9
27.3

Total
100%
100%

Table 4: Intermediate Inputs used by Infrastructure and Other Construction

Intermediate Inputs
Infrastructure
Other Construction

Building Stone
1.6
5.1

Sawmill Products
1.5
3.8

Cement
4.9
3

Other NonMetallic Minerals
20.1
11.1

Oil Products
7.7
2.2

Basic Iron and Steel
22.8
42.9

Metal For Industrial Construction
25.3
11.5

Industrial Machinery
0.8
0.4

Other Manufactured Products
5.5
9.5

Freight Transport
1.1
1

Financial Institutions
3.5
3.3

Business Services
0.7
0.3

All other Intermediate inputs
4.5
5.9

Total
100%
100%

2.2 The closure and shocks

ORANI-G has more variables than equations. The number of variables explained by the model must equal the number of equations, so values for some variables—termed exogenous—must be set by the modeller. For the main simulation reported here, the exogenous variables were:

· all tax rates

· all technological coefficients

· import prices

· position of export demand curves

· the exchange rate (numeraire assumption)

· Components of absorption: aggregate investment, household consumption, and government demand.

· Industry-specific use of capital and land (except for Other Construction and Infrastructure sectors)

· CPI-indexed wages

The last two assumptions are distinctive of an ORANI short-run simulation. We assume that the timescale for the simulation is too short to allow fixed capital or land to shift between industries. At the same time, there is a slack labour market: labour is in elastic supply at fixed real wages.

The fixed capital stocks, and substitution between capital and labour, together imply that each industry has an upward-sloping short-run supply curve
. For the construction sectors, we assumed that additional equipment could be imported for the project at a fixed rental cost
.

The construction project was simulated by increasing government demand for each of Other Construction and Infrastructure by 58 million $US.

 AUTONUMLGL  Results

The penultimate, (CGE) column of Table 5 shows the effect, on various economy-wide variables, of the increased construction demands. All results are percentage changes
.

For comparison, the final column in Table 5 show results calculated using the same model and data, but now allowing all primary factors to be available in elastic supply at fixed prices. With these assumptions, ORANI-G becomes equivalent to a traditional input-output model.

Table 6 shows broad sectoral outputs, again calculated using either CGE or Input-Output assumptions.

 AUTONUMLGL  Results from input-output calculation

As can be seen from the last column of Table 5, the input-output model implies that all prices remain fixed. Hence, this set of results is rather easy to understand. With prices fixed, exports do not vary, and other final demands are exogenous. Government demand has increased by our shock of 116 million (=2*58). GDP increases by 0.08%, which is equivalent to 91 million $US. The difference between increases in government spending (116) and GDP (91) is due to the increase in imports: 0.09%. The leakage from increased imports arise because, taking into account both direct and indirect demands, only 78% (=91/116) of the construction spending is domestically supplied
. Only the extra demand for domestically produced goods lead to increases in employment and GDP.

The broad sectoral results in the last column of Table 6 show that output gains are concentrated in the construction sectors and their immediate suppliers.
Table 5: Short-run macro effects of increased demand for construction inputs

Description
Symbol
CGE
effect
Input-Output
effect

Aggregate employment: wage bill weights
employ_i
0.106
0.085

GDP price index, expenditure side
p0gdpexp
0.107
0.000

GNE price index
p0gne
0.095
0.000

Real devaluation
p0realdev
-0.107
0.000

Terms of trade
p0toft
0.017
0.000

Index of factor cost
p1prim_i
0.108
0.000

Aggregate investment price index
p2tot_i
0.250
0.000

Consumer price index
p3tot
0.036
0.000

Exports price index, local currency
p4tot
0.017
0.000

Government price index
p5tot
0.061
0.000

Inventories price index
p6tot
0.037
0.000

Exchange rate, local currency/$world
phi
0.000
0.000

Average real wage
realwage
0.000
0.000

Real GDP from expenditure side
x0gdpexp
0.061
0.080

Real GNE
x0gne
0.093
0.093

Import volume index, duty-paid weights
x0imp_c
0.118
0.090

Aggregate capital stock, rental weights
x1cap_i
0.027
0.083

Aggregate land stock, rental weights
x1lnd_i
0.000
0.016

Aggregate effective primary factor use
x1prim_i
0.060
0.079

Aggregate real investment expenditure
x2tot_i
0.000
0.000

Real household consumption
x3tot
0.000
0.000

Export volume index
x4tot
-0.081
0.000

Aggregate real government demands
x5tot
0.731
0.731

Aggregate real inventories
x6tot
0.000
0.000

Real GDP at factor cost (inputs) = x1prim_i
xgdpfac
0.060
0.079

(Nominal balance of trade)/{nominal GDP} (change)
delB
-0.0002
-0.0001

Table 6: Broad sectoral effects of increased demand for construction inputs

Broad
sector
CGE
effect
Input-Output
effect

Agriculture
-0.005
0.007

Crude Oil & Natural Gas
-0.003
0.005

Mining
0.254
0.356

Food Processing
-0.009
0.002

TCF
-0.014
0.005

Metal Products
0.133
0.378

Machinery & Equipment
-0.014
0.003

Other Manufacturing
0.072
0.127

Utilities
0.028
0.059

Construction
0.687
0.688

Trade & Transport
0.014
0.036

Private Services
0.006
0.019

Public Services
-0.000
0.001

 AUTONUMLGL  Results from CGE calculation

The penultimate columns of Tables 5 and 6 show the results computed using CGE assumptions. As mentioned previously, we assumed that all non-construction sectors had fixed capital stocks, implying upwardly-sloping supply schedules. Hence, increased demands for cement, steel, gravel and other commodities used by construction sectors forces up those commodities' prices. The price rises feed in turn into the cost structure of other industries, and (because we assumed that wages were indexed to the CPI) into wage costs for all sectors. Overall, the GDP price index goes up 0.11%.

The increased price level in turn increases the leakage of the initial demand stimulus, in two different ways:

· rising domestic prices cause exports to decrease; and

· rising domestic prices cause users to substitute from domestic goods towards their imported equivalents; so that imports increase at the expense of domestic production.

Both mechanisms cause GDP and sectoral outputs to increase by less than in the input-output computation. The effect is especially noticeable for the manufacturing group which includes (at the 78-sector level) both export-oriented and import-competing sectors. The increases in demand seen in the input-output calculation are greatly reduced or even reversed. GDP increases by only 0.06% (compared to 0.08%).

Even though output rises less in the CGE calculation, employment (top row, Table 5) rises more. Again the reason is our assumption about fixed industry usage of capital and land. With fixed factors, the marginal product of labour declines as output expands, meaning that to achieve a 1% output increase, industry must increase labour inputs by more than 1%. Hence, employment rises by more than GDP. In fact, the following approximation is highly accurate for both CGE and IO results:

(A)
x0gdpexp = Slab.employ_i +[ Scap.x1cap_i + Slnd.x1lnd_i ]

Above, x0gdpexp is the percent change in real GDP and employ_i, x1cap_i and x1lnd_i are percent changes in economy-wide use of labour, capital and land. Slab, Scap and Slnd are the shares of each factor in GDP at factor cost. In the CGE calculation, fixed industry stocks of capital and land prevent the last two terms of equation (A) from contributing much
 to GDP. Consequently, employment must increase by about twice as much as GDP.


Under the CGE assumptions, GDP rises by nearly 70 million $US following the project expenditure of 114 million $US. In other words, the leakage is about twice that observed in the input-output calculation.
 AUTONUMLGL  Conclusion

We find that a construction project lasting 3 years with an annual cost of 116 million  $US might boost GDP by between 70 and 91 million dollars, and nation-wide employment by around 0.1%. The effects would be only temporary and should die away one or two years after construction was finished.

References

Armington, P.S. (1969), “The Geographic Pattern of Trade and the Effects of Price Changes”, IMF Staff Papers, XVI, pp. 176-199.

Dixon, P.B., B.R. Parmenter, J. Sutton, and D.P. Vincent (1982),  ORANI:  A Multisectoral Model of the Australian Economy, North-Holland, Amsterdam.

Horridge, J.M., "ORANI-G: A General Equilibrium Model of the Australian Economy", CoPS/IMPACT Working Paper Number OP-93, downloadable from:
http://www.monash.edu.au/policy/oranig.htm










































































































� See: Dixon, Parmenter, Sutton and Vin�cent, 1982. 


� Allowing for the possibility that imported products may not be perfectly substitutable for the corresponding domestic product is an idea first put forward in Armington (1969).


� Fixed costs account for 90% of the primary factor costs of the Crude Oil industry. Consequently, oil output and exports are effectively held fixed in the simulations reported here.


� The input-output tables suggested that 92% of industrial machinery was imported. So we can safely ignore any stimulus to domestic demand arising from the purchase of, say, bulldozers.


� except for the variable in the last row, [BoT/GDP], which is reported as an ordinary change.


� That is, the total import content is around 22%. Table 3 show that the direct import content alone is 15.9%; the balance is due to indirect or multiplier effects.


� As mentioned earlier, capital stocks in the 2 sectors Other Construction and Infrastructure were allowed to increase.
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