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Project Evaluation of Transportation Projects: an Application of Financial Computable General 

Equilibrium Model  

 

ABSTRACT 

We develop a Financial Computable General Equilibrium Model (FCGE) model that can analyse the 

economic impacts of the infrastructure investment projects and their financing options on growth and 

distribution in Indonesia economy.  It is possible to estimate growth and distributional effects of each 

project based on the financing method (government financing with tax revenues, government bond, and 

private financing) over the construction and operation periods if the information on the investment 

expenditures, the construction location and the accessibility of the project are injected into the FCGE 

model. The government financing with tax revenues could generate higher effects on GDP than two other 

financing methods regardless of projects.  However, the presented values of benefits over costs are less 

than one for two sample highway projects, so they cannot be sustainable with regard to economic 

assessment.  

KEY WORDS: Transportation Investment; Infrastructure Policy; Financial CGE Model 
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1. Introduction 

In general, transportation investments have generative and distributive effects on spatial economic value 

and activities, which can be classified into construction (temporary or short-term) and operation 

(permanent or long-term) benefits.  The former refers an impact of investment expenditures on the 

output and the price through the demand channel of the commodity and service market during the 

construction phase.  The latter includes an impact of capital accumulation in the transportation sector on 

the economic growth by improving production potential and lowering an average production cost during 

the operation phase (Kim et al., 2004).  The change in spatial accessibility can lead to the relocation of 

economic activities to the places to maximize utility and profit levels of economic agents based on the 

connectivity with the transportation network system, too.  These long-term benefits are distinguished 

into direct and indirect benefits.  The sources of direct effects are reductions in travel times and the 

transportation costs, which generate indirect effects through functional linkages of economic activities.  

The indirect effect as a form of spillover effect includes impacts on productivity, change of location 

pattern, industrial agglomeration, spatial range of commuting and travel behavior, migration, sightseeing 

and leisure travel, spatial business opportunity and knowledge sharing (Koike et al, 2015; Koopmans and 

Oosterhaven, 2011).  

It would be necessary to establish a quantitative tool to calibrate these effects of transportation 

projects if the government attempts to assess the development priorities in terms of economic efficiency 

and income distribution.  In a sense that the benefits and costs of projects are generated through the 

production and consumption linkages among economic agents, their outcome needs to be measured in a 

systematic approach to take into account direct and indirect effects on not only benefits but also costs.  

This paper is focused on a development of a Financial Computable General Equilibrium (FCGE) model 

for evaluating economic effects of the projects on growth and equity of Indonesia.  The FCGE model 

integrates a real economy with a financial one within the unified economic system, and can trace out the 

flows of financial and real resources among economic agents.  In particular, the model is designed to 
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analyze the economic effects of fiscal policies such as the transportation investment expenditures and 

their procurement approaches (e.g. from current taxes or through bonds) on economic growth and 

distribution among socio-economic classes, linking the investment expenditures with specific financial 

resource.  The model has eight economic institutions: four household groups (Rural Low, Rural High, 

Urban Low and Urban High), corporations, financial institutions (including the central bank), government, 

and rest of the world.  The portfolio choice for financial instruments (assets) is disaggregated into real 

wealth, government bond, and composite financial assets including private bonds, equity, and deposits 

(money).  As application examples, there are two alternatives of highway projects in Jakarta and East 

Kalimantan in Figure 3 in Section 3.  Each project is assumed to have three financing options such as 

government financing with (1) tax revenues, (2) government bond issues and (3) private financing.  A 

base year of the FCGE model is 2005, the latest year that an official Financial Social Accounting Matrix 

was published in Indonesia.  The rest of the paper is structured as follows.  Major research studies are 

reviewed on the CGE models of Indonesia in the next section.  Section 3 develops the FCGE model for 

the investment analysis of the highway, and carries out three counterfactual simulations as case studies.  

Conclusions and suggestions for further research are discussed in the final section. 

 

2. Review on Transportation-Economic and Indonesian CGE Models 

 

CGE Models on Transportation Investment Analysis 

There are a few methods to quantify economic contribution of the transportation investment such as 

econometric input-output model, transportation network model, spatial price equilibrium model and 

spatial CGE model (Kim et al, 2004).  There approaches have placed more emphasis on the calibration 

of the long-term effects to affect the economic behaviour of users.  They can be classified into (1) the 

cost-based approach to use transportation price and congestion cost from the trip demand analysis and (2) 

the network approach to employ a spatial accessibility with a transportation network with respect to type 
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of transportation variables for the economic model1.  Until the early 2000s, the former approach was 

prevalent in exploring the impacts of transportation infrastructure investment on economic growth (Roson 

and Del’Agata, 1996; Conrad, 1997; Kim, 1998; Rioja, 1998; Friesz et al., 1998; Seung and Kraybill, 

2001; Haddad and Hewings, 2001; Conrad and Heng, 2002; and Brocker, 2002).  With respect to 

productivity in the cost-based approach, Roson and Del’Agata (1996) showed that an increase in transport 

investment would reduce both traffic congestion and the gap between the user optimum and system 

optimum.  Kim (1998) found that the elasticities of infrastructure investment with respect to GDP and 

inflation were determined by institutional restrictions on the foreign capital and financing alternatives for 

infrastructure projects, and Rioja (1998) discussed the infrastructure investment might cause a negative 

effect on welfare levels.  Haddad and Hewings (2001) analysed the long-term effect of the total factor 

productivity of the transportation sector on transportation costs and spatial price differentiation with a 

mark-up structure using the Brazilian Multisectoral And Regional/Interregional Analysis Model.  

Brocker (2002) estimated the impacts of transportation costs and road development of the Trans-

European Transport-Networks (TEN-T) on the spatial distribution of the benefit using a static CGE model 

with three major blocks such as final demand, production, and transport cost and equilibrium.   

Congestion costs have been derived from bottom–up engineering process in the cost-based approach.  

The reduction of congestion costs by transportation investments results in cost savings, which can be 

exogenous shocks to the CGE models.  Conrad (1997) determined the optimal size of the infrastructure 

in terms of productivity effect and congestion costs using the CGE model.  Seung and Kraybill (2001) 

estimated the effects of public capital on regional output and welfare in Ohio using a regional dynamic 

CGE model.  They found that the magnitude of the effect of the public investments depends on public 

capital elasticity, public capital stock, per-capita stock of private capital, and congestion level.  Conrad 

and Heng (2002) developed a road congestion CGE model using road bottlenecks and congestion cost 

                                                           
1 They could be disaggregated into sequential and non-sequential models in terms of treatment of the economic 

model (Kim et al., 2004). 
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functions.  The effective transportation services were determined through the optimal allocation of 

transportation capital from the minimization of total transportation costs and congestion costs.  Berg 

(2007) linked a household demand function for transport services with a stylized environmental CGE 

model to estimate the impact of a carbon target on the Swedish economy.   

In the network approach, the key variable is an accessibility index by region, which is an indicator of 

the level of services or ease of access (spatial interaction) between spatial opportunities provided by the 

transport network.  It was measured by using the minimum travel distances and the levels of activities 

(population or employment distribution) at the origin and destination.  Accessibility by spatial unit was a 

major input variable for the calibration of the long-term effects of the transportation investments on 

economies.  One of examples for this approach is an economic potential approach with the spatial 

accessibility; Gutierrez and Urbano (1996) and Vickerman et al. (1999) for the Trans-European network 

and Linneker and Spence (1996) for the M25 London orbital motorway, and Rietveld and Bruinsma 

(1998) for the European agglomerations.  The integrated transportation network model is another type of 

the network approach.  Cho et al. (2000) measured economic impacts of industrial and transportation 

structure on the Los Angeles economy, using an integrated system of bridge and other structural 

performance models, transportation network models, spatial allocation models, and input-output models.  

Sohn et al. (2001) and Kim et al. (2002) integrated the transportation network model with the input-

output model in order to calibrate an economic loss of catastrophic earthquake on regional commodity 

and transportation network flows.   

Haddad and Hewings (2005) and Kim et al. (2004) integrated transportation activity with spatial and 

economic equilibrium approaches in a consolidated structure.  They specified the interactions between 

the transportation sector and real side economy through a price mechanism, and measured transportation 

inputs in monetary terms as well as other dimensions such as accessibility.  The economic activities by 

region and sector were differentiated with changes in the transportation network, which has direct and 

indirect effects on both regional economic growth and interregional trade patterns in the long term. 
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Haddad and Hewings (2005) developed a multiregional CGE model to capture non-constant returns to 

scale for the manufacturing sector, and the moving costs on origin-destinations pairs.  They argued that 

the welfare impacts were much more sensitive to changes in transportation costs than scale economies.  

Ferraz and Haddad (2009) formulated a seaport-based multiregional CGE model of the Brazilian 

economy to estimate the effect of import barriers on the distribution of economic activity.  The unique 

feature of this model was an explicit modelling of the land-maritime transport costs in addition to the 

scale economies and port efficiency.  The maritime transport cost was estimated with an exponential 

function of the distance between the foreign port of origin and the domestic port of entry to take into 

account long-haul economies.  Haddad et al. (2010) incorporated a transport network system into their 

multiregional CGE model to simulate the impacts of increases in port efficiency in Brazil.   

The transport network–multiregional CGE model of Kim et al. (2004) and Kim and Hewings (2009) 

was composed of a transport model and a multiregional CGE model.  The transport model measured 

changes in interregional shortest distances and accessibility by the highway project, while the CGE model 

estimated the spatial economic effects of the projects on the GDP, price, exports, and the regional 

distribution of wages and population.  The model was applied to estimate the synergy effects of a set of 

highway projects on the value added by region and industrial sector for construction and operation 

periods (Kim and Hewings, 2009).  This synergy effect is defined as a difference between the 

summation of the net GDP increase from the development of each highway sub-link without spatial 

linkage and the change in GDP resulting from the concurrent development of all links with spatial 

linkages.  For example, Korea’s East-West 9 Highway increased the nation’s GDP by 0.3% over the 30-

year time period horizon, with 0.016% of the GDP arising from the synergy effect.  Kim et al. (2011) 

examined the impacts of highway development according to the ways in which they were financed.  The 

results indicated that imposing regional earmarked taxes had larger effects on income growth and the 

reduction of regional income inequality than the current tax system. 
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CGE Models on Indonesian Economies 

The recent works on the CGE models of Indonesia have been primarily applied to the impact analysis of 

fiscal instruments and environmental policies on the growth and income distribution.  Their major 

approaches include INDONESIA-E3 (Economy, Equity, and Environment) model, AGEFIS (Applied 

General Equilibrium model for FIScal Policy Analysis)-E3 model and IRSA-INDONESIA5 model. As a 

national model, INDONESIA-E3 model had three incorporated modules of carbon emissions, income 

distribution and taxation with a prototype CGE model.  It could be used to estimate effects of 

environmental reforms such as carbon emission and energy pricing on the inequality and poverty (Yusuf, 

2008).  Yusuf et al. (2010) developed AGEFIS-E3 model to focus on linkages between energy sector 

and fiscal instruments.  The model was applied to examine how Indonesia could achieve the economic 

goal to reduce greenhouse gasses emission by 26% by 2020.  The model had explicit renewable energy 

sectors such as geothermal and hydropower, so exploring an effective mix of instruments to reduce 

emissions from the energy sector.  They showed that a removal of energy subsidy for fuel and electricity 

could contribute to significant reduction in carbon emissions.  In addition, Warr and Yusuf (2011) 

analysed the effectiveness of utilization of forests as a means of achieving the emission target, and Yusuf 

and Resosudarmo (2008, 2011) analysed effects of fuel price inflation on the income distribution.  Yusuf 

and Resosudarmo (2011) argued that the price reform could have been progressive with increasing only 

vehicle fuel prices, but the inequality in urban areas could be worsened with the price inflation of the 

domestic fuel.  Resosudarmo (2003) examined the impact of air pollution policies on the economic 

performance and household incomes using an interaction approach between economic activities and the 

air quality.  It showed that the improvement of urban air quality could induce a higher GDP and increase 

the income of poor households.  Amir et al. (2013) evaluated the impacts of Indonesia's income tax 

reforms on poverty and income distribution.  They found that the reductions in personal income tax and 

corporate income tax increased the economic growth under a balanced budget assumption.  The policy 
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reforms resulted in a small reduction in the incidence of poverty, but they caused an increase in the 

income inequality because the tax cut was more beneficial to households in the highest income categories.   

In terms of regional economic issues, Resosudarmo et al. (2011) showed that the best way to reduce 

the development gap among regions would be to operate effective programs to accelerate the growth of 

human capital in the less developed regions, using an inter-regional CGE model, IRSA-INDONESIA5.  

The recent work on regional CGE model is the Indonesian version of TERM2, developed by Horridge et 

al. (2012) to analyse the impact of reducing transport costs in Indonesia.  They argued that the shortage 

of transportation investments decreased the competitiveness of the products and increased imbalances 

between regions in Indonesia.  Even though the study did not discuss how to reduce the transport costs, 

the simulation results showed that the improvement in transport network (to or from peripheral regions, 

within non-peripheral regions) could lead to reduction in the costs of foreign trade and saving in logistic 

costs. 

For the fiscal and financial policy analysis, Azis et al. (2000) attempted to develop a model to 

incorporate transmission mechanisms of the Asian Financial Crisis with political instability with poverty 

in Indonesia during the period 1997-1999, and Robilliard et al. (2001) combined a micro-simulation 

model of household’s income generation with a standard CGE model to quantify the effects on poverty 

and inequality of the financial crisis of Indonesia in 1997.  The household heterogeneity was specified in 

terms of income sources, area of residence, demographic composition, endowment in human capital, and 

consumption preferences using household samples of the 1996 SUSENAS survey.  The framework 

estimated the impact of alternative social policy packages such as food subsidies, household transfers and 

public work programs during the crisis.  Dartanto (2011) measured the impact of volatility in the world 

price and import tariffs of soybeans on poverty using a micro-simulation CGE approach and the 

endogenous poverty line.  It showed that the price volatility during 2007–2009 had a significant effect 

on increasing poverty, and the increase in the world price by 40% raised the head count index by 0.204%.   

                                                           
2 Information and references about TERM may be found at www.monash.edu.au/policy/term.htm. 
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In sum, the network model, in particular the CGE model, succeeded in endogenously determining the 

prices and transport costs from inter-sectoral linkages, but often neglects an interaction between the 

transportation investment expenditures and their financing method in calculating the economic impacts.  

So the model structure needs to be transformed to practically integrate transportation activity with 

financing approaches in a consolidated structure. With this approach, the commodity and service levels by 

sector react to changes in the transportation network and the financing method, generating direct and 

indirect effects on both regional economic growth and trade patterns in the long run. 

 

3. Model 

The FCGE model in this paper is an integrated model combining the real side of the economy with 

financial asset choices and an accessibility module to address the impacts of changes in transportation 

networks3.  It is possible to analyze the economic effects of the transportation investment expenditures 

and their procurement approaches on economic growth.  The FCGE model is composed of interactions 

between the real-side and financial-side blocks, and production activities are disaggregated into nine 

sectors: agriculture, mining, manufacturing, utility, construction, hotel and restaurant, transportation and 

communication, finance, and other sectors.  There are eight economic institutions: households (Rural 

Low, Rural High, Urban Low and Urban High), corporations, financial institutions (including the central 

bank), government, and rest of the world.  The real-side block accounts for the economic behavior of 

producers and consumers on the real side economy, following market-clearing prices, the maximization 

of firm profits, and a household utility maximization.  The commodities for economic agents are 

composed of domestic demands (supplies) and foreign imports in terms of product origin, whereas the 

products are spatially distributed among domestic supplies and foreign exports in terms of product 

destination.  Commodity prices are assumed to adjust toward a balance between supply and demand in 

                                                           
3 The model framework is based on Kim and Bae (2015)’s approach for economic assessment of transportation 

policies for Korea.  
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terms of factor inputs and commodity markets.  Total wealth is composed of the real wealth and 

financial wealth, which is again classified into government bonds and a composite of financial 

instruments for the simulation.  Figure 1 shows the schematic structure of the FCGE model. 

 

<Insert Figure 1> 

 

Our production structure model has two stages.  At the top of the structure, the gross output by 

industry is determined by a separable two-level production function for value-added and composite 

intermediate inputs; that is, in accordance with the Leontief production function, the producer coordinates 

the level of intermediate demands and value-added elements against a fixed proportion of gross output.  

The labor input is assumed to be homogeneous and to possess inter-sectoral mobility, whereas capital 

stock is assumed to be fixed in the short run.  The labor demand by industry is derived from the 

producers' value-added maximization of the first order condition, whereas the average wage level is 

derived by balancing out total labor demand against total labor supply.  The intermediate inputs are 

derived from input-output coefficients.  The value-added element is determined by a production function 

of labor, private capital inputs and an external factor such as accessibility.  The accessibility reflects the 

importance of both the scale and proximity of population and economic activity, and is a proxy for the 

quality of transportation services and development potential.  It is measured as the weighted sum of the 

population in 440 basic administration units in Indonesia in a gravity-typed form (Kim et al, 2004).  The 

travel time is calibrated by the shortest time distance among the administration units by Arc-GIS, a tool 

external to the FCGE model, and the elasticity of the accessibility with respect to the value added is 

estimated as 0.0175 using data from 33 Indonesian provinces.  For the second stage of the model, the 

domestic market is assumed to be a price taker at the given world price.  That is, foreign trade follows a 

small-country assumption and adopts an Armington approach.  Imperfect substitutions are allowed 
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between domestically produced goods and foreign imports on the demand side as well as between the 

domestic supplies and the foreign exports on the supply side.   

The total demand for goods and services consists of intermediate demands, total consumption 

expenditures for households, government consumption expenditures, and investment.  The household 

incomes include wages, capital income, and transfer from other institutions.   Households pay interest 

costs and rents, transfer to other institutions including taxes and allocate their disposable income between 

consumption and savings.  Corporations and financial institutions have capital incomes from real capital 

investments and property incomes such as interest incomes and rents and dividends, and transfers from 

other institutions.  Government expenditures are composed of consumption and investment expenditures, 

subsidies to producers and households, transfers to the financial institutions and the rest of the world, and 

savings.  Revenue sources are tax revenues from household incomes, value-added, and foreign imports, 

and the government-owned stock of financial assets.  

The FCGE model specifies loanable fund markets such as money (deposits), domestic bonds, equity 

and real capital.  Total wealth is composed of the real wealth and the financial wealth.  Real wealth 

includes machinery and buildings; financial wealth is classified into government bonds, and a composite 

of financial assets such as equity, deposits (money) and private bonds in this paper.  The specification of 

the portfolio behavior on asset holders (institutions) is based on Kim (1990) as shown in figure 2.  If an 

investment return increases compared to the interest rate, an institution would purchase more real assets, 

such as buildings and machinery, for investment.  Similarly, if a bond rate is higher than the interest rate 

of the competing asset, institutions would be more willing to buy more bonds to increase their property 

income from dividends.  The institution is designed to make a decision regarding how much it purchases 

of two competing financial assets in the portfolios in every successive stage.  In the top stage, the total 

wealth is divided into real wealth acquisition and the financial assets purchase in the ratio of g1: (1-g1).  

The ratio, g1, of real wealth to total wealth is endogenously determined by the rate of return on the 

investments and the average rate of return on the financial wealth.  The latter is again distributed to 
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national bond and composite financial assets in the ratio of g2: (1-g2).  Financial decisions also depend 

on their net returns.  To reflect this asset demand relationship with its rate of return, we derive the 

elasticity of demand parameter with respect to relative return rate. 

 

<Insert Figure 2> 

 

In addition, we restructured the Bank of Indonesia Financial Social Accounting Matrix (FSAM) as a 

benchmark for the development of the CGE model.  The FSAM is treated as an initial equilibrium for 

the model, and the values of some parameters are adjusted to replicate the equilibrium conditions for the 

base year, 2005.  Economic activities are largely disaggregated into six balanced expenditure-receipt 

accounts: production, value-added, current account of institution, capital account of institution, financial 

flows, and investment.  The current account spends income on consumption, transfers among institutions, 

and savings.  Transfers include direct taxes, social contributions, social benefits, and other transfers on a 

national account basis.  Savings of each institution are residually determined through total income minus 

total expenditure.  The capital account is expanded to include the capital accounts of all institutions.  It 

matches the savings of each institution with its investment through financial instruments.  

 

<Insert Table 1> 

 

The FCGE model consists of a within-period model and a between-period model.  Due to the 

difficulty of solving the simultaneous system, the dynamics of the model follow an adaptive and recursive 

pattern.  The within-period model determines equilibrium quantities and prices under objectives and 

constraints for each economic agent in the context of a static model.  The between-period model finds a 

sequential equilibrium path for the within-period model over the multiple periods by updating the values 

of all exogenous variables such as government expenditures.  On the real side, the current capital stock 
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is expanded with new investment but also reduced by a constant depreciation rate.  The within-period 

model is a square system of equations with 308 equations, and the exogenous variables include world 

market prices and labor supply.  The numeraire of the model is set as the consumer price index.   

 

<Insert Table 2> 

 

2) Simulation 

As examples of counterfactual analysis, the FCGE model is applied to the following two transportation 

projects.  Each is assumed to have three financing options such as government financing with tax 

revenues and government bond issues and private financing.  

1) North–South Jakarta Highway in Java (hereafter NS project): 40 trillion RP investment 

expenditures for six years 

2) Balikpapan–Samarinda Highway in East Kalimantan (hereafter BS project): 12 trillion RP 

investment expenditures for four years 

 

<Insert Figure 3> 

 

The FCGE model with a base year of 2005 is designed to run for 15 years from 2006 to 2020 in a 

recursive pattern.  The current stock variables on capital and financial assets are determined by one 

period lagged stock and current flows of investment and financial assets.  There are two kinds of 

temporal effects on economic sectors generated in this period.  One is the short-term or construction-

flow effect; changes in employment and income during the construction period are generated through the 

demand side.  The magnitude of the effect depends on the size of the investment expenditure and how 

the infrastructure is financed.  Another is the long-term or operation-stock effect; changes in the 

distribution of economic resources through capital accumulation and productivity gains will be realized 

through improved accessibility.  We assume that the construction of all the projects starts in 2006 for a 
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simplification of the dynamic adjustment process in the FCGE model.  For example, the construction 

period of NS project is from 2006 to 2011, and the facility is assumed to be operated over nine years from 

2012 to 2020 for the analysis.4 The economic effects of each project under different financing option are 

compared with the base case without the transportation developments.  All exogenous variables of each 

project have the same values as in the base case.  The major input variables for the simulation of the 

FCGE model are (1) the annual construction expenditure, (2) the annual amount financed by each 

procurement option (tax revenues, government bond, and private fund) during the construction period, (3) 

the length of construction period (e.g., six years for NS project and four years for BS project), (4) the 

length of operation period (e.g., nine years for NS project and 11 years for BS project), and (5) the 

average value of accessibility.  That is, the effects of the investments and financing of the project rely on 

differences in the capital costs, the investment amounts and periods, and the accessibility.  The financing 

costs are endogenously determined in the model; while the accessibility of project is calculated in the GIS 

analysis is external to the FCGE model. The accessibility levels of all the projects increase with the 

reduction in total travel time distances over 440 basic administration units; NS project by 3.8% and BS 

project by 9.4% compared with base case. 

Table 3 summarizes the resulting outcomes of the projects on the GDP and two income ratios between 

low and high income groups and between urban and rural areas in the case of the government financing 

with tax revenues.  NS project has a positive effect on the GDP growth by 0.038% points, which is 

higher than BS project (0.028% points).  The former could reduce marginally the income gap between 

the high and low income groups on the other hand the latter generating a negative effect on the income 

distribution.  However, both the projects do not have few effects on the income disparity between the 

urban and rural areas. 

 

                                                           
4 Obviously, the project life will extend beyond 2020 but the accessibility impacts are likely to have been fully 

realized by this time. 
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<Insert Table 3> 

 

The government financing with tax revenues could generate higher effects on GDP than two other 

financing methods regardless of projects, as shown in table 4.  The results imply that the investment 

activity of the government could be more efficient than the government consumption in terms of the 

resource allocation since the increases in the former should come with the reduction in the latter under the 

government budget constraint.  The second best for the GDP growth is to raise the investment funds in 

government bonds.  The advantage of this financing approach is to increase the total amount of the 

government expenditures without a significant decrease in the government consumption, but the 

government should pay for the bond costs (yields) to the buyers in every year thereafter.  Finally, the 

private financing results in relatively low economic effect due to its crowding-out effect on other 

investment activities.  If the expected efficiency of private-financed project is taken into account in the 

model specification, there might be a positive economic contribution of the private financing case on the 

growth.  

 

<Insert Table 4> 

 

If the net change in the GDP and the investment expenditures are defined as benefits and costs of the 

project, it is possible to calculate the present values of benefits and costs with the discount rate of 6.0% 

for the 30 years as shown in Table 5.  However, the presented values of benefits over costs are less than 

one for two sample highway projects, so they cannot be sustainable with regard to economic efficiency. 

 

<Insert Table 5> 
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4. Summary and further research 

In this paper, we develop the FCGE model that can analyze the economic impacts of the infrastructure 

investment projects and their financing options on growth and distribution in Indonesia economy.  It is 

possible to estimate growth and distributional effects of each project based on the financing method 

(government financing with tax revenues, government bond, and private financing) over the construction 

and operation periods if the construction information and changes in the accessibility of the project are 

injected into the FCGE model.  

Regarding further research directions, one of major challenges in CGE modelling is developing a 

unified framework for feedback and interactions between a regional CGE model and a transportation 

network model (Zhang et al., 2011). In general, the two types of models have different theoretical 

foundation and spatial units, so it is not easy for them to share a common platform and assumptions. For 

example, a regional CGE model is a macro-micro simulation model with state-level data, while a 

transport model is purely a micro-simulation model with zone-level data. In the case of Kim and Hewings 

(2009), the population variable was exogenous in their transport-network model but endogenous in their 

regional CGE model. Given that the spatial unit of the regional CGE model is hard to downsize (due to a 

lack of adequate economic data such as trades and factor inputs as well as computational challenges), 

major efforts are required to identify whether the two models maintain convergence trends for key 

economic indicators through an iterative top-down-bottom-up approach.  

Another challenge is the disaggregation of the transportation sector into sub-sectors—including roads, 

railroads, seaports, and airports—because each has distinctive features in terms of the types of network 

and flow, as well as in delivery of services. The effect of each transportation sub-sector on the economy 

can be calibrated by estimating the aggregate transportation production function in a two-stage hierarchy 

system due to the insufficient time series data of the capital stock and by employing sub-sectors at the 

regional level (Zhang and Peeta, 2011). That is, the aggregate transportation services can be determined 

by the CES function of the services of the ground transportation (roads and railroads) and of the non-
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ground transportation sectors (seaports and airports) in the upper level. Again, the service levels of the 

ground transportation depend on those of the roads and the railroads in the lower level. The transportation 

services of the non-ground sector are estimated by the CES function of the seaports and the airports at the 

same level.  In final, key economic and sectoral variables need to be compiled and re-classified in a 

time-series pattern for the modeling.  This work would include the consistent classification of household 

groups between the Financial SAM and the real SAM, the disaggregation of demands for financial assets 

(instruments) by socio-economic group, and the development of transportation network data for road and 

railroad.  The extension of the model is focused on the development of transportation network 

equilibrium model and its interaction with the current FCGE model.  The current model takes into 

account only one-way directional causality from the accessibility block to non-spatial economic block 

with 440 spatial units in the transport network. 
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Figure 1 Schematic Structure of FCGE Model 

Source: Kim and Bae (2015) 
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Figure 3 Two Highway Projects in Indonesia 
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Table 1 Schematic Structure of Financial Social Accounting Matrix  

 Production Value-added 

Current 

account of 

institution 

Capital 

account of 

institution 

Financial 

flows 
Investment Total income 

Production 
Intermediate 

inputs 
 Consumption   Investment 

Total market 

demand 

Value-added Value-added      Value-added 

Current 

account of 

institution 

Imports / 

Tariff 

Factor income 

/ Indirect tax 
Transfer    

Institution 

revenue 

Capital 

account of 

institution 

 Depreciation Savings  Liabilities  
Aggregate 

savings 

Financial 

flows 
   Assets   

Financial 

assets 

Investment    Investment   
Total 

investment 

Total 

expenditure 

Total market 

supply 
Value-added 

Institution 

expenditure 

Aggregate 

investment 

Financial 

liabilities 

Total 

investment 
 

 

Table 2 Major Equations in FCGE Model 

Output Output = Leontief (Value added, Intermediate demand) 

Value added Value added = Accessibility*CD (Capital stock, Labor)  

Supply Output = CET (Foreign exports, Domestic supply) 

Demand Demand = Armington (Foreign imports, Domestic demand) 

Labor demand Labor demand = LD (Wage, Value added, Net price) 

Incomes Incomes = Wage + Capital returns + Transfer 

Consumption Consumption by commodity = CC (Price, Incomes) 

Government revenues Government revenues = Indirect tax + Direct tax + Tariff + Property income 

Government expenditures 
Government expenditures = Government current expenditure + Government 

transfer + Government investment expenditure + Property cost 

  

Labor market equilibrium Labor demand = Labor supply 

Capital market equilibrium Savings = Total investments 

Commodity market 

equilibrium 
Supply of commodities = Demand for commodities 

Government budget 

equilibrium 
Government expenditures = Government revenues 

Financial market 

equilibrium 
Wealth = Real wealth + Bond + Composite financial asset 
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Table 3 Growth Impacts and Income Distribution of Three Transportation Projects with 

Government Revenue Financing (unit: %) 

 GDP Income Ratio of High / Low Class Income Ratio of Urban / Rural Class 

 NS BS Base NS BS Base NS BS 

2006 0.005 0.002 29.237 29.232 29.234 1.719 1.719 1.719 

2007 0.010 0.005 29.380 29.375 29.378 1.720 1.720 1.720 

2008 0.016 0.007 29.516 29.511 29.513 1.720 1.720 1.720 

2009 0.022 0.010 29.645 29.640 29.642 1.721 1.721 1.721 

2010 0.027 0.037 29.767 29.762 29.769 1.722 1.722 1.722 

2011 0.031 0.037 29.883 29.878 29.886 1.722 1.723 1.722 

2012 0.054 0.036 29.994 29.994 29.996 1.723 1.723 1.723 

2013 0.053 0.036 30.099 30.099 30.102 1.724 1.724 1.724 

2014 0.051 0.035 30.199 30.200 30.202 1.724 1.724 1.724 

2015 0.049 0.035 30.295 30.295 30.298 1.725 1.725 1.725 

2016 0.048 0.034 30.386 30.386 30.389 1.725 1.725 1.725 

2017 0.046 0.033 30.472 30.473 30.475 1.725 1.726 1.725 

2018 0.044 0.033 30.554 30.556 30.558 1.726 1.726 1.726 

2019 0.043 0.032 30.633 30.635 30.637 1.726 1.726 1.726 

2020 0.041 0.031 30.708 30.710 30.712 1.726 1.727 1.727 

average 0.038 0.028 30.157 30.156 30.159 1.724 1.724 1.724 

NS: North–South Jakarta Highway 

BS: Balikpapan–Samarinda Highway in East Kalimantan 
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Table 4 Impacts of Financing Methods for Highway Projects on the GDP (unit: %) 

 Accessibility NS Project BS Project 

 
NS BS GO NP PR GO NP PR 

2006 0.000 0.000 0.005 -0.005 -0.006 0.002 -0.002 -0.003 

2007 0.000 0.000 0.010 -0.008 -0.011 0.005 -0.004 -0.005 

2008 0.000 0.000 0.016 -0.010 -0.014 0.007 -0.005 -0.006 

2009 0.000 0.000 0.022 -0.009 -0.016 0.010 -0.005 -0.007 

2010 0.000 9.400 0.027 -0.008 -0.017 0.037 0.020 0.016 

2011 0.000 9.400 0.031 -0.006 -0.017 0.037 0.022 0.018 

2012 3.800 9.400 0.054 0.010 -0.004 0.036 0.023 0.019 

2013 3.800 9.400 0.053 0.015 -0.001 0.036 0.025 0.020 

2014 3.800 9.400 0.051 0.020 0.003 0.035 0.026 0.021 

2015 3.800 9.400 0.049 0.024 0.006 0.035 0.027 0.022 

2016 3.800 9.400 0.048 0.027 0.008 0.034 0.028 0.022 

2017 3.800 9.400 0.046 0.030 0.011 0.033 0.029 0.023 

2018 3.800 9.400 0.044 0.033 0.013 0.033 0.030 0.024 

2019 3.800 9.400 0.043 0.036 0.015 0.032 0.030 0.024 

2020 3.800 9.400 0.041 0.038 0.017 0.031 0.031 0.025 

Average 2.280 6.893 0.038 0.015 0.000 0.028 0.020 0.015 

1P: North–South Jakarta Highway 

2P: Kertapati–Simpang–Tanjung Railroad in South Sumatra  

GO: government financing with tax revenues NB: government financing with bond PR: private financing 

 

 

Table 5 Present Values of Benefits (Net GDP Changes) and Costs (Investment Costs) during 2006-

2035 

(Unit: Billion US$, Discount Rate = 6%) 

 Financing Method NS Project BS Project 

Present Value of Net 

GDP Changes 

GO 19.16 15.63 

NP 15.64 13.87 

PR 7.16 11.39 

Present Value of Investment Costs 32.78 20.79 

GO: government financing with tax revenues NB: government financing with bond PR: private financing 

 

 

 


