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1. INTRODUCTION 

This document describes the basic construct of the Chicago Computable General 

Equilibrium (C-CGE) model that was developed by a collaborative multi-year effort 

between the authors. It is not the objective of this document to describe minute details of 

the model that involves over 900 equations coded in GAMS. Rather, this document 

should be used as an introductory material for the framework of a CGE model that is 

tailored toward transportation planning applications, which the C-CGE is.  

 

It should also be noted that the C-CGE is in the constant state of evolution. For example, 

the base data for the derivation of the Social Accounting Matrix (SAM) was updated 

from 1997 to 2001 recently. We plan to produce a follow-up to this report to document 

those updates in not so distant future.   

2. STRUCTURE OF THE CHICAGO CGE 

In this section, the C-CGE model is described. While a detailed technical description of 

the C-CGE is far beyond the scope of this manuscript, we nevertheless want to offer a 

simplified and brief description of some of the main features and functional forms of the 

model.  

 

Technically, a CGE is nothing more than a set of equations describing the economic 

activities embedded in a SAM.  Producers, consumers, governments, and trading partners 

are engaged in various market activities (i.e., factor and commodity markets) following 

well established economic principles.  Among others, supply and demand are in 

equilibrium, e.g., markets clear, which is achieved through price adjustments.  

Consumers maximize utility subject to a budget constraint and producer behavior is 

driven by maximizing profits.  In addition, three macro balances – the investment-

savings, governments, and trade balances, guarantee additional equilibrium conditions in 

the Chicago economy.  As such the C-CGE model is a "general" model as it models the 

interactions of producers and consumers in a large number of interrelated markets.  The 

C-CGE model employs market "equilibrium" assumptions so that commodity and factor 
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markets clear through the explicit inclusion of price adjustment mechanism in the model.  

And the C-CGE model is "computable" as it produces explicit numerical results. 

 

Altogether, there are a total of 909 equations in the C-CGE model with an equal number 

of variables.  The C-CGE model is calibrated to the 1997 Chicago Social Accounting 

Matrix (Chicago SAM).  Correctly specified, the model should therefore replicate the 

status quo of the economy in its baseline run with no change in policy simulated.  The 

baseline sets the benchmark against which policy changes simulations may be measured.  

Different policies can then be ranked according to their impact on chosen indicators.  The 

model is static by nature, meaning that, like any input-output multiplier model, the C-

CGE determines, other things being equal, the effects of exogenous shocks, such as 

public investment or price changes, on the Chicago economy.   

 

A basic schematic presentation of important flows of incomes and expenditures in the C-

CGE are shown in Figure 1. The model was developed based upon the 1997 Chicago 

SAM as the main database.1 

 

Starting with the supply-side of the Chicago economy, the sectoral level of aggregation in 

the C-CGE model allows the distinction between 25 industry sectors, of which among 

others are seven transport-related sectors.  At the industry (or "activity") level, which is 

denoted by "a", firms and businesses combine intermediate inputs (i.e., goods and 

services) with factor inputs (i.e. labor and capital) to supply the regional commodity 

market with goods and services (XDCc), where "c" denotes commodity and services 

provided.  Demand (FDa,f) for factors, "f",  and intermediate inputs (INTa) are 

industry/activity-specific. Producers maximize profits following a standard Cobb-

Douglas function with the technological shift parameters, ada, as shown in equation (1). 

The use of Cobb-Douglas function, with its constant return-to-scale property, implies that 

the activity level of each industry sector (XDa) depends primarily on factor inputs and 

substitutability among factors is driven by relative factor prices.  In return, these activity 

levels determine the intermediate input demand of industries according to Leontief 

technology with fixed technical input coefficients (ioc,a), given in equation (2).  The third 
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equation (3) relates activities to the commodities allowing for the fact that each industry 

sector can produce multiple products.  Again, this relationship is established using fixed 

coefficients (ioma,c).  
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FIGURE 1:  Income and expenditure flows in the Chicago CGE model.2 
 

 

Activity Value-added Production Function 

 
,

,
a f

a a a f
f

XD ad FDα= ⋅∏         (1) 

activity level Cobb-Douglas factor inputs⎡ ⎤ ⎡ ⎤=⎣ ⎦ ⎣ ⎦  

 

 

Intermediate Input Demand 

 

,a c a a
c

INT io XD= ⋅∑         (2) 

intermediate input demand activity levelf⎡ ⎤ ⎡ ⎤=⎣ ⎦ ⎣ ⎦  
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Activity - Commodity Output Function 
 

,a a c c
c

XD iom XDC= ⋅∑         (3) 

activity level regional commodity outputf⎡ ⎤ ⎡ ⎤=⎣ ⎦ ⎣ ⎦  

 

Following the flow of industry outlays, the factor payments are distributed primarily 

among the seven household groups accounted for in the C-CGE model.  Here, we want to 

emphasize that there are many more financial interactions within the C-CGE that are 

excluded from the technical description in this section.  For instance, factor income is 

also received by federal and state/local governments and the investment sector (e.g., 

depreciation) but not described explicitly to keep the focus on the main economic 

interrelationships within the C-CGE model.  Households (hh) receive factor income from 

three different sources: employed labor (YFHLabempl), self-employed labor (YFHLabself), 

and the returns from ownership of capital (YFHKapital). Share parameters (emplyhh, selfyhh, 

kapyhh) map the distribution of factor income among the different household groups. 

Additional sources of household income are transfer payments (HHTTgovt) from the 

governments – mainly interest and social security payments and welfare and 

unemployment payments – and dividends (YENT) from the enterprise account. The 

coefficients, thshhh,gov and sthyhh, describe the rates of payments. 

 

Gross Household Revenues  

 

,               sin
hh hh Labempl hh Labself hh Kapital

hh govt govt hh
govt

YH emply YFH selfy YFH kapy YFH

thsh HHTT sthy YENT

= ⋅ + ⋅ + ⋅

+ ⋅ + ⋅∑   (4) 

household  factor government enterprise
  income income    transfers dividends

SUM
⎧ ⎫⎡ ⎤ ⎪ ⎪⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= + +⎨ ⎬⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎪ ⎪⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦⎩ ⎭

 

 

Savings is one important source of expenditure for households, governments, and 

enterprises.  Consistent with economic theory, household savings (HHSAVhh), described 
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by equation (5), is calculated by applying marginal propensities to save (mpshh) on post-

tax household income, where taxes are netted out using household specific tax rates 

(hhtaxrhh,govt). Enterprises, which are treated within the accounting framework like 

institutions, save their retained earnings (ENTSAV) for future investment according to 

predetermined fixed proportions (esr) applied to post-tax enterprise profits, as specified 

in equation (6). Government savings (GOVSAV) is determined based on the residual in 

the model without the explicit use of a government savings equation.  A government 

deficit would appear as negative government savings.   

 

Household Savings  

 

,
govt

1.0-hh hh hh hh govtHHSAV mps YH hhtaxr
⎡ ⎤

= ⋅ ⋅ ⎢ ⎥
⎣ ⎦

∑       (5) 

household marginal propensity  household revenues
  savings         to save net of taxes, transfers
⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= ⋅⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

 

Enterprise Savings 

 

govt
govt

ENTSAV esr YENTG ENTTAX
⎛ ⎞

= ⋅ −⎜ ⎟
⎝ ⎠

∑      (6) 

enterprise savings enterprise savings rate after tax enterprise income⎡ ⎤ ⎡ ⎤ ⎡ ⎤= ⋅⎣ ⎦ ⎣ ⎦ ⎣ ⎦  

 

Total regional savings in the Chicago economy comes from various sources, as shown in 

equation (7).  In addition to the institutional savings from the households, governments, 

and enterprises, the model accounts for the depreciation and foreign and domestic 

savings, which describe in/outflows of money to/from Chicago.  Foreign savings, e.g., 

from Canada, is subject to exchange rate adjustments.   

 

Aggregated Regional Savings 
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govt
govt

SAVINGS HHSAVT GOVSAV ENTSAV

FSAV EXR DSAV DEPRECIA

= + +

+ ⋅ + +

∑
    (7) 

 

  total household government enterprise foreign domestic
depreciation

savings   savings    savings   savings savings  savings
⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤

⎡ ⎤= + + + + +⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎣ ⎦
⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

 

The C-CGE accounts for three regional sources of final demand consumption, namely, 

households, governments, and investment final demand.  Enterprise, although an 

institution, is treated differently in that retained earnings will be spent via the 

savings/investment account.  Household final demand (CDc) follows a linear expenditure 

system (LES), which is a generalized form of the Cobb-Douglas utility function.  The 

value of household consumption by commodity, c, is derived based on household-

specific consumption shares (clesc,hh) applied to disposable household income (YDISPhh), 

as described by equation (8).  Analogously, government consumption by commodity is 

derived based on government-specific consumption shares (glesc,govt) applied to total 

government consumption, equation (9).  As common in many CGE models, total 

government consumption is fixed and thus available as a policy variable. 

 

Household Consumption  

 

,c c c hh hh
hh

P CD cles YDISP⋅ = ⋅∑        (8) 

household consumption       household      disposible
     of commodity c consumption shares household income
⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= ⋅⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

 

 

Government Consumption  

 

, ,c govt c govt govtGD gles GDTOT= ⋅        (9) 

government consumption      government total government
     of commodity c consumption shares    consumption
⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= ⋅⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦
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The C-CGE model distinguishes between three different regional investment activities: 

public (GINVc), private (PINVc), and inventory (DSTc) investment by commodity.  The 

distinction of public and private investment is an important feature of the model allowing 

targeted investment spending through public sources on, for instance, transportation 

infrastructure development.  To be able to simulate public infrastructure investments, 

public investment is fixed and does not need to be accounted for in the equation system.  

Aggregated regional investment is the sum of all three individual sources of investment.  

A Cobb-Douglas function is applied for modeling private investment activities. And 

finally, changes in the inventory stock occur based on fixed shares and commodity 

output.3   

 

As indicated in Figure 1, the C-CGE model uses a composite commodity approach. 

Goods and services available for consumption in Chicago can be produced locally, can be 

imported from the rest of the United States (ROUS), or can be shipped to the region from 

outside the U.S., the rest of the world (ROW).  Analogously, composite commodities are 

available for regional final consumption, or for exports to the rest of the U.S. and the rest 

of the world.  The distinction between domestic and international imports/exports is 

necessary to account for exchange rate adjustments within the model.   

 

The C-CGE model uses a two-level nesting approach, both for imports and exports.  For 

imports, an Armington-type function with constant elasticity of substitution (CES) 

characteristic is applied at both levels.  Equation (10), with the share parameter, w
cδ , 

determines the total regional imports coming from either foreign (MROWc) or domestic 

(MROUSc) sources. In the Armington-type function, the elasticity of substitution is 

captured by the exponent, cw
cρ . In a parallel fashion, total regional imports (Mc) and 

regionally produced commodities (XXDc) transform smoothly through an Armington 

function with imperfect substitutability into the regional composite commodity supply 

(Xc), as shown in equation (11). 
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Composite Import (Armington) Function 

 

( )( )
1

1
cw cw cw
c c cw w

c c c c c cM acw MROW MROUSρ ρ ρδ δ
−

− −= ⋅ ⋅ + − ⋅    (10) 

total regional foreign and domestic
    imports           imports

CES
⎡ ⎤ ⎡ ⎤

=⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦

 

 

Composite Supply (Armington) Function 

 

( )( )
1

1
c c c
c c c

c c c c c cX ac M XXDρ ρ ρδ δ
−

− −= ⋅ ⋅ + − ⋅      (11) 

  composite import quantity, regional use
goods supply         of regional output

CES
⎡ ⎤ ⎡ ⎤

=⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦

 

 

In a similar fashion, for the export, a constant elasticity of transformation (CET) function 

allocates regional commodity output (XDCc) between export (Ec) and regional markets 

(XXDc). At the second level, tradable exports are further allocated following a CET 

function to domestic markets (EROUSc) and international markets (EROWc). 

 

Supported by endogenous price-adjustments mechanisms, regional commodities and 

factor markets must clear, according to Walrasian general equilibrium theory.  

Accordingly, the C-CGE imbeds necessary equilibrium and market clearing conditions 

which guarantee to satisfy 'Walras’ Law' of macroeconomic balances.  First, as indicated 

by equation (12), the goods market clearance is given in that the composite commodity 

supply equals intermediate and final demands. The demand is comprised of intermediate 

input demand from industries, final demand from households and governments, public 

and private investment demand, and inventory accumulations.  Factor market clearance is 

implied in equation (13), which simply states that factor demand equals factor supply.  

Given that the model is static by nature, accounting for labor migration or unemployment 

is redundant. 
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Composite Commodity Market Balance 

 

c c c c c c cX INT CD GD GINV PINV DST= + + + + +     (12) 

composite intermediate  household government public, private, and
   supply       use consumption consumption inventory investment
⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= + + +⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

 

Factor Market Equilibrium  

 

,a f f
a

FDSC FS=∑         (13) 

[ ]demand for factor f supply of factor f⎡ ⎤= ⎣ ⎦  

 

Next are the equilibrium conditions for the foreign and domestic current account 

balances, as specified by equations (14) and (15). For both foreign and domestic trade, 

trade balances must equilibrate and at the aggregated level, the values of imports must be 

equal to the values of exports.  In both cases, the spending on total foreign (domestic) 

imports must equal total revenues from foreign (domestic) exports, adjusted for net 

foreign (domestic) factor incomes, foreign (domestic) household remittances, foreign 

(domestic) government borrowing, and foreign (domestic) savings.  

 

Foreign Current Account Balance (ROW) 

 

c c f
c c f govt

MROW EROW FYFOR FREMIT FBOR FSAV= − + + +∑ ∑ ∑ ∑   (14) 

 foreign  foreign
  net foreign household remittance government borrowing foreign

 import  export
factor income        from ROW        form ROW savings

spending revenue

⎡ ⎤ ⎡ ⎤
⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡⎢ ⎥ ⎢ ⎥

= − + + +⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

⎤
⎢ ⎥
⎣ ⎦

 

 

Domestic Current Account Balance (ROUS)  
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c c f
c c f govt

MROUS EROUS FYDOM DREMIT DBOR DSAV= − + + +∑ ∑ ∑ ∑  (15) 

domestic domestic
 net domestic household remittance government borrowing domestic

  import   export
factor income        from ROUS        form ROUS  sa

spending revenue

⎡ ⎤ ⎡ ⎤
⎡ ⎤ ⎡ ⎤ ⎡ ⎤⎢ ⎥ ⎢ ⎥

= + − + +⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

vings
⎡ ⎤
⎢ ⎥
⎣ ⎦

 

 

With all market clearing mechanism in place, the last of Walras’ Law stating that savings 

must equal investment is satisfied ex-post.  

 

One of the major advantages of the CGE over the multiplier framework is the 

endogenous treatment of prices. All together, the C-CGE incorporates 10 distinct types of 

price equations. Of particular relevance for this research are local price levels as 

expressed through activity prices (PXa) and commodity prices (Pc). The composite 

commodity price (Pc), defined by equation (16), is what consumers pay for products in 

Chicago – the regional market price.  Following the composite commodity approach, 

goods and services sold in Chicago can be either of domestic production (XXDc) or can 

be imported (Mc). As such, domestic commodity prices depend on prices of imported 

goods (PMc) and on prices of domestically produced goods (PDc).  Absorption is the total 

amount spent by regional consumers on composite commodities4, which in turn is the 

sum of regional sales volume and regional imports. Equation (17), the value-added price 

equation, establishes the relationship between commodity market prices (Pc) and 

domestic output prices (PXa) at the activity level.  In this sense, industry-specific value-

added prices (PVAa) depend on firm-level output prices (PXa), indirect business tax 

payments at fixed tax rates (ibtra,govt), and the intermediate inputs measured at commodity 

market prices (Pc). 

 

Commodity Price 

 

c c c c c cP X PD XXD PM M⋅ = ⋅ + ⋅ , c ∈ C      (16) 

     regional demand price import price times
absorption

times regional sales quantity   import quantity
⎡ ⎤ ⎡ ⎤

⎡ ⎤ = +⎢ ⎥ ⎢ ⎥⎣ ⎦
⎣ ⎦ ⎣ ⎦
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Value-added Price 

 

, ,(1 )a a a govt c a c
govt c

PVA PX ibtr io P= ⋅ − − ⋅∑ ∑ , a ∈ A     (17) 

value-added   activity price net of intermediate input cost
      price indirect business taxes         per activity
⎡ ⎤ ⎡ ⎤ ⎡ ⎤

= −⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

 

3. SAM DEVELOPMENT PROCESS 
 

Social Accounting Matrices (SAM), often seen as an extension of Leontief’s input-output 

accounts, provide the main data source for building CGE models.  SAMs are a conceptual 

reflection of the national accounting system and as such include major macroeconomic 

balances, such as savings-investment, government receipt-expenditure, and the trade 

balances (Robinson, 2003).  Consequently, the organization of the Social Accounting 

Matrix plays a crucial role in the way the CGE model is conceptually developed.  The C-

CGE model uses as main database the 1997 Chicago Social Accounting Matrix derived 

from ImplanPro by the Minnesota IMPLAN Group, Inc (MIG, Inc).  However, the 

organization of the original ImplanPro SAM is not consistent with the "standard" 

neoclassical trade-focused CGE model equation system used as the blueprint in this 

study.  Therefore, some modifications were necessary to achieve organizational 

consistency of the Chicago SAM with the C-CGE equation system.  The changes made to 

the Chicago SAM closely follow the recommendations made by Hanson and Vogel 

(2000) and generally aim at reducing the number of economic transaction within the 

SAM.  In brief, the modifications are:  

 

i) Restructuring of the savings and investment account. In the original SAM, household 

and government agencies save and borrow money to and from the capital account. In 

the revised SAM, borrowing is treated as negative savings and subtracted from 

savings. Thus, institutional savings represents net savings and a negative entry in the 

SAM indicates that the household or government is a net borrower. 
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ii) Reorganization of fixed investment expenditures into public (i.e., governments) and 

private investment expenditures. This modification allows for simulating changes in 

public infrastructure investment. 

iii) Remapping the flow of indirect business taxes.  In the revised SAM, indirect business 

taxes appear as payments from industries to federal and state/local governments 

instead as mapping it as an industry payment to the factor of production account. 

iv) Redirecting interest payments between institutions. Usually, households receive net 

interest from industry payments as part of government transfer payments to 

households. In the Chicago SAM, these interest payments are redirected to flow from 

the governments to the enterprise account. Then, from the enterprise account, they are 

mapped to the households. As a result, households receive their interest payments 

from the enterprises rather than from the governments. 

v) Removing institutional supplies from the Chicago SAM.  Institutional commodity 

supplies are treated as negative final demand and subtracted from the corresponding 

final demand for each institution.  ImplanPro allows for the possibility of industries 

buying inputs from the institutions that are not accounted for in most CGE models. 

 

The reorganization of the Chicago SAM creates an accounting system that is compatible 

with the standard neoclassical CGE equation system used as blueprint.  As shown in 

Figure 2, the revised Chicago SAM has a total of twenty-four industries, three value-

added sub-accounts (employed labor, self-employed labor and capital), seven household 

groups, two governments (federal and state/local), three investment sectors (public, 

private, and inventory investment), one enterprise account, and two trading partners (rest 

of the US and rest of the world).  Another distinguishing factor is the distinction between 

producing industries and commodity sectors using the ‘make’ and ‘use’ submatrices.  The 

‘make’ matrix identifies commodities produced by industries and allows for the fact that 

one industry can produce multiple commodities.  The ‘use’ matrix, conceptually the 

equivalent of the interindustry transaction table in input-output tables, reports the 

intermediate demand for goods and services – the commodities – by the producing 

industries.  In addition, having commodity markets allows final demand consumers, such 
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as households and governments, purchase goods and services at commodity prices rather 

than buying from industries at industry prices.   

 

Given the scope of this model, transport-related industries and commodities are 

accounted for in a greater sectoral detail.  The Chicago SAM identifies as many as seven 

transport-related producing sectors and an equal number of transport-related 

commodities.  In particular these are; Transportation Equipment, Water-Rail-Air 

Transportation, Freight Transportation and Warehousing, In-house transportation, 

Miscellaneous Transportation Services including Passenger Transit, Pipelines, 

Transportation services, and Airports/Ports.   

 

 

FIGURE 2: Simplified Conceptual Social Accounting Matrix5 
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