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CALIBRATION OF COMPUTABLE GENERAL EQUILIBRIUM MODELS

FROM SYNTHETIC BENCHMARK EQUILIBRIUM DATA SETS¥

by

Philip D. Adams and Peter J. Higgs

1. INTRODUCTION

A computable general equilibrium (CGE) model can be thought of
as a system of equations containing a set of parameters and
coefficients, 8, such that a vector of exogenous variables, Z, produces

a vector of endogenous variables, Y:

F(o, 2, ¥) = 0 f ’ m

The absence of an error term on the right-hand-side of (1) indicates
that we are interpreting CGE modelling as a non-stochastic approach, as
opposed to the necessarily stochastic approach of econometrics. This
does not mean that all (or any) CGE modellers view the world as
deterministic. They do, however, see CGE modelling as being about the
systematic, not the random, responses of economic variables to exogenous
stimuli. Thus ideally a CGE model should contain the set of parameters 8
that with a given Z produces the systematic part of the total response

in Y; that is, the non~random part.
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-p ~py=1/p
Z = <?rr + 8K J ; (3)

where W and R are the wage rate of labour and the rental rate of
capital, respectively; Z is the output of the industry; Y, 81, and 6y
are positive parameters; and p is a parameter whose value is greater

than ~1 but not equal to zero, The input demand functions derived from

the above problem are given by:2
2 =z - alw ~ (Spw + 5¢r)] f (€D

k=2 - olr - (Spw + S¢r)] ; (5)
where the lower case variables represent the percentage change in the
respective upper case variables; ¢ is the elasticity of substitution
between capital and labour, which iIs equal to 1/(1+p); and 8y, and Sk

are the cost shares of labour and capital, respectively. The cost

shares are given by:3

‘ am\zévzulii

s, = ;

L &::3_%:?2 : aw\:;vmi:;v ; (6)
mw\tévwn\:év

8, =

A A SIS N

If econometric estimation is used then the cost shares are derived as a
function of the econometrically estimated 8;,, 8x, and p parameters; see
equations (6) and (7). However,if calibration is used then the cost

shares S|, and Sy are calculated from a benchmark equilibrium data set
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It should be noted that Hartley (1985) has proposed an ambitious
multi-stage systems approach for calibrating CGE models. Hartley
formulates a calibration procedure which involves the minimization
of quadratic loss functions between the discrepancies of the
solution (simulation) path of the endogenous variables (relative
to any choice of the parameter vector) and the {observed) actual
values, over the sample period. The advantage of Hartley's
approach is that it is systematic (relative to a given model
specification). However this approach is very computer intensive,
it is sensitive to the particular closure of the CGE model
assumed, and it would most probably require that the large CGE
models currently used for policy analysis be less disaggregated
and adopt more simple functional forms,

Note that in the above discussion we have assumed that the CGE
model is to be used for polley analysis as opposed to forecasting.
Preliminary work on using the ORANI model for forecasting has been
done by Dixon (1985b, 1985¢) and Dixon, Parmenter, and Horridge
(1986).

Note that the approach of first imposing synthetic-year
relationships between various elements in the data base and then
to balance the data base was initially suggested by Sutton (1982).

There are 20 significant sales of agricultural commodities to
domestic industries in the ORANI data base. The difference in the
input shares between the synthetic and original data bases was
less that 4 percentage points for 13 of these 20 sales. In only 2
cases was the difference greater than 10 percentage points. In
the case of sales of milk cattle and pigs to the Milk Products
industry the difference was 10.3 percentage points and in the case
of sales of other farming (sugar cane, fruit and nuts) to the
Other Food Products industry the difference was 16.6 percentage
points.,

See, for example, Dixon, Powell, and Parmenter (1979), Crowley and
Martin (1982), Dixon, Parmenter, Sutton, and Vincent (1982),
Industries Assistance Commission (1982), Quiggin and Stoeckel
(1982), Vincent (1982), Dixon, Parmenter, Powell, and Vincent
(1983), Dixon (1985a), Parmenter (1985), and Higgs (1986).

Note that the sensitivity of ORANI projections to the data base
has been previously studied by Dixon, Parmenter, and Rimmer (1984)
and Bruce (1985).

A complete list of the varlables selected as exogenous and the
values assigned to them and the indexation parameters for the
ORANI simulations presented here can be found in Higgs (1986,
Appendix A.1).

If the cost shares are all that are available then the strategy we
suggest is to assume that the variables on the right-hand~side of
equation (8) have trended with time and calculate the trend values of
cost shares subject to the appropriate adding up restrictions. The most
recent in-sample value of the trend could be used for construction of
the synthetic data base where it is desired that the latter should

represent 'a typical recent year'; alternatively, since data are never

“up to the moment, trends might, with caution, be used to project the

configuration of the economy into the current <m,m:,.m Note that if a
strong trend is apparent, then the model builder should investigate why
it has developed. For example, if a strong upward trend is evident in a
particular export share it may be due to the development of new overseas
markets. The goal is to construct a data base which abstracts from

random influences (especially high frequency ooqﬁgm:ﬁmv.,N

Some empirical evidence in support of the above approach was
found by Mansur (1981). Mansur and Whalley (1984), commenting on
Mansur's estimates of the coefficlients for the model incorporating
Cobb~Douglas production functions, find that the "benchmark equilibrium
parameters show some degree of variation from year to year, but if we
take the average of these yearly values, the mean is not very different
from the values obtained by estimation" (Mansur and Whalley (198%,
p.112)). They also report some results for the CES case. Using
econometric methods, they obtain estimates both of the substitution
elasticity (o) and of the remaining coefficients. Given their estimated
g, they use calibration to derive a time series of these coefficients.
Their arithmetic mean values are found not to differ greatly from the

corresponding econometric estimates.
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investment with the synthetic data base as compared with the 1977-78

data base.

4, CONCLUSION

It is not optimal to require that a CGE model replicate any
particular year-of-record as a base period solution since a particular
year-of~record contains systematic plus random components, Here we have
argued the case for the development of synthetie benchmark equilibrium
data sets which portray the economy in a notional typical year. A
synthetic benchmark equilibrium data base is defined to be a benchmark
equilibrium data set constructed from more than one particular

year~of-record,

In this paper the development of a synthetic agricultural
sector in the benchmark equilibrium data set of the ORANI model was
desceribed. The techniques developed here can be used to incorporate new
data in a plecemeal fashion into a CGE model's data base, In the
context of the ORANI model this could mean extending the synthetic
portion of the data base to cover non~agricultural industries, or
incorporating the properties of the synthetic agricultural sector in new

particular year-of-record benchmark data sets as they become available,

z = 3 (p = w) . (13)

According to equation (13) the output of the industry will increase as
its selling price increases relative to the price of its variable inputs,

The extent it will increase depends on both the elasticity of

substitution between capital and labour and the share of the fixed

factor in total costs.

From equation (13) it is clear that a CGE model calibrated
W“ith an atypical benchmark equilibrium data set will produce atypical
projections. As the share of fixed factors, Sk, increases the output
response of the industry decreases (given a constant non-zero change in
its selling price relative to the price of its variable inputs), One
potential problem therefore with calibrating from a benchmark
equilibrium data set for a particular year~of-record is that a
sector may have earned atypically low returns. If such a poor year were
used as the benchmark equilibrium data set, the behaviour of the sector

in projections would turn out to be much more volatile than is typiecal,

The remainder of the paper is organized as follows. 1In
section 2 we describe the development of a synthetic agricultural sector
in the benchmark equilibrium data set of the ORANI model (a large
established CGE model of the Australian economy; see Dixon, Parmenter,
Sutton, and Vincent (1982)). Next a comparison is made in section 3 of
the results from ORANI of a 25 per cent across-the-board tariff cut
simulation computed with both a synthetic benchmark equilibrium data set
and a particular year-of-record data set. Finally, some concluding

remarks are offered in section 4.
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due to the tariff cut computed with the synthetic data base as compared
with the 1977~78 data base. Similar to Meat Products, the Cotton
Ginning, Wool Scouring, and Top Making industry requires a significant
amount of inputs from the zonal industries. The relatively low supply
elasticities for the zonal industries in the synthetic data base
restricts the supply to, and hence output of, the Cotton Ginning, Wool

Scouring, and Top Making Industry.

The Other Food Products (25) industry also exports processed
agricultural commodities. This industry is projected to experience a
relatively greater increase in output due to the tariff cut computed
with the synthetic data base as compared with the 1977-78 data base.
anwoxwamwmww 60 per cent of the total production of the commodity other
farming (sugar cane, fruit, and nuts) is sold to this industry.
Furthermore, in both the data bases virtually all production of the
commodity is by the Other Farming (Sugar Cane, Fruit, and Nuts) industry.
The supply elasticity for the Other Farming (Sugar Cane, Fruit, and
Nuts) industry is relatively larger in the synthetic data base as
compared with the 1977~78 data base; see Table 2.2. Thus the Other Food
Products industry benefits by paying a relatively lower price for its
purchases of other farming (sugar cane, fruit, and nuts) in the
simulation computed with the synthetic data base as compared with the

1977-78 data base.

The Agricultural Machinery (76) industry is projected to
experience a relatively larger increase in output due to the tariff cut
computed with the synthetic data base as compared with the 1977-78 data
base. This result is perhaps counter intuitive given that the

differences in the output results for the agricultural sector, its main

&)

Estimate the synthetic~year size of the agricultural
sector relative to the overall economy.

@

Estimate the synthetic-year agriculbural product-mix
matrix in the levels such that (1) is imposed.

Y

1€)]

Estimate the synthetic-year share parameters on sales
of agricultural commodities and impose these shares
in the ORANI data base without regard for balancing
(i.e., without imposing for each industry that the
value of sales equals the value of inputs). Adjust
margins on sales in line with changes in sales.

Y

(4)

Estimate the synthetic-year share parameters on
inputs to agricultural industries and impose these
shares in the ORANI data base without regard for
balancing. (Note that only primary factors are
adjusted, therefore there is no need to adjust
margins on inputs.)

(s)

Balance the data base such that total agricultural
commodity sales and industry inputs are consistent
with (2) the synthetic-year agricultural productemix
matrix,

Y

(6)

Evaluate distortions generated by augmentation,

FIGURE 2.1

THE ORANI MODEL

STRATEGY FOR DEVELOPING THE SYNTHETIC AGRICULTURAL
s SECTOR IN THE BENCHMARK EQUILIBRIUM DATA BASE OF
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1
The three zonal industries are all projected to expand less
due to a tariff cut when computed with the synthetic data base as
Tinpl Pemands
Domestic | Demestic |yove.
compared with the 1977-78 data base; see Table 3.2. A similar result is industries Bndustriesl yora Leooores| other
?.E.:M— AnuﬁM’J cons 'n.
production)formation
obtained for the Northern Beef industry. Thus for these industries the b Fr [ e e sums « totad
fonestic d - - m m ; direct usage of
differences in their projections between the two data bases is in the nons&:a.m A 8 MMHNRM:,
. Rows suBs
4 N N i R ur.:w R
direction that would be expected given their respective Aj’s. taports {g F G B e 3 -1 emnww
b $a3: -
Wou sums = total
. awﬂnu:nw m m w. m_— m_ lu—.nwn__om.wwﬂnwwr
w 1 1 an s ° g
The Other Farming (Sugar Cane, Fruit, and Nuts) and Other W».E: } donestic commdiny ]
e M
n on a - - m m margin (type 1)
Farming (Vegetables, Cotton, Oilseeds, and Tobacco) industries are 3 oo M " % 1 g ! .Wammuwm MM.“M%Q
relatively more responsive with the synthetic data base as compared Continues through margin types 2 to g
Row sums =
with the 1977~78 data base, These results also confirm our expectations m)hwi:m - Loy O PR S total tax on i}
% flous i dopestic comandit
- =
given the respective :.m for these industries in the two data bases; Z™ on i = - s ,Mu.,.__e...wx on
ﬂ.m- importsigd  Py.y Qi1 Roet g 1Tgn sales of cach
see Table 2.2 2 flows |} isported comodity
S
w.scws Bou
T
mm?ﬁc: v g 9 ¢ 2
The differences in the projections of the Milk Cattle and Pigs - Land it
Other i
and the Poultry industries would not be expected given their supply costs ol | oTuan  |Column |Column Lolumn
s el Lo fror frotat
elasticities in the two data bases, The explanation for the Milk Cattle muwﬂ.m%m Invests Mrouse- |exportsitother
industries o.axauT hold ﬂﬂﬂa
xpen-
and Pigs industry's projection lies with the multiproduct zonal ﬂ_uh”: aen ditore
sndustry
industries. The production of the commodity milk cattle and pigs by the - ey
’ = dones-
Domestic M M gt -
zonal industries is projected to increase significantly less with the commodities Rkt Ml
p satyix) |commodity
synthetic data base. This induces an increase in the market share of mn_m_ﬂ Jums
) cutput by
the Milk Cattle and Pigs industry in the simulation with the synthetic indast

data base as compared with the 1977-78 data base.

The explanation for the unexpected difference in the Poultry

FIGURE 2.2 THE ORANI INPUT»OUTPUT DATA BASE¥*
industry's projections involves demand slde effects.

Approximately half

of the Poultry industry's output is sold to the Meat Products industry.

#Source: Dixon, Parmenter, Sutton, and Vincent (1982, Figure 25.1).
The output response of the Meat Products industry is, as discussed
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) which occurred between the synthetic and non-synthetic i
TABLE 3.2 (Continued) y ¥ sections of the

data base. Fortunately these did not appear to be too severe.9

25 per cent Across-the-Board

Tariff Cut 2.2 Key Differences Between the 1977-78 ORANI Data Base
and the Synthetic Agricultural 1977~78 ORANI Data Base
ORANI Synthetic
Industry 1977-78 Agricultural Before we analyze the results from the ORANI model calibrated
RAN -
wugumuaa WWMM Mwmwmaﬁ ‘ with the 1977-78 data base and the synthetic agricultural data base it
{1 {11] [11]-{1] is helpful to summarize the four potential areas of major differences
between these data bases:
76 Agricultural Machinery 9.64 9.99 0.35
77 Construction Machinery -0.54 -0.70 ~0.18
78 Other Machinery ~0.58 ~-0.64 -0.11
79 Leather Products -4 .35 -4 .34 0.01 (1} The size of the agricultural sector is larger in the
80 Rubber Products -1.55 -1.57 -0.02
81 Plastic Products «0.70 -0.77 -0.07 synthetic data base as compared with the 1977~78 data
82 Signs and VWriting Equipment -0.41 -0.47 -0.08
83 Other Manufacturing ~0.48 -0.50 -0.02 base. Specifically,the gross value of rural production
84 Elecbtricity 0.186 0.11 -0.05
85 Qas -0.21 -0.23 ~0.02 is $7,750m (1977-78 prices) in the synthetic data base
86 Water, Sewerage, and Drainage 0.25 0.18 ~-0.09
87 Residential Building -0.00 -0.00 0.00 as compared with $6,258m (1977-78 prices) in the
88 Other Construction ~0.08 0.01 0.07
89 Wholesale Trade 0.49 0.38 -0.14 1977-78 data base, i.e., an Lncrease of about 25 per
80 Retail Trade 0.07 0.07 0.00
91 Mechanical Repairs 0.38 0.30 ~0.08 cent.
92 Other Repairs 0.34 0.23 ~-0.11
93 Road Transpord 0.58 0.44 ~-0.14
94 Rail and Other Transport 1.03 0.76 -0.27
95 Vater Transport 0.83 0.61 -0.02 (2) The product-mix in the agricultural sector of the
96 Air Transpord 0.45 0.43 ~-0.02
97 Commumication 0.10 0.08 ~0.05 synthetic data base represents a recent average of the
98 Banking 0.08 0.03 -0.05
99 Non-Bank Finance 0.14 0.08 -0.06 product-mixes exhibited in the agricultural sector.
100 Investment Services ~0.08 ~0.08 -0.02
101 Insurance 0.14 0.10 -0.04 It turned out that the differences in the product~mix
102 Other Business Services 0.10 0.08 ~0.05
103 Ownership of Dwellings -0.00 0.00 0.00 and industry-mix shares between the two data bases
104 Public Administration 0.02 0.01 -0.01
108 Defence ~0.00 ~0.00 0.00 were relatively minor.
106 Health 0.01 0.00 -0.01
107 Education and Libraries 0.00 0.00 0.00
108 Welfare Services 0.08 0.04 -0.04
109 Entertainment and Leisure 0.01 -0.02 -0.03 (3) The export shares of the agricultural commodities
110 Restaurants and Hotels 0.04 0.02 ~0.02
111 Personal Services 0.00 ~0.00 -0.00 differs between the 1977-78 data base and
112 Non-Competing Imports -0.03 -0.08 -0.05 1 the synthetic

data base; see Table 2.1. 1In general a greater

s All projections are percentage deviations from what the output of the proportion of agricultural commodities are exported
industry would have been in the absence of the tariff cuis. ported as
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TABLE 3.2: A COMPARISON OF THE SECTORAL EFFECTS OF A 25
PER CENT ACROSS-THE-BOARD TARIFF CUT COMPUTED
WITH THE 1977-78 ORANI DATA BASE AND THE SYNTHETIC
AGRICULTURAL 1977-78 ORANI DATA BASE®

25 per cent Across-the-Board

Tariff Cut
ORANI Synthetic
Industry 1977-78 Agricultural
ORANI 1977-78 DRANI
Data Base Data Base
{1} {11} [I1]-{1]

1 Pastoral Zone 2.96 1.50 ~1.46
2 Wheat-Sheep Zone 3.32 1.29 ~2.03
3  High Rainfall Zone 2.58 1.85 -0.73
4  MNorthern Beef 5.36 2.98 ~-2.38
§ Milk Cattle and Pigs 0.93 1.00 0.07
6 Qther Farming (Sugar

Cane, Fruit, and Nubs) 2.75 2.96 0.21
7  Uther Farming (Vegetables,

Cotton, Uilseeds, and Tobacco) 0.49 0.52 0.03
8 Poulbry 1.87 1.49 -0.38
g Services %o Agriculture 2.03 1.2% ~-0.78
19 Forestry and Logging ~0.79 ~-1.11 -0.32
11 Fishing and Hunting 0.70 0.61 ~0.09
12 Ferrous Metal Ores 1.75 1.75 0.00
13 HNon-Ferrous Metal Ores 2.31 2.32 0.01
14 Black Coal Z.88 2.88 .00
15 Q0il, Gas, and Brown Coal 0.21 0.21 0.00
16 Other Minerals 0.32 0.33 0.01
17 Services to Mining nec 0.83 0.69 ~-0.14
18 Meat Products 3.71 2.82 -0.89
19 Milk Products 0.06 0.04 ~-0.02
20 Fruit and Vegetable Products ~-0.04 ~-0.04 0.00
21 Margarine, Oils, and Fats nec 0.19 0.15 ~-0.04
22 Flour and Cerea! Products 0.44 0.33 -0.11
23 Bread, Cakes, and Bicuits 0.04 0.03 -0.01
24 Confectionery and Cocoa ~0.17 -0.18 -0.01
25 Other Food Products 4.82 5.36 0.54
26 Soft Drinks and Cordials ~0.11 ~0.12 ~0.01
27 Beer and Malt 0.01 0.01 0.00
28 Uther Alcholic Beverages -1.26 -1.23 0.03
29 Tobacco Products 0.00 0.01 0.01
30 Cotton Ginning, Wool Scouring

and Top Making 2.51 1.72 -0.7¢
31 Man-Made Fibres and Yarns ~9.44 ~-9.57 -0.13
32 Cotbton Yarns and Fabrics -4.53 -4 .51 .02
33 Wool and Worsted Fabrics ~1.73 -1.84 ~0.11

15

reported in the synthetic data base as compared with

the 1977~78 data base.

(k) The shares of inputs to current production in the
agricultural industries differs between the two data
bases; see Table 2,2. The share of returns to capital
and agricultural land in primary-factor costs are
larger for the Pastoral, Wheat~Sheep, and High Rainfall
Zone industries in the synthetic data base as compared
with the 1977-78 data base. However,the reverse is the
case for the two Other Farming industries. 1In general
the share of primary-factor inputs in total costs is
greater in the synthetic data base as compared with the
1977~78 data base. (Note that the significance of

these input shares is discussed in section 2.2.)

3. A COMPARISON OF THE RESULTS FROM THE ORANI MODEL
CALIBRATED FROM A PARTICULAR YEAR-OF~RECORD
BENCHMARK EQUILIBRIUM DATA BASE AND A SYNTHETIC
AGRICULTURAL BENCHMARK EQUILIBRIUM DATA BASE

In this section we compare the results from the ORANI model
calibrated from the 1977-78 data base and the synthetic agricultural
1977~78 data base.

A 25 per cent across-the-board tariff cut was
selected as the simulation to use for comparative purposes as its
results have been documented in a large number of nwnm1m.ge Given that

the results are fairly well known, we will concentrate here on the

differences between the two set of projections.!!
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industries with the synthetic data base. The smaller projected increase
in exports dominates the smaller projected increase in imports and as a
result the balance of trade isg projected to move relatively less towards
surplus with the synthetic data base as compared with the 1977~78 data
cmmm.a As the balance of trade is projected to increase less with the
synthetic data base, real GDP is projected to increase wmwmq: and hence

aggregate employment is also projected to increase wmmm.dm

Since aggregate employment is projected to increasse less with
the synthetic data base as compared with the 1977~78 data base we would
expect a similar overall result for the employment by occupation
projections. There are two significant exceptions to this result, the
employment projections for rural workers and skilled blue collar (other)

workers; see Table 3.1.

Employment of rural workers increases by a smaller amount with
the synthetic data base as the output response of the agricultural
sector is relatively smaller when computed with the synthetic data base;
this is discussed in section 3.2, Approximately 20 per cent of skilled
blue collar (other) workers are employed in the export-oriented Meat
Products industry. The response of the Meat Products industry is linked
to the supply of sheep, cattle, pigs, and poultry from the agricultural
sector. As the agricultural sector's ability to supply these
commodities is somewhat less with the synthetic data base (due to the
higher fixed-factor shares) the response of the Meat Products industry
is also less (see Table 3.2). Hence the increase in employment in
skilled blue collar {other) workers is also less with the synthetic data

base as compared with the 1977-78 data base.

17

The simulations to be discussed in this section were computed
assuming that the nominal exchange rate is the numeraire, Hence,
changes in domestic price indexes can be interpreted as changes in
domestic relative to world prices. There are also assumed to be no
shortages of labour at the going real wage rates. Thus, changes in the
labour market show up as changes in employment (which is
demand~determined in this closure). Real domestic absorption and the
shares in it of aggregate consumption, investment, and government
spending are exogenous and set to zero change. Under this assumption
changes in real GDP show up as changes in the balance of trade rather
than in real absorption. The final feature is that plant, equipment,
and agricultural land in use in every industry are assumed not to change
(from the levels they otherwise would have reached) due to the shock
under analysis (l.e., fixed industry capital stocks). This is a

standard analytical device for defining the short run.12
3.1 The Macroeconomic Results

The macro impacts of a 25 per cent across-the-board tariff cut
computed by the ORANI model calibrated with the 1977~78 data base and
the synthetic agricultural 1977~78 data base are given in Table 3.1.
The main conclusions from an ORANI simulation of an across~the-board
tariff cut can be drawn from either columns [I] or [II] of Table 3.1.
An across~the~board tariff cut generates a decrease in the consumer
price index, hereafter CPI, and stimulates both exports and imports.
Exports expand at a faster rate than imports causing a small improvement
in the balance of trade. Real GDP is projected to increase slightly

with a similar increase in aggregate employment.
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