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1 � Background
1.1 � Global economy and oil price

This paper aims to analyze the effects an external shock has on the Korean economy 
using a Computable General Equilibrium (henceforth CGE) model. The ‘external shock’ 
to be examined in this paper is changes in crude oil prices. As the Korean economy is 
a heavily commodity import-dependent small open economy, the recent fluctuation in 
crude oil prices seems an external shock that deserves due attention.

The global economy has been making a slow but gradual recovery from the financial 
crisis of 2008. Still, the global economy faces occasional hurdles such as the UK’s vote 
to leave the European Union and ongoing adjustments such as China’s realignment and 
the slow pace of recovery in the United States. However, although the effects of UK leav-
ing the EU will certainly have long-term effects, the immediate market disruption seems 
to be contained. Furthermore, the global economy seems to be adapting to the ongoing 
adjustments and long-term trends in its path of recovery. Although the trend is toward 
recovery, each economy seems to be facing quite varying outlooks. The slowing of the 
Chinese economic machine still is a great downside risk with the continuing low com-
modity prices, including crude oil prices, hampering the emerging markets and com-
modity export economies from making a strong rebound (International Monetary Fund 
2016).
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Figure 1 depicts the historic trend of the Dubai crude oil price.1 We can see that the 
prices fluctuate greatly since the 2008 financial crisis. Furthermore, the crude oil prices 
have sharply dropped to historic lows since the latter half of 2014. As Korea is heav-
ily dependent on commodity imports, especially crude oil (also, Korea imports mainly 
Dubai crude oil), hikes and falls of crude oil prices always impact the Korean economy 
greatly and thus are of great interest. As the trend of low oil prices seems very likely 
to continue in the near future as can be seen in Table 1, it is of interest to see how the 
economy may react to such a trend.

Therefore, this paper aims to utilize the CGE model to systematically analyze the 
effects the change in crude oil prices have on the Korean economy. The paper is organ-
ized as follows: Following Introduction in Sect. 1, Sect. 2 explains the methodology of 
constructing the social accounting matrix (SAM), the system of the CGE model and 

Fig. 1  Historic trend of the Dubai crude oil price

Table 1  World economy, commodity prices  and consumer prices (%, y-on-y). Source: IMF 
WEO October 2016

2012 2013 2014 2015 2016 2017

World economy

 World 3.5 3.3 3.4 3.2 3.1 3.4

 Advanced 1.2 1.2 1.9 2.1 1.6 1.8

 Emerging 5.3 5.0 4.6 4.0 4.2 4.6

 China 7.9 7.8 7.3 6.9 6.6 6.2

Commodity prices

 Oil 1.0 − 0.9 − 7.5 − 47.2 − 15.4 17.9

 Nonfuel − 10.0 − 1.4 − 4.0 − 17.5 − 2.7 0.9

Consumer prices

 Advanced 2.0 1.4 1.4 0.3 0.8 1.7

 Emerging 5.8 5.5 4.7 4.7 4.5 4.4

1  Source: https​://www.quand​l.com/about​.

https://www.quandl.com/about
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the parameter estimation issues. Also, Sect. 2 describes how the paper investigates the 
effects of the crude oil price changes have on the Korean economy via simulation using 
the CGE model under various scenarios. The conclusion is presented in Sect. 3.

2 � Methods
2.1 � Social accounting matrix (SAM)

In order to construct a fully systematic CGE model, we first need to construct a SAM. 
This paper utilizes the input–output table (I–O table) (Leontief 1936) at basic prices for 
2013 issued by the Bank of Korea (BOK). The realized I–O table for Korea is issued by 
BOK every 5 years, and extended tables are issued for the years in between. The I–O 
table for Korea consists of 384 basic sectors. On using the I–O table, the sectors are 
aggregated to adequately meet the purpose of this paper.

To construct a SAM to be used in the CGE model, we need to work with an I–O table 
reported at producers’ prices. However, BOK has switched to reporting the I–O table 
only at basic prices following the table for 2010. Hence, it is necessary to convert the 
I–O table valued at the basic prices to that valued at producers’ prices. The accounts 
that need to be addressed are: Taxes less subsidies on products, Scraps, and Tariffs. In 
the case of the table valued at producers’ price, the Taxes less subsidies on products are 
included in the Intermediate demand and the Final demand. However, in the case of the 
table valued at basic prices, Taxes less subsidies on products is reported as a separate 
account. Also, Scraps were included in the Intermediate demand and Final demand in 
the tables valued at producers’ prices. However, Scraps account is now reported sepa-
rately as negative values in the input side and as positive values in the demand side. In 
the case of Tariffs, it used to be reported as Production tax on the demand side. How-
ever, Tariffs now is reported as Taxes less subsidies on products on the Import table.

In order to make the necessary adjustments to the accounts aforementioned, we need 
to compare the basic prices-based and producers’ prices-based I–O tables for a year in 
which both were issued. As BOK started to report the table in basic prices in the real-
ized I–O table for 2010 alongside the usual producers’ prices-based table, both the basic 
prices-based and producers’ price-based table exist for 2010. In the case of the Taxes less 
subsidies on products, we take the sum of the Intermediate demand and Final demand 
balance from the Domestic table and the Import table and use the resulting ratio to 
appropriately distribute the Taxes less subsidies on products to each sector. For the Tar-
iffs, we determine the Tariffs by using the rate from the Import table, and the sum of the 
Intermediate demand and Final demand.

As for the Scraps, BOK issued the Scrap table and the Scrap demand table in 2005. 
However, no such report was issued after 2005; hence, we use the 2005 tables to appro-
priately adjust the sectors and distribute the Scraps using the ratio from the 2005 tables 
to the Intermediate demand and the Final demand.

Finally, the RAS method is employed to adjust the SAM, so the row sums and the col-
umn sums are in accord.

The 384 basic sectors are aggregated into 19 sectors for analysis in this paper. The 
recategorized 19 sectors are as listed in Table 2.

As this paper aims to look at how the decline and rise of the crude oil price affect 
the Korean economy, the Oil sector (S03) and sectors that represent possible 
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substitutes [Coal (S02) and Natural Gas (S04)] were left unaggregated. The industries 
were aggregated so as to enable analysis of the fuel flow by characteristics by industry. 
The aggregated industry categories are: Agriculture, Coal, Oil, Natural Gas, Mining, 
Light Industry, Coal Products, Petrol Products, Heavy Chemical Industry, Electrical and 
Electronics, Precision Machinery, Transportation Equipment, Other Manufacturing, 
Electric, City Gas, Steam, Water and Waste, Construction, Transportation Services, Ser-
vices and Miscellaneous Industries.

2.2 � Computable general equilibrium (CGE) model

The CGE model constructs a system of equations drawing from economic theory that 
describes the economy and the economic behavioral patterns of the Household, Firm 
and the Government. Once the model is set up to enable replicating the observed econ-
omy, simulations of various scenario settings that reflect the changes to the economy 
may be run to analyze the effects of the changes. As the economic system is deeply 
interlinked and is of a complicated construct, a change to a single industrial sector will 
inevitably ripple through to other relevant sectors affecting the demand and supply of 
the whole economy. The CGE system enables the change in demand and supply of the 
economy to reflect the preference of the Household and technology of the Firm and fac-
tor endowments via the system of equations.

The parameters of the production technology described within the model are acquired 
from the observed input–output data. The functional forms of the preference and pro-
duction are taken from theory.

The CGE model ‘computes’ a possible ‘state’ of the economy from the observed ‘gen-
eral equilibrium’ that results from the system of equations at a given point in time that 
represent the economy. The model system is composed of equations that define the 
behavioral rules of production, transformation, composite goods, income and consump-
tion and savings, market clearing conditions. The goods in the economy are taken to be 
categorized as import goods, domestic goods and export goods.

Taking a closer look at the production and transformation function, there are final 
goods and input goods in production. The final goods are product of a function of 
value-added and intermediate input goods. The value added is product of a function 
of the input factors labor and capital. The value-added function is assumed to take a 

Table 2  Industrial sectors

Industry I–O table 
specification

Industry I–O table specification

S01 Agriculture 1–25 S11 Precision Machinery 243–248

S02 Coal 26, 27 S12 Transportation Equip. 249–262

S03 Oil 28 S13 Other Manufacturing 263–273

S04 Natural Gas 29 S14 Electric 274–278

S05 Mining 30–34 S15 City Gas 279

S06 Light Industry 36–98 S16 Steam, Water and Waste 280–286

S07 Coal Products 99,100 S17 Construction 287–301

S08 Petrol Products 101–110 S18 Transportation Services 304–317

S09 Heavy Chem. Ind. 111–213 S19 Service and Misc. 302–303, 318–384

S10 Electrical and Electronics 214–242
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Cobb–Douglas functional form. The final goods are transformed into export goods 
and domestic goods via a transformation function which takes a Constant Elasticity of 
Transformation (CET) form. The production function of capital goods takes the form 
of a Leontief production function as intermediate composite goods as inputs. Equa-
tions (1) through (4) show the functional forms of production and transformation.

XDi : The final good output of the ith good, Vi : The value-added input of the ith good, qji : 
The intermediate input of the jth good in producing the ith good, aji : The input coeffi-
cient of j the good in producing the ith good, avi : The input coefficient of value added in 
producing the ith good

Li : The labor input in the ith industry, Ki : The capital input in the ith industry, βi : Cobb–
Douglas parameter (exponent), ri : Indirect tax rate

Ei : Export goods, XSi : Domestic goods

Ii : Investment demand for the ith good, θi : The input coefficient of the ith good in the 
capital goods production.

For consumption and the intermediate demand, the model used in this paper 
assumes composite goods that are composed of domestic goods and imported goods. 
This follows the Armington assumption (Armington 1969) and is expressed as a Con-
stant Elasticity of Substitution (CES) function as in Eq. (5).

Xi : Composite goods.
The Household demand of the functions for Income, Consumption and Savings is 

built on the assumed Cobb–Douglas-type preference. The Household consumes a 
composite good that is composed of domestic goods and imported goods. The House-
hold will be saving a share of income after consumption.

U : Utility of the Household, Ci : Household consumption of the ith composite good

(1)XDi = f i(q1i, . . . , qni,Vi) = min

[

q1i

aqi
,
q2i

a2i
, . . . ,

qni

ani
,
Vi

avi

]

(2)(1− ri)Vi = L
βi
i K

1−βi
i

(3)XDi = gi(Ei, XSi) = Ai

[

�iE
ηi
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ηi
i

]
1
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[
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, . . . ,

In
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[

DiM
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i

]−1/ρi
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n
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i

(7)Ci =
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PXi

, S = δY
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δ : Saving rate.
The Government sector receives revenue in the form of direct taxes, indirect taxes and 

tariffs. The Government is assumed to have fixed government expenditures by sectors 
and save the rest of the income. This is expressed in Eqs. (8) and (10). The Foreign sav-
ings show the (negative) Balance of trade valued at the international market price and 
are expressed in Eq. (11).

Gi : Government expenditure on the ith composite good, GR : Government revenue, GS : 
Government savings, tr : Direct tax rate, τi : Tariff rate for the ith good, F  : Foreign savings, 
PWMi : International market price for the ith imported good, PWEi : International market 
price for the ith exported good.

The market for capital, the market for composite goods and the market for input fac-
tors are assumed to be clear according to the resulting equilibrium of market demand 
and supply.

2.3 � Parameter estimation

CGE models are simultaneous models that consist of a system of equations. The equa-
tions that describe the economy are able to grant the researcher ample flexibility in ana-
lyzing the economy. However, the caveat is that the model is dependent on the behavioral 
parameters of the expressed economy. Hence, the determining the parameters affects the 
model outcome. The determining the parameters, unfortunately, poses great hurdles for 
the researcher. This is so, because a vast amount of detailed data are required to apply 
widely used techniques such as least squares methods to estimate the necessary parame-
ters. Often, such data are not available. Even when such a dataset is available, it still poses 
great restrictions such as inevitable averaging out of the developmental change when 
using longitudinal data to analyze the economy. As shown in Gallaway et al. (2003), and 
noted in Feenstra et al. (2018), long-run estimate results of Armington elasticities tend to 
be greater, at times by fivefold, than short-run estimates. Hence, for an economy that has 
experienced drastic change as that of Korea, it is quite unsuitable to use long time series 
data covering several decades to investigate the recent economy. So, this paper uses the 
SAM for the years 2010, 2011, 2012 and 2013 to estimate the Armington elasticities for 
the year 2013 to best reflect the economic characteristics of the 2013 Korean economy.

(8)GR =

n
∑

i=1

riPDiXDi + tr
[

PLL
∗
+ PKiKi

]

+

n
∑

i=1

τiPWMiMi

(9)Gi = Gi

(10)GS = GR−

n
∑

i=1

PXiGi

(11)F =

n
∑

i=1

PWMiMi −

n
∑

i=1

PWEiEi



Page 7 of 14Lee and Kim ﻿Economic Structures  (2018) 7:16 

In practical application, researchers rely on existing studies to borrow parameters or cali-
brate the parameters to the given data when dealing with the issue of behavioral parameters 
(Wing 2004). This often leaves room for criticism of the models regarding the parameters 
used. Critics argue that the borrowed or calibrated parameters that were used lack theo-
retical and empirical justification (Go et  al. 2016). A feasible method which may be uti-
lized when facing such a situation of insufficient data is the maximum entropy method. 
The maximum entropy method as proposed by Shannon is actually a familiar technique 
within the CGE model literature as it is utilized in adjusting the SAM matrix alongside the 
RAS method. However, it may also be utilized to estimate the behavioral parameters of the 
model using a small number of data points. Golan, Judge and Miller (1996) show how this 
method may be applied to the economic context and be used as an estimation technique. 
This approach allows for the data to be reflected more realistically in the estimates (Cook 
and Harslett 2015). The maximum entropy principle as put forth by Jaynes (1957) states that 
at each stage of a given situation with the then available data, the ‘best that could have been 
done with the given information’ is when the entropy is maximized.

The parameters of interest in this paper are the Armington elasticity of substitution. In 
the context of international trade, the elasticity of substitution of a given good differenti-
ated by place of origin is of obvious importance. The Armington composite good is given 
as Eq. (5) in our set up. The Armington elasticity of substitution is then σi = 1

1+ρi
.

The first-order condition for the Armington function is:

From this first-order condition, the problem of estimating the Armington elasticity by 
log linearization becomes the following:

And thus estimating the following:

β2 is the parameter to be estimated.
In applying the maximum entropy method, we need to consider first a parametric 

space support zk = (zkl , . . . , zkM)′ where k = 1, 2 and M = 5 . That is, for the two param-
eters to be estimated, we will consider five possible outcomes (values). Each of the out-
comes will be realized with corresponding probabilities pk = (pk1, . . . , pkM)′ . Hence, the 
vector of parameters β = (β1,β2)

′ may be expressed as follows:

This specification allows this method to have a Bayesian interpretation. For a range of 
possible outcomes, the researcher assigns ‘prior’ probabilities of the outcome actually 

(12)Mi

XSi
=

(

PSi
PMi

Di

(1− Di)

)
1

1+ρi

(13)ln

(
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)

= σi ln

(
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)

+ σi ln

(

PSi
PDi

)

(14)ln

(

Mit

XSit

)

= β1 + β2 ln

(

PSit
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)

+ eit

(15)β = Zp =

[

z
′

1 0

0 z
′

2

][
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p2

]



Page 8 of 14Lee and Kim ﻿Economic Structures  (2018) 7:16 

being realized. Then, by maximizing the entropy, the researcher may obtain an updated 
‘posterior’ probability of the outcomes. As is with all Bayesian statistics, the specify-
ing the ‘priors’ is a critical issue (Henderson et al. 2015). Yet, it allows the researcher 
to incorporate all the ‘prior’ knowledge she has regarding the problem at hand. The 
researcher may opt to use uninformative priors, i.e., uniform probability for all possible 
outcomes, or use informative priors reflecting the researcher’s idea of how the reality 
may play out. We know that ρi > − 1 should hold. Hence, σi = 1

1+ρi
> 0 should also 

hold. So, for this paper, we assume that the Armington elasticities should fall within 
the range of [0, 15] and assign our priors for the support values based on previous 
work regarding Armington elasticities. We assign the highest probability to the value 
reported in previous researches such as Cho and Son (2007), Son and Shin (1996) and 
Shin (1996, 1999, 2008) that fall within the assumed range of support values.

Likewise for the error terms e ∈ R
T :

Support vt =
(

v1, . . . , vJ
)′ where J = 3 with corresponding weights wt =

(

w1t , . . . ,wJt

)′ 
where t is the time subscript. Then, the error term may be expressed as follows:

We assume the support vector of vt =
[

− 3σy03σy
]′

 where σy is the sample standard 
deviation.

Now, we want to maximize Shannon’s ‘entropy’ measure as given in Shannon (1948):

where 0 log 0 = 0.
Then, the generalized maximum entropy estimation problem becomes the following 

according to Golan et al. (1996):

under the constraints: 

We use the SAM for the years 2010, 2011, 2012 and 2013 to obtain the Armington 
elasticities to be used in the CGE model for the year 2013.

Estimation results for the Armington elasticities for each industrial sector are given 
in Table 3. 

(16)e = Vw =







v′ . . . 0
...

. . .
...

0 . . . v′












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...
wT







(17)H = −

m
∑

i

pi log pi

(18)max
p,w

H(p,w) = −p′ ln (p)− w′ ln (w)

(14)ln

(

Mit

XSit

)

= β1 + β2ln

(

PSit
PDit

)

+ eit

(19)1k =
(

Ik ⊗ 1′M
)

(20)1t =
(

It ⊗ 1′J
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3 � Results and Discussion
The scenarios to investigate for this paper reflect the impact of external shocks in the 
form of changes in the crude oil price. This research was inspired by the current trend 
in crude oil prices, which seems to display a ‘new’ trend in crude oil prices that deviates 
from the preceding behavior. As well as the decline in crude oil price, the paper also 
looks at the cases of the crude oil price rising. As a small open economy that is heav-
ily dependent on exporting goods and importing commodities, the Korean economy is 
expected to be greatly impacted by the trends of the crude oil price.

However, the crude oil price and the Korean market import price for crude oil and 
hence the consumer price for petroleum products do not have a one-to-one matching 
relationship. This is so, for the determining of the market import price of crude oil is a 
very complex process and also the incorporation of fixed tax levied on petroleum prod-
uct prices dilutes the effects of the changes in crude oil price. Hence, the market price 
of the petroleum products does not directly reflect the changes in crude oil price. Thus, 
this paper looks at scenarios of when the crude oil price declines and rises by 10 and 
15%, respectively, and how the changes affect the Korean economy. The size of the incre-
ment and decrement of the crude oil price is just ‘set’ at 10 and 15%, since a change 
in crude oil price would not ‘naturally’ affect the consumer prices. Due to the process 
involved, determining a clear relationship between the changes in the crude oil price and 
its import market price and also with the consumer prices for petroleum products is not 
a straightforward task. Further research into the policy and pricing mechanism and the 
relation with the market price and the effects on the market price should be greatly help-
ful for research in vein with this paper.

Also as the I–O table for 2013 (which is the most recent table available) is used for this 
paper, the table depicts an economy that within a different economic context. That is, 
the table of 2013 does not reflect the global economy in which the crude oil prices have 
hit historical lows. Hence, the interpretation of the simulation results needs to take this 
aspect into consideration. However, since the economic system and the technology can 
be assumed to not drastically change over the course of a year, looking at the Korean 
economy of 2013 to gain insight into how the economy in a time of a low crude oil price 
(starting in the latter half of 2014) may react should be still relevant. The simulations of 
the economy in this paper proceed with all such aspects in consideration.

First, results of a fall in crude oil prices by 10 and 15% are shown in Tables 4 and 5, 
respectively. 

According to Tables 4 and 5, in case of a fall in crude oil price, the import demand 
of crude oil is shown to have increased. As all of the crude oil import is used as inter-
mediate input for petroleum products, the Petroleum Products sector (S08) is shown to 

Table 3  Estimation results of the Armington elasticity

s01 s02 s03 s04 s05 s06 s07 s08 s09 s10

1.491 1.2 1.121 0.98 1.211 1.689 1.406 1.249 1.278 1.329

s11 s12 s13 s14 s15 s16 s17 s18 s19

1.048 1.374 1.366 1.2 1.2 1.2 1.2 1.2 1.201
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Table 4  The effects of a 10% decrease in crude oil domestic prices

− 10% Output (%) VA (%) Price (%) Export (%) Import (%)

S01 0.845 1.546 0.668 − 2.347 0.985

S02 − 0.397 0.510 1.114 − 4.534 1.007

S03 12.811 13.455 0.724 N/A 27.241

S04 − 0.285 0.250 0.740 N/A 0.978

S05 0.350 1.637 0.216 − 0.440 0.658

S06 0.360 1.287 0.885 − 2.406 1.301

S07 0.617 1.644 0.233 − 0.281 0.731

S08 19.108 29.127 − 10.972 54.475 − 8.732

S09 0.234 1.982 − 0.177 0.743 − 0.253

S10 − 10.815 − 10.393 2.482 − 14.314 − 1.915

S11 − 2.250 − 1.572 1.615 − 5.806 1.886

S12 − 2.304 − 1.606 2.001 − 5.876 2.957

S13 − 1.850 − 0.933 0.899 − 4.890 − 0.956

S14 1.084 2.645 − 0.070 1.360 1.005

S15 0.947 2.181 0.150 0.358 1.023

S16 2.073 3.165 0.493 0.139 2.329

S17 7.673 8.884 0.785 4.443 8.099

S18 2.475 5.520 − 1.716 7.524 − 0.361

S19 1.852 2.378 1.199 − 2.562 2.685

Table 5  The effects of a 15% decrease in crude oil domestic prices

− 15% Output (%) VA (%) Price (%) Export (%) Import (%)

S01 1.277 2.430 1.094 − 3.912 1.504

S02 − 0.467 0.929 1.701 − 6.692 1.674

S03 25.471 26.666 1.188 N/A 51.080

S04 − 0.441 0.452 1.219 N/A 1.641

S05 0.397 2.475 0.346 − 0.868 0.891

S06 0.544 2.013 1.395 − 3.790 2.022

S07 0.894 2.613 0.386 − 0.594 1.084

S08 36.607 54.740 − 17.221 103.171 − 13.663

S09 0.253 3.053 − 0.304 1.127 − 0.582

S10 − 15.984 − 15.304 3.829 − 21.054 − 2.888

S11 − 3.706 − 2.629 2.502 − 9.092 2.612

S12 − 3.818 − 2.705 3.066 − 9.182 4.127

S13 − 2.872 − 1.442 1.398 − 7.501 − 1.501

S14 1.989 4.530 − 0.107 2.415 1.867

S15 1.653 3.685 0.248 0.678 1.780

S16 3.576 5.352 0.779 0.496 3.986

S17 10.460 12.389 1.203 5.435 11.129

S18 4.319 9.301 − 2.795 12.813 − 0.418

S19 2.799 3.643 1.888 − 4.109 4.117

be greatly affected by a fall in crude oil prices. As for the manufacturing industries, the 
Heavy Chemical Industry (S09) shows a large share of Petroleum Products in its input 
and thus is shown to be more affected by the change in crude oil price than other manu-
facturing sectors. However, as a large share of input for Heavy Chemical Industry is from 
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itself, the effect itself is not very large. In the case of other manufacturing industries, 
Electrical and Electronics (S10), Precision Machinery (S11), Transportation Equipment 
(S12) and Other Manufacturing (S13) sectors are shown to be affected by the Heavy 
Chemical Industry. However, as the Heavy Chemical Industry reacts in a quite muted 
manner to a change in crude oil prices, the output of aforementioned industries (other 
than the Heavy Chemical Industry) reacts unlike the Heavy Chemical Industry does to 
the change in crude oil price. The output of the industries is shown to actually decrease 
with a fall in crude oil prices.

As for Construction (S17), Petroleum Products comprises a large share of inputs into 
the sector, and Heavy Chemical Industry also comprises a large share of inputs into Con-
struction, leading the sector to react in the same manner as the Heavy Chemical Indus-
try. Also, for Transportation Services (S18), as Petroleum Products comprises a large 
share of inputs into the sector, the sector is shown to be largely affected by changes in 
crude oil prices.

Looking at the results from the perspective of technology intensity, industries with low 
technology intensity are shown to be affected in a positive direction. This may be inter-
preted as the industries having a more ‘straightforward’ effects from a fall in crude oil 
price. In contrast, for more technology intensive industries, the effect of change crude 
oil price is channeled through more complicated layers of production showing results 
that may seem counterintuitive. Also, Service and Miscellaneous (S19) sector is shown 
to increase its output with a fall in crude oil price.

Tables 6 and 7 below show the effects to the Korean economy brought on by a rise in 
crude oil prices by 10 and 15% respectively. As with the case of the crude oil price falling, 
we look at how the GDP is affected by a change in crude oil price. 

Table 6  The effects of a 10% increase in crude oil domestic prices

+ 10% Output (%) VA (%) Price (%) Export (%) Import (%)

S01 − 0.862 − 1.387 − 0.502 1.577 − 0.966

S02 0.521 − 0.345 − 1.077 4.772 − 0.848

S03 − 5.724 − 6.103 − 0.540 UNDF − 15.432

S04 0.159 − 0.216 − 0.542 UNDF − 0.767

S05 − 0.607 − 1.644 − 0.166 0.003 − 0.842

S06 − 0.378 − 1.176 − 0.766 2.070 − 1.201

S07 − 0.679 − 1.389 − 0.165 − 0.045 − 0.759

S08 − 10.000 − 16.388 9.789 − 29.470 7.654

S09 − 0.405 − 1.854 0.124 − 0.756 − 0.066

S10 12.550 12.224 − 2.362 16.780 2.363

S11 1.728 1.161 − 1.502 5.261 − 2.263

S12 1.626 1.049 − 1.928 5.263 − 3.620

S13 1.884 1.042 − 0.819 4.861 1.029

S14 − 0.638 − 1.881 0.074 − 0.922 − 0.556

S15 − 0.624 − 1.552 − 0.110 − 0.196 − 0.679

S16 − 1.534 − 2.408 − 0.421 0.097 − 1.745

S17 − 9.844 − 10.782 − 0.748 − 7.168 − 10.186

S18 − 1.671 − 4.094 1.369 − 5.376 0.456

S19 − 1.879 − 2.313 − 1.051 2.043 − 2.593
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The crude oil prices rising are shown to have opposite effects as the case of the crude 
oil prices falling. However, the size of the effects can be seen to be smaller in the case of 
the crude oil price rising. This implies that the system of the Korean economy is such 
that it is affected more by a fall in the crude oil prices than a rise. The results of the 
simulation of this paper may be overstated/understated stemming from the fact that the 
model is not multi-regional but a national model (for a small open economy) and that 
it is a static model. Also, as the closure condition for solving the CGE model, nominal 
exchange rates and the price of domestic goods were fixed and the balance of trade was 
unfixed to be variable. These constraints of the model affect the simulation results. As 
with all empirical work, the simulation results of this paper should be interpreted with 
the context in mind.

4 � Conclusions
The analysis of this paper shows that the characteristics of the economic system depicted 
by the constructed SAM affect the simulation results. As is aforementioned, a fall in 
crude oil price impacts the economy, so import demand increases. This in turn affects 
the Petroleum Products, and this sector in turn affects the industry sector that is linked 
with the Petroleum Products sector. The size of the effects of change in crude oil price 
is can be seen to be dependent on the makeup of the inputs for that sector. If the inputs 
are largely composed of Petroleum Products, the effects of changes in crude oil price 
are large. However, if the share of inputs to itself is relatively large, then the effects of 
the change in crude oil price may be muted or even shown to have an adverse effect on 
outputs.

Table 7  The effects of a 15% increase in crude oil domestic prices

+ 5% Output (%) VA (%) Price (%) Export (%) Import (%)

S01 − 1.315 − 2.051 − 0.701 2.095 − 1.460

S02 0.793 − 0.507 − 1.614 7.265 − 1.264

S03 − 7.337 − 7.849 − 0.753 UNDF − 20.984

S04 0.169 − 0.343 − 0.751 UNDF − 1.112

S05 − 1.015 − 2.501 − 0.231 − 0.172 − 1.339

S06 − 0.584 − 1.750 − 1.116 2.996 − 1.784

S07 − 1.052 − 2.021 − 0.225 − 0.188 − 1.160

S08 − 13.358 − 22.241 14.408 − 39.569 11.163

S09 − 0.670 − 2.765 0.176 − 1.168 − 0.190

S10 19.852 19.400 − 3.528 26.584 3.851

S11 2.438 1.619 − 2.230 7.751 − 3.523

S12 2.172 1.342 − 2.887 7.664 − 5.712

S13 2.899 1.647 − 1.209 7.373 1.620

S14 − 0.866 − 2.646 0.115 − 1.310 − 0.738

S15 − 0.859 − 2.163 − 0.153 − 0.266 − 0.935

S16 − 2.210 − 3.466 − 0.611 0.148 − 2.514

S17 − 15.608 − 16.914 − 1.117 − 11.832 − 16.120

S18 − 2.335 − 5.825 1.968 − 7.585 0.690

S19 −  2.857 − 3.485 − 1.539 2.890 − 3.896
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Looking at international trade, the fall in crude oil price does not translate into an 
increase in the output for industry sectors that are responsible for the bulk of export 
volume. This is a result of the constraint of the model aforementioned and the industrial 
structure complicating the channel of the impact of the crude oil price change. Hence, 
effects of the fall of crude oil price are not always shown to be evenly advantageous to all 
industry sectors.

These conclusions lead to the fact that the model still has room for improvement. First, 
one of the major critiques the CGE model faces is the lack of justification of the behavio-
ral parameters used in the model. Using a more justified set of behavioral parameter (be 
it theoretical or empirical) will enhance the robustness of the simulation results. Also 
constructing a multi-regional model building upon international input–output tables 
(IIOT) may improve the analytic capacity of the CGE model. Such are the directions of 
the future extensions of the current research.
Authors’ contributions
Authors YKK and HL have equally contributed to designing of the research, the process of data collection and calculation 
as well as drafting and revision of the manuscript. Both authors read and approved the final manuscript.

Acknowledgements
None.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The dataset supporting the conclusions of this article is available in Economic Statistics System of Bank of Korea (http://
ecos.bok.or.kr/).

Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 19 February 2018   Accepted: 15 June 2018

References
Armington P (1969) A theory of demand for products distinguished by place of production. IMF Staff Pap 16:159–178
Cho KY, Son YH (2007) Research on the economic effects of an oil supply crisis. Resour Environ Econ Res 16(1):27–63
Cook L, Harslett P (2015) An introduction to entropy estimation of parameters in economic models. Presented at the 

18th annual conference on global economic analysis, Melbourne, Australia. Purdue University, West Lafayette, IN. 
Global Trade Analysis Project (GTAP)

Feenstra RC, Luck P, Obstfeld M, Russ KN (2018) In search of the Armington elasticity. Rev Econ Stat 100:135–150
Gallaway MP, McDaniel CA, Rivera SA (2003) Short and long-run industry-level estimates of U.S. Armington elasticities. N 

Am J Econ Finance 14:49–68
Go DS, Lofgren H, Ramos FM, Robinson S (2016) Estimating parameters and structural change in CGE models using a 

Bayesian cross-entropy estimation approach. Econ Model 52:790–811
Golan A, Judge G, Miller D (1996) Maximum entropy econometrics: robust estimation with limited data. Wiley, New York
Henderson H, Golan Amos, Seabold Skipper (2015) Incorporating prior information when true priors are unknown: an 

information-theoretic approach for increasing efficiency in estimation. Econ Lett 127:1–5
International Monetary Fund (2016) The world economic outlook (WEO) October 2016. http://www.imf.org/exter​nal/

pubs/ft/weo/2016/01/weoda​ta/index​.aspx. Retrieved 10 Mar 2017
Jaynes ET (1957) Information theory and statistical mechanics. Phys Rev 106(4):620–630
Leontief W (1936) Quantitative input and output relations in the economic system of the United Stated. Rev Econ Stat 

18:105–125
Shannon CE (1948) A mathematical theory of communication. Bell Syst Tech J 27:379–423, 623–656
Shin DC (1996) Research on the elasticity of substitution between imported goods and domestic goods. Econ Res 

44(1):101–118
Shin DC (1999) The computable general equilibrium of international trade. Sae Kyung Sa, Seoul
Shin DC (2008) The economic effects of price change in natural gas. Resour and Environ Econ Res 17(2):59–83

http://ecos.bok.or.kr/
http://ecos.bok.or.kr/
http://www.imf.org/external/pubs/ft/weo/2016/01/weodata/index.aspx
http://www.imf.org/external/pubs/ft/weo/2016/01/weodata/index.aspx


Page 14 of 14Lee and Kim ﻿Economic Structures  (2018) 7:16 

Son YH, Shin DC (1996) The development of a computable general equilibrium model and its applications: analysis of the 
economic effects of electricity price. Policy Res 96-01, Korea Energy Economics Institute, pp. 1–31

Wing IS (2004) Computable general equilibrium models and their use in economy-wide policy analysis. In: The MIT joint 
program on the science and policy of global change, technical note, no. 6


	The effects of external shocks on the Korean economy: CGE model-based analysis
	Abstract 
	1 Background
	1.1 Global economy and oil price

	2 Methods
	2.1 Social accounting matrix (SAM)
	2.2 Computable general equilibrium (CGE) model
	2.3 Parameter estimation

	3 Results and Discussion
	4 Conclusions
	Authors’ contributions
	References




