
East Asian
Economic
Review

Volum
e 21  N

um
ber 2

E
ast A

sian E
conom

ic R
eview

June  2017  Volume 21 Number 2

www.eaerweb.org

An Experimental Study on Internal and External Negotiation for Trade Agreements
Hankyoung Sung

Inter-Region Relative Price Convergence in Korea 
Seongman Moon

Can Big Data Help Predict Financial Market Dynamics?:  
Evidence from the Korean Stock Market
Dong-Jin Pyo

The Effect of Heterogeneous Wage Contracts on Macroeconomic Volatility in a 
Financially Fragile Economy
Jongheuk Kim



Aims and Scope: The East Asian Economic Review is an economic journal, for the promotion of interdisciplinary 
research on international economics. Published as a quarterly by the Korea Institute for International Economic 
Policy, a Korean government-funded economic think-tank, the journal is global in perspective and covers both 
theory and empirical research.

The journal aims to facilitate greater understanding of all issues pertinent to diverse economies of East Asia 
through publication of rigorous analyses by renowned experts in the field. The EAER connects policy and theory, 
providing empirical analyses and practical policy suggestions for the economies in the region. 

Topics for articles in the EAER include, but are not limited to: Trade and Investment, Economic Integration; 
International Finance; International Monetary Cooperation; Bilateral and Multilateral Economic Cooperation among 
East Asian Countries; and International Economic Cooperation for Korean Unification.

Abstracting and Indexing Services: The East Asian Economic Review is indexed and abstracted in EconLit,  
e-jEL, jEL on CD, OCLC WorldCat, ProQuest, Google Scholar, ECONIS, EconBiz, EBSCO Academic Search Premier,  
British Library, SSRN, RePEc, Emerging Sources Citation Index (ESCI), Directory of Open Access Scholarly Resource 
(ROAD) and registered to Ulrichsweb, ITS·MARC, CrossRef, ORCiD, SHERPA/RoMEO and Korea Citation Index. 

EAER is an open access journal distributed under the terms of the Creative Commons 
Attribution 4.0 International License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited. 

The East Asian Economic Review is also available online at (www.eaerweb.org). 

PISSN : 2508-1640 
EISSN : 2508-1667

THOMSO N REUTERS

EMERGING
SOURCES
CITATION
INDEX

INDEXED IN

Editor-in-Chief  
Chul Chung, Senior Research Fellow, KIEP

Editors
Dukgeun Ahn, Seoul National University, Korea

Chankwon Bae, KIEP, Korea

Chae-Shick Chung, Sogang University, Korea

jung Hur, Sogang University, Korea

Sung Chun jung, KIEP, Korea

Moonsung Kang, Korea University, Korea

Soyoung Kim, Seoul National University, Korea

Hongshik Lee, Korea University, Korea

jin-Young Moon, KIEP, Korea

Seongman Moon, Chonbuk National University, Korea

Bokyeong Park, KyungHee University, Korea

Innwon Park, Korea University, Korea

Soonchan Park, Kongju National University, Korea

Sunghoon Park, Korea University, Korea

Young-joon Park, Ajou University, Korea

Chongook Rhee, Seoul Women’s University, Korea

Dong-Eun Rhee, Korea University, Korea 

Kwanho Shin, Korea University, Korea

Hankyoung Sung, University of Seoul, Korea

Advisory Board
Vinod K. Aggarwal, University of California, Berkeley, USA

Alan V. Deardorff, University of Michigan, USA

Sebastian Edwards, The Anderson Graduate School of 
Management, University of California, Los Angeles, USA

Barry Eichengreen, University of California, Berkeley, USA

Wilfred j. Ethier, University of Pennsylvania, USA

Richard E. Feinberg, University of California, San Diego, USA

Namdoo Kim, Gangneung-Wonju National University, Korea

Tae-joon Kim, Dongduk Women's University, Korea

Peter A. Petri, Brandeis University, USA

Robert Scollay, The University of Auckland, New Zealand

Shujiro Urata, Waseda University, japan

Yongding Yu, Chinese Academy of Social Sciences, China

Managing Editor
Taekyoung Ahn, Research Fellow, KIEP

Editorial Assistant
juwon Seo, Researcher, KIEP



Volume 21 Number 2

East Asian
Economic Review

An Experimental Study on Internal and External Negotiation for Trade Agreements

............................................................................................................................... Hankyoung Sung 103

Inter-Region Relative Price Convergence in Korea  

..............................................................................................................................  Seongman Moon 123

Can Big Data Help Predict Financial Market Dynamics?:  

Evidence from the Korean Stock Market

...................................................................................................................................... Dong-Jin Pyo 147

The Effect of Heterogeneous Wage Contracts on Macroeconomic Volatility in a 

Financially Fragile Economy

.................................................................................................................................... Jongheuk Kim 167        

J u n e  2 0 1 7

Contents





PISSN 2508-1640 EISSN 2508-1667 an open access journal 

East Asian Economic Review vol. 21, no. 2 (June 2017) 103-121 

http://dx.doi.org/10.11644/KIEP.EAER.2017.21.2.325 

ⓒ Korea Institute for International Economic Policy 

 

An Experimental Study on Internal and External Negotiation 

for Trade Agreements 
 

Hankyoung Sung 
University of Seoul 

hsung@uos.ac.kr 

 

 

This paper experimentally studies the performance of negotiation considering individual 

and party, like a country, share of benefit over the best ones. It experiments two-stage 

bargaining games, internal and external negotiations. From the experimental results, this 

paper shows strong tendency to select fair allocation in the internal negotiations, but the 

tendency would be weaker with attractive outside option. In addition, the outside option 

may claim difference in individual benefit. From the regressions on individual performance 

in the negotiations, being a proposing party would matter to enhance the performance. 

However, relative individual performance within party fairness matters. Still attractive 

no-agreement options happen to break the tendency. As policy implication for trade 

negotiation, this paper warns that possible loss in individual benefit from not active 

participation to the external negotiations, no active role of proposer in case that players stick 

to internal allocations, and deviation of advantageous sector due to attractive outside options.  

Keywords: Two-Sage Bargainig Game, Power Player, Individual Performance, Proposer, 

Proposing Party 

JEL classification: C9, D7, C91, D72  

 

 

I. INTRODUCTION 

 
Trade liberalization happens to make winners or losers within countries. As 

argued by Ricardian, Hecksher-Ohlin, and other trade models, there would be no 

doubt that trade liberalization creates benefit for countries implemented such 

policy. However, since trade liberalization demands specializations on the most 

efficient sectors within country, relatively less efficient sectors inevitably have less 

resources allocated and thus less production. It is said that trade liberalization 

would enhance efficiency by allowing production resource within country to be 

allocated in proper sectors in production but it would aggravate the fairness 

between sectors within a country.  

Since the trade negotiation results in serious gap between sectors, they would be 

in conflict, and thus the trade liberalization is hard to implement. Uruguay Round 
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had to go through eight- year long negotiations, and the Trans-Pacific Partnership 

agreement, only with 12 countries, also took almost eight years to be concluded.  

This paper experimentally studies the performance of negotiation considering 

individual and party, like a country, share of benefit over the best ones. The 

experimental design for this paper considers two-stage bargaining games, internal 

and external negotiations. The first stage, internal negotiation, is designed to be an 

internal negotiations between two players. One of the two players is called power 

player, who would be advantageous position on the allocation of fixed amount 

benefit compared to other player, non-power player. The second stage of the games, 

external negotiation, is a divide-the dollar games between two power players in 

each party. The power player who is at better position in allocation of benefit 

participate in the external negotiation as a representative of each party. In the end, 

share of benefit to each party would be determined by the performance at the 

external negotiation, and the share attributed to each party would be divided by the 

allocation determined at the internal negotiation.  

From the experimental results, this paper is to analyze some aspects of internal 

and external negotiations. This paper studies (1) allocation of benefit as the result 

of internal negotiations, (2) share of benefit to players, and (3) factor to affect 

performance of external or internal negotiations on the trade negotiations. From 

the analyses, we can have policy implications on trade negotiations in that how to 

start and peruse the trade negotiations considered internal and external negotiations.  

Baron and Ferejohn (1989) identify the equilibrium in non-cooperative multilateral 

bargaining games and shows the proposing power in the legislative bargaining. 

Morelli (1999)’s demand bargaining game shows the limited proposing power 

under a various rules. Winter (1996) added the power of veto right to the Baron and 

Ferejohn (1989). As experimental studies on bargaining, Frechette, Kagel, and 

Lehrer (2003) experiment Baron and Ferejohn (1989), and Frechette, Kagel, and 

Morelli (2005a, 2005b, 2005c) compare Gamson (1961), Baron and Ferejohn 

(1989) and Morelli (1999) with diverse experimental settings. Those show the 

qualitative similarity but quantitative difference between experiments and the 

theories. Kagel, Sung, and Winter (2010), and Sung (2012, 2015a) discuss veto 

player games based on Baron and Ferejohn (1989) and Winter (1996). Those stress 

the strength of veto power, compared to that of proposing power or multiple votes. 

In particular, Sung (2015a) applies the experimental results on games with veto 

players on the trade negotiations and identifies learning mechanism in the process 
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of negotiations. Sung (2015b) experimentally analyzes the Trans-Atlantic Trade 

and Investment Partnership (TTIP) using the two stage games. It sees determinants 

to bring better agreement in internal negotiations and factors to affect absolute size 

of individual prize for the TTIP. Sung (2015a) studies the agreement in the internal 

negotiation would result in higher payoff for players. Although this paper uses the 

same experimental data with Sung (2015b), it shows relative performance of 

individual players unlike Sung (2015b). In addition, this paper tries to compare 

allocations between different type of experiments and relative performances 

between internal and external distribution of benefit.  

The rest of this paper is organized as follows: Section II provides describes the 

experimental design, and Section III shows conclusions from the experimental 

results. Section IV provides the policy implications and Section V does concluding 

remarks.  

 

II. EXPERIMENTAL DESIGN1 
 

The experimental design for this paper is identical to Sung (2015b). While Sung 

(2015b) focus on the aspect of the TTIP negotiations, but this paper considers the 

relative individual performance compared to the best ones or parties’ performance.  

This paper accounts for three types of experiments, called Exp1, Exp2, and Exp3. 

In each experiment, four or five teams play together.2 The number of subjects in 

each experiment are 20 to 36. Each team consists of two parties, and each party 

has two players. One of the two players is called a power player who can obtain 

benefits greater than or equal to those of another player (non-power player) in the 

party at the internal negotiation. The power players as representative negotiators 

take part in external negotiations with other parties.3 The role of players is randomly 

and fairly assigned by casting a dice as typical experimental designs. Players in 

each team supposedly do not know each other. 

 

 
1 This chapter summarizes the experimental design in Sung (2015b) 
2 Exp1 and 2 consist of two sessions and Exp3 does one session. Each sessions consists of four to five 

teams.  
3 External trade negotiations are generally pursued by advantageous sectors, so this paper set the 

power on the representative in the external negotiations.  
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Table 1. Basic Experimental Designs 

 Exp1 Exp2 Exp3 

Number of Subjects 32 36 20 

Discount Factor to the Benefits 

(External Negotiation) 
0.5 0.95 0.5 

Number of Teams 8 9 5 

Source: Sung (2015b) 

 

When subjects start a game, players are at the internal negotiations. For the 

internal negotiations, each player chooses one out of six allocations simultaneously 

without any communication.4 As shown in Table 2, the six allocations on the 

benefits are displayed to each players. As the allocation number increases, those 

become more equal distributions up to the equalized distribution between power 

and non-power players in the internal negotiations. 

If players in a party choose the same allocation without any communications, 

experimenters tell them that they are in agreement. This means that outcome of the 

external negotiation would be distributed as the agreed allocation. If not, then 

experimenters would tell players that they are not in agreement. This ‘no 

agreement’ makes players end up with a designated allocation in each experiment, 

and it may be worse one than agreed allocations.5 These relatively worse allocations 

in ‘no agreement’ options imply that due to conflicts (or no agreement) from 

negotiations players could not fully enjoy outcome of the negotiations. For 

example, although trade liberalizations as a result of the trade negotiations would 

be beneficial for a country, the country may not utilize the possible benefit due to 

their lack of proper implementation process from domestic conflicts in interest.  

External negotiations start right after the internal ones were wrapped up. 

External negotiation is to divide a fixed amount of money between parties. A 

power player comes to the external negotiations as a representative of his party. 

 
4 Even though no direct communication is allowed within team, players could indirectly communicate 

with each other by looking at the result and respond to others’ decisions in the repeated Games and 

rounds.  
5 For Exp3, from Game 1 to 6, this may be equal to or better than allocation 5 or 6 for power player. 
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Two power players take seats, and one of the two players is randomly chosen as a 

proposer who suggests the division of the money between parties. 

 

Table 2. Available Allocation at The Internal Negotiations 

Allocation of Benefits 
Share to 

Power Players 

Share to 

Non-Power Players 

Allocation 1 100% 0% 

Allocation 2 90% 10% 

Allocation 3 80% 20% 

Allocation 4 70% 30% 

Allocation 5 60% 40% 

Allocation 6 50% 50% 

No 

Agreement 

Exp1 
Games 1~6 30% 15% 

Games 7~12 20% 10% 

Exp2 
Games 1~6 30% 15% 

Games 7~12 20% 10% 

Exp3 
Games 1~6 60% 30% 

Games 7~12 40% 20% 

Source: Sung (2015b) 

 

As a power player is chosen as a proposer, he or she keeps the role until the 

external negotiation is over. Proposers write down the allocations on money without 

any communication, another power player (partner), who is not chosen as a proposer, 

may accept or reject the suggested division. If the allocation is agreed, then the 

external one is over, and the agreed allocation is implemented to parties. The 

amount allocated to one party in the implemented allocation is distributed to each 

player as the result of internal negotiation. If the non-proposer power player rejects 

the suggested offer in the external negotiations, then the negotiation moves to 

another round. As they move to another round, the proposer suggests a new 

division of the pie, which is shrunk by 50% (in Exp1 and Exp3) or 5% (in Exp2). 

In the round, the partner may accept or reject the division. If the new division is 

rejected again, then the external negotiation would start another round. This 

process repeats until a division is accepted or the process reaches the deadline, 

which may be 5 rounds (in Exp1 and Exp3) or 10 rounds (in Exp2). In the case of 
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no division being accepted by the final round, no one has any positive pie. While 

the experiments are in progress, each player would know whether they are in 

agreement or not in the internal negotiations within their parties. In addition, non-

power players are told the results in the external negotiations from power players 

who did participate the external ones.   

Three experiments were conducted: two sessions for Exp1 and Exp2, and one 

session for Exp3. In each session, four or five teams played together, and no 

activity was allowed between teams. Experimental subjects were recruited through 

bulletin boards at the University of Seoul and its official website. All subjects were 

students at the University of Seoul, who took at least an economics courses 

previous or current semester. Before they started cash experiments, they went through 

instructions and allowed to practice through an exercise experiment. The experiments 

took an hour to complete. The subjects played 12 cash games (one game consisted 

of an internal and external negotiation). Because the pace of playing each game 

varied according to the team, they resumed games together after the completion of 

six games. After all games were finished, one out of a total of 12 games was 

randomly chosen for payoff purposes. They were paid KRW 10,000 (around USD 

9) for their attendance and participation in the selected game. According to the 

ethical guide and regulation from the National Research Foundation (NRF), no one 

would get negative benefits as a result of attending experiments.  

 

Table 3. Total Money Available at the External Negotiation 

(Unit: KRW 1000) 

 Exp1 Exp2 Exp3 

Round 1 80 80 80 

Round 2 40 76 40 

Round 3 20 72.2 20 

Round 4 10 68.6 10 

Round 5 5 65.2 5 

Round 6  61.9  

Round 7  58.8  

Round 8  55.9  

Round 9  53.1  

Round 10  5.09  
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Because the proposer’s role did not change at the external negotiations, the 

negotiations are likely to be an ultimatum game. Therefore, the ex-post expected 

payoff of the proposer at the external negotiations was KRW 80,000 (around USD 

72.), and the ex-ante expected payoff was KRW 40,000. Then, at the internal 

negotiations, the subjects were theoretically predicted as power players who would 

be negotiators at the external negotiations and were supposed to take a larger share 

of the pie than non-power players.  

 

III. EXPERIMENTAL RESULTS6 

 

This paper shows a series of conclusions from the experimental results as typical 

experimental literatures.  

 

Conclusion 1: Players prefer to select more equal allocations than others. The 

frequency to select most fair one, Allocation 6, would not be statistically different 

with different delay cost in the external negotiations. However, players prefer to 

select relatively more unequal allocations in Exp3 with attractive compensation 

on no agreement in the internal negotiations than those in Exp1 and Exp2.  

 

As shown in Figure 1, frequency of allocation 6 in Exp1 [Exp2] is about 36.8 

[44.4]% larger than that of allocation 5 in Exp1, and selection on allocation in Exp1 

and Exp2 are not statistically different (5.28 vs 5.27, on average). Figure 2, 3, and 

4 show the relative frequency of proposed allocations over game. 

Using the relative frequency of allocation over game has similar result in Exp1 

and 2, as players repeat Games, the frequency of selecting Allocation 6 gets 

steadily higher and that of other allocation gets lower. The frequency of selecting 

Allocation 6 in Exp1 and 2 is not statistically different each other (z=1.28), but 

unlike Exp1, in Exp2, the relative frequency stays 50% level for the last seven 

games. Interestingly, frequency of allocation 4 is strictly lower in Exp2 than Exp1. 

For Exp3, the frequency of allocation 5 is even larger than that of allocation 6 in 

Exp1 and 2 (z=-2.722, p-value<0.01, and z=-1.702, p-value<0.05, one-tailed Mann-

 
6 This chapter summarizes the experimental design in Sung (2015b) 
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Whitney Test)7. In Exp1 and 2, the frequency from Game 1 to 6 is a bit larger than 

that from Game 7 to 12 due to the difference in penalty on no agreement. However, 

in Exp3, difference of the frequency is evident in Figure 4. It is suspected that the 

allocation on no agreement in Exp is was equal to allocation 5 for power players 

for Game 1 to 6, but from Game 7 to 12 it became even worse than Allocation 6.  

As expected, the selection on allocation in Exp3 is more unequal than Exp1 and 

2 (z=3.00, p-value<0.01, and z=4.00, p-value<0.01, one-tailed Mann-Whitney 

Test)8. It is due to the existence of an attractive no agreement option in Exp3. The 

probabilities to reach agreement in Exp1 and 2 are 73. 4 and 71.3%, so those are 

larger than that in Exp3 (62.5%).  

 

Figure 1. Frequency of Proposed Allocations 

 
 

  

 
7 The number of observations are 12 in each.  
8 The number of observations for Exp1, Exp2, and Exp3 are 384, 432, and 240, respectively. 
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Figure 2. Relative Frequency of Proposed Allocations in Exp1 

 

 

Figure 3. Relative Frequency of Proposed Allocations in Exp2 
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Figure 4. Relative Frequency of Proposed Allocations in Exp3 
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than that in Exp3. Although no statistically difference in share to each players 

between Exp1, 2, and 3, its difference were clear as the allocation for no 
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agreed or not agreed allocations separately, the differences in individual share 

were observed. 
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in Exp3 at 6% and 1% significance level (Mann-Whitney Test). In particular, the 
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than Exp1 or 2 (z=-2.672, p<0.01; z=-2.729, p<0.01, Mann-Whitney one-tailed 

test).9 

 

 
9 The number of observations for Exp1, Exp2, and Exp3 are 192, 216, and 120, respectively.  
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Figure 5. Individual Share of Benefit 
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Figure 6. Round at the External Negotiations 
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Conclusion 3: For individual performance, which is defined as individual 

benefit over best individual benefit in all experiments, agreement at the internal 

negotiations would lead higher individual benefit. In addition, being a member of 

proposing party would be better for higher individual benefit than being a 

proposer. For higher individual performance over party performance, fair 

allocation would be preferred in Exp1 and 2, but not necessary, and agreement 

may not be preferred in Exp3.  

 
Table 4. Explanations of Variables 

Variable Explanation 

IndivPerform Individual benefit over the best individual benefit in all experiments 

PartyPerform Party benefit over the best party benefit in all experiments 

IndivPartyPerform IndivPerform over PartyPerform 

Exp2 1 if subjects are playing in Exp2 and 0 otherwise 

Exp3 1 if subjects are playing in Exp3 and 0 otherwise 

AlloInternal Allocation chosen by the subject at the internal negotiations 

AlloIntenral2 The interaction term between AlloInternal and Exp2 

AlloIntenral3 The interaction term between AlloInternal and Exp3 

AggInternal 
1 if both subjects in a party choose the same allocation simultaneously at 

the internal negotiations 1 and 0 otherwise 

AggInternal2 The interaction term between AggInternal and Exp2 

AggInternal3 The interaction term between AggInternal and Exp3 

PowerPlayer 1 if the subject is a power player and 0 otherwise 

PowerPlayer2 The interaction term between PowerPlayer and Exp2 

PowerPlayer3 The interaction term between PowerPlayer and Exp3 

ProExternal 
1 if the subject is chosen as a proposer at the external negotiations and 0 

otherwise 

ProExternal2 The interaction term between ProExternal and Exp2 

ProExternal3 The interaction term between ProExternal and Exp3 

ProPartyExternal 
1 if the subject is in a proposing party at the external negotiations and 0 

otherwise 

ProPartyExternal2 The interaction term between ProPartyExternal and Exp2 

ProPartyExternal3 The interaction term between ProPartyExternal and Exp3 

RndExternal The number of rounds played by subjects at the external negotiations. 

RndExternal2 The interaction term between RndExternal and Exp2 

RndExternal3 The interaction term between RndExternal and Exp3 

Gender 1 if the subject is male and 2 otherwise 

Gender2 The interaction term between Gender and Exp2 

Gender3 The interaction term between Gender and Exp3 

Game The Game currently played by subjects 

Field 1 if the subject's field is economics or business and 2 otherwise 
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This paper considers the following two types of regressions, pooled regression in 

Equation (1) and panel regression in Equation (2). 

 

 𝑦𝑖 = 𝛼0 + 𝐹(𝑥𝑖; 𝛼𝑖) + 휀𝑖,   (1)  

 

 𝑦𝑖𝑡 = 𝛽0 + 𝐺(𝑥𝑖𝑡; 𝛽𝑖) + 𝛿𝑖 + 𝑢𝑖𝑡,   (2) 

 

For each type of regression, it considers two dependent variables, yi and yit, 

IndivPerform and IndivPartyPerform. For panel regressions, each players are 

represented as i, and t stands for Game that players are currently involved in. This 

paper, first, analyzes factors to affect, IndivPerform, the individual players’ 

performance that is defined as the individual share of benefit divided by the best 

share of the benefit among all experiments, and thus they try to capture the players’ 

relative performance all around the experiments. Next, it runs regressions to see 

factor to affect the relative individual performance over relative party performance, 

IndivPartyPerform. While regressions whose dependent variable is IndivPerform 

are models to see how relative size of individual benefit as a result of internal and 

external negotiations could be affected by some possible determinants on the 

whole, regressions with IndivPartyPerform are relevant to the relative size of 

benefit within party.  

The regression results are reported in Table 5. The left two columns in the Table 

5 shows the result on the regressions with dependent variable, IndivPerform and 

right two columns does ones with IndivPartyPerform.  

As shown in Table 5, the results on Equation (1)-1 and (2)-1 are generally 

similar, because the value and significance of coefficient of independent variables 

are not quite different each other (Hausman test statistic=8.57). For Equation (1)-1 and 

(2)-1, the estimates of coefficient for AggInternal are positive and statistically 

significant at 1% significance level, other things equal. It shows that whether or 

not two players in a party are agreed on the allocation in the internal negotiations 

affects players’ relative performance positively in Exp1 and 2. In Exp3, however, 

where no agreement in the internal negotiations is not that costly, the early 

agreement in the internal negotiation is relatively affects individual performance 

less than other experiments. 
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Table 5. Results on Regressions10 

 IndivPerform IndivPartyPerform 

 
Pooled 

Equation (1)-1 

Panel  

Equation (2)-1 

Pooled 

Equation (1)-2 

Panel 

Equation (2)-2 

AlloInternal 
0.567 

(0.651) 

0.004 

(0.805) 

1.596*** 

(0.157) 

1.581*** 

(0.183) 

AggInternal 
25.57*** 

(1.208) 

25.68*** 

(1.250) 

5.094*** 

(0.291) 

4.691*** 

(0.272) 

PowerPlayer 
9.394*** 

(1.393) 

8.89*** 

(2.103) 

0.985** 

(0.336) 

1.036 

(0.600) 

ProExternal 
2.526 

(1.955) 

3.608* 

(1.796) 

0.262 

(0.471) 

0.144 

(0.382) 

ProPartyExternal 
14.85*** 

(1.387) 

13.84*** 

(1.273) 

0.193 

(0.334) 

0.013 

(0.271) 

Game 
-0.252* 

(0.098) 

-0.238** 

(0.091) 

-0.0548* 

(0.024) 

-0.030 

(0.019) 

Gender 
0.856 

(1.144) 

0.874 

(2.190) 

-1.063*** 

(0.276) 

-1.019 

(0.655) 

Field 
-0.147 

(0.615) 

-0.145 

(1.171) 

-0.508*** 

(0.148) 

-0.474 

(0.350) 

RndExternal 
-10.08*** 

(0.754) 

-10.10*** 

(0.696) 

-1.126*** 

(0.182) 

-1.102*** 

(0.148) 

Exp2 
-0.159 

(5.329) 

-4.044 

(7.198) 

1.622 

(1.284) 

2.762 

(1.824) 

Exp3 
33.83*** 

(6.647) 

31.21*** 

(8.442) 

9.126*** 

(1.601) 

10.53*** 

(2.114) 

AlloInternal2 
-0.385 

(0.86) 

0.250 

(1.03) 

-0.731*** 

(0.21) 

-0.946*** 

(0.23) 

AlloInternal3 
-1.951 

(1.123) 

-1.718 

(1.273) 

-1.377*** 

   (0.271) 

-1.686*** 

(0.283) 

AggInternal2 
0.360 

(1.591) 

0.071 

(1.580) 

0.392 

(0.383) 

0.520 

(0.341) 

AggInternal3 
-14.86*** 

(1.776) 

-15.03*** 

(1.745) 

-3.340*** 

(0.428) 

-3.174*** 

(0.376) 

PowerPlayer2 
-0.016 

(1.913) 

0.626 

(2.900) 

0.902 

(0.461) 

0.566 

(0.827) 

PowerPlayer3 
1.479 

(2.254) 

2.184 

(3.390) 

1.986*** 

(0.543) 

1.909* 

(0.967) 

 

 
10 Regressions with robust standard errors hardly provide meaningful difference with the results. 
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Table 5. Continued 

 IndivPerform IndivPartyPerform 

 
Pooled 

Equation (1)-1 

Panel  

Equation (2)-1 

Pooled 

Equation (1)-2 

Panel 

Equation (2)-2 

ProExternal2 
-0.274 

(2.691) 

-1.600 

(2.503) 

-0.612 

(0.648) 

-0.024 

(0.534) 

ProExternal3 
7.563* 

(3.153) 

5.891* 

(2.874) 

-0.027 

(0.760) 

-0.040 

(0.611) 

ProPartyExternal2 
-8.494*** 

(1.906) 

-7.198*** 

(1.773) 

-0.076 

(0.459) 

0.168 

(0.378) 

ProPartyExternal3 
2.721 

(2.239) 

4.484* 

(2.036) 

-0.173 

(0.539) 

0.007 

(0.433) 

RndExternal2 
8.075*** 

(0.831) 

8.144*** 

(0.767) 

1.090*** 

(0.200) 

1.099*** 

(0.163) 

RndExternal3 
-7.887*** 

(1.532) 

-7.145*** 

(1.467) 

0.821* 

(0.369) 

0.938** 

(0.314) 

Gender2 
-0.915 

(1.517) 

-0.913 

(2.869) 

0.720* 

(0.365) 

0.553 

(0.855) 

Gender3 
-2.70 

(1.733) 

-2.884 

(3.293) 

0.54 

(0.417) 

0.43 

(0.984) 

Constants 
16.02*** 

(3.992) 

19.31*** 

(5.616) 

3.626*** 

(0.962) 

3.799** 

(1.460) 

No. of Obs 1056 1056 1056 1056 

R-squared 0.73 0.73 0.60 0.60 

Note: Standard errors are in parentheses. *, **, and *** denote significance at the 10%, 5%, and 1% levels, 

respectively. 

 

The estimates of coefficient for Power Player are positive and statistically 

significant at 1% level. Being a power player in Equation (1)-1 and (2)-1, as is with 

results in Sung (2015b), affects each players’ performance positively, but, interestingly, 

the estimates of coefficient of role as a proposer in the external analysis is 

statistically significant at 10% or larger. Rather, being in a proposing party matters 

for the individual performances in Exp1 and 3. Even though the impact in Exp2 is 

obviously smaller in Exp1 than Exp3, still membership for proposing party would 

boost the relative individual performance. This implies that membership in 

proposing party or power player is helpful to enhance players’ performance, not 

the role of proposer.  
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The estimates of coefficient of Game are negative and statistically significant at 

5% level, other things equal. This implies that the players’ performance was 

diminished as they repeat Games. This may be related with the treatments that the 

penalty not to be in agreement at the internal negotiation is more painful to both 

players in a party for Game 7 to 12 than for Game 1 to 6, as shown in the modestly 

increasing trend of allocation 6 in Figure 2, 3, and 4.  

The estimates of coefficient for RndExternal is negative and statically significant 

at 1% level, other things equal, as expected. It means that delay in the external 

negotiation is costly due to the discount of total money on the external round 

throughout all experiments. Interestingly, however, the estimates affect the relative 

individual performance more negatively in Exp3, which shares the same discount 

factor with Exp1, than Exp1.  

Results on Equation (1)-2 and (2)-2 are quite different from each other for the 

effects of the role of power player, gender, and field (Hausman Test statistic=76.73, 

p-value<0.01). Controlling an unobserved factors using panel data random effect 

model in Equation (2)-2, it would be proper to see the results in Equation (2)-2. 

Since the dependent variable, IndivPartyPerform, is more relevant to the relative 

internal distributions of benefit, in Exp1 and 2, the estimates of coefficient of 

allocation in the internal negotiation are positive and statistically significant at 1% 

level, others are equal. However, the effects of allocation are smaller in Exp2 and 

3, and in particular, those are negative in Exp3. It means that in Exp1 and 2 fair 

allocation enhances individual performance within party, but it may be the case in 

Exp3 where has relatively beneficial allocation with no agreement. This is also 

illustrated in Figure 4 with low frequency in Exp3. 

Like pooled regressions, the estimates of coefficient for agreement in the 

internal negotiation is positive and statistically significant at 1% level in Exp1 and 

2, but the impact is mitigated in Exp3. This means that agreement in internal 

negotiation would enhance the individual performance within party. However, 

unlike Equation (1)-1 and (2)-1, impact of being a proposer or in a proposer party 

on the within performance is negligible. Surprisingly, delays for the external 

negotiations in Exp3, were relatively less costly than shoe in Exp1, where apply 

same discount factors in the external negotiations.  
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IV. POLICY IMPLICATIONS ON TRADE NEGOTIATIONS 

 

From the results in Equation (1)-1 and (2)-1, we can conjecture that being a 

member of proposing party is more desirable for each players’ performance rather 

than being a proposer. Proposers are power players in the internal negotiations, 

whose benefit depends upon non-power players’ cooperation. To avoid ‘no agreement’ 

in the internal negotiations, power players are opt to accept fair allocations with non-

power players. Thus being a power player may not be that strong advantages in the 

internal negotiations for each players’ performance. This would be problematic if 

the negotiation must be pursued with some other reasons, because no sector within 

country would be dedicated to the negotiations due to the fair (!) allocations in the 

end. If you consider the some trade negotiations that should pursue high level of 

trade liberalization, due to the internal bargaining no one is willing to move 

actively. It may result in the situation like prisoners’ dilemma, in that although 

everyone within country knows benefit of trade agreements, no one dare to have 

strong intention to frontier the negotiation because they already know that the 

outcome from trade agreement would be distributed relatively evenly to all sector 

within countries. In the end, without active participation in the external negotiation, 

the country would have less chance to be a proposing party.  

Being a proposer or being in a proposing party would lead players to have 

aggressive and positive attitudes on the external negotiations as shown in the 

results in Equation (1)-1 and (2)-1. Since those attitude would result in larger share 

of benefit toward not only the individual players but also parties, it would be 

desirable to be an aggressive agenda setter in the real external negotiations. 

However, comparing results from the regressions on individual performance in 

overall with that from regression on individual performance over party performance, 

once the individuals care more about the relative internal performance within their 

parties, they would neglect to behave as active proposers. 

In Exp3, other than Exp1 and 2, players would have incentive not to agree at the 

internal negotiations. It shows the case that advantageous sectors in the external 

negotiation would prefer not to be agreed as they think they need to sacrifice too 

much to reach agreement internally. The advantageous sectors such as power 

players may be reluctant to have the ‘attractive’ option to accept fair allocation.  
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V. CONCLUDING REMARKS 

 

This paper experimentally studies the performance of negotiation considering 

individual and party, like a country, share of benefit over the best ones. The 

experimental design for this paper considers two-stage bargaining games, internal 

and external negotiations. From the experimental results, this paper shows strong 

tendency to select fair allocation in the internal negotiations, but the tendency 

would be weaker with attractive outside option. In addition, the outside option may 

claim difference in individual benefit. For regressions on individual performances, 

being a proposing party would matter to enhance the performance. However, 

relative individual performance within party fairness matters. Still attractive ‘no 

agreement’ options happen to break the tendency. As policy implication on trade 

negotiation from the regression results, this paper warns that possible loss in 

individual benefit from not active participation to the external negotiations, no 

active role of proposer in case that players stick to internal allocations, and 

deviation by advantageous sector due to attractive outside option.  

It shares some limitations with Sung (2015b) and some other experimental 

works. First, no communication at the internal negotiations would not be realistic, 

though repetition of games may overcome this shortcoming. Second, further analyses 

should on the experimental results with lagged variable, which might have some 

implication on learning in experiments. Third, since it uses a theoretical model and 

simplified experiments, it may not represent every aspects in real trade negotiations. 

Future research should cover those.  
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This paper examines the persistence of relative consumer price indices for 15 regions in 

Korea including 6 metropolitan cities and 9 provinces over the period of 1990-2016. In 

particular, we ask if relative regional price indices contain a common stochastic trend and 

find that they are not. We then investigate how quickly these relative prices converge 

to their long run value and find that a half-life of a deviation from the long run value is in 

the range of 13 to 22 months for the aggregate consumer price indices and in the range of 7 

to 13 months for the tradable goods price indices, which is much quicker than the estimates 

of previous studies. These estimates suggest that existing monetary models with the realistic 

duration of price rigidities can generate the persistence in relative price indices.  
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I. INTRODUCTION 

 
Purchasing power parity (PPP), which is one of major building blocks in 

international macroeconomic models, states that both home and foreign aggregate 

price levels should equal at the equilibrium once converted to a common currency. 

The underlying mechanism behind PPP is that international good market arbitrage 

enforces broad parity in prices of individual goods and services. Of course, the 

effectiveness of international arbitrage depends on the degree of integration between 

national markets. Therefore, PPP implies that both home and foreign national 
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markets are completely integrated. However, it is natural to observe deviations 

from PPP in real world considering various barriers to complete relative price-level 

adjustment. Instead, previous studies ask if deviations from PPP reflected in real 

exchange rates converge to the long run equilibrium value. If so, how quickly do 

they move back to it, in response to a shock to the prices?  

Numerous studies have conducted the tests for PPP using various econometric 

methods and data sets. In general, the consensus of those previous studies is that 

real exchange rates converge to PPP in the long run.1 However, the speed of 

convergence of the real exchange rates is very slow: half-lives of deviations from 

PPP are in the range of 3 to 5 years. See, for example, Rogoff (1996), Frankel and 

Rose (1996), Murray and Papell (2005), and Choi et al. (2006). This slow speed is 

not compatible with the predictions of monetary models such as Mundell-Fleming-

Dornbusch models and sticky price dynamic stochastic general equilibrium models. 

Those models can generate the volatility of real exchange rates consistent with data 

[see, for example, Chari, et al. (2002)]. However, those models should assume that 

prices are fixed about more than 3 years, if they intend to generate the strong 

persistence of the real exchange rates consistent with the speed of mean reversion 

in data. However, this assumption is unrealistic. Previous studies call these two 

apparently incompatible empirical findings the PPP puzzle [see, for example, Rogoff 

(1996)]. 

Based on such empirical evidence, studies have looked for sources that affect 

persistence in a deviation from PPP. Those sources include: (i) incomplete price 

level adjustment due to price stickiness (ii) the presence of non-tradable goods in 

the aggregate consumer price index; (iii) transportation costs; (iv) the influence of 

flexible exchange rates; (v) international trade barriers such as tariffs and non-tariff 

barriers. Each of these components affects the transitional dynamics of real 

exchange rates. In particular, the last two explanations are closely related to the so-

called border effect, although one cannot precisely distinguish the effect of each 

component from others. For example, Engel and Rogers (1996) present evidence 

that both distance (which proxies the effect of transportation costs) and borders 

 

1 Many studies that employed univariate unit root tests cannot reject the unit root hypothesis 

that real exchange rates contain a stochastic trend. See Froot and Rogoff (1995) for a 

survey of those studies. However, it is now well-known that these tests have very low 

power, in particular when sample size is small.  
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(which proxy the effects of exchange rates as well as of international trade barriers) 

explain significant proportions of deviations from PPP. During the floating exchange 

rate era, studies notice that nominal exchange rates combined with sticky prices 

affect deviations from PPP. Note that if prices of goods and services are sticky in 

both countries, the behavior of nominal exchange rates is very similar to that of 

real exchange rates. For example, Mussa (1986) and Engel (1993) present evidence 

that the volatility of real exchange rate changes is quite similar to that of nominal 

exchange rate changes during the floating exchange rate era, and attribute it to 

sluggish price adjustment. Betts and Devereux (1996) and Engel and Rogers (2001) 

also emphasize the effect of variable nominal exchange rates under local currency 

pricing on deviations from PPP, while controlling for the effects of international 

trade barriers. 

This paper uses relative consumer price indices for 15 regions in Korea including 

6 metropolitan cities and 9 provinces over the period of 1990-2016 and ask the 

same questions as previous studies. In particular, we first examine if relative regional 

price indices contain a common stochastic trend. Using panel unit root tests 

developed by Pesaran (2007), we find that those price indices converge in the long 

run. We then investigate how quickly these relative prices move back to their long 

run value. We find that a bias corrected half-life of a deviation from the long run 

value is in the range of 13 to 22 months, which is much quicker than the estimates 

of previous studies. To understand sources for deviations from PPP, we construct 

two relative price indices for each region, using detailed price indices and their 

weights in the consumer price indices: One is the tradable good price index and 

the other is the service (non-tradable goods) price index. We find that the tradable 

good price indices converge in the long run, while the service price indices have 

mixed evidence. Further, a bias corrected half-life of a deviation from PPP for the 

tradable goods price indices is in the range of 7 to 13 months. These estimates 

suggest that existing monetary models with the realistic duration of price rigidities 

can generate the persistence in relative tradable price indices.  

Our study on the persistence of Korean relative regional prices attenuates the 

border effects since the regions in Korea have the same currency as well as there 

are no explicit trade barriers such as tariff and quotas across the regions. Therefore, 

our study provides readers with a natural experiment in which the effects of some 

of the above components, in particular, the border effects, are likely to be controlled. 

This is the main contribution of the present paper. In addition, we argue that our 
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dataset may have a higher quality than the datasets with national price indices in 

the following aspect: Governments do not construct price indices for an internationally 

standardized basket of goods, while Statistics Korea constructs regional price 

indices for the standardized basket of consumption goods. 

Our study closely follows Cecchetti et al. (2002) who investigate the persistence 

of 19 US city consumer price indices from 1918 to 1995, while minimizing the 

border effects. They found that US city price indices do not have a unit root but 

the speed of the convergence to the long run value is extremely slow: a half-life of 

a deviation is about nine years, which are even slower than the estimates of 

previous studies that used national consumer price indices and nominal exchange 

rates. The main difference between our study and theirs is to use different datasets 

and econometric methods. We study persistent properties of the Korean price data, 

while they study those of the US data. We show that both the presence of non-

tradable goods in the aggregate price index and sticky prices can explain a 

deviation from PPP but distance has no significant effect in the Korean price data. 

On the other hand, they show that both distance and presence of non-tradable 

goods in the price index play an important role in explaining a deviation from PPP 

in the US price data. More importantly, we use a new panel econometric method 

developed by Pesaran (2007), while they use both the LLC test developed by Levin 

et al. (2002) and the IPS test by Im et al. (2003). Pesaran (2007)’s method controls 

for cross section dependence in panel datasets, while the well-known LLC and IPS 

tests assume cross section independence. O’Connell (1998) shows that the typical 

panel unit root tests developed under the cross-sectional independence assumption 

reject too often the unit root hypothesis in the presence of significant cross-section 

dependence. Therefore, we view that the use of Pesaran (2007)’s method may 

mitigate the influence of cross section dependence which is likely to be present in 

panels with relative consumer good prices.  

Parsley and Wei (1996) and Engel and Rogers (2001) are also closely related to 

our study in that they also minimize the border effects, while studying violations 

of law of one price (and thus deviations from PPP) using detailed price data of US 

cities. The main difference between the former (two studies of ours and Cecchetti 

et al. (2002)) and the latter (two studies of Parsley and Wei (1996) and Engel and 

Rogers (1996, 2001)) is that the former examines the behavior of aggregate 

consumer price indices, while the latter investigates the behavior of disaggregated 

prices. Each group of studies has different objectives. The latter can investigate 
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more rigorously a cause for a deviation from PPP. For example, using disaggregated 

prices, they can examine how the degree of tradability of goods affects a violation 

of law of one price and thus a deviation from PPP.2 On the other hand, studying 

the behavior of aggregate price indices is useful for certain cases. For example, 

monetary policy makers generally pay attention to measures of aggregate inflation 

and thus are more concerned with the behavior of aggregate price indices, rather 

than that of individual goods prices. Note also that the PPP puzzle is about the 

behavior of aggregate price indices.  

Our study is also related to studies who examine the role of non-tradable goods 

in explaining deviations from PPP. Those studies include Engel (1999), Betts and 

Kehoe (2006), and Crucini and Shintani (2008). Engel (1999) construct tradable 

and non-tradable goods price indices by decomposing aggregate price indices, and 

show that relative prices of non-tradable goods do not explain at all the variation 

of US real exchange rates. On the other hand, Betts and Kehoe (2006) and Crucini 

and Shintani (2008) reach a different conclusion. In particular, Crucini and Shintani 

(2008) construct tradable and non-tradable price indices using micro-price data 

obtained from the Economist Intelligence Unit (EIU) which surveys international 

retail prices annually, and find that a half-life for non-tradable goods are in general 

about 6 months greater than that for tradable goods for the OECD cities as well as 

the US cities. This result is comparable with our study: we find that half-lives for 

services are about 9 to 16 months greater than those for tradable goods for the 

Korean cities and provinces. Further, Crucini and Shintani (2008) aggregate their 

micro-price data using a variety of weighting methods and show that half-lives for 

the constructed aggregate price index are in the range of 1-2 years, consistent with 

our estimates.3  

 

2 Our study also uses disaggregated price indices to examine this issue. 

3 Regarding studies that use Korean price data, our study is first to examine the persistence of Korean 

regional relative prices. Previous studies investigated the dynamic behavior of Korean real 

exchange rates constructed national price indices and exchange rates. For example, Kim (2007) 

examines the persistence of Korea-US and Korea-Japan real exchange rates using univariate 

nonlinear unit root tests. Oh and Hong (2010) also used the two real exchange rates and studied 

the implications of the Balassa-Samuelson hypothesis. Recently, Moon (2016) studies the 

persistence of sectoral relative consumer prices between Korea and Japan. See also references in 

Moon (2016). 
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We admit that our empirical study has some limitations in terms of data and 

empirical method. One limitation is that our empirical study on the long run PPP 

faces the usual kinds of index number problems, like as almost all the studies 

mentioned above. For example, our test of long run PPP asks whether the regional 

relative price indices are stationary about not zero but a fixed mean, because 

measured relative price indices need not be zero due to the base year normalization 

of the price indices even if PPP holds in the long run. The other limitation is that 

our empirical method for testing long run PPP assumes a linear specification of 

price adjustment and thus mainly focuses on the estimation of a single parameter: 

half-life of a shock. However, if the regional relative prices converge to the long 

run equilibrium nonlinearly due to some reasons such as transaction costs of 

arbitrage, our half-life estimates might be affected accordingly [see, for example, 

Taylor et al. (2001)].  

The remainder of the paper is organized as follows. Section II presents our 

empirical framework: we present the procedure of implementing the panel unit 

root tests developed by Pesaran (2007). Section III displays the time series pattern 

of Korean regional relative price indices. Section IV presents our empirical results 

on the test for the presence of a common stochastic trend in the regional relative 

prices and our estimates for half-lives of a deviation from PPP. It also presents 

some explanations for short run deviations from PPP. Conclusions follow. 

 

II. EMPIRICAL FRAMEWORK  
 

This section presents our empirical method for studying persistent properties of 

regional consumer price indices data. As a first step, we investigate if regional 

relative price indices to the base region follow a unit root process. A basic theory 

that underlies the empirical examination of these prices is the PPP doctrine 

motivated by the commodity-arbitrage view. The view states that the law of one 

price holds for all tradable goods internationally and domestically. If the law of 

one price holds for the goods individually, it will also holds for the appropriate 

price index as well. However, it is natural to see that PPP does not hold continuously, 

considering various trade barriers and frictions in real world. Instead, we examine 

the dynamic behavior of deviations from PPP: the behavior of real exchange rates. 

In particular, we investigate whether or not deviations from PPP tend to converge 

to the long run value. For this, we test the hypothesis that regional relative prices 
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contain a stochastic trend. As a second step, we investigate how fast deviations 

from PPP converge to the long run value if PPP holds in the long run. Finally, the 

estimates of the speed of adjustments of relative prices will provide a clue for 

searching out reasons for short run deviations from PPP. 

This section focuses on presenting our empirical method for the first step. 

Univariate unit root tests such as Augmented Dickey Fuller (ADF) tests were 

traditionally used to test the PPP hypothesis. However, it has been well understood 

that those tests have a low power, in particular when sample size is small: the tests 

are quite often incapable of distinguishing between stationary and nonstationary 

components if the stationary time series are highly persistent. One way to mitigate 

this shortcoming is to increase sample size by exploiting the panel dimension of 

data.4 In this paper, we use the panel dataset with 15 regional relative price indices. 

We then apply Pesaran (2007)’s method to our dataset.  

Consider the following specification of the dynamic linear heterogeneous panel 

data: 

 

 , 1 ,    iit i i t i t itq q f     for 1,2, ,i N and 1,2, ,t T   (1) 

 

where 
itq is the log of the relative price of region i  to the base region at time t , 

, 1  it it i tq q q , i  is a region specific constant to control for the time invariant 

fixed effect, tf  is the unobserved time varying common factor, and it  is the 

region-specific (idiosyncratic) innovation. We assume that tf  is serially uncorrelated 

with mean zero and a constant variance. We also assume that it  is independently 

distributed both across region i  and time t . It is worth notice two things in the 

error term in this panel data specification. The region specific constant i  will 

control for the influence of time invariant heterogeneity across regions arising from 

various sources such as implicit and explicit trade barriers and different income 

levels. The unobserved common factor tf  will capture cross-sectional dependence 

in the relative prices induced by the influence of macroeconomic shocks and i  

measures the degree of its influence on region i .  

 

4 The other way to mitigate this problem is to use the dataset with long time series.   
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The unit root hypothesis of our interest is expressed as  

 

 
0 : 0iH  , for all ,i  (2) 

 

against the heterogeneous alternatives,  

 

 : 0a iH  , for at least one .i   

 

i  governs the speed of convergence of itq  to the long run value. Zero value of 

i  means that regional prices in response to a shock diverge from the benchmark 

price even in the long run. 5  Alternatively, negative value of i  means that 

regional relative prices converge in the long run. We compute the half-life of a 

shock to itq  as ln(2) / ln( ) i , where 1 i i  . This half-life measures the speed 

of long run convergence. As i  is farther away to the left from zero, the speed of 

convergence of the relative price to the long value (or the half-life of a shock) is 

getting faster (smaller).  

For the test of the unit root hypothesis in (2), we use the panel unit root test 

developed by Pesaran (2007). The test has an advantage against well-known 

previous tests such as the LLC test and the IPS test in that it controls for the 

influence of cross-section dependence, while the latter two tests do not. Persan 

(2007) shows that the effect of serially uncorrelated time varying common factor 

tf  which governs cross-sectional dependence can be captured by adding the 

linear combination of cross-section mean to the typical augmented Dickey Fuller 

(ADF) regression. Then, the dynamic linear heterogeneous panel data model in (1) 

can be estimated using the following cross-sectionally augmented DF (CADF) 

regression: 

 

 , 1 1 ,iit i i t i t i t itq a b q c q d q e         (3) 

 

5 One possible economic reason why PPP does not hold in the long run may be related to the 

influence of real shocks such as the productivity. For example, the Balassa-Samuelson hypothesis 

states that rich regions tend to have higher price levels than poor regions because the rich regions 

are more productive in the tradable goods sector than in the service sector. 
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where 
1

1



 
N

t it

i

q q
N

is the cross section mean of regional relative prices and ite is 

a residual. 

Pesaran’s test for the unit root hypothesis in (2) is based on the t -value of the 

OLS estimate 
ib  in the CADF regression that controls for the influences of time 

varying common component and time invariant region specific component. The t

-value of 
ib  is defined by  
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The main difference between the t -value in the typical ADF regression and the 

t -value in (4) is that the latter controls for the influence of a serially uncorrelated 

time varying common component. Pesaran (2007) allows the speed of long run 

convergence to be different across regions. Finally, Pesaran (2007) applies the 

method of Im et al. (2003) to aggregate the individual CADF statistics ( , )it N T  

in (4). That is, a cross-sectionally augmented version of the IPS test is based on  

 

  
1

1
( , ) ( , ).



 
N

i

i

CIPS N T t N T
N

   (5) 
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Finally, Pesaran (2007) extends the procedure for testing the CIPS to the case 

where both the time varying common component and the individual specific error 

term are serially correlated. For the sake of simplicity, we do not present the 

extended version in this paper [see equation (54) in Pesaran (2007, p 283.) for the 

detail]. We use the ( , )CIPS N T  for our empirical study of testing the panel unit 

root hypothesis in (2).6 

 

III. DATA 
 

We obtain monthly regional consumer prices data from Statistics Korea for the 

period of 1990M1-2016M6. Statistics Korea publishes national as well as 16 

regional consumer price indices every month. Regions include 7 metropolitan 

cities and 9 provinces: Seoul, Busan, Daegu, Inchon, Gwangju, Daejeon, Ulsan, 

Gyeonggi-do, Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, Jeollabuk-

do, Jeollanam-do, Gyeongsangbuk-do, Gyeongsangnam-do, Jeju-do. We consider 

Seoul as the base region and construct a panel dataset of 15 relative regional 

consumer price indices to the base (Seoul) consumer price index.  

Figure 1 draws the logarithms of yearly regional consumer price indices relative 

to Seoul over the entire sample period: we multiply the log prices by 100. 7 

Although we use monthly data for our main analysis, yearly data are used here to 

make visualization clear. One noticeable pattern is that there is a tendency that 

most relative regional prices move together over time, illustrating that there may 

be a significant degree of cross-section dependence in the panel. This fact motivates 

us to use the econometric method that controls for the influence of cross-section 

dependence. We also measure cross section dependence of these regional relative 

prices formally by calculating pair-wise correlations using residuals in an 

individual ADF regression that is equivalent to regression (3) without the cross 

section mean components. The average of those correlations is about 0.5, suggesting 

 

6 Pesaran (2007) provides critical values for both individual cross-sectionally augmented 

DF statistics ( , )it N T  and the average of individual cross-sectionally augmented DF 

statistics ( , )CIPS N T  by simulations. We use these critical values for our inference.  

7 We use January price indices to construct yearly regional consumer price indices.  



 Inter-Region Relative Price Convergence in Korea 133 

ⓒ 2017 East Asian Economic Review 

that panel unit root tests applied to our dataset should take into account of cross 

section dependence. 

 
Figure 1. Logarithms of Regional Consumer Price Indices Relative to Seoul  

 
Data source: KOSIS (accessed July 17, 2016). 

 
We also use the data of detailed prices to search for reasons for short-run 

deviations from PPP. Consumer price index includes both tradable and non-tradable 

goods: for example, the share of tradable goods in the overall price index in Korea 

is on average about 40% and the share of service is about 60%. According to 

Statistics Korea, the market basket of goods and services underlying the regional 

consumer price index (CPI) is divided into 12 major groups, 40 subgroups, and 72 

sub-subgroups. Using prices and weights of 72 sub-subgroups, we construct two 

price indices relative to Seoul for each region. One is the tradable good price index 

and the other is the service (non-tradable goods) price index.  

Figure 2 draws the logarithms of yearly regional tradable goods and service 

price indices relative to Seoul over the entire sample period: we again multiply the 

log prices by 100. One noticeable pattern that distinguishes the behavior of the 

tradable goods prices from the service prices is that the tradable goods price indices 

appear to move more closely than the service prices. This may suggest that a 

common factor may affect the tradable goods prices more strongly than the service 

price indices.  
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 Figure 2. Logarithms of Regional Tradable and Service Price Indices Relative to Seoul  

 
 

 
Data source: KOSIS (accessed July 17, 2016). 

 

-4

-2

0

2

4

6

8

10

19
90

.0
1

19
91

.0
1

19
92

.0
1

19
93

.0
1

19
94

.0
1

19
95

.0
1

19
96

.0
1

19
97

.0
1

19
98

.0
1

19
99

.0
1

20
00

.0
1

20
01

.0
1

20
02

.0
1

20
03

.0
1

20
04

.0
1

20
05

.0
1

20
06

.0
1

20
07

.0
1

20
08

.0
1

20
09

.0
1

20
10

.0
1

20
11

.0
1

20
12

.0
1

20
13

.0
1

20
14

.0
1

20
15

.0
1

20
16

.0
1

Panel A. Regional Tradable Good Price Indices Relative to Seoul

busan daegu inchon
gwangju daejeon gyeonggido
gangwon chungcheongbuk chungcheongnamdo
jeollabukdo jeollanamdo gyeongsangbukdo
gyengsangnamdo jejudo

-1
0

-8
-6

-4
-2

0
2

4

19
90

.0
1

19
91

.0
1

19
92

.0
1

19
93

.0
1

19
94

.0
1

19
95

.0
1

19
96

.0
1

19
97

.0
1

19
98

.0
1

19
99

.0
1

20
00

.0
1

20
01

.0
1

20
02

.0
1

20
03

.0
1

20
04

.0
1

20
05

.0
1

20
06

.0
1

20
07

.0
1

20
08

.0
1

20
09

.0
1

20
10

.0
1

20
11

.0
1

20
12

.0
1

20
13

.0
1

20
14

.0
1

20
15

.0
1

20
16

.0
1

Panel B. Regional Service Price Indices Relative to Seoul

busan daegu inchon
gwangju daejeon gyeonggido
gangwon chungcheongbuk chungcheongnamdo
jeollabukdo jeollanamdo gyeongsangbukdo
gyengsangnamdo jejudo



 Inter-Region Relative Price Convergence in Korea 135 

ⓒ 2017 East Asian Economic Review 

IV. EMPIRICAL RESULTS  

 
1. Panel Unit Root Test Results 

 

Table 1 displays the result of Pesaran (2007)’s panel unit root test for the sample 

period of 1990M1-2016M6. It reports ( , )CIPS N T  in (5) which is the average of 

individual cross-sectionally augmented DF statistics. We consider various lag lengths 

from 0 to 24 months to see whether or not our results are driven by a particular lag length 

and find that the results are robust to those lag lengths.8 In the table, we present the 

results for lag lengths of 0, 3, 6, 12 and 24. We find that the test rejects the unit 

root hypothesis at conventional levels for all the lag lengths considered. These 

results imply that there is little evidence of a stochastic trend in the Korean regional 

consumer price indices relative to Seoul. 

We then examine how quickly short run deviations of the regional relative prices 

converge to the long run value. For this, we calculate the half-life of a deviation 

from PPP based on the estimate of the persistence parameter, ˆˆ 1   . Since 

Pesaran’s method allows the persistence parameter i  to differ across regions, we 

report the average of those estimates,
1

ˆ ˆ /



N

i

i

N  . It is also well known that the 

estimated persistent parameter is biased downward in small samples. Hence, we 

correct the bias of the panel estimate using the formula developed by Nickell (1981) 

and report “bias corrected ̂ ” as well as “bias corrected half-life” in Table 1.9  

 

8 The estimates of lag length are different across the estimation methods. As well known, 

AIC tends to calculate higher lag lengths, while BIC tends to calculate lower lag lengths. 

Therefore, we consider various lag lengths and investigate if our results are sensitive to 

the particular selection of lag length.  

9  Nickell (1981) showed that ˆ   T T
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The bias corrected half-life of a deviation is about 18.8 months when we set at 

12 for the lag length. Although the estimates of the half-life vary across lag lengths, 

in general, they are in the range of 13.7 to 21.9 months. We obtain the lowest 

estimated half-life when we set at 24 months for lag length and the highest half-

life when we set at 3 months for lag length in regression (3). These numbers are 

much smaller than the estimates reported by previous studies using national price 

indices and exchange rates. Recall that those previous studies reported the speed 

of convergence within a range of 3 to 5 years. In this sense, our results may help 

to understand the so-called border effects.10  

Our estimate can also be compared to Cecchetti et al. (2002) and Crucini and 

Shintani (2008). Like us, they also use price data for cities within a common 

currency and trade area to attenuate the border effect. Crucini and Shintani (2008) 

report a half-life of 18 months for the US cities, which is similar to our estimate. 

On the other hand, Cecchetti et al. (2002) report a very slow speed of convergence 

with a half-life of around 9 years for the US cities. The difference between these 

two studies seems to come from the use of different sample periods and datasets. 

Crucini and Shintani (2008) obtains retail prices from Economist Intelligence Unit 

from 1990 to 2005 and aggregate those prices by city, while Cecchetti et al. (2002) 

use consumer price indices for 19 US cities from 1918 to 2005.  

 

 

Table 1. Panel Unit Root Test Results (1990M1-2016M6) 

Lag  

length 
CIPS   ̂  Bias corrected 

̂  
Bias corrected 

Half-life (months) 
N 

0 -2.68** 0.958 0.963 18.5 15 

3 -2.37* 0.963 0.969 21.9 15 

6 -2.43** 0.961 0.967 20.7 15 

12 -2.63** 0.958 0.964 18.8 15 

24 -2.82** 0.945 0.951 13.7 15 

Source: KOSIS (accessed July 17, 2016). * and ** represent significance at 5 and 1% level, respectively. 

 

 

10 Oh and Hong (2010) and Moon (2016) find that real exchange rates constructed using consumer 

price indices for Korea, US, and Japan and bilateral nominal exchange rates between these 

countries do not even converge in the long run. 
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2. Robustness 

 

In this subsection, we check robustness of our results in two ways: one is to 

investigate if the choice of the base region affects the persistence in the relative 

price and the other is to examine if the choice of data frequency influences the 

persistence in the relative price. Papell and Theodiridis (1998, 2001) motivate the 

first question [see also Jorion and Sweeney (1996), Papell (1997), Wei and Parsley 

(1995), and Canzoneri et al. (1999)]. They showed that the choice of the German 

mark as the base currency for constructing real exchange rates provides more 

favorable results on PPP than the choice of the US dollar. Hence, we investigate if 

our results are sensitive to the choice of the base city. The second question is 

motivated by Glen (1992) and Papell (1997) as well as studies in the empirical 

stock return literature. In particular, Glen (1992) finds that the results using 

monthly observations are not consistent with the mean reverting behavior of real 

exchange rates, while the results using yearly observations are consistent with it. 

On the other hand, Papell (1997) obtains results in favor of mean reversion to PPP 

using monthly data but not using quarterly data. Considering this mixed evidence, 

we examine if our results are robust with the choice of data frequency.   

 

Table 2. Test Results When Busan is Considered as the Base Region 

Lag  

length 
CIPS   ̂  Bias corrected 

̂  
Bias corrected 

Half-life (months) 
N 

0 **2.92   0.952 0.958 16.0 15 

3 **2.61  0.956 0.962 17.9 15 

6 **2.61  0.955 0.961 17.2 15 

12 **2.58  0.954 0.960 16.9 15 

24 **2.72  0.943 0.950 13.4 15 

Data Source: KOSIS (accessed July 17, 2016). * and ** represent significance at 5 and 1% level, 

respectively. 

 

 

1) Changing a Base Region 

We begin with changing our base region: we replace the Seoul consumer price 

index with the Busan consumer price index for a base price index. Table 2 presents 

the results from the CIPS test for these new relative prices. We find that the results 

remain unchanged: the unit root hypothesis is rejected for all cases considered at 
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the conventional significant levels. In addition, we find that the speed of convergence 

to the long run value is quite similar to the case in which Seoul is considered as the 

base region, although it is slightly faster in the case with Busan than with Seoul as 

the base region. For example, the bias corrected half-life of a deviation is about 

16.9 months when we set at 12 for the lag length as reported in Table 2. The 

estimates of half-life are in the range of 13.4 to 17.9 months for lag lengths of 0 to 

24 months.  

In addition to the Busan price index, we consider consumer price indices in other 

regions as the base price index and find very similar results.11 All these results 

suggest that our results in favor of PPP in the long run are not sensitive to the 

choice of the base regional price index. Further, these results contradict with 

previous studies that obtain stronger evidence for PPP using real exchange rates 

with the German mark as the base currency than with the US dollar.  

 

Table 3. Panel Unit Root Test Results (Quarterly Data) 

Panel A: Last Month of Each Quarter 

Lag  

length 
CIPS   ̂  Bias corrected 

̂  
Bias corrected 

Half-life (quarters) 
N 

0 **2.54   0.897 0.914 7.7 15 

1 **2.49  0.898 0.915 7.8 15 

2 *2.33  0.905 0.922 8.5 15 

4 **2.64  0.890 0.908 7.2 15 

8 **2.88  0.852 0.870 5.0 15 

Panel B: Average of Monthly Indexes for Each Quarter 

0 *2.25  0.925 0.941 11.4 15 

1 **2.42  0.918 0.935 10.3 15 

2 *2.37  0.919 0.936 10.5 15 

4 **2.70  0.907 0.924 8.8 15 

8 **2.96  0.874 0.892 6.1 15 

Data Source: KOSIS (accessed July 17, 2016). * and ** represent significance at 5 and 1% level, 

respectively. 

 

11 To save the space, we do not present those results in the paper and they are available upon request.  
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We view that there are two issues regarding the choice of the base region: one 

is technical and the other is economical. Technically, Engel, Hendrickson and 

Rogers (1997) show that when panels are constructed using the same set of regions 

(countries) with different numeraires, they are linear combinations of each other. 

This suggests that the choice of the base region does not matter for the test of PPP 

in the long run. Economically, the choice of the base region may matter. For 

example, when using country-level data, the effect of monetary policy shocks of a 

base country on the deviations from PPP can be different across which country is 

used as the base country. In this case, the choice of the base currency is important. 

This is what previous studies found. When using region-level data within a country, 

however, monetary policy shocks are common in all regions. In this case, the 

choice of the base region may not affect the results. This is what we find. 

 

2) Data Frequency 

We now investigate if the choice of different data frequency affects our 

conclusion: we use quarterly consumer price indices to construct regional relative 

prices. Two types of quarterly data are constructed from monthly data. One is 

constructed by picking up price indices in the last month of each quarter and the 

other by calculating the average of monthly price indices for each quarter. Table 3 

presents the panel unit root tests for both cases. Consistent with monthly data, we 

find strong evidence in favor of PPP in the long run for quarterly data: we reject 

the unit root hypothesis for all cases considered.  

However, we find that the speed of convergence is different how quarterly data 

is constructed. That is, the speed of convergence to the long run value is slower for 

the quarterly data constructed using the average of monthly data than for the 

quarterly data obtained picking up the last month of each quarter. For example, 

half-lives of a PPP deviation for the former data are 11.4, 10.5, 8.8, and 6.1 quarters 

for lag lengths of 0,2,4, and 8 quarters, while they are 7.7, 8.5, 7.2 and 5.0 quarters, 

respectively, for the latter data. We also construct quarterly data by picking up 

either the first month or the second month of each quarter to understand this 

difference. We find that half-lives are quite similar for quarterly data constructed 

by picking up one of the three months of each quarter. This suggests that the 

average of monthly data apparently overestimates the parameter that governs the 

speed of convergence.  
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In general, we find that the speed of convergence is quite similar for both 

monthly and quarterly data constructed by picking up one of the three months of 

each quarter, although it is slightly slower for the quarterly data. Overall, we 

conclude that our results are robust to the choice of data frequency.  

 

3. Explanations for Short-Run Deviations from PPP 

 

We now look for reasons for short run deviations from PPP. Since our dataset 

attenuates the border effects, we mainly concern with the other explanations 

discussed in Introduction: the presence of non-tradable goods in the aggregate 

price index and transportation costs. 

 

1) Services in the Price Index 

The consumption basket for the consumer price index includes not only tradable 

goods but also non-tradable goods such as services. One of compelling arguments 

is, therefore, that a significant proportion of non-tradable goods in the price index 

may make the speed of convergence slower because the forces of arbitrage are 

weak and indirect among non-tradable goods. To see this more explicitly, we 

assume that the aggregate price index in region i  is defined by 1( ) ( ) T N

it it itP P P  , 

where itP is the aggregate price index in region i  at time t , T

itP is the price 

index for tradable goods, N

itP is the price index for non-tradable goods, and  is 

the share of non-tradable goods in the price index. Then, the logarithm of regional 

consumer price index relative to the base region can be expressed as  

 

 ln( / ) (1 )ln( / ) ln( / )   T T N N

it it bt it bt it btq P P P P P P   (6) 

 

where N

btP (
T

btP ) is the price index for non-tradable (tradable) goods in the base 

region. As can be seen in equation (6), the persistence of regional relative prices can 

be significantly affected by the dynamics of relative non-tradable goods prices when 

 is large enough. Indeed, the value of  is in general greater than 50% in our 

sample.  

As mentioned in Section III, we construct tradable and service price indices 

using price indices of 72 sub-subgroups in the consumption basket and their 
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corresponding weights, obtained from Statistics Korea.12 We consider services as 

non-tradable goods for empirical analysis. Since these 72 price indices are the ones 

actually used to construct the official consumer price index, looking into the 

dynamic behavior of tradable and service prices separately will help us to 

understand the behavior of the official consumer price index.  

 

Table 4. Panel Unit Root Test Results for Tradable Goods Prices and Service Prices 

 
Lag 

length 
CIPS   ̂  Bias corrected 

̂  
Bias corrected 

Half-life 

Tradable Goods Prices 

ln( / )T T

it btP P
  

0 **3.23   0.936 0.942 11.6 

ln( / )9T T

it btP P
  

3 **2.88  0.939 0.945 12.3 

ln( / )T T

it btP P
  

6 **2.88  0.936 0.942 11.7 

ln( / )T T

it btP P
  

 

12 
**2.79  0.931 0.937 10.7 

ln( / )T T

it btP P
  

24 **3.01  0.906 0.913 7.6 

Service Prices 

ln( / )N N

it btP P  0 **2.63  0.963 0.969 21.9 

ln( / )N N

it btP P  3 **2.52  0.963 0.969 21.8 

ln( / )N N

it btP P  6 2.20  0.967 0.973 25.4 

ln( / )N N

it btP P  12 2.22  0.967 0.973 25.5 

ln( / )N N

it btP P  24 1.95  0.965 0.971 23.9 

Source: KOSIS (accessed July 17, 2016). The number of cross-section units is 14. * and ** represent 

significance at 5 and 1% level, respectively. 

 

Table 4 displays the results of the CIPS test for both tradable goods and service 

price indices. We find that the test rejects the unit root hypothesis at all 

conventional levels for the tradable goods price indices, consistent with the results 

for the aggregate price indices. However, we find mixed evidence for the service 

 

12 We drop 8 price indices of Tobacco, Electricity, Repair of household appliance, Other medical 

services, Passenger transport by railway, Passenger transport by air & sea, Package holidays, and 

Postal services for the construction of tradable and non-tradable price indices because those prices 

are either regulated or not available. 
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price indices. The test rejects the unit root hypothesis for lag lengths less than 4 

months but does not reject it for lag lengths greater than 3 months.  

Further, we find that the speed of price adjustment to the long run value is much 

slower for the serivce price indices than for the tradable goods price indices. For 

lag lengths of 0 to 24 months, the bias corrected half-lives of a deviation from PPP 

are in the range of 7.6 to 12.3 months for the tradable goods price indices, while 

they are in the range of 21.4 to 27.4 months for the service price indices. Recall 

that the corresponding estimates for the aggregate price indices are in the range of 

13.7 to 21.9 months. Therefore, these results suggest that the presence of services 

in the aggregate price index may significantly contribute to slowing down the 

speed of convergence to PPP. Interestingly, the estimates for the speed of 

convergence for the tradable goods price indices suggest that existing monetary 

models with the realistic duration of price rigidities can generate the persistence in 

relative tradable price indices. 

 

2) Distance 

One example of natural trade barriers is transportation costs between regions. 

Regions are likely to be more actively involved in trade with their neighbors, other 

things being equal, because transportation costs are lower. Our econometric 

method for panel data controls for the influence of time invariant regional specific 

effects such as non-tariff trade barriers, consumer preferences, and transportation 

costs. Therefore, our main concern in this subsection is to investigate if the 

volatility of relative prices for similar goods is positively related to the transportation 

costs between locations. The result from this exercise may provide indirectly the 

influence of transportation costs on the deviations from PPP. Since transportations 

costs are not observable, we use distance as a proxy, following Engel and Rogers 

(1996), Parsley and Wei (1996), and Cecchetti et al. (2002). 

We use the price indices of 72 sub subgroups in the consumption goods basket 

and calculate the standard deviation of the logarithm of each price index relative 

to Seoul over the sample period. Unfortunately, our sample includes not only 

metropolitan cities but also provinces. Unlike the cities, there is no clear method 

to measure the distance between provinces. Hence, it is necessary to make some 

subjective judgement. Considering this difficulty, we only consider 5 metropolitan 

cities and Jeju-do. Then, we run an OLS regression on the logarithm of distance 

and the logarithm of the logarithm of distance, following the specification of 
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Cecchetti et al. (2002). The inclusion of the latter variable in the regression intends 

to capture a non-linear effect of distance.  

 

Table 5. Effects of Distance on the Volatility of Relative Regional Prices 

 (i) (ii) 

Dependent Variable ( )std q  ( )std q  

ln (Distance) 
0.030 

(0.041) 

0.007 

(0.007) 

Ln(ln (Distance)) 
-0.114 

(0.183) 

-0.026 

(0.032) 
2R  0.52 0.68 

Obs 384 384 

Source: KOSIS (accessed July 17, 2016). 

 

Table 5 reports the results for the effect of distance on the variation of both the 

relative price level and change. We find that there is little evidence on the effect of 

distance on the relative price variation. The estimated parameters are closely zero 

and not statistically significant, although their sign is positive. One possible 

interpretation for the result may be that the difference in transportation costs across 

cities may not be large enough to influence the variation of the relative prices 

because Korea is a small country.  

 

V. CONCLUSIONS 

 
Complete price-level adjustment is necessary for a market economy to achieve 

an efficient resource allocation. A deviation from PPP is a sign that markets are 

not completely integrated. Of course, PPP does not hold continuously due to 

various components such as sticky prices, non-tradable goods, transportation costs, 

and explicit and implicit trade barriers. Rather, we ask two questions in this paper: 

(i) do Korean regional relative consumer price indices converge in the long run?; 

(ii) if so, how quickly do they revert to the long run value. We find that Korean 

relative consumer price indices converge in the long run with a relatively fast speed, 

compared to other economies: half-lives of a deviation are in the range of 13.7 to 

21.9 months for the aggregate price indices and 7.6 to 12.3 months for the tradable 

goods price indices. Of possible explanations for short run deviations, we find that 

the presence of non-tradable goods in the price index plays a significant role.  
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We deliberately attenuate the border effects by using consumer price data within 

a common currency and trade area. Considering the fact that the Korean economy 

is significantly open to the world economy, changes in import prices may also 

affect the dynamics of consumer prices. Therefore, it may be interesting to 

investigate the dynamic behavior of Korean real exchange rates constructed 

national price indices and nominal exchange rates. Further, Korea has had free 

trade agreements with several important trading partners since 2000 for the 

purpose of eliminating trade barriers as much as possible. Therefore, it may be 

interesting to investigate if these free trade agreements increased integration of 

consumer markets as reflected by consumer prices. We leave these issues for a 

future study. 
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This study quantifies the dynamic interrelationship between the KOSPI index return and 

search query data derived from the Naver DataLab. The empirical estimation using a 

bivariate GARCH model reveals that negative contemporaneous correlations between the 

stock return and the search frequency prevail during the sample period. Meanwhile, the 

search frequency has a negative association with the one-week- ahead stock return but not 

vice versa. In addition to identifying dynamic correlations, the paper also aims to serve as 

a test bed in which the existence of profitable trading strategies based on big data is explored. 

Specifically, the strategy interpreting the heightened investor attention as a negative signal 

for future returns appears to have been superior to the benchmark strategy in terms of the 

expected utility over wealth. This paper also demonstrates that the big data-based option 

trading strategy might be able to beat the market under certain conditions. These results 

highlight the possibility of big data as a potential source-which has been left largely 

untapped-for establishing profitable trading strategies as well as developing insights on 

stock market dynamics. 

Keywords: Big Data, Dynamic Correlation, NAVER DataLab, Stock Return, KOSPI  

JEL Classification: G10, G12, G14 

 

I. INTRODUCTION 
 

This paper estimates dynamic relationships between the Korean stock market 

index and the related online search queries within a multivariate GARCH framework. 

In addition, the paper also attempts to investigate whether the information from 
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search query data can be served as a potential source for designing profitable trading 

strategies in the Korean stock market. 

The emergence of internet and social networking services combined with the 

extensive dissemination of smart phones have revolutionized the way we communicate 

and exchange information. Consequently, big data continuously flowing from 

increasing online activities by users have become a buzz word for recent years because 

of its potentials for various uses including marketing, political predictions, disease 

epidemics, social dynamics, etc.1 

Economists are one of the late professions who delves into the investigation of 

possible use of big data mainly for forecasting market dynamics and related issues.2 

The seminal paper by Choi and Varian (2012) shows the use of Google search query 

data as a key predictor for various economic activities including auto sales, travels, 

etc. 3  It stimulates subsequent studies in the field of economics, which mostly 

concentrates on exploiting big data to increase the prediction power of forecasting 

models for economic variables of own interests. 

The idea that the search query might contain information about subsequent actions 

by users is based on the premise that economic agents living in a contemporary 

society largely rely on the prior information-search process before making important 

economic decisions such as the purchase of durable goods and financial investments. 

However, the motivaton of information demand does not always run in this direction; 

the heightened information-gathering activity itself can be the manifestation of a 

 

1 See Ginsberg et al. (2009) for the use of search engine query data for the early detection of influenza 

spread. Dodds et al. (2011) utilize Twitter posts as a way for not only measuring the degree of real-

time happiness in a global social network but also observing temporal dynamics of it. 
2 Einav and Levine (2013) emphasize the importance of big data by claiming that over the next decades 

big data will change the landscape of economic policy and economic research as a complement, not 

as a substitute. Varian (2014) also urges economics graduate students in these days to take classes at 

a computer science department, introducing key machine learning techniques-such as classification 

and variable selections-that can be used to analyze big data. He also argues that big data and related 

machine learning techniques are very important tools for detecting nonlinear relationships among 

economic variables.  
3 Choi and Varian (2012) see the potential of Google search query data in nowcasting rather than in a 

forecasting purpose. In their subsequent study (i.e., Choi and Varian, 2009), they show that Google 

search queries related to unemployment can be helpful for predicting the number of initial claims for 

unemployment benefits, which is a key sign of the weakness of labor markets in a macro sense. 
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simple endogenous response to major events in markets in quest of more information, 

which might yield possible effects on market developments in next rounds. These 

intricacies in the causal relationship between the information demand and the market 

outcomes make it difficult to assess correctly the real importance of big data. In spite 

of this complicacy, the predictive power of information generated from online big 

data for market activity is supported by numerous studies ranging from stock markets 

to housing markets.4 

The empirical analysis on the Korean stock market in this study reveals that the 

search frequency related to the Korean stock market has negative contemporaneous 

correlations with the KOSPI return for the majority of time with the occasional 

tightening of its magnitude. Furthermore, a negative association between the search 

query and the one-week-ahead stock return is observed, while the stock return has 

no statitically significant impact on the level of the future search query. 

Based on these observations, we experiment with a hypothetical trading strategy 

that interprets the increased level of online search activity as a negative signal for 

future stock returns so as to examine whether profitable trading schemes can be 

constructed out of big data. The result from this simple exercise demonstrates that 

the big data-based strategy outperforms the benchmark strategy in terms of the 

expected utility over wealth. The other experiment also shows that the big data-based 

option trading strategy can beat the market for certain KOSPI200 option contracts. 

As a result, this study is the first attempt to analyse the relationship between the 

KOSPI return and the degree of investor attention5 using the Korean stock market 

data and a Korean-based internet platform. We conjecture that the contribution is not 

 

4 See Aouadi et al. (2013), Bollen et al. (2011), Da et al. (2011), Da et al. (2014), Moat et al. (2013), Preis 

et al. (2013), Rubin and Rubin (2010), Vlastakis and Markellosb (2012), and Vozlyublennaia (2014) 

for stock market applications of big data. From a theoretical side, Andrei and Hasler (2015) investigate 

the role of investor attention in the determination of asset return volatility under the Lucas-Tree-type 

model in which attention and uncertainty in the learning process of an investor are simultaneously 

considered. Their major finding suggests that the increased attention and uncertainty in the learning 

process entails the greater asset return volatility. The use of big data is not confined to financial asset 

markets; Vosen and Schmidt (2011) use the Google Trend for forecasting consumption and show that 

the measure from it outperforms survey-based consumer sentiment indices. For corporate sales and 

earnings predictions, see Da et al. (2010). In the housing market application, Wu and Brynjolfsson (2013) 

claim that the economic value can be derived from search query data, showing its prediction power 

outperforms those of experts like the National Association of Realtors. 
5 We use the terms “investor attention” and “information-searching effort” interchangeably in this paper. 
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limited to quantifying the dynamic relationships between stock returns and investor 

attention and estimating time-varying volatilities; it also explores the potential of big 

data as one of the practical tools for financial investment strategies, which is rarely 

pursued in the related literature. 

This paper is structured as follows. Section 2 introduces data source and key 

variables used in the analysis. Section 3 provides a brief introduction the empirical 

model utilized. Section 4 summarizes key results out of the estimation. Section 5 

discusses the experiments in which the performance of trading strategies based on 

big data is tested. Section 6 concludes the paper with remarks. 

 

II. DATA 

 
The KOSPI index is used to examine the dynamic relationship between stock returns 

and changes in the investor information-gathering intensity. As usual, a single-period 

stock return is defined as the difference in logarithmic of two consecutive stock prices; 

 

 1= ( ) ( )t t tr ln P ln P  (1) 

 

The degree of information-seeking endeavor by investors, which is a key variable 

in the analysis, is proxied by the search frequency for keywords related to the KOSPI 

market. The search frequency data is obtained from the NAVER DataLab that allows 

users to examine what specific topics are at the center of people’s information-search 

effort at the specific point of time as well as how frequently specific topics become 

subjects of users’ interests.6 

The search frequency for the specific keywords represents the number of search 

invoked by anonymous users for a given period (i.e., week); the maximal search 

frequency is set to 100 so that numbers are relative magnitudes of search to the 

maximum. The keywords used to retrieve search frequency data for the KOSPI 

market are given as follows:  

 

• Keywords: stock, KOPSI, KOSPI index, stock market outlook, stock return 

 

6 The NAVER is one of leading IT companies in South Korea and provides key search engine services. 

Its dominance in the search engine platform market leads to deliver the beta version of big data on 

its users’ search patterns. 
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Recognizing that variations in search keywords might produce a different history 

of the search frequency, the related keywords automatically provided by the search 

engine-Naver-are used to minimize the author’s biases in selecting keywords for 

retrieval.7 The sample data runs from the 1st week of June 2009 to the last week of 

January 2017. 

Note that because the NAVER search engine’s reach is limited to Korean resident 

users the coverage of this data is not comprehensive in the sense that it does not fully 

capture the intensity of information-search by foreign investors. It also fails to 

capture any kind of information acquisition and dissemination not via internet so 

that it only contains partial information on the intensity of information search by 

investors. 

Although the extensive use of this variable as a proper proxy is limited, our 

primary concern here is that how this partially informative variable coevolves with 

stock prices, which we believe shed light on the potential use of big data from 

internet for the analysis on financial market dynamics. 

The normalized search frequency-labeled as NSF- in a given point of time is 

defined as the deviation of the current level of search frequency from the 4-weeks 

moving average of it; 

 

 = t t
t

t

SF MA
NSF

MA


   (2) 

 

where tMA  is the 4-weeks moving average, i.e., 
4

=1
= ( ) / 4t t ss

MA SF   

Figure 1 shows the time path of search frequency for aforementioned keywords 

along with the KOSPI index. Several spikes in its search frequency after the dramatic 

declines in the KOSPI index are observed. It is, however, difficult to pin down the 

exact causal relationship between the index and the SF by simply plotting two series 

together, which has to be investigated in rigorous statistical tests. 

 

7 The specific algorithm on how the search engine produces related search keywords for a specific 

search query is complex. Basically, if the number of pair of search queries executed in a consecutive 

manner exceeds a certain threshold level, those two words are considered highly associated. In 

addition to this, it is known that the text mining approach is also used to identify interrelatedness of 

two words. 
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Figure 1. KOSPI Index (solid, left) and Search Frequency (dash, right)  

 
 

Figure 2 shows the time path of KOSPI return whereas Figure 3 presents the NFS 

for the KOSPI market. It is evident that both series can be charaterized by the time-

varying volatility. The volatilities of the NFS appear to dampen as the time laps. The 

KOSPI return’s volatility also seems to be attenuated as the time passes. It appears 

that the periods where the NFS became more volatile are followed by relatively 

highly volatile periods for the KOSPI return (i.e., from June 2010 to June 2012). 

 

Figure 2. KOSPI Return   Figure 3. Normalized Search Frequency (NSF) 
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Examining statistical properties of variables, Table 1 shows that both the KOSPI 

return and the NSF do not to have unit roots in its dynamic processes. On the other 

hand, it is found that the NFS Granger-causes both the KOSPI return and the KOSPI 

200 implied volatility-but not vice versa-at various lag structures (see Table 2, Table 

3, Table 4). These observations suggest that the fluctuations in NSF might have hints 

for future stock price movements and volatilities. 

 

Table 1. Unit Root Test Statistics 

 L=1 L=2 L=3 L=4 

Normalized Search Frequency -13.23** -12.60** -11.94** -10.82** 

KOSPI Return -13.57** -12.30** -10.78** -9.31** 

Note: ** p < 0.01 ; * p < 0.05 . L denotes the maximum lag in the test.   

  

Table 2. Granger-Causality Test Statistics: from Normalized Search Frequency 

 L=1 L=2 L=3 L=4 

to KOSPI 200 Implied Volatility 40.92** 61.28** 61.69** 71.98** 

to KOSPI Return 25.27** 26.71** 28.92** 34.58** 

Note: ** p < 0.01 ; * p < 0.05 . L denotes the maximum lag in the test.   

 

Table 3. Granger-Causality Test Statistics: from the KOSPI return  

 L=1 L=2 L=3 L=4 

to Normalized Search Frequency 0.23 2.61 7.05 7.54 

Note: ** p < 0.01 ; * p < 0.05 . L denotes the maximum lag in the test.   

  

Table 4. Granger-Causality Test Statistics: from the KOSPI 200 Implied Volatility 

 L=1 L=2 L=3 L=4 

to Normalized Search Frequency 1.17 0.6 5.39 4.91 

Note: ** p < 0.01 ; * p < 0.05 . L denotes the maximum lag in the test.   
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III. ESTIMATION MODEL 

 

In this section we specifically focus on estimating the dynamic relationship 

between the NFS and the KOSPI return. The empirical model is based on VAR(1) 

model with bivariate GARCH(1,1) error terms.8 The estimation model employed in 

this study can be summarized by following three equations. 

 

 1=t t t  y Cy  (3) 

 

 
1/2=t t t H

 (4) 

 

 
'

1 1 1( ) = ( ) ( )t t t tvech s vech vech    H A B H
 (5) 

 

where =
t

t

t

NSF

r

 
 
 

y , tH  is a variance-covariance matrix, t  is a vector of i.i.d. 

normal shocks, and ()vech  is a vec-operator.  

The restrictions on the covariance matrix follow Engle (2002)’s approach that is 

famously known as the dynamic conditional correlation model. In this setup, the 

covariance matrix tH  is decomposed into two parts: a conditional correlation 

matrix ( tR ) and a diagonal matrix of conditional variances ( = ( )t diag tD H ); 

 

 
1/2 1/2=t t t tH D R D  (6) 

 
where 𝐑𝐭  is a matrix of time-varying conditional correlations which can be 

decomposed as 
1/2 1/2= ( ) ( )t t t tdiag diag 

R Q Q Q . Note that Eq. (6) yields that 

 

 , , , ,=ij t ij t ii t jj th h h  (7) 

 

8 This specific lag structure in VAR and GARCH is chosen so as to minimize AIC (Akaike Information 

Criterion). Estimation results at different lags are provided in the Appendix. 
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where 
,ij t  captures the extent to which shocks are dynamically interrelated. 

A diagonal term in tH  is modeled as a univariate GARCH(1,1) process (i.e., 

2 2 2
0 1 , 1 2 , 1=it i t i t        ). The dynamic process of conditional correlation ( ijt ) 

is modeled as a weighted average of previous shocks and correlations; 

 

 𝐐t = (1 − λ)�̂�t−1�̂�′t−1 + λ𝐐t−1 (8) 

 

where 
1ˆ =t t t 

D -the standardized residuals. If =1 , the above system reduces 

down to the constant conditional correlation model (Bollerslev, 1990). The normality 

assumption on shocks makes it possible to use the maximum likelihood estimation. 

 

IV. RESULTS 
 

In this section, the focus of discussion centers around the estimated conditional 

volatilities of key variables (i.e., KOSPI return, Normalized Search Frequency 

(NSF)), dynamic correlations among them, and the coefficients in the model. 

A plot of volatilities in Figure 4 shows that the volatilities of the KOSPI return are 

smaller than those of the NFS throughout the entire sample periods. The volatility of 

the NSF increases dramatically around June 2010 and then gradually decays, 

fluctuating around 0.12. The volatility of the KOSPI return also exhibits similar 

dynamic patterns; after reaching the peak level around December 2011, it fluctuates 

within the range between 0.015 and 0.025. 

Looking at correlations between two variables in Figure 5, it is interesting to note 

that negative correlations between the KOSPI return and the NFS dominate during 

the sample period with occasional positive correlations; it mainly fluctuates within 

the range between 0 and -0.4 while the magnitude of it heightens up to -0.6 around 

June 2011. 

The estimates of parameters in Eq. (3) and Eq. (5) are reported in Table 5. It shows 

that there is a negative association between the current NSF and the one-week ahead 

KOSPI return with its magnitude being around 300bps. The KOPSI return does also 

have a negative-yet statistically insignificant-impact on the future NFS. These results 

support the idea that the increase in information-search activity by traders can be 

interepreted as a negative signal for the one-week-ahead stock return. 
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Figure 4. 

Conditional Volatility: KOSPI Return 

(solid, left) and the NSF (dash, right) 

Figure 5.  

Conditional Correlation 

between KOSPI Return and the NSF  

 

 

These findings can also be understood as the existence of a trader’s asymmetric 

responses to news. Bad (Good) news which have led to the decrease in stock prices 

might create more (less) room or incentive for seeking more information in an effort 

to prevent further losses and to shift the current position than in the case of good 

news. This kind of a trader’s asymmetric responses to news is well documented in 

the behavioral finance literature (e.g., De Bondt et al., 1985; Klöᵦner et al., 2012). 

The dynamic relationship between the search query change and stock return found 

in this study can be understood under the environment of incomplete information 

with the assumption of asymmetry in investor responses. For example, when an 

investor receives a negative signal regarding risky assets, this might lead to the 

increase in information searching for the resolution of uncertainty embedded in the 

signal, which will translate into stock price decline in next period. Due to the 

assumption of asymmetric responses, for a positive signal, it is likely that the less 

engagement in information searching is followed by a stock price increase. 

As expected, the estimates of conditional volatility show that both the lagged 

volatility and the lagged shock have statistically significant positive impacts on the 

current volatility, suggesting the strong presence of volatility clustering in both stock 

returns and the information-search activity. 
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Table 5. Estimates of Bivariate VAR(1)-GARCH(1,1) 

Conditional Mean     

Dependent variable Explanatory variable Coefficient Std. Error 

KOSPI return    

 KOSPI return (t-1) -0.121* 0.050 

 NSF (t-1) -0.031** 0.006 

Normalized Search Frequency (NSF)    

 KOSPI return (t-1)   -0.111 0.343 

 NSF (t-1) 0.291** 0.053 

Conditional Volatility     

Dependent variable Explanatory variable Coefficient Std. Error 

KOSPI return    

 ARCH term 0.049** 0.017 

 GARCH term 0.941** 0.021 

Normalized Search Frequency (NSF)    

 ARCH term 0.057** 0.014 

 GARCH term 0.935** 0.012 

Note: ** p < 0.01; * p < 0.05. The number of observation is 395.  

 

Figure 6. Wealth Profiles of the NBTS (solid) and the Benchmark (dash) 
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V. NSF-BASED TRADING STRATEGY (NBTS) 
  

In this section, we carry out simple tests to examine whether fluctuations in the 

NFS can provide us with profitable trading opportunities. To do so, we introduce a 

hypothetical trader who uses the following strategy (S1t); 

 

S1t(NSFt−1) = {

Buy, if NSFt−1 <  −10% 

Sell + short − sale (1 unit), if NSFt−1 >  10%
Hold, otherwise

        (9) 

 

The NSF-Based Trading Strategy (NBTS) simply dictates that if the aggregate 

attention of investors to the stock market is strong enough in the previous period then 

the trader is to liquidate all positions and to short-sell (1 unit). In contrast, if the NSF 

was weak the trader would increase his shares by the amount with which the current 

cash can afford.9 

This type of strategy is indeed based on the empirical regularities-the negative 

association between the lagged NSF and the KOSPI return as well as the dominance 

of negative contemporaneous correlations-reported in Section 4; the strategy 

interprets the increased online-search activity related with the stock market as a 

negative symptom for the one-week-ahead return in its essence. 

For the sake of simplicity, we assume that a trader starts trading with initially 

being endowed with 100,000 cash and one unit of stock.10 A trader has no market 

power so that he/she buys or sells stocks at the prevailing market prices. In addition, 

a trader with the short-sale contract should deliver the borrowed stock back in the 

next period. The number of shares to buy is also constrained by the size of cash. The 

benchmark strategy to which the NBTS is compared is simply assumed as the ‘Hold’ 

strategy, which in turn means that its performance is closely related with the overall 

 

9 More sophisticated strategies can be designed out of the NFS. The proposed strategy is simply 

designed solely for an illustrative purpose. 
10 In this analysis, the stock refers to the KOSPI index itself as a representative stock. Therefore, the 

focus of this experiment is not on the selection of stocks out of many candidates but on the timing 

of buying or selling. For simplicity, we also assume that risk-free rate is zero. 
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market performance. Note that the wealth ( tW ) of a trader consists of cash and 

market valuation of stocks held. 

A plot of wealth profile of the NBTS over time in Figure 6 indicates that the 

proposed strategy outperforms the benchmark, provided that except for relatively 

short periods the wealth accrued by the NBTS exceeds that of the benchmark. 

For the welfare comparison, let’s assume that a trader has a CARA (Constant 

Absolute Risk Aversion) utility over his wealth; 

 

 =
W

i
iU e





          (10) 

 
where   denotes the coefficient of Arrow-Pratt risk aversion. Assuming that a 

trader’s wealth is stationary, the expected utility of a trader is given by 

 

 ( ) =
2

iE U


          (11) 

 

where = ( )iE W  and = ( )iVar W .  

 
Table 6. Wealth Statistics 

 NBTS  Benchmark  

Initial Wealth 101,395  101,395  

Terminal Wealth 114,537  102,084  

Mean 111,306  101,918  

Standard deviation 6,270  153  

Min 98,072  101,383  

Max 132,549  102,198  

Expected utility 110,460  101,898  

Expected utility difference 8,562   

Note: Based on Gandelman et al. (2014), the expected utility is calculated under the assumption that ρ =
0.27. 

 

The summary statistics out of the simulated wealth including the welfare measure 

(i.e., expected utility) across two strategies are reported in Table 6. The NBTS does 

yield not only a greater average wealth but also a greater volatility than the 

benchmark strategy. Even with the higher volatility, the expected utility derived from 
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the NBTS turns out to be greater than that from the benchmark, demonstrating the 

outperformance of the NBTS exists from the welfare perspective.11 

It is well known that the volatility of underlying asset's value is one of key 

determinants of option prices. Acknowledging our finding that the NSF Granger-

causes the KOSPI implied volatility and the empirical evidence of a positive 

association between the investor attention and the future stock return volatility in the 

existing studies (e.g., Andrei and Hasler, 2015; Vlastakisa and Markellosb, 2012), we 

also test whether we can profit from option trading by utilizing the NSF. The option 

trading strategy (S2t) as a function of the NSF in our consideration is set as follows; 

 

S2t(NSFt−1) = {
Long on call option +  Long on put option , if NSFt−1  >  10% 

liquidate all positions, if NSFt−1  <  −10%
Hold, otherwise

    (12) 

 
Table 7. Return Comparsion between the KOSPI200 Option Strategy and the KOSPI 

Option Name NBTS KOSPI200 KOSPI 

1) KOSPI200 201611 262.5 53.49% 4.73% 0.89% 

2) KOSPI200 201701 252.5 40.63% 3.50% 7.50% 

Note: KOSPI200 return and KOSPI return denote the rate of return over the corresponding option contract 

period. The second term in an option name refers to an expiration month, while the third term denotes 

a striking price. 

 

We conduct backtestings of the proposed strategy using historical NSF and two 

KOSPI 200 option contracts differing in an expiration date and a strike price. The 

first option contract (KOSPI200 201611 262.5) starts its trading from 13 May 2016 

and expires on 10 Nov 2016. The second option contract (KOSPI200) period is from 

15 Jul 2016 to 12 Jan 2017. Note that the strike prices are chosen based on the ATM 

(At The Money) prices of the begining dates of option contracts. Table 6 compares 

the performance of the NBTS to the market return, showing it beats the market by a 

large margin; in the first option contract, the NBTS records 53.49% return while the 

KOSPI200 index rises by 4.73%. For the second option contract, its return reaches 

40.63% whereas KOSPI200 index inreases by 3.50% over the same period. 

 

11 This doesn’t automatically mean that this strategy will maintain its profitable position in the future. 

This result is solely based on the historical data of KOSPI index and its related NSF. 
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Caveats must be made in regard to these results; we are not claiming that the 

aforementionend strategy can always beat the market for all kinds of the KOSPI200 

option contract. The performance of the NBTS option strategy can be very sensitive 

to the choice of a striking price and an expiration date, and other various factors. The 

statistical significance of outperformance of the NBTS should be tested using a wide 

range of option contracts, which deserves an indepdendent research project.12  

Leaving this issue as a future research topic, what we would like to emphazie here 

is that these simple exercises clearly illustrate the possibility that information 

from big data can potentially benefit individual investors. We expect that more 

sophisticated trading strategies anchored on big data can be developed in line with 

the specific trading goals. 

 

VI. CONCLUDING REMARKS 

  

In this paper, we show that the aggregate investor information demand-which is 

proxied by the NAVER search query data-is negatively correlated with the KOSPI 

return. We also identify that it is negatively associated with the future stock return. 

Moreover, the analysis also demonstrates that big data can be properly used for 

developing profitable trading strategies in financial markets. 

One should, however, acknowledge that this study is limited in the sense that the 

information demand variable used here does not capture the overall market sentiment 

-either optimisitic or pessimistic. Making it even worse, we have no toolkits-as of 

now-for identifying whether the change in internet users’ informational quest is 

demand-driven or supply-driven; it is highly difficult to verify to what extent such 

information-seeking efforts are materialized in terms of real bids and offers. 

To overcome these limitations, multi-disciplinary collaborations and more advanced 

text-mining techniques combined with machine learning algorithms should be 

applied. It should be noted that this paper is not designed to serve as such a large-

scale research project that encompasses all delicate issues. Rather, we want to set off 

 

12 Constructing big data-based option trading strategies and testing their performances appears to be 

beyond the scope of this study for it requires us to investigate the vast amount of existing KOSPI 

200 option contract data.  
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simple exercises that aim to show the potentials of big data for providing us insights 

for financial market dynamics as well as designing profitable trading strategies. 

Various applications of big data are readily possible for other interesting issues. 

For example, as aforementioned, more rigorous investigation on the potential 

exploitation of big data in search for profitable derivatives trading strategies appears 

to be a fruitful research area to pursue. In addition, location-oriented search query 

data might be exploited to analyse the dynamics of regional housing prices and 

volumes as well as spatial analysis on migration patterns. Furthermore, the area of 

finacial early warning systems also can be a beneficiary of the in-depth use of big 

data as a potential source for establishing relevant warning signals. 

 

 

APPENDIX 
 

In this appendix, we provide estimation results at various lags in the mean 

equation as a robustness check for the stability of coefficients of key variables. Table 

A.1 shows that the sign, the statitical significance, and the magnitude of coefficients 

of key variables in Eq. (3) are not greatly altered under different model specifications 

except for NSF(t-2) and NSF(t-3) for the NSF variable. Note that VAR(1)-

GARCH(1,1) model is chosen so as to minimze Akaike Information Criterion. 

 

Table A.1. Estimates of Bivariate VAR(p)-GARCH(1,1) 

Conditional Mean  

Dependent variable Explanatory variable Coefficients 

  Model 1 Model2 Model3 Model4 

KOSPI return      

 KOSPI return (t-1) 
-0.121* 

(0.05) 

-0.105* 

(0.051) 

-0.114* 

(0.05) 

-0.110* 

(0.051) 

 NSF (t-1) 
-0.031** 

(0.006) 

-0.033** 

(0.006) 

-0.034** 

(0.006) 

-0.036** 

(0.006) 

 KOSPI return (t-2)  
0.038 

(0.051) 

0.154 

(0.052) 

0.154 

 (0.052) 

 NSF (t-2)  
0.007 

(0.006) 

0.008 

(0.007) 

0.009 

(0.007) 

 KOSPI return (t-3)   
-0.115* 

(0.052) 

-0.111* 

(0.052) 

 NSF (t-3)   
-0.03 

(0.006) 

-0.05 

(0.007) 
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Table A.1. Continued 

Conditional Mean  

Dependent variable Explanatory variable Coefficients 

  Model 1 Model2 Model3 Model4 

KOSPI return      

 KOSPI return (t-4)    
0.016 

(0.050) 

 NSF (t-4)    
0.005 

(0.007) 

NSF      

 KOSPI return (t-1) 
-0.111 

(0.343) 

-0.335 

(0.347) 

-0.067 

(0.380) 

-0.133 

(0.388) 

 NSF (t-1) 
0.291** 

(0.053) 

0.331** 

(0.055) 

0.312** 

(0.066) 

0.268** 

(0.063) 

 KOSPI return (t-2)  -0.499 

(0.339) 

-0.490 

(0.337) 

-0.575 

(0.340) 

 NSF (t-2)  -0.152** 

(0.056) 

-0.091 

(0.064) 

-0.097 

(0.064) 

 KOSPI return (t-3)   0.366 

(0.323) 

0.174 

(0.343) 

 NSF (t-3)   -0.134* 

(0.065) 

-0.055 

(0.066) 

 KOSPI return (t-4)    0.387 

(0.337)  

 NSF (t-4)    -0.184** 

(0.059) 

Conditional Volatility       

Dependent variable Explanatory variable Coefficients 

  Model 1 Model2 Model3 Model4 

KOSPI return      

 ARCH term 
0.049** 

(0.017) 

0.048** 

(0.017) 

0.046** 

(0.016) 

0.046** 

(0.016) 

 GARCH term 
0.941** 

(0.021) 

0.937** 

(0.021) 

0.944** 

(0.019) 

0.945** 

(0.019) 

NSF      

 ARCH term 
0.057** 

(0.014) 

0.056** 

(0.014) 

0.266** 

(0.108) 

0.226** 

(0.119) 

 GARCH term 
0.935** 

(0.012) 

0.937** 

(0.012) 

0.677** 

(0.077) 

0.715** 

(0.119) 

Note: ** p < 0.01; * p < 0.05. Values in parentheses denote standard errors. 
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I build a small open economy (SOE) dynamic stochastic general equilibrium (DSGE) 

model to investigate the effect of a heterogeneous wage contract between regular and 

temporary workers on a macroeconomic volatility in a financially fragile economy. The 

imperfect financial market condition is captured by a quadratic financial adjustment cost 

for borrowing foreign assets, and the labor market friction is captured by a Nash bargaining 

process which is only available to the regular workers when they negotiate their wages 

with the firms while the temporary workers are given their wage which simply equals the 

marginal cost. As a result of impulse responses to a domestic productivity shock, the higher 

elasticity of substitution between two types of workers and the lower weight on the 

regular workers in the firm’s production process induce the higher volatilities in most 

variables. This is reasoned that the higher substitutability creates more volatile wage 

determination process while the lower share of the regular workers weakens their Nash 

bargaining power in the contract process.  

Keywords: DSGE, Nash Bargaining Wage Contract, Labor Market Friction, Open 

Economy Macroeconomics, Financial Market Fragility 

JEL classification: C68, E52, F41, G10  

 

 

I. INTRODUCTION 

 

During the last decade, while the imperfect financial integration condition for 

some developing countries has been relaxed, a relatively high level of economic 

volatility affected by foreign interest rates has been consistently suspected. Figure 
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1 shows an example of Korean government bonds market, which connectedness to 
the markets of primary counterpart countries has been grown recently but the 
volatility of spreads between Korea and the others have been fluctuated at 
relatively high level compared to those of the countries within Eurozone, which 
volatilities converged to a very low level, as shown in ECB (2006). As a financial 
openness does not fully explain the effect of foreign interest rates on domestic 
fluctuations, an investigation on the other possible factors that affect the volatility 
in a country with this type of financial fragility should be studied.  

  
Figure 1. Price-Based Indicators for Financial Integration of Korean Government Bonds Market 

 
Source: Fred (all rates are 3-year government bonds rates) 

 
In this paper, I build a dynamic stochastic general equilibrium (DSGE) model 

to investigate this issue. To do so, based on benchmark open economy New Keynesian 
assumptions such as monopolistic competition, price rigidity, and financial and 
commodity markets openness, which are based on the seminal benchmark models 
such as Gali and Monacelli (2005) or Gali (2008), a quadratic financial adjustment 
cost is additionally assumed as a default friction to capture the financial fragility. 
A linear quadratic form of the financial adjustment cost is widely used in the 
related literature because not only it easily guarantees a steady state condition but 
also a model with it generally fits the data well, especially recent trends in some 
developing economies with specific economic conditions. Here I adopt the form 
of Demirel (2009) and Demirel (2010) in which the form creates interest rate 
differentials between home and foreign countries.  

To capture the main volatility driver in the model, a polarized labor market 
condition is assumed. During the last decade, the labor market inequality between 
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full-time and part-time workers in Korea in terms of duration of work and wage 
level has been widened. The left-side of Figure 2 shows that wage fluctuations of 
part-time workers have been more volatile than full-time workers’, and the gap 
between possibilities of working for longer term for the two types of workers has 
never been narrowed. Moreover, the right side of Figure 2 represents that the portion 
of part-time workers has been increased in the younger group while the portion in 
the overall ages has been decreased. These simple statistics implies that as growing 
portion of young part-time workers suffers uncertainty on their job security, wage 
level, or expectation of future incomes, and experiences less wage bargaining 
power. This phenomenon can also possibly affect the macroeconomic fluctuations 
by increasing overall uncertainty for longer terms and thus distracting the present 
level of consumptions of some households. In order to investigate the effect of this 
type of labor friction on economic volatility, I adopt a heterogeneous wage 
contracts assumption developed by Mattesini and Rossi (2009) and Matsui and 
Yoshimi (2015). In these papers, one type of workers is given totally flexible wage 
where the marginal utility of labor equals marginal disutility of it, while the other 
group of workers has a Nash-bargaining power which makes different wage 
dynamics between those two groups.  

 
Figure 2. Korean Labor Market Conditions: Full-time vs. Part-time 

 
Source: KOSTAT(kostat.go.kr) 

 
The main results of this paper are twofold. First, the higher elasticity of 

substitution between two types of workers induces the higher volatilities in most 
macroeconomic variables in the impulse responses to the domestic productivity 
shock. This is because the substitutability plays an important role in wage dynamics 
in the model, especially by increasing a labor elasticity of Nash bargaining power 

%

Part Time to Overall Wage Workers Ratio(All Ages)
Part Time to Overall Wage Workers Ratio(15-29 Years Old

0.38
0.37
0.36
0.35
0.34
0.33
0.32
0.31
0.3

0.29

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

%%
70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

8.0
6.0
4.0
2.0
0.0

-2.0
-4.0
-6.0
-8.0

-10.0

200
5.08

200
6.08

200
7.08

200
8.08

200
9.08

201
0.08

201
1.08

201
2.08

201
3.08

201
4.08

201
5.08

201
6.08

Percentage Working more than 3 Years - Full Time
Percentage Working more than 3 Years - Part Time

Wage Growth Rate - Full Time
Wage Growth Rate - Part Time



170 Jongheuk Kim 

ⓒ Korea Institute for International Economic Policy 

for the regular workers and thus making a wage determination process of both 
workers more volatile. Second, the lower weight on the regular workers in the 
firm’s production process also increases the macroeconomic fluctuations. This is 
because the lower share of regular workers has the same effect with the lower Nash 
bargaining power for that type of workers, hence the contract position of the workers 
is weaken, which ultimately induces the more unstable economic condition.   

The main contribution of this paper is that it introduces a friction to the labor 
market in the DSGE model by inviting an inequality between regular and temporary 
workers to explain the recent trend in the business cycles of specific type of economy. 
Many economists view developing economies as financially fragile. However, these 
regions also have a high level of misallocation of labor demand or, at least, have a 
relatively weak wage bargaining power of high portion of workers, namely a 
temporary worker. As low level of macroeconomic growth has been globally sustained 
for a decade after 2008 financial crisis, quality of labor market in some developing 
economies has been worsened. This paper captures a part of this trend by introducing 
part-time workers’ different wage bargaining power which affects dynamic 
equilibrium conditions and overall economic sensitivities to exogenous shocks. By 
doing this, despite some technical limitations, the paper explains that this type of 
labor market friction can partially explain the sustained volatility in a financially 
fragile economy.  

The remainder of the paper is organized as follows. The second section explains 
the theoretical DSGE model in detail. This section also qualitatively analyzes the 
effect of the assumed frictions on the business cycle of the economy. The third 
section explains the parameter values used in the quantitative analysis and notes 
the impulse responses of the system of equilibrium equations to various types of 
exogenous shocks. Finally, the fourth section concludes the paper.  

 
II. MODEL 

 
The theoretical analysis of the combined effect of labor market friction and 

financial market fragility on the business cycles and monetary policy decisions 
begins by building a small open economy DSGE model. Here, I follow Gali and 
Monacelli (2005) and Gali (2008) as benchmark frameworks for the New Keynesian 
open economy model. Based on these baseline models, I adopt a quadratic financial 
adjustment cost to create imperfect financial market accessibility for a domestic 
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country. In addition I use interest rate differentials between the home and world 
economies to replicate the foreign bond holdings in the small open economy, 
following the works of Schmitt-Grohe and Uribe (2003) and Demirel (2010). In 
this setting, while a foreign country has no additional cost to access the foreign 
currency denominated bonds, the home country pays an additional cost to hold a 
certain amount of foreign assets. Additionally, I add two more assumptions for an 
asymmetric small open economy case. First, home and foreign countries have 
different size economies. The economic impact of the home country is assumed to 
be negligible compared to that of the world economy. Therefore, the home country 
is given the foreign output, consumption, and prices. This assumption makes it 
possible to observe the response of a domestic business cycle to exogenous foreign 
demand and monetary shocks. Second, domestic households can access both home 
and foreign currency denominated asset markets, but foreign agents can only 
access the foreign asset market. This is because the size of the domestic financial 
market is too small to be significant to the dynamics of the international financial 
markets. Along with these unique assumptions, I include monopolistic competition 
and a sticky prices framework, following Calvo (1983) and Yun (1996) to create 
money non-neutrality and to allow a monetary policy to stabilize economic volatility. 
Furthermore, the law of one price and purchasing power parity hold. Lastly, this 
model assumes a cashless economy, following Woodford (2003) because holding 
cash in a utility function does not offer any improvement to the real side of the 
economy and, thus, becomes a useless assumption. 

 
1. Households 

 
Let us consider two connected economies, Home (H) and Foreign (F) countries, 

which are separately populated with a continuum of agents, and the total 
population is normalized to one. Home and foreign consumers share the same form 
of utility function and maximize this utility function given a country-specific 
budget constraint. The utility function of a representative home agent is given by 
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where tC  refers to the aggregate consumption level at time ,t  is a time discounting 

factor, 0  is the intertemporal elasticity of substitution in private consumption, 
and 0 is the inverse of the elasticity of labor supply.1 In their case, 1 /  can 

be interpreted as a Frisch labor supply elasticity, which explains the substitution 

effect with respect to the change of wage rate. ,G tL  is the number of hours worked by 

full-time, or regular workers, and ,M tL is the number of hours worked by part-time, or 

temporary workers. Furthermore, the regular and temporary workers are aggregated 
such as 
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where [0,1]j  denotes the variety of goods. The domestic aggregate consumption 

level, tC  consists of two parts, namely consumption for home and foreign final 

goods, and is defined by 
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where [0,1]   captures the degree of openness to foreign consumption by domestic 

households, which inversely denotes a home bias preference, and 1   is an 

index of intratemporal elasticity of substitution between home and foreign final 

goods. Here, ,H tC  is an index of domestic goods, using the constant elasticity of 

substitution functional form 

 

1 This elasticity is discussed in detail in Christiano et al. (2010) 
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where 1   represents the elasticity of substitution among varieties. Then, ,F tC  

is an index of foreign produced (imported) goods, defined by 
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Note that   is common across the consumption of home and foreign goods. This is 
quite a strong assumption, but since it does not weaken any part of the main 
argument of this study, I accept it for the sake of simplicity. An aggregate consumption 
index for a foreign representative household can be similarly defined using an 
asterisk: 
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where * [0,1]   represents the degree of openness to goods produced in the home 

country, satisfying * ,    meaning both home and foreign countries have the same 

degree of openness to each other. Then, *
,H tC  and *

,F tC  are defined as the amount 

of consumption by foreign households for goods produced in the home and foreign 
countries, respectively. Next, price indexes for the commodity markets in the home 
and foreign countries, based on the above preferences and aggregate consumption 
indexes, are given by 
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1

* * 1 * 1 1
, ,(1 )t H t F tP P P            (6) 

 

respectively. Here, tP  and *
tP  are the home and foreign consumer price indexes 

(CPI) and ,H tP  and ,F tP  are sub-indexes for the home and foreign produced goods 

consumed in the home country, respectively. Then, *
,H tP  and *

,F tP  are interpreted as 

the price indexes of home and foreign produced goods, respectively, expressed in 
the foreign currency. Each of the four sub-price indexes are expressed by an 
aggregation, as follows: 
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Using the above aggregations, we can solve for the optimal allocation of demand 
for varieties of goods in the home country: 
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Next, the aggregate total expenditure for the home and foreign goods follow 
directly from (8): 
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Now, the optimal allocations of expenditure for home and foreign goods are given 
by: 
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Equation (10) completes the description of optimal expenditure allocations for the 
intra-temporal equilibrium of home households. The optimal allocation of foreign 
households consumption can be similarly derived, denoted using an asterisk. 

Next, to explore the intertemporal equilibrium of a representative household, we 
need to define a budget constraint for the agent. Using equation (9) and the total 
aggregate consumption expenditure of the home agent, , , , , ,  H t H t F t F t t tP C P C PC

the budget constraint of the households is given by 

 
1 1
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where ,H tB  and ,F tB  are the home and foreign currency denominated bonds, 

respectively, t  denotes the nominal exchange rate between the home and foreign 

currency (relative price of foreign currency in terms of home currency), tR  and *
tR  

are the nominal interest rates in the home and foreign countries, respectively, ,G tW  

and ,M tW  are nominal wages of full-time and part-time workers, FB  is the 

steady-state value of the foreign currency denominated bonds, tT  is a lump-sum 

tax or transfer governed by a fiscal authority, and ( )t j  represents the profit of 

firm j . Then, 2
,( )

2
B

F t FB B


  is a quadratic financial adjustment cost for the 

domestic household, and the cost is assumed to be a non-zero, positive value when 
the current foreign bond holding is different to the steady-state value. Furthermore, 

B  is a constant parameter value defined by the degree of the adjustment cost for 

international borrowing, and captures how the domestic financial market is isolated 
from the world financial market. For instance, holding the same amount in foreign 
bonds, the higher adjustment cost associated with B  means less perfectly 

integrated financial markets, or that it is more difficult for the domestic households 
to access the international financial market. Therefore, B  functions as an inverse 

financial integration indicator. If B  approaches zero, or at the steady state, ,F tB  is 

equal to tB , the domestic economy is assumed to have no financial friction, and 

the financial markets will be perfectly integrated. This quadratic intermediation 
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cost function delivers an additional cost to domestic households buying foreign 
assets, and creates an interest rate differential between the home and world 
economies. This is a main contributor to the amount of foreign bond holdings in 
the home economy, as well as to changes in the marginal cost structure uniquely 
built in this model. Note that this type of cost is only associated with the home 
country agent, since the size of domestic financial market is assumed to be 
negligible to the foreign (world) economy, based on the small open economy 
assumption. The negligible size of home economy guarantees the usage of the 
quadratic form of the cost, and the lack of asymmetry in asset positions between 
creditor and debtor can be ignored without any significant harm to the logic. 
Therefore, the foreign representative household faces a different budget constraint: 
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While the domestic agent enjoys two different type of assets and can use 
international risk pooling, the foreign agent is only able to access the foreign 
currency denominated bonds. This is the result of the assumption that captures the 
reality of a small open economy, in which the size of the home financial market is 
negligible relative to world financial market. Thus, the world's demand for the 
home asset can be ignored. Furthermore, there is no division in world labor force 
because it is useless assumption in this analysis. 

The first-order conditions necessary for equilibrium are given by 
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where tE  is an expectation operator at time t . Equation (13) is interpreted as a 

labor supply or a real wage determination for the foreign country. Equation (14) is 
a home household's Euler equation for the optimal choice of foreign currency 
denominated bonds, corresponding to equation (16), which is a foreign agent's 
Euler equation for the optimal foreign bonds asset position. Equation (15) states a 
home household's Euler equation for the optimal level of home currency 
denominated bonds. Note that, from equation (14), in the limiting case in which 

b  approaches zero, the Euler equation replicates a frictionless benchmark 

version. Using the relationship between the overall price levels in the home and 

foreign countries, *
t t tP P  , (16) can be rewritten in terms of the stream of the 

home country price level and the nominal exchange rate: 
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2. Uncovered Interest Rate Parity, International Risk Sharing, and Terms of 

Trade 

 
In this subsection, I derive several relations from the previously determined 

optimal conditions of households, as well as some international macroeconomic 
definitions. First, from equations (14) and (15), I find the relationship between two 
different nominal interest rates: 
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which is a modified version of an uncovered interest rate parity in a frictional case. 
According to (18), the difference between home and foreign nominal interest rates 
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is determined by the change of the nominal exchange rate, the foreign bond holding 
differential, and the degree of the financial adjustment cost. This frictional parity 
generates a different level of international risk premium from that of the 
benchmark. More specifically, the difference between the home and foreign 

nominal interest rate ( *
t tR R ) will widen if the change in the nominal exchange 

rate increases or the effect of the financial adjustment cost gets smaller. This means 
that the partial integration of the financial markets can change the gap between the 
two interest rates. 

Next, let us define the real exchange rate between the home and foreign 
currencies as the ratio of the two countries' overall price levels, in which both 
currencies are denominated domestically, 
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Then combining (14) and (16) gives the relation between the consumption levels 
of the home and foreign countries in terms of the real exchange rates and the 
financial adjustment cost for foreign bond holdings: 
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According to (20), the adjustment cost for holding foreign assets becomes a factor 
that partly determines the difference between the changes in consumption of the 

home and foreign countries. This means that, if ,F t FB B  the positive effect of 

B  on the difference in foreign bond holdings differential widens the gap between 

home and foreign consumption. As one of the internationally linked markets 
becomes more separated, the co-movement of the consumption in both countries 
would weaken. 

Terms of trade is defined as the ratio of the price of imported goods to that of 
home-produced goods, 
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In a special case where   is close to unity, the following relation holds: 
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following equation holds: 
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  , for any arbitrary variable X , Assuming the law of one price, 

*
,F t t tP P  , holds, and combining (20) and (22), one can find the relation between 

the real exchange rate and the terms of trade: 
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Therefore, the international risk-sharing condition (21) can be reorganized in terms 
of the terms of trade: 

 

 

 

(1 ) *
1 1

*
1 ,

(1 ) 1
1 *

1 ,

1
1

1 ( )

1
 

1 ( )

  

 




 




      
                 
  
          

t t t
t

t t t B F t F

t
t t

t B F t F

C C
E

C C B B

C
E

C B B

  









   (25) 

 
According to (25), intertemporal consumption smoothing differences across the 
two countries can be determined by the change in terms of trade, the commodity 
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market openness, and the level of home country-specific financial adjustment cost. 
Specifically, the gap between the current amount of foreign bond holdings and the 
steady-state level of the bond holdings changes the positive effect of the terms of 
trade on the international consumption spread differences. For instance, as the 

financial gap increases (increasing ,( )F t FB B  and the value is positive) or the 

degree of financial inaccessibility worsens (increasing B ), the positive effect of 

the increasing 1t  on the level of gap between 1tC   and *
1tC   is alleviated. 

Lastly, for the convenience of later analysis, (18) can be rewritten in terms of 
the real exchange rate or the terms of trade: 
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The second equality uses the law of one price and the additional assumption that 

the foreign overall price, *
tP  is normalized to 1. The third equality follows 

directly from (24) 

 
3. Producers 

 
I adopt the model of Matsui and Yoshimi (2015) that specifies joint employment 

of unionized and non-unionized workers in firms’ production function. Suppose 
that each home country firm j  uses two types of labor inputs to operate the 

identical production technology, 

 
 ( ) ( )t t tY j A L j   (27) 
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where ( )tY j  is the output level of firm j , tA  is the exogenous total factor 

productivity following an AR(1) stochastic process. ( )tL j  is an aggregation of 

the two types of workers following CES fashion, 
 

     
1

, ,( ) ( ) (1 ) ( )t G t M tL j L j L j
        

   (28) 

 
where   represents the weight on the regular workers in the firm’s production, 

and 
1

1 
 means the elasticity of substitution between the regular and temporary 

workers. The demand function for two types of labor inputs are derived by 
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   (29) 

 
where the wage index of the overall group of workers is defined by 

 

    
1

1 1

1 11 1
, ,( ) ( ) (1 ) ( )t G t M tW j W j W j


  

   



  
 

   
 

 (30) 

 
The marginal cost of each firm j  is  

 
 ( ) ( )t tMC j W j   (31) 

 
Following Mattesini and Rossi (2009) and Matusi and Yoshimi (2015), I assume 
there are different wage bargaining powers between two types of labor force 
groups. The temporary workers are given their real wages where the marginal 
utility of labor input and the marginal cost of the input equal,  
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,

, ,( )M t
G t M t

t
t

W
L L

P
C    (32) 

 
Denotation j  can be dropped because each firm pays an identical level of wages 

to the temporary workers. Contrary to the temporary workers, the regular workers 
have a negotiating power on their wages with the firms. The wage contract of firm 
j  is processed following a simple Nash bargaining objective function,  

 
 1( ) [ ( )] [ ( )]t tj j j       (33) 

 
where the objective function of the regular workers is defined by, 

 
  , , ,( ) ( ( ) ) ( )G t M t G tj W j W L j       (34) 

 
and   denotes the degree of bargaining power of the regular workers. Equation 

(33) and (34) mean that the regular workers use their bargaining power to obtain 
net gains from firm j ’s profit, which is derived by 

 
 ( ) [ ( ) ( )] ( )t t t tj P j MC j Y j     (35) 

 
The first order condition of the regular workers’ maximizing problem is derived 
by 

 

 
1

, ,

( ) ( ) ( ) ( )
(1 ) 0

( ) ( ) ( ) ( )
t t t t

t G t t G t

j j j j

j W j j W j

 
  

 


    
           

  (36) 

 
Using (34), the relation between two different wages are derived by 
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   (37) 

 
where  
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 (38) 

 
The first equation of (38) is the labor elasticity of the Nash bargaining wage and 
the second one is the production elasticity of the Nash bargaining wage. Following 
Matsui and Yoshimi (2015) it is natural to assume that both elasticities are positive 
values.   

Next, following Calvo (1983) and Yun (1996) , the model assumes a staggered 
price setting. A randomly selected portion of producers, (1 ) , set a new price 

level at each period, while the remaining firms,  , keep their price level as it was 
in the previous period. Therefore,   captures the degree of price rigidity. Let 

, ( )H tP j  be the optimal price set by firm j  at time t . With the staggered price 

setting described above, , ,( ) ( )H t k H tP j P j  . Then, the problem faced by a typical 

firm, j , is given by 

 

  
,

, , ,
0

{ }
H t

k
t t t t k t t k H t t kP

k

Max E E Y P 


  


      (39) 

 
subject to the international demand constraints,  

 

  , *
, , , ,

,

( ) ) (H t d
t t k H t k H t k t k H t
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P
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 (40) 

 

where ,
k t k t

t t k
t t l

C P

C P











   
     

   
 and t k   denotes the nominal marginal cost 

at period t k with respect to the staggered price setting, ,H tP , and is determined 

by the previously derived real wage equation. Note that firm specific index j  can 
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be dropped in this problem as well, because all firms use the same price setting, 
subject to the same marginal cost and the same resource constraint. Furthermore, 
note that this problem is identical to the price setting of Gali and Monacelli (2005), 
with the exception of the nominal marginal cost structure. The first-order condition 
yields 

 

 , , ,
0

0
1

k
t t t k t t k H t t k

k

E Y P
 





  


        
  (41) 

 
Note that in the perfect flexible price setting, 0  , the above equation reproduces 

, 1H t tP
 





. This can be rearranged using stationary variables, as follows: 
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   (42) 

 
where t kMC   is the real marginal cost at time t k , as shown above, and is equal 

to 
,

t k

H t kP

 



. One can now define the new price index of domestically produced 

goods under the staggered price setting,  
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 (43) 

 
4. Monetary Authority 
 
A fiscal authority organizes a lump-sum tax or transfer. A monetary authority 

sets the level of the nominal interest rate, following a form of the traditional Taylor 
rule. The nominal interest rate rule is given by 
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    (44) 

 

where   and y  are policy parameters, weighted by domestic inflation and 

output changes, respectively. Then, y  and R  are the output and nominal 

interest rate steady-state values, respectively, and tZ  is an exogenous monetary 

policy shock, which follows an AR(1) stochastic process.  

 
5. Aggregations, Market Clearing Conditions, and Competitive Equilibrium 

 
The aggregate level of output in the home country is 

 

 
1 11

0
( )t tY Y j dj


 

  

  
 
    (45) 

 
And the equilibrium condition for each good and labor match-up induces  
 

 t t tY A L     (46) 

 
The market clearing condition for each differentiated home final good, j , is given 

by  
 

 *
, ,( ) ( ) ( )t H t H tY j C j C j       (47) 

 
The world market clearing condition is given by 
 

 * *
t tY C   (48)  
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The world output follows an AR(1) stochastic process which information is 
provided in detail in the next section. Therefore, it is exogenously given to the 
home country agents since the demand for world output from the home economy 
is assumed to be negligible. The home currency denominated bond market is 
cleared such that 
 

 ,  0H tB       (49) 

 
And the world bond market is automatically cleared by Walras’ law. The home-
produced goods market clearing condition (47) can be rewritten as 
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   (50) 

 
Substituting (50) into (45) gives  
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 (51) 

 
The law of one price and the definition of the real exchange rate are used in the 

second step of the above calculation. The above national account states that the 
overall supply of the domestic output should be equal to the demand from both 
home and foreign consumers, which depend on the commodity market openness 
and the price levels of the home country. Furthermore, for the convenience of later 
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discussion, (51) can be rewritten in terms of price levels, private consumption, 
exogenous foreign demand, and terms of trade: 
 

     (1 ) *(1 )t t t t tY S C C
           (52) 

 
Note that as   converges to zero, which means the home economy becomes an 
autarky condition, (51) and (52) converge to the benchmark commodity market 

clearing condition, t tY C .  

Since all workers are assumed to move across firms freely, the Nash bargaining 
wages are identical across firms,  
 

 , ,( )G t G tW j W  (53) 

 
Therefore, overall wages and marginal cost can be also identical: 
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Combined with (28) and (29), labor demand functions for each group of workers 
are derived by 
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   (55) 

 
Four exogenous variables are defined here: 
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A competitive equilibrium is defined by a stream of endogenous variables, 

, , , , , , 0{ , , , , , , , , , , , , , , , , , }l
t t t G t M t F t t t G t M t t t t H t t t t t tC Y L L L B B W W W R MC S V V P 

   with 

five exogenous variables, * * *
0{ , , , , }t t t t t tA Z Y R C 

 , which solves (14), (23), (25), (26), 

(28), (30), (32), (37), (38), (43), (44), (46), (48), (52), (54), (55), (56), and the 

relation between inflation and price level, 
1

t
t

t

P

P

   .  

 
6. Linearized System of Equations  

 
To make the problem feasible, the first order conditions for the optimal 

allocation equilibrium described in the previous subsection are log-linearized. 
For any arbitrary variable 

tX , the log-linearized variable is denoted by 
tx , such 

as t
t

X X
x

X



.   
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defined similarly. The above system of equations can be solved by using the 

eigenvalue-eigenvector decomposition technique developed by Sims (1999).  

 
III. SIMULATION 

 
In this section, I quantitatively study the dynamics of variables in the model 

under different labor market conditions to see the effect of the heterogeneous wage 
contracts on the macroeconomic volatility in an economy with a financial fragility. 
To do so, I firstly set the parameter values, then I observe impulse responses of the 
equilibrium dynamics to domestic productivity shock under different degrees of 
the labor market friction. The baseline model is associated with the low level of 

elasticity of substitution between two types of workers,
1

1 
, and the low level of 

shares of regular workers firms’ production process,  . Then I change these two 
key parameters to the higher levels to observe how the changes of those values 
affect the dynamics of impulse responses.  
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1. Parameterization 
 
To start with, I adopt appropriately established parameter values from the related 

literature which are not the main focus in this paper and are generally accepted in 
the literature. The sources of the parameters are listed in Table 1. The first set of 

parameters, 1 { , , , , , , , , }Y          , is commonly adopted as constant 

numbers. The inverse elasticity of labor supply,  , is set to unity, and the 

intertemporal elasticity of substitution between private consumption, , is set to 
two, following Demirel (2010). I adopt the international dimension of parameters 
from Gali and Monacelli (2005). The intra-temporal elasticity of substitution 
between home and foreign final goods is set to two and the degree of openness to 
foreign commodity markets is set to 0.4. The time discounting factor and the 
intertemporal elasticity of substitution among final goods are assumed to be 
identical across countries, and are set to 0.99 and 11, respectively. The degree of 
price stickiness is supposed to be 0.7 according to many recent New Keynesian 

works, such as Woodford (2010). The monetary policy parameters,   and Y , 

are set to be the same with Gali (2008). The second set of parameters, 

2 { , , , , , }A Z Y YA Z       , is used in the stochastic processes. I adopt these values 

such that the model replicates key macroeconomic features of the Korean economy 
represented in Neumeyer and Perri (2005). The standard deviation of the output 
and interest rate, and the ratio of these two second moments are targeted. The 
stochastic process parameters for the domestic productivity shock follow the 
values of Neumeyer and Perri (2005), the parameters for the domestic monetary 
policy shock are set similar to Smets and Wouters (2002), and the parameter values 
for the foreign demand shock is set similar to Gali and Monacelli (2005). The third 

set of structural parameters, 3 { , , }    , is related to the key assumption in the 

labor market setting. The value of elasticity of substitution between two types of 
labor force is set to be varied from 12.7% to 21.9%, which means that the value of 
  is set to be changed from 0.0211 to 0.0365. This range is considered based on 
the Korean data that the transformation rate between temporary and regular 
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positions from 2005 to 20112. Since 12.7% was the lowest rate during 2009 to 2011 
and 21.9% was the highest rate during 2005 to 2007, it is reasonable to test the 
effect of the job substitution under this range. Baseline level of the weight on 
regular workers in the production process is estimated by 0.67, which is calculated 
by the average percentage of the regular workers to the overall wage workers from 
2003 to 2016. Wage bargaining power of the regular workers,  , is originally set 
to be varied from 0.1 to 0.4, following the dynamic simulation result of Matsui and 
Yoshimi (2015), but ultimately to be fixed at 0.1 for the methodological convenience 
and its inability in explaining the simulation results. The financial frictional 

parameter, B , are estimated by following the method suggested in Christiano et 

al. (2005). I build a VAR-based impulse response for exchange rates, investments, 
consumptions, GDP, CPI inflation rates, and domestic interest rates over the first 

12 quarters to the exogenous shocks. Then I choose the value of B  to solve the 

problem minimizing the distance between the theoretical-based and VAR-based 
impulse responses.  

 
Table 1. List of Baseline Parameter Values 

Symbol Name Estimated Value Source 

   Reverse of Elasticity of Labor Supply 1 Demirel(2010) 

   Intertemporal Elasticity of Substitution in 
Private Consumption 

2 Demirel(2010) 

   Intra-temporal Elasticity of Substitution 
between Home and Foreign Final Goods 

2 
Gali and 

Monacelli(2005) 

   
Degree of Openness to Foreign Commodity 
Market 

0.4 
Gali and 

Monacelli(2005) 

   
Intra-temporal Elasticity of Substitution 
between Regular and Temporary Workers 

[0.0211, 0.0365] - 

   
Weight on the Regular Workers in Firm’s 
Production 

0.67 - 

   Wage Bargaining Power of Regular Workers [0.1, 0.4] 
Matsui and 

Yoshimi(2015) 

   Time Discounting Factor 0.99 Woodford(2003) 

 

2 The data was obtained from Korean Academy of Management (2013). 
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Table 1. Continued 

Symbol Name Estimated Value Source 

   
Intra-temporal Elasticity of Substitution 
among Final Goods 

11 Woodford(2003) 

   Markup Revenue 1.1 Woodford(2003) 

   Degree of Price Stickiness 0.7 Woodford(2010) 

B   Degree of Financial Market Friction 42 
Christiano et 

al.(2005) 

Y   Steady State Value of Output 0.6324 - 

C   Steady State Value of Home Consumption 1.5608 - 

N  Steady State Value of Total Labor Force 0.6324 - 

FB   Steady State Value of Foreign Bonds 0 - 

A   
Autoregressive Parameter of Domestic 
Productivity Shock 

0.7 
Neumeyer and 

Perri(2005) 

Z   
Autoregressive Parameter of Domestic 
Monetary Policy Shock 

0.9 
Smets and 

Wouters(2002) 

Y   
Autoregressive Parameter of Foreign Demand 
Shock 

0.86 
Gali and 

Monacelli(2005) 

A  
Standard Deviation of Domestic Productivity 
Shock 

0.07 
Neumeyer and 

Perri(2005) 

Z   
Standard Deviation of Domestic Monetary 
Policy Shock 

0.01 
Smets and 

Wouters(2002) 

Y   Standard Deviation of Foreign Demand Shock 0.007 
Gali and 

Monacelli(2005) 

   
Monetary Policy Parameter for Log of 
Inflation 

1.5 Gali(2008) 

Y   
Monetary Policy Parameter for Log of Output 
Gap 

0.125 Gali(2008) 

R   Policy Anchor Value of Interest Rate 1.0264 - 
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2. The Effect of Labor Friction on the Economic Volatility 
 
Figure 3 shows the impulse responses of the macroeconomic variables to the 

negative domestic productivity shock. It represents the responses of the baseline 
model(“baseline”) along with the case of the higher level of elasticity of 
substitution between two types of workers(“high substitutability”) and the case of 
the higher share of the temporary workers in the production process(“less weight 
on regular employment”). When a negative shock comes in the economy, the 
output and the consumption decrease. This leads to the decline in AD curve, which 
increases wages for both workers. Since the productivity shock is a homogeneous 
one across all types of workers, the direction of its effect moves in the same 
direction. The increasing wage level leads the increasing marginal cost which 
positively affects the overall rates of CPI and the domestic inflation. In the case of 
high substitutability between types of workers, volatilities in most macroeconomic 
variables are higher than ones in the baseline assumption. The reason of this is that 
the higher value of   plays an important role in the determination process of 
wages, and thus it also affects the marginal cost and the other macroeconomic 
variables. The higher level of elasticity of substitution directly increases the wage 
volatility through equation (62) to (65), while there might be more efficient 
allocation of resource with that higher substitutability, which would be found in 
Ramsey type welfare measurement that is not present in this paper. As the elasticity 
of substitution between labors goes up, the labor elasticity of Nash bargaining also 
increases, which can affect overall wages and the marginal cost. The case of higher 
weight on temporary workers induces the similar results. The lower weight on the 
regular workers in the firm’s production process induces the same effect with the 
less Nash bargaining power for regular workers in their wage contracts process. 
This leads the more unstable wage position for the regular workers, and also 
negatively affects the wage volatility of temporary workers through equation (64). 
Therefore, the overall macroeconomic dynamics show highly fluctuates when 
there are higher level of substitutability between two types of workers and higher 
weight on the temporary workers.  
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Figure 3. Impulse Responses to 1% Negative Domestic Productivity Shock 

  
Fig.3. Baseline( 0.211, 0.67   ), high substitutability( 0.365, 0.67   ), and less weight on 

regular workers( 0.211, 0.3   )  

 
 

IV. CONCLUSION 
 

In this paper, I derive the equilibrium of DSGE model associated with a partially 
given Nash bargaining power and a financial fragility in order to study the effect 
of an elasticity of substitution between regular and temporary workers and a share 
of regular workers in a firm’s production process on economic dynamics. As a 
result, the higher level of the substitutability and the lower share of regular workers 
derive the higher level of volatilities in most macroeconomic variables. This is 
because the higher elasticity of substitution creates more fluctuations in wage 
determination process while the lower share of regular workers weakens the Nash 
bargaining power for the regular workers in their wage contract process.  
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There are many limitations in this paper which should be done in further studies. 
First, the welfare analysis could possibly provide more detailed or improved 
implications. For instance, the higher elasticity of substitution would strengthen 
the economy in terms of an aggregate welfare because it could possibly contribute 
to the efficient allocation of labor resources. Second, a comparison with financially 
frictionless condition is also necessary, but it was not able to be done in this paper 
because of technical issue that the zero financial adjustment cost condition leads a 

non-steady state status. A parameterization on B  has been varied but there was 

an ongoing problem. Third, more international dimension should be discussed. For 
instance, this paper only assumes a perfect exchange rate pass-through condition, 
but it would be relaxed with more realistic assumptions such that LCP (Local 
Currency Pricing). Another robustness test is required.  
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