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Identifying Uncertainty Shocks due to 
Geopolitical Swings in Korea

Using a novel set of instrumental variables in a structural VAR framework, 
we investigate the economic impact of uncertainty shocks stemming from 
geopolitical swings in South Korea. We construct robust instrumental variables 
for examining the variations in uncertainty due to geopolitical swings by 
observing high-frequency changes in financial asset returns and their volatilities 
at around the times of such geopolitical events. Our empirical results show that 
heightened (reduced) geopolitical uncertainty has a negative (positive) impact on 
macroeconomic outcomes in South Korea. We provide evidence that financial 
and capital market movements – fluctuations in exchange rates and sovereign 
spreads, changes in financial asset prices and market volatility, and swings in 
foreign investment – play important roles in the transmission of uncertainty 
shocks.

Keywords: Uncertainty, Geopolitical risk, IV SVAR, South and North Korea.

JEL Classification: C32, D81, E32



1 BOK Working Paper No. 2018-26

Ⅰ. Introduction

An extensive body of literature has examined the role of uncertainty 

shocks in explaining business cycle fluctuations (Gilchrist, Sim and 

Zakrajek, 2014; Ludvigson, Ma and Ng, 2015; Baker, Bloom and Davis, 

2016; Bachmann, Elstner and Sims, 2013; Bloom et al., 2018). Among a 

variety of uncertainties which can be classified according to their sources 

(financial, macroeconomic, policy uncertainties, etc.), new light has been 

shed on geopolitical uncertainty due to a series of recent events including 

ISIS’s terrorist attacks in Europe and the Middle East, the summit 

meeting between North Korea and the US, and so on. To the extent that 

geopolitical uncertainty plays an important role in business cycle 

fluctuations, understanding the natures and transmission channels of 

uncertainty shocks is a crucial issue for both policy makers and academia.

Estimating the dynamic causal effects of uncertainty is still 

econometrically challenging, because reduced-form shocks are potentially 

endogenous to economic fundamentals and structural shocks are 

unobservable. Among many empirical strategies for tracing out the 

structural shocks of uncertainty, one strand of the literature has attempted 

to use natural experiments such as disasters, terrorist attacks, and 

geopolitical events to identify exogenous variations in uncertainty (Baker 

and Bloom, 2013; Piffer and Podstawski, 2016). Building on this 

literature, we address the identification issue by proposing external 

instruments for geopolitical uncertainty shocks. While most studies in this 

strand focus on globally important events in order to identify exogenous 

uncertainty shocks and examine the effects on large economies, mostly 

the US, we exploit the regional geopolitical swings on the Korean 

Peninsula for identification and explore their domestic consequences in 

small open economy (SOE) of South Korea.1)

1) South Korea has been constantly exposed to geopolitical swings driven by diplomatic relations with North 
Korea since the 1950s. North Korea has sporadically conducted nuclear and missile tests, while there have 
also been times when the leaders of two Koreas have met to pursue the Sunshine Policy. Due to its 
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This paper examines the economic impact of the geopolitical 

uncertainty in South Korea by estimating a structural VAR model using 

the external instrument identification scheme (Stock and Watson, 2013; 

Mertens and Ravn, 2013).2) More specifically, we construct several 

instrumental variables (IVs) for geopolitical uncertainty in South Korea: 

the high-frequency movements of the exchange rate, the sovereign Credit 

Default Swap (CDS) premium, and the implied volatility of the stock 

market and the exchange rate, at the times of the geopolitical events, in 

order to pick up only exogenous variations due to the selected 

geopolitical events. We then estimate a structural VAR model that consists 

of sets of endogenous variables including an uncertainty measure and 

financial and macroeconomic variables in South Korea, as well as some 

control variables.

Consistent with earlier theoretical and empirical studies, our empirical 

results find negative (positive) impacts on financial asset prices and 

macroeconomic outcomes due to heightened (reduced) uncertainty 

following geopolitical shocks. Specifically, heightened uncertainty (a 1 

percent increase in the VKOSPI), identified by both tension escalating and 

tension easing events, causes equity prices to fall by 0.25 percent, the 

domestic currency to depreciate by 0.2 percent, and capital inflows to 

decline by 80 million US dollars (USD). The three-year government bond 

yield falls by 20 basis points. The same amount of rise in uncertainty 

causes decreases in the CPI of 0.02 percent and in industrial production 

of 0.03 percent. The response of industrial production is only marginally 

significant at 2- and 3-month horizons, while that of consumer prices is 

significant up to four months after the initial uncertainty shock.

Our estimation strategies and findings contribute to the literature by 

proximity to North Korea, South Korea is the first country to be seriously affected if disastrous events 
materialize. Tension-easing events, such as summit meetings of the two Koreas, may promote peaceful 
reconciliation and increased economic cooperation. Therefore, the swings in geopolitics—either tensions 
or reconciliations—lead investors to reassess the South Korean economy.

2) This identification strategy is also referred to as proxy VAR or IV VAR. Throughout this paper, we use the 
terms interchangeably.
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empirically testing various theoretical channels of the propagation of 

uncertainty shocks in SOEs.

First, we develop IVs that explore diverse avenues for capturing 

exogenous variations in uncertainty attributable to geopolitical swings. 

Having acknowledged geopolitical surprises, economic agents will adjust 

their beliefs about the future economic outcomes and associated 

probabilities in a variety of ways. When evaluating the uncertainty 

surrounding the time of an event for an SOE, one may be inclined to 

first determine how the development of this event affects the country 

credit risk. To capture the changes in sovereign risk due to swings in 

geopolitical uncertainties, we consider the changes in the CDS premium 

at around the event dates. Furthermore, the immediate changes in 

exchange rates after a geopolitical event can capture the global investors’ 

evaluation of the surprise impact on domestic economic fundamentals. 

With the USD being a safe haven currency, geopolitical surprises to the 

South Korean economy may lead to changes in the exchange rate of the 

Korean Won (KRW) against the USD. Finally, we use changes in the 

implied volatilities of equity returns or exchange rates at around the 

times of geopolitical events as our instrument for incorporating the 

perceived changes in market-based measures of uncertainty at around the 

times of the surprises.

The existing literature constructs IVs using dummy variables of globally 

important disastrous events (Baker and Bloom, 2013; Carriero et al., 

2015) or changes in the price of gold at around the times of the similar 

events (Piffer and Podstawski, 2016). We bridge the gap in the literature 

by expanding the scope of IVs that are relevant to SOEs, and examining 

the results by employing different IVs. Unlike earlier studies that focus 

only on a single IV channel, and emphasize either the role of volatility 

or that of flight to safe-haven assets, we simultaneously consider the 

multiple IV channels in a unified set-up.

In tandem, we carefully investigate the transmission channels of 

geopolitical uncertainty through the financial and exchange markets in an 
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SOE. In addition to the traditional “wait-and-see” channel of uncertainty 

shock transmitted to macroeconomic activities, such as investment and 

consumption, we test the financial channels that are expected to play 

important roles in SOEs.3) Moreover, to shed some more light on the role 

of exchange rates in the propagation of uncertainty shocks, which is still 

nascent in the literature, we employ a counterfactual analysis which blocks 

the exchange rate channel in the impulse response functions. In doing 

so, we determine whether the exchange rate acts as a shock absorber or 

a shock amplifier. Our results indicate that the exchange rate channel can 

mitigate the adverse effects in the equity markets, while it can also 

trigger risk-taking behaviors by economic agents and thereby induce an 

increase in credit spreads upon the occurrence of heightened uncertainty.

Finally, we consider the asymmetric effects of geopolitical uncertainties, 

by explicitly distinguishing between tension-increasing and tension-easing 

episodes. Our comprehensive list of events enables us to construct the IVs 

that identify uncertainty shocks during the different types of geopolitical 

events. One of our findings is that the adverse effects of uncertainty are 

more pronounced during the tension-increasing episodes. Interestingly, the 

results indicate that not all positive events have led to decreases in 

uncertainty and, in many cases, the level of uncertainty as measured by 

the market volatility has actually increased even after events of 

reconciliation. In contrast, market participants react strongly to 

tension-increasing events, and the perceived uncertainties increase sharply 

as a result. These findings suggest that the variations of uncertainty in 

response to geopolitical events may have upward or downward rigidities 

depending on the features of the events.

Our paper is related to two different strands of the literature – on the 

identification of structural shocks by external instruments, and on the 

financial and macroeconomic effects of uncertainty shocks. Earlier studies 

3) Financial channels of uncertainty transmission are studied in several papers. See, for instance, Caldara and 
Iacoviello (2018) and Gourio, Siemer and Verdelhan (2016) for the sovereign risk channel, and Gilchrist, 
Sim and Zakrajsek (2014) for the asset-price channel.



5 BOK Working Paper No. 2018-26

of the relationship between business cycle fluctuations and uncertainty 

employ recursive structures of SVAR in identifying uncertainty shocks. For 

example, Baker, Bloom and Davis (2016) assume that the variations in 

their uncertainty index (Economic Policy Uncertainty) are exogenous to 

other structural shocks in the model, and place the uncertainty index as 

the first variable in a SVAR system. However, the exogeneity of such 

measures is still debatable. Ludvigson, Ma and Ng (2017) show that 

higher macroeconomic uncertainty about real economic activities is often 

an endogenous response to other fundamental economic shocks. Against 

this backdrop, a few papers (Baker and Bloom, 2013; Piffer and 

Podstawski, 2017) have started to borrow the empirical tool of SVAR with 

external instruments from the studies on the identification of monetary or 

fiscal policy shocks (Stock and Watson, 2012; Mertens and Ravn, 2013; 

Gertler and Karadi, 2015). We employ the same empirical strategy, but 

with more refined instruments that consider different types of geopolitical 

events and use intraday variations to trace the exogenous uncertainty 

shocks.

Our work builds on previous research on the economic impacts of 

geopolitical risks or uncertainties. The most recent paper by Caldara and 

Iacoviello (2018) constructs a novel measure of geopolitical risk (GPR 

index) using news articles of global newspapers, and estimates the impacts 

of geopolitical uncertainty shocks on economic activities through a 

cross-country panel regression. They find that increases in geopolitical 

uncertainty are associated with declines in industrial production, with the 

effects being particularly significant in advanced countries.4) However, we 

note that the GPR index for SOEs is not free from endogeneity issues 

due to the simultaneous interactions between financial asset prices and 

the monthly index of geopolitical uncertainty, or from the potential 

4) Caldara and Iacoviello (2018) summarize the literature on the economic consequences of wars, terrorist 
attacks, and other forms of collective violence. The list includes Blomberg, Hess and Orphanides (2004), 
Tavares (2004), Glick and Taylor (2010), Moretti, Steinwender and Van Reenen (2014), and Aghion, 
Jaravel, Persson and Rouzet (2017).
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measurement error problem that a news-based index may entail. We 

therefore address these issues by employing external instruments in our 

VAR model, while using a market-based uncertainty measure to avoid the 

measurement error problem.

At the regional level, earlier studies have focused mostly on event 

studies to investigate the responses of the South Korean financial markets 

to military aggression by North Korea. For example, Kim and Roland 

(2014) conduct an event study and argue that the geopolitical events 

caused by North Korea have no significant impact on the financial 

markets as market participants consider the North Korean threats 

non-credible. Kim and Jung (2014) use microstructure data from 1999 to 

2012 and find a negative abnormal return in the stock market for North 

Korea’s nuclear tests.5) Recently, Gerlach and Yook (2016) have examined 

the responses of foreign portfolio investment to geopolitical conflict in 

South Korea, and found that foreign investors increase their holdings of 

Korean stocks following military provocations. Their main focus is the 

short-term financial market responses to North Korean military 

provocations. We depart from them by explicitly estimating the impacts of 

uncertainties on the financial and macro variables, and extending the 

sample period to include recent developments in geopolitical relationships 

in Korea.

This paper is organized as follows. Section 2 explains the estimation 

model and data. Section 3 describes the construction of the instrumental 

variables. Section 4 summarizes the main empirical results, and Section 5 

explains the robustness exercises. Section 6 then concludes.

5) Kim and Jung (2014) provide a comprehensive list of the literature. For example, Ahn, Jeon and Chay 
(2010) and Lee (2006) find negative effects of North Korean military provocations, while Nam (2002) 
document insignificant price responses to them.
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Ⅱ. Estimation model and data

Following the identification strategy proposed by Stock and Watson (2012) 

and Mertens and Ravn (2013), we estimate an SVAR model with external 

instruments. This estimation strategy offers attractive features in that it 

utilizes a set of information on exogenous shocks that are identified as 

external to the VAR and does not assume direct restrictions on the 

relationships between variables. As will be discussed in Section 3, we 

exploit high-frequency financial data to construct our external instruments, 

as suggested by Gertler and Karadi (2015).

   Ⅱ-1. Econometrics model

Let    be a vector of endogenous variables. Let   and   be 

conformable matrices and   be structural shocks. The structural form 

VAR with iid white noise shocks is written as follows:

                  
  



                                                    (1) 

Multiplying both sides of the equation yields the reduced form 

representation of the VAR:

             
  



                                                       (2)       

where   
   and   is the reduced form shock that satisfies

                                                                                 (3)

with      . We denote   as the variance-covariance matrix of the 

reduced form VAR model. The relationship between the structural and 
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the reduced form shocks leads to restrictions on identifying the structural 

shocks:

             ′   ′                                                 (4)

Let ∈   be an uncertainty measure with   being structural 

uncertainty shocks. Let s denote the column vector in S that corresponds 

to  . The main concern is to estimate the responses of the economic 

variables in the VAR by the structural uncertainty shock,  .

        
  



                                                   (5)

Restrictions are necessary for estimating the coefficients of  in 

Equation (5) and the variance-covariance matrix in Equation (4).

Recursive identification schemes have been commonly used in the 

earlier related studies; an uncertainty index is ordered first among the 

other endogenous variables in the SVAR system, based on the assumption 

that the uncertainties are completely exogenous to the other macro and 

financial variables. However, there have been debates in the literature 

over whether the short-term zero restrictions are valid in identifying 

uncertainty shocks in an SVAR model.6) If the uncertainty index is not 

exogenous to other structural shocks, then the results based on timing 

restriction through Cholesky decomposition cannot properly address the 

question of interest.

We argue here that the use of the implied volatility of the equity 

market as an uncertainty variable in a SVAR model can lead to potential 

endogeneity issues, as with the other popular measures of uncertainty. 

6) For instance, Ludvigson, Ma and Ng (2017) document a two-way relationship between macroeconomic 
and financial uncertainties and the business cycle. To obtain credible interpretations of structural shocks, 
they exploit information from external variables and the timing of extraordinary economic events in order 
to identify structural vector autoregressions.



9 BOK Working Paper No. 2018-26

Specifically, if we include the market volatility index in a monthly SVAR, 

the identified uncertainty shocks under conventional recursive identifying 

assumptions can be endogenous to other financial and macroeconomic 

shocks.7) First, there can be simultaneous interactions between monthly 

financial variables and uncertainty. Second, in a SOE, the financial and 

capital markets are easily affected by external factors, implying a stronger 

linkage between uncertainty and the financial markets. If we neglect such 

important factors in our specification, it may cause an omitted variable 

problem.

Against this backdrop, we employ IV VAR identification rather than a 

recursive scheme. By doing so we can exploit the information contained 

in external instruments and avoid the potential problems caused by 

arbitrary assumptions on the structural parameters. Let ′ be a vector of 

an instrumental variable, and 
 be structural shocks other than the 

uncertainty shock. Rewriting Equation (3) yields

                

                                                         (6)

For the validity of the instruments, the relevance and exclusion 

restriction conditions must be satisfied:

                                                                                   (7)

 
                                                                   (8)

The identification of structural shocks then boils down to estimating 

the following, by combining the relationship between the structural and 

the reduced form shocks in Equation (3) and identifying the conditions of 

7) Among many studies, see Ludvigson, Ma and Ng (2015), Gilchrist, Sim and Zakrajsek (2014), Arellano, 
Bai and Kehoe (2012).
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IV estimation in Equations (7) and (8):

                                                    (9)

where   is the responses of   to structural uncertainty shocks,  . Since 

we can estimate    by two stage least squares (2SLS) estimation, we 

can identify   up to an unknown scalar . Then, with covariance 

restrictions,    ′,   can be estimated.8)

   Ⅱ-1. Data and estimation

Following Baker, Bloom and Davis (2016), Choi and Shim (2018), and 

Kim and Lim (2017), our benchmark estimates for the dynamic 

macroeconomic effects of uncertainty shocks are estimated by a SVAR with 

seven monthly endogenous variables. Notably, the SVAR model comprises 

the log of the implied volatility of the South Korean equity price index 

(VKOSPI), the log of the equity price index (KOSPI), the log of the 

nominal foreign exchange rate against one unit of the US dollar (FX), 

the net inflows of capital of foreign investors (CF),  the three-year 

government bond yield (KTB3y), the log of the domestic consumer price 

index (CPI), and the log of the seasonally-adjusted industrial production 

(IP).9) In addition, following the previous literature, we include three 

external variables to eliminate any exogenous latent factors that may 

influence endogenous variables in the VAR system simultaneously: a global 

8) The estimation procedure is sketched in Appendix A.
9) The variables are specified in levels to enable the VAR model to pick up any potential co-integrating 

relationship among them, following Hamilton (1994), Sims, Stock and Watson (1990). These researchers 
claim that differencing the variables to obtain stationary series may cause a discarding of the information 
of the true data generating process by imposing incorrect cointegrating restrictions. They therefore suggest 
a modeling strategy of using VAR in levels so as to avoid the risk of inconsistency in the parameters. For 
robustness, we estimate the benchmark specifications with log differenced variables that could be 
non-stationary (KOSPI, exchange rate, CPI and IP). We find that the impulse responses do not cause any 
substantial changes in the main results. See the estimated IRFs in Appendix E.
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financial crisis dummy, the US Federal Fund Rate, the log of 

seasonally-adjusted industrial production of the US. We expect the Federal 

Funds Rate and industrial production to control the effects of global 

liquidity and demand. Detailed definitions and sources of the data are 

provided in Appendix B.

We choose the implied volatility of the equity price (VKOSPI) as our 

uncertainty measure for the baseline estimation. The choice of the 

uncertainty measure is undoubtedly central to the analysis. In general, the 

term uncertainty is used when we have absolutely no knowledge of 

potential realizations and assigned probabilities, the unknown unknowns. 

Once we have information about the possible realizations and their 

associated probabilities, we can evaluate the risks, the known unknowns, 

that are associated with the uncertainties. Although the recent literature 

has extensively discussed the difference in the definitions of uncertainty 

and of risk,10) the distinction between the two is still rather vague. In 

fact, a substantial body of literature uses the two interchangeably.11) But 

instead of being locked up in the strict distinction between the two 

concepts, we focus here on the more interesting issue, examining the 

features of our measure of uncertainty, the implied volatility, and clearly 

acknowledge how we interpret the empirical results in relation to the 

attributes of the measure.

The implied volatility has several distinctive features compared to other 

measures of uncertainty. First, changes in implied volatility contain 

information about the probability assigned to each possible outcome, and 

about investors preferences or attitudes toward risk. Changes in the 

implied volatility can depict compensation for both upside and downside 

risks (Feunou, Jahan-Parvar and Okou, 2017). The upside risk represents 

the investors’ attitudes toward the risk associated with positive events and 

10) Jurado, Ludvigson and Ng (2015) distinguish the concept of macroeconomic uncertainty from the VIX 
index that captures relatively short-term risks. Bekaert, Hoerova and Duca (2013) decompose the VIX 
into risk aversion and uncertainty components.

11) For example, Caldara and Iacoviello (2018) discuss the risks or uncertainties associated with geopolitics, 
and use the two without any clear distinction between them.
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its potential gains, while the downside risk represents the compensation 

that market participants demand for bearing the possible losses from the 

negative events. Market participants may react to positive and negative 

unanticipated events differently and the magnitudes and signs of the 

upside and downside risks can vary depending on the underlying events. 

In this paper, we consider the impact of uncertainty induced by either 

tension-increasing or tension-decreasing events originating from North 

Korea. Therefore, the variations in the VKOSPI are an appropriate 

measure for estimating uncertainty in our SVAR system.

Second, the implied volatility measure of uncertainty is a market-based 

measure that captures the market responses to the contents of news. 

Recently, news-based uncertainty measures have been widely used in 

empirical studies in line with the rapid development of big data 

technologies. Examples include the Economic Policy Uncertainty (EPU) 

index of Baker, Bloom and Davis (2016) and the Geopolitical Risk (GPR) 

index of Caldara and Iacoviello (2018). Despite its usefulness in having 

condensed information, the news-based uncertainty index has some 

drawbacks. It could suffer from measurement error problems. If the index 

is based on a keyword-search, it is likely that the algorithm does not 

distinguish between the tension-increasing and tension-decreasing events 

due to a false positive problem. For example, the algorithm may falsely 

count a positive news article with double negation to be negative. To 

mitigate this problem, earlier studies conducted human audits to check 

whether the computer-generated indexes and the human-generated 

indexes were highly correlated. However, this method cannot completely 

rule out Type I/II errors. In addition, news may have mixed signals to 

the financial markets which the news-based index cannot capture, as 

Pastor and Veronesi (2017) suggest.12) Unlike news-based indices, the 

implied volatility can gauge the precision of the signals from news as 

12) Pastor and Veronesi (2017) examine a relatively high level of EPU with unusually low volatility observed 
after US President Trump was elected, and provide theoretical guidance that news-based index cannot 
account for the precision of the signals that the news generates.
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evaluated by financial market participants. For instance, news about North 

Korea’s empty threats may be regarded as irrelevant by investors, and 

market volatility may not rise substantially.

The other endogenous variables are included so as to capture the 

financial and macroeconomic channels through which the uncertainty 

shocks are transmitted. Specifically, we examine the channels through 

which uncertainty affects the business cycle fluctuations through the 

financial markets in SOEs. In order to investigate such channels in our 

SVAR model, we include the nominal exchange rate and capital flows, as 

well as the domestic aggregate economic variables as in the standard 

specification in the literature.

First, we include the stock market index that has been commonly 

employed in the VAR specifications in the uncertainty literature. It is also 

reasonable to expect the dynamics stock market volatility to be related to 

that of the level of the stock market index. If uncertainty increases, the 

stock market returns will drop immediately because the market anticipates 

adverse effects on future economic growth due to the wait-and-see effect.

Next, we include the nominal exchange rate against the US dollar in 

our baseline specification, instead of the nominal effective exchange rate 

(NEER).13) This is mainly because we are interested in the role of the 

exchange rate in the international financial markets, as well as in the 

responses of the exchange rate to an uncertainty shock itself. Generally, 

we expect that an increase (decrease) in uncertainty due to geopolitical 

events will cause a depreciation (appreciation) of the local currency. 

Besides the expected responses, the exchange rate can play a key role in 

transmitting the uncertainty shock to the economy.

In particular, we examine two opposing roles of the exchange rate in 

passing on uncertainty shocks to the economy. First, the exchange rate 

can absorb shocks and mitigate the effects of uncertainty. SOEs with 

floating exchange rates are able to cope with negative shocks better 

13) Although the trade channel is not of our major interests in the baseline model, we estimate the responses 
of the NEER and the current account for a robustness check in Section 5.
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because of their stabilization effects. For example, a flexible exchange rate 

can provide protection against adverse shocks by reducing the demand for 

imports while strengthening the terms of trade in the medium run. In 

the short run, immediate exchange rate adjustment upon adverse shocks 

can moderate the variability, limiting sharp declines in stock prices.

On the other hand, the exchange rate may act as a shock amplifier. 

As the theory of the currency risk-taking channel (Hofmann, Shim and 

Shin, 2017) suggests, an exchange rate depreciation (appreciation) may 

affect investors’ risk-taking and the supply of credit. If the currency-risk 

taking channel is strong, depreciation will mean increased values of 

dollar-denominated debts and lead to a reduction in the country’s dollar 

borrowing capacity, resulting in an increased credit spread and large 

capital outflows.

We examine how these two opposing roles of the exchange rate affect 

the transmission of an uncertainty shock to an open economy by 

counterfactual analysis. We set the impulse responses of the exchange rate 

to zero and see whether the responses of other financial and macro 

variables are dampened or amplified compared to the baseline estimation 

results.

Next, we consider the cross-border transactions in equity securities as 

an endogenous variable. To investigate the responses of foreign investors’ 

short-term portfolio reallocations, we use the sum of equity securities 

(liabilities), short-term debt securities (liabilities) and short-term loans 

(liabilities) from the Balance of Payments data. Consistent with the 

literature (e.g. Gourio, Siemer and Verdelhan, 2016), we expect the future 

capital inflows by foreign investors to decrease when uncertainty 

increases.14)

The rest of the endogenous variables (the three-year government bond 

yield, CPI inflation, and industrial production) are standard in the related 

14) In Section 5, we provide robustness exercises for the different compositions of capital flows to check the 
sensitivity of the results. For example, we consider short- and long-term foreign capital flows and capital 
inflows from foreign investors and outflows of domestic investors.
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literature. The previous studies of the “demand” type uncertainty effects 

in the US suggest declines in production, inflation and interest rates after 

an increase in uncertainty (Bloom, 2009; Leduc and Liu, 2015). The 

reduction in interest rates can be explained by a decline in the future 

inflation expectations and the central bank’s reaction to the adverse 

economic conditions due to uncertainty.

The sample consists of monthly time series for the period from 

January 2003 to December 2017. The lag lengths of the VAR are selected 

based on the Schwarz information criteria or Hannan-Quinn information 

criteria. All impulse responses are computed for a forecast horizon of 24 

months. We report 68 and 95 percent confidence intervals, computed by 

a recursive wild bootstrap using 10,000 replications as in Mertens and 

Ravn (2013).15)

Ⅲ. Construction of the IVs for uncertainty shocks

As discussed earlier, we address the endogeneity problem of our 

uncertainty measure, the VKOSPI, by a SVAR with external instruments 

using high frequency data. In particular, we exploit the events that 

generate geopolitical swings and construct the IVs with daily or intraday 

changes at around the times of the events that are exogenous to other 

structural shocks in monthly frequency.

   Ⅲ-1. Collecting the Events

We compile all of the relevant events that may affect geopolitical swings on 

the Korean Peninsula based on the archives published by the Arms Control 

Association (https://www.armscontrol.org) and the Ministry of Unification of 

South Korea (http://www.unikorea.go.kr/eng_unikorea/). We categorize the 

15) The standard residual bootstrap can be inappropriate when the proxy variable contains many zero 
observations.
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events into two major groups: (1) tension-creating events and (2) 

peace-building events. We consider missile tests, nuclear weapons related 

events, and regional military provocations in the former category. For 

the latter, we compile the important bilateral talks and agreements 

between South and North Korea and multilateral talks among South and 

North Korea, the US, China, Russia and Japan. We exclude events that 

are characterized by verbal threats. Nonetheless, the initial list is 

extremely comprehensive, consisting of 389 events.

In search of events that are meaningful enough to affect uncertainty in 

the South Korean financial markets and real activities, we exploit the 

Google Trend (https://trends.google.com/trends) data to incorporate the 

relative importances of the events as perceived by individuals. Google 

Trend reports the searches whose traffic increased significantly among all 

searches over the previous 24 hours, and adjusts the data to make 

comparisons between different time periods easier.16) In particular, we 

retrieve the Google Trend weekly series of search terms related to each of 

the two categories. The search topics are “North Korea missiles,” “North 

Korea nuclear,” and “North Korea military” for the tension-increasing 

events, and “North Korea South Korea agreement,” “North Korea South 

Korea meeting,” “North Korea peace,” and “North Korea 

denuclearization” for the peace-building events. We then compute the 

sums of the search indices across the topics by week to see whether there 

were any significant increases in searches on the weeks when the listed 

events happened in comparison with the previous weeks.17)

As a result 87 events are selected for our baseline analysis, 40  

tension-increasing events and 47 reconciliation events. The full list of the 

16) Search results are proportionate to the time and location of a query. That is, in order to compute the index, 
the number of times that a specific search is carried out is divided by the total number of searches in the 
corresponding geography and time range that it represents. The numbers are then scaled on a range of 0 to 
100, based on the topics, proportions among all searches on all topics. We use non real-time data provided 
by Google, which is drawn from a random sample of Google search data. For a detailed explanation, see 
https://trends.google.com/trends.

17) We also consider the searches in the following weeks, since interest in the topics may persist for awhile.



17 BOK Working Paper No. 2018-26

events is summarized in Appendix C. Due to the instantaneous and 

detrimental nature of tension-increasing events, we can easily trace these 

events time-stamped up to minutes from the information sources. 

However, the meetings, talks and/or agreements are identified by their 

dates. This is partly because these events, by their natures, involve 

continuing processes. For example, the information at the time when a  

summit meeting begins may have less value than that at the time of the 

announcement of an agreement if the contents and scope of the 

agreement have been difficult to anticipate. Therefore, news agencies or 

other information sources tend not to record the exact hours or minutes 

of these events. Also, the market responses to the reconciliation events 

have a propensity of not being as prompt as the responses to the events 

induced by military provocations.18)

   Ⅲ-2. Computing the IVs

To construct the IVs for our estimation, we compute the changes in the 

sovereign CDS premium (IV CDS), the exchange rate (IV FX), and the 

implied volatilities of the equity index (IV VKOSPI) and the exchange 

rate (IV FX VOL) at around the times of the selected geopolitical events. 

We select these four base financial variables for two reasons. First, they 

have exhibited immediate but sensitive responses during times of 

uncertainty due to geopolitical swings. Generally, the best candidate as 

such a base variable is one that can be explained solely by the market 

expectations about uncertainty. One related example is the rate on 

Federal Funds Futures contracts in the US which is used in Gertler and 

Karadi (2015) to identify structural monetary policy shocks. Unfortunately, 

the forward and futures markets in South Korea have not seen sufficient 

18) Admittedly, the announcements of peace-building events may have substantial effects on the financial 
markets. However, we cannot rule out the possibility that there might be more significant impacts on the 
days of the meetings themselves, because the specific terms of the agreements are finally revealed after 
the meeting.
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developments, so that neither forward nor futures contracts of the 

VKOSPI are available. Therefore, to capture the variations in market 

implied uncertainty, we rely on the variables that change substantially and 

immediately before and after the events.19) Second, these base variables 

are chosen to enable us to investigate different financial market reactions 

to geopolitical swings: changes in sovereign risk, the exchange rate, and 

volatility. This approach will provide the information relevant to different 

types of IVs and their impacts on other financial and macro variables in 

the SVAR system.

We outline here the different aspects that each IV can demonstrate. 

First, changes in the CDS premium on government bonds reflect the 

changes in investors’ attitudes toward sovereign risk upon occurrence of a 

geopolitical event. In general, a CDS contract transfers the default risk of 

a certain bond, either corporate or sovereign, from the protection buyer 

to the protection seller. When a predefined credit event occurs, the buyer 

is compensated by receiving the difference between the notional amount 

and its recovery value after the event. The CDS premium is the cost for 

such protection against credit events. Therefore, the changes in sovereign 

CDS premiums during episodes of North Korean military threats or of 

progress in talks among the countries involved may reflect the changes in 

the market pricing of credit risk of South Korea due to these events. 

Compared to the approaches using the dummy variables of events (e.g. 

Baker and Bloom, 2013), our approach picks up the market pricing of 

the relative importances of events represented in the sovereign credit 

market. This channel may play a crucial role for understanding the 

variations in uncertainty and their effects in SOEs.

Second, the news about geopolitical events conveys important 

information for international investors’ investment strategies, and is 

associated with changes in the exchange rate. Currency strategies often 

seeks after safe haven assets in times of high uncertainty. The escalation 

19) Numerous studies have examined the high-frequency changes in exchange rates, equity returns, and the 
market volatilities of equity prices and exchange rates through event studies.
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of geopolitical tensions in Korea cuases a sharp reduction in the demand 

for its currency as investors become less willing to invest their money in 

South Korean assets due to portfolio rebalancing. A reconciliation mood 

in Korea may have two forces, which work in opposite directions. In 

general, a peaceful mood on the Korean Peninsula is favorable news to 

investors and may lead to exchange rate appreciation. However, we 

cannot rule out cases where the results of the meetings or the details of 

agreements are vague or disappointing, and the currency as a result 

weakens.

Finally, the implied volatilities of the equity market (VKOSPI) and the 

FX market (FX VOL) vary when there are swings in geopolitics. The 

change in the implied volatilities at around the times of an event contain 

the variance risk premiums that represent the market valuations of both 

the upside and the downside risks of the event. Therefore, the implied 

volatility closely traces the variations in uncertainty at the times of the 

geopolitical events. We compute the changes in the VKOSPI index at 

around the times of the events as an instrumental variable for uncertainty 

in our VAR model. Similar to the VIX (Chicago Board Options Exchange 

Volatility Index) of the US equity market index, the S&P 500, the 

VKOSPI measures the one-month ahead volatility of the KOSPI 200 

index. We also consider the implied volatility of the three-month ahead 

KRW/USD exchange rate, to examine whether the dynamics of the two 

volatility measures at around the times of the geopolitical events are 

different.

To account for the differences in the persistence of financial market 

reactions after geopolitical events have materialized, we exploit the 

richness of the financial market data in South Korea and use both daily 

and intraday, either 30-minute or 5-minute window, changes where data is 

available.20) In particular, we obtain the VKOSPI index in 1-minute 

20) Ideally, the narrower interval, the 5-minute one, is preferable for capturing the exogenous financial 
market responses, but it is also probable that news may be released with delays. If there are such errors in 
reporting time, the 5th minute after an event may not be sufficiently late to observe the market responses. 
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intervals from the KRX (Korea Exchange) and the KRW/USD exchange 

rate in 5-minute intervals from Tick History of Thomson Reuters. The 

daily databases of the CDS premium, the KRW/USD exchange rate, the 

VKOSPI, and the FX VOL are collected from Bloomberg.21) As discussed 

earlier, we compute the daily changes for the events identified as 

involving reconciliation between the two Koreas, while the changes on the 

days of tension-increasing events are computed based on both daily and 

high frequency data. The sample period of each base financial variable is 

shown in Appendix B.

For the daily IVs, we compute the percentage variations of selected 

variables at around the time of the event day. Given the event,  for 

       , we compute the percentage variations   between the last 

available daily quote before the time of the event and that after the time 

of the event. The daily quotes retrieved from Bloomberg are based on 

the last price.   denotes the date of an event  ,   the time stamp on 

the day, and   the last price of the day . If   falls on a weekday 

(Monday to Friday) and between trading hours or before  trading hours, 

 is simply the change between the last price of   and the last price 

of   , i.e.    × . If the event happens on a weekday 

(Monday to Thursday) and after trading hours, we compute 

    ×  . Similarly, when the event happens after Friday 

trading hours and before Monday trading hours, we compute 

    × , where   is the last price on the next 

Monday after the event, and   the last price on the day of the event. 

This computation approach also applies to events occurring on public 

holidays. If the price quotes are based on the GMT or New York trading 

In contrast, the longer the intervals are, the more difficult it is to ensure exogeneity because the impacts 
of other factors can potentially affect the market responses. To account for this trade-off, we use the price 
changes over different intervals, daily, 30- and 5-minute windows, for computing the IVs, and impose 
overidentifying restrictions in IV VAR.

21) CDS contracts are traded Over-the-Counter (OTC) and can be customized by the buyer and seller (Giglio, 
2011). Therefore, the most frequent series that we could use are the daily quotes from Bloomberg.
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hours, we adjust the event times in the local time zone accordingly.

Intraday changes are calculated at either 5- or 30-minute intervals. 

Basically, we apply the same rule in computing the intraday changes. If 

an event occurs during trading hours, we compute the changes between 

the price at the 5th or the 30th minute and the price at the time of 

the event,     ×  , where  denotes the price of the 

base asset at the th minute after the event j happens. If the event 

occurs after trading hours, we compare the closing price before the event 

and the opening price on the next day. Public holidays and 

Saturdays/Sundays are all treated in the same way as in the daily IV 

computation.

We then aggregate the computed daily or intraday series of   into a 

monthly series by summing the daily changes within a month.22)

   Ⅲ-3. Assessing the computed IVs

We have three dimensions that can categorize our IVs: types of events 

(Tension/Reconciliation), types of base assets (CDS/FX/VKOSPI/FX VOL), 

and measuring frequency (Daily/Intraday). The combinations of these 

dimensions provide us with a sizable number of candidates for the 

external IVs to be employed in our SVAR model.

To get a bird’s eye view of the IVs, we plot the daily and intraday IVs 

of the different base assets for all of the geopolitical events in Figure 1–3. 

As shown in the figures, the events are distributed evenly throughout the 

22) In Gertler and Karadi (2015), the computed (high-frequency) surprises on FOMC days are transformed 
into monthly average surprises. In particular, they accumulate the surprises during the last 31 days and 
average these monthly surprises over each day of the month. In their study, the timing of the FOMC date 
is important because if the date is at the beginning of a month, a monetary policy shock would have more 
influence on economic variables due to the persistence of the policy effects. However, assuming that the 
impacts of geopolitical events tend to decay more quickly than the monetary policy shocks, the 31-day 
adjustment may not be relevant to our study. For robustness, we implement IV VAR with monthly 
average surprises, and find that a 31-day adjustment reduces the relevance of the IVs for identifying 
geopolitical uncertainties. This result implies that the	 impacts of uncertainty shocks may be more 
instantaneous than those of monetary policy shocks.
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sample periods. Furthermore, we see that the signs and magnitudes of 

the changes differ depending on the types of the base assets or on the 

data frequencies. For example, among the daily IVs, the peaks occurred 

at different times. IV FX peaks when North Korea fires a new test missile 

on 10 March 2003; IV CDS and IV FX VOL peak when North Korea 

fires artillery rounds at the South Korean island of Yeonpyeong on 23 

November 2010; IV VKOSPI peaks in July 2017 with the consecutive 

Hwasong-14 ballistic missile (4 July) and ICBM (28 July) tests. The peaks 

in Figure 3, for the intraday IVs, are different from the ones seen in the 

daily IVs. Among the changes within the 30-minute window, the exchange 

rate rises substantially when North Korea announces that it has produced 

nuclear weapons on 10 February 2005, while the VKOSPI shows the 

largest increase when North Korea launches an LRBM carrying an earth 

observation satellite on 7 February 2016. Among the reconciliation events, 

IV FX, IV FX VOL, and IV VKOSPI drop significantly when the United 

States removes North Korea from its list of state sponsors of terrorism in 

October 2008, while IV CDS does when the leaders of Korea, Japan and 

China agree on joint efforts for progress of the six-party talks.

We investigate whether the financial market reactions to geopolitical 

events are consistent with the theoretical expectations. Table 1 shows the 

average daily changes in the base assets due to the identified geopolitical 

events. In summary, tension-increasing events are associated with exchange 

rate depreciations, and increases in the sovereign CDS premium and the 

market volatilities of the exchange rate and stock returns. Reconciliation 

events have the opposite consequences on the daily changes of the base 

assets: exchange rate appreciations and decreases in the CDS premium 

and the market volatilities.23) The relative strengths of the market 

23) While the average responses are consistent with the expectations, not all of the tension-increasing (or 
decreasing) events have shown the relationships with financial variables that are anticipated in theory. 
For example, after the launch of the Unha-2 rocket, the Korean Won appreciated even though this can be 
considered a tension-increasing event. This is because the attempted rocket launch had several stages, 
and the third stage failed. The stock market volatility responded as expected, however, i.e. it decreased. 
Therefore, we do not make any assumptions in advance, and include all IVs in the IV VAR model by 
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responses differ across the IV base assets and types of events. The overall 

responses to geopolitical events, both positive and negative, are the 

largest in the VKOSPI. The magnitude of the exchange rate appreciation 

when positive events happens is larger than that of the depreciation when 

negative events happens. The CDS premium and volatility indices show 

stronger increases upon tension-increasing events, while they decrease 

modestly upon events of reconciliation.24)

These findings highlight the point discussed earlier, that different IVs 

contain different information about the market-evaluated uncertainties 

following events. Therefore, we focus now on how they perform differently 

in the VAR model. Assuming that the high-frequency price changes of 

base assets are exogenous to the monthly variations of other financial and 

macroeconomic variables, the relevances of the IVs may give us a 

statistical barometer for evaluating them.25) In particular, we examine the 

relevances of the IVs in the first stage regression:


†
   

where 
†  is the residual from the uncertainty equation in the VAR 

system26) and    is a vector of IVs. If the IVs have higher correlations 

with the dependent variable, VKOSPI, in the first stage regression, they 

will be stronger instruments. We examine both the F-statistics and the R2 

for assessing the relevance.

Table 2–4 summarize the results. We find that the IVs identified by 

reconciliation events have higher F-statistics and R2 than those identified 

implementing overidentification restrictions. We are thankful to an anonymous referee for pointing this 
out.

24) See Appendix D for the correlation heatmap. The IVs are generally positively correlated but the 
coefficients are not large. The correlation coefficients among Intraday IVs are stronger than those among 
the daily IVs.

25) To ensure that other structural shocks are not present on the days of geopolitical events, we also check 
whether the dates of the geopolitical events coincide with the dates of the monetary policy decision 
announcements of the Bank of Korea. We find no overlaps of dates.

26) In Equation (2), the error term is denoted as  , which contains all of the errors of the equations in the 

reduced form VAR system. We distinguish the estimated residuals in the uncertainty equation, 
†

, from 
the errors,  .
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by tension-increasing events. Quite surprisingly, IV reconciliation explains 

over 10 percent of the monthly innovations in our uncertainty measure, 

the VKOSPI, while IV tension has a much smaller R2 of 3.7 percent. 

Among the IVs by base assets in Table 3, IV FX and IV VKOSPI have 

F-statistics larger than the others. In the case of IV FX in Table 4, the 

relevance increases if intraday data is used; the F-statistic increases from 

3.3 to 6.0, approximately. The F-statistic of the intraday IV VKOSPI drops 

from 4.3 to 2.0. In terms of R2, the intraday IV FX and IV VKOSPI 

explain 6.4 to 6.5 percent of the monthly variations in the implied 

volatility of the equity market.

In the case of the overidentifying restrictions, we also look at the 

t-statistics of the individual instruments.27) The sovereign CDS premium is 

the most significant individual IV in the case of IV All. However, if we 

divide the events into two categories, the daily changes in the exchange 

rate (t1 = −2.5 for IV Reconciliation and t1 = 1.6 for IV Tension) have 

more explanatory power. The VKOSPI is also a key determinant in IV 

Reconciliation.

Overall, the evidence in this section leads us to choose the intraday IV 

FX and the daliy IV VKOSPI as the main external instruments for the IV 

SVAR estimation.28) We also examine the comprehensive case of IV All, 

which includes all four base assets and two types of events. The Sargan 

overidentifying test does not reject the null hypothesis that our 

instruments are valid in these three cases. As seen in Table 5, the 

Chi-square statistics are well below the critical value at the 5% significance 

27) We have l instruments with the uncertainty equation to be estimated (k = 1). Since l ≥ k, the first stage 
regression is overidentified. The individual instruments in Table 2 are constructed using IV FX, IV CDS, 
IV FX VOL and IV VKOSPI (l = 4). The instruments in Table 3 are constructed using IV Reconciliation, 
IV Tension and IV All (l = 3). IV FX (intraday) in Table 4 is computed using IV Tension and IV All in 
30-minute intervals (l = 2). The instrument IV VKOSPI (intraday) in Table 4 is computed using IV 
Tension and IV All, both in 5- and 30-minute intervals (l = 3).

28) The rule of thumb value of the F-statistic is normally 10. However, as Cameron and Trivedi (2015) 
suggest, a less strict rule of thumb (F > 5) is also widely applied in the other microeconometrics literature. 
Considering variations in the VKOSPI may be induced by a broad range of underlying factors, including 
geopolitical swings, a magnitude of the F-statistic of around 5 is not small.
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level. Again, as the other IVs have important information about the 

market responses regarding the geopolitical swings, we do not ignore 

them completely. The results from the IVs that perform poorly in terms 

of their F-statistics and R2 also deliver meaningful information about 

different aspects of the financial market responses to uncertainty shocks.

Ⅳ. Results

Using the monthly IV SVAR with the uncertainty index (VKOSPI), stock 

returns, the exchange rate, foreign capital inflows, interest rates, the CPI 

and industrial production, we compute the Impulse Response Functions 

(IRFs) to an increase in uncertainty shock. In addition, we shut down the 

exchange rate channel and compute counterfactual IRFs. Notably, the 

counterfactual IRFs are computed by constructing orthogonalized 

exchange rate shocks so as to set the impulse responses of the exchange 

rate to an uncertainty shock to zero at all horizons, following Sokol and 

Cesa-Bianchi (2017). In the figures, the baseline IRFs are solid black lines 

and the counterfactual IRFs dotted blue lines.

First, we present the results of VAR with intraday IV FX in panel (a) 

of Figure 4.29) A 1 percent increase in the uncertainty measure, the 

VKOSPI, induces a roughly 0.25 percent decrease in the stock index, and 

a 0.2 percent depreciation of the exchange rate. The negative effects on 

the stock market and the exchange rate are significant nearly 3 to 4 

months after the initial shock. The short-term foreign capital inflows 

decrease by 80 million USD, with this effect fading after three months 

and slightly positive effects appearing within a half year. An increase in 

uncertainty produces a significant decline in the three-year government 

bond yield of nearly 20 basis points. The decrease in CPI inflation is 

0.02 percent and the reduction in industrial production approximately 

0.03 percent, which is consistent with the standard literature. However, 

29) The IRFs are computed based on a one unit increase in the log of the VKOSPI index.
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the responses of production to uncertainty shocks are marginally 

significant up until the two- and three-month horizonsat the 95% 

confidence interval.

We compare our baseline results to the empirical evidence in the 

literature. When comparing the responses of economic activities, the size 

of the uncertainty shock matters. Considering earlier studies and the 

historical patterns of the VKOSPI time series, we compare the responses 

of industrial production to a significant increase in the uncertainty index. 

Our empirical results show that a 40 percent increase in the VKOSPI 

induces a 1.2 percent decrease in production, consistent with earlier 

findings in the literature.30) Bloom (2009) considers a 15-point shock to 

the VXO (S&P 100 volatility) index, whose impact is a 1 percent decline 

in production. Jurado, Ludvigson and Ng (2015) suggest a four-standard 

deviation increase in their own measure, a macroeconomic uncertainty 

shock, which they argue is comparable to the magnitude of the 

uncertainty innovations in Bloom (2009). They find that their uncertainty 

shock causes industrial production to fall by 1.7 percent. Bachmann, 

Elstner and Sims (2013) find that a one-standard deviation increase in 

their uncertainty measure leads to a drop in production of more than 1 

percent. The estimated effects of Baker, Bloom and Davis (2016) are 

based on a 90-point increase in the EPU index for the US, and their 

estimate of the response of production is -1.2 percent. More recently, 

Bloom et al. (2018) documented that uncertainty shocks are associated 

with declines in GDP of around 2.5 percent in a dynamic stochastic 

general equilibrium model with heterogeneous firms.31)

Caldara and Iacoviello (2018) explore the impact of geopolitical risk by 

employing their news-based measure, the GPR index. They use a shock 

equal in size to the average change in the index due to the nie largest 

30) During the sample period (January 2003–December 2017), a one-standard deviation over the average of 
the VKOSPI is approximately 44 percent. We assume that one standard deviation from the average 
VKOSPI can be considered a significant increase in uncertainty.

31) Using simulations, the size of an uncertainty shock is defined as the percentage deviation of the average 
of any given aggregate variable in period t from its value in the pre-shock period.
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shocks in the past. They show that industrial production in the US 

shrinks quickly, bottoming out at -0.9 percent about 6 months after a 

shock of geopolitical uncertainty. An international panel model shows that 

a GPR shock has adverse global consequences: world industrial production 

declines by 0.5 percent one year after the shock. The adverse GPR effects 

are present in advanced countries mostly, while emerging economies do 

not respond on average. These findings are in line with our empirical 

results, although not exactly comparable because of the differences in the 

measures of uncertainty and in the scopes of estimation, an international 

panel versus a one-country VAR.

To study the quantitative importance of the role of the exchange rate 

in uncertainty shock transmission, each figure of the estimated IRFs plots 

the results from counterfactual analysis (the blue dotted lines). Mostly, the 

effects on the stock market are amplified if the responses of the exchange 

rate are set to zero. In other words, the adverse effects of uncertainty on 

the stock market returns are mitigated by the exchange rate adjustment. 

In SOEs, one of the crucial roles of the exchange rate is to absorb the 

impacts of external shocks in the financial markets. If an adverse external 

shock hits the economy, the exchange rate depreciates immediately, 

limiting any sharp decline in stock prices.

As opposed to the case of the stock market, we find evidence of the 

shock amplification effects of the exchange rate on government bond 

yields. The impulse responses of the three-year government bond yields 

are shifted downward from the baseline estimations in counterfactual 

analysis where the exchange rate channel is shut down. This implies that 

the interest rate would have been higher if the currency had depreciated 

due to the adverse uncertainty shock. As discussed earlier, this result can 

be partly explained by the currency risk-taking channel (Hofmann, Shim 

and Shin, 2017), where depreciation worsens the weakening of a country’s 

borrowing capacity and leads to higher credit spreads and interest rates 

in general. However, the overall effects of an uncertainty shock on 

interest rates is negative since the primary effects of an uncertainty shock 
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(a decrease in interest rates) is larger than the secondary, currency 

risk-taking effects (an increase in interest rate). In addition, the degree of 

openness of the Korean financial markets may contribute to the results. 

The currency risk-taking channel may work, but with moderate effects, 

because the share of foreign investors in the Korean government bond 

market is relatively small. We also cannot rule out the possibility that the 

recent trend of increasing demand for Korean government bonds may 

affect the overall results.

As shown in Panel (b) of Figure 4, the magnitude of the uncertainty 

effects are smaller and less significant in the IRFs from the VAR with 

daily IV VKOSPI. The IRFs are mostly significant in the 68% error 

bands, but at the 95% confidence level only the short-term responses of 

foreign capital flows and inflation are significant. This result is consistent 

with the findings in Section 3, where the relevance of the daily IV 

VKOSPI was seen to be weaker than that of the intraday IV FX. An 

uncertainty innovation identified by the daily IV VKOSPI is associated 

with a 0.2 percent decline in stock prices, an exchange rate depreciation 

of just above 0.1 percent, a 40-million USD outflow of foreign capital, 

and a 15-basis point decline in interest rates. The responses of 

macroeconomic variables are also dampened. Inflation falls by 0.01 

percent and the responses of production are mostly insignificant. 

Figure 5 illustrates the IRFs of the VAR with the daily IV All. The 

estimated impulse responses are almost identical to those of the VAR with 

the intraday IV FX. The stock market declines by 0.2 percent and the 

exchange rate depreciates by nearly 0.2 percent. A shock in uncertainty 

induces short-term foreign capital outflows of 80 million USD, along with 

decreases in interest rates (-20 basis points) and inflation (-0.02 percent). 

The responses of production remain insignificant.

Figure 6 shows the differential effects of the uncertainty shocks 

identified during the tension-decreasing episodes (IV reconciliation) and 

during the tension-increasing episodes (IV Tension). Comparing the IRFs 

between IV Tension and IV Reconciliation, the adverse effects on the 
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financial markets are more pronounced during the tension-increasing 

episodes. The stock market plunges by approximately 0.3 percent and the 

exchange rate depreciation is about 2.5 percent. However, the responses 

of inflation are mostly insignificant, and the decline in industrial 

production is only marginally significant in the short run. A noticeable 

difference can be found in the responses of interest rates. During the 

reconciliation phases, interest rates decline immediately after the 

uncertainty shocks and the responses are subsequently gradual. Similar to 

the case with IV All, the investigation of the responses of production to 

uncertainty shocks identified during the reconciliation episodes finds 

instantaneous although insignificant increase.32)

The results of Panel (a) in Figure 6 can be interpreted from different 

perspectives. If there were a significant decrease in uncertainty due to 

events like South-North summit meetings, the estimated IRFs might imply 

increases in stock prices, appreciations of the exchange rate, and 

increased foreign capital inflows, interest rates, and inflation. The 

responses of production are insignificant. However, as seen in Section 3, 

it is not clear that the reconciliation events actually cause decreases in the 

levels of uncertainty assessed by market participants. If the actual 

response of the financial markets is weak,  positive effects may not occur. 

Furthermore, we cannot entirely exclude the possibility of uncertainty 

increasing after positive events. It might be worthwhile to examine 

whether the reactions of the VKOSPI have upward/downward rigidity or 

size dependence.

Figure 7 presents the results from using the daily IVs of the different 

base assets, the CDS premium and the FX VOL. We find that most of 

the responses remain insignificant, while the signs of the responses in 

both the financial markets and real activities are unchanged.

Figure 8 plots the IRFs from a recursive identification scheme with 

error bands (red), alongside the IRFs from our baseline IV VAR with the 

32) Figure 9 displays the bootstrapped distances of the IRFs between IV Reconciliation and IV Tension. We 
find that the differences are significant for interest rates and the CPI.
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intraday IV FX (green).33) The juxtaposition between the recursive SVAR 

with Cholesky ordering and IV SVAR shows clearly that the responses are 

much more muted in the recursive SVAR than the IV SVAR. This implies 

that an attenuation bias is present in the recursive VAR assuming that our 

estimation results with the IV VAR model successfully identify the 

exogenous variations in uncertainty. In the short run, with up to a 3- to 

5-month horizons, the responses of the exchange rate, foreign capital 

inflows, interest rates, and the CPI from the IV SVAR lie outside the 95% 

error bands of the IRFs from the recursive SVAR, suggesting that the 

differences are statistically significant. Our result is consistent with the 

findings in Carriero et al. (2015), where the bias due to the measurement 

error in the uncertainty proxy is smaller in the VAR with external 

instruments.34)

Ⅴ. Robustness

We conduct several robustness exercises. First, we replace the VKOSPI, the 

uncertainty variable in our VAR, with different uncertainty proxies: FX 

VOL, the EPU index, and the GPR index.35) Regardless of the different 

combinations of the IVs and the uncertainty measures, we find the 

directions of the responses of the economic variables to be similar to 

those of the baseline estimation results. The relevance of the IVs is 

strongest when FX VOL is paired up with IV FX (intraday); the F-statistic 

increases to 9.3. In the case of the EPU, the relevance of our instrument 

drops significantly because the EPU index does not directly capture the 

33) The ordering of the endogenous variables in the recursive SVAR is Yt =[VKOSPI, KOSPI, FX rate, 
Capital inflow, KTB3y, CPI, IP]’. We also include three exogenous variables - a global financial crisis 
dummy, FFR and US IP - as in the baseline IV VAR specification.

34) Carriero et al. (2015) set up an econometrics model with a measurement error in the uncertainty variable 
in a VAR system, and show that the bias caused by the measurement error is muted when estimated by a 
proxy VAR. They provide evidence with both a simulation and an empirical analysis that extend the 
methodology of Bloom (2009).

35) See Figures 10–11 for the IRFs when the uncertainty variable is the implied volatility of the exchange 
rate, Figure 12 for the EPU shocks, and Figure 13 for the GPR shocks.
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geopolitical uncertainties. The GPR index with IV FXV (daily) or IV FX 

(intraday) has relatively high F-statistics of 5.0 and 3.2 respectively.

Second, in order to examine the trade channel, we replace the 

nominal exchange rate (KRW/USD) with the nominal effective exchange 

rate (NEER), and capital flows with the current account. Figure 14 shows 

the IRFs using the narrow NEER, while Figure 15 indicates the case of 

the broad NEER.36) Since an increase in the effective exchange rate 

indices indicates an appreciation of the currency, the response of the 

NEER is essentially a depreciation of the local currency. The response of 

the current account is positive in the short run but insignificant. 

Approximately three months after an uncertainty shock, the current 

account turns to a deficit. Interestingly, the trade channel predicts that 

the reduction in production is more severe and statistically significant.

Third, we examine whether our results are robust to different 

definitions of capital flows. We first consider short-and long-term foreign 

capital flows. Immediately after an uncertainty shock, foreign capital 

leaves South Korea in the amount of 100 million USD, and the outflows 

last approximately three months. In addition, we look at the response of 

net capital inflows as defined by gross foreign capital inflow minus gross 

domestic capital outflow.37) The net capital inflow decreases when 

uncertainties from geopolitical swings escalate. This is because the 

decreases in foreign capital inflows (stops) are larger than the decreases in 

domestic capital outflows (retrenchments) by domestic investors who 

liquidate foreign investment positions during uncertain times. This finding 

is consistent with the results in Choi and Furceri (2018), who show that 

outflows fall less than inflows in response to domestic uncertainty shocks.

Fourth, we add the credit spread in our baseline VAR, to provide 

evidence of the currency risk-taking channel. The credit spread is defined 

36) NEER captures direct bilateral trade as well as third-market competition. The most recent weights are 
computed using the trade data for the 2011–2013 period, with 2010 being the base year. The broad index 
uses the weights of 52 economies, and the narrow NEER uses the weights of 26 economies.

37) Since NFA = Value of  foreign assets owned by domestic investors - Value of domestic assets owned by 
foreign investors, the net capital inflow equals −∆NFA.
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as the gap between the three year corporate bond rate and three-year 

government bond yield. The results support the previous  counterfactual 

analysis, as currency depreciation is associated with an increase in the 

credit spread, suggesting a currency risk-taking channel. We find that a 1 

percent increase in the uncertainty index induces a nearly 0.5 percentage 

point widening of the credit spread, as seen in Panel (a) of Figure 18. 

The impulse responses of the other endogenous variables are robust to 

adding the credit spread.

Next, we explore how real activities other than industrial production 

respond to innovations in uncertainty (see Figures 19–20). First, we 

replace industrial production with either consumption, investment or 

employment in the baseline VAR. Second, we include the three variables 

altogether. Consumption declines immediately after an uncertainty shock, 

but the effect is statistically insignificant. The response of investment is 

slower but stronger than that of consumption, consistent with conventional 

theory. The response of employment is largely insignificant but tends to 

be persistent. The results for the specification including all three variables 

are similar.

Sentiment is often regarded as an important factor in uncertainty 

effects. A recent paper by Lagerborg, Pappa and Ravn (2018) examined 

the economic impacts of confidence uncertainty shocks with an IV VAR 

model. We add sentiment indicators in our baseline specification to 

investigate whether an increase in uncertainty due to geopolitical swings 

causes significant weakening of consumer/business confidence.38)

As seen in Figure 21, both consumer and business confidence are 

damaged by an increase in uncertainty. The decline in the consumer 

38) The CCI and BCI are based on business tendency and consumer opinion surveys, and retrieved from the 
OECD database. The consumer confidence index (CCI) measures households’ plans for purchases and 
their assessments of economic conditions, both currently and expected in the immediate future. The 
business confidence index (BCI) is based on firms’ evaluations of production, orders and stocks, as well 
as their expectations for their current and immediate future positions. The index shows the difference 
between positive and negative answers compared to a normal state of the economy. Both indices are 
standardized, with means equal to 100 and standard deviations of 1.
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confidence index is nearly 0.02 percent, while the drop in the business 

confidence index is modest. The responses of the other financial and 

macro variables are robust to the adding of sentiment indices.

Ⅵ. Conclusions

This paper examines the economic impacts of the geopolitical 

uncertainties in South Korea by estimating a structural VAR model with 

the external instrument identification scheme. First, we compile the events 

that generate geopolitical swings, and construct the IVs with their daily or 

intraday changes at around the times of the events that are exogenous to 

other structural shocks. We find that the reactions of the financial markets 

to geopolitical swings are consistent with the theoretical expectations. 

Since different IVs contain different information about the 

market-evaluated uncertainties surrounding events, we use different sets of 

IVs or IVs with overidentifying restrictions for the estimations.

Our empirical results show that heightened (reduced) geopolitical 

uncertainty has negative (positive) impacts on macroeconomic outcomes in 

South Korea, leading to declines (increases) in production, lower (higher) 

stock returns, currency depreciation (appreciation) and a drop (rise) in 

foreign capital inflows. The impulse responses of the financial variables 

are highly significant, while the response of industrial production is only 

marginally significant at the 2- and 3-month horizons.

Among the various channels of the propagation of uncertainty shocks 

in SOEs, we find that the exchange rate channel can mitigate the 

adverse effects on the equity markets, while it can also trigger 

risk-taking behaviors of economic agents and thereby induce increases 

in the credit spread upon the occurrence of heightened uncertainty. The 

adverse effects on the financial markets are more pronounced during 

tension-increasing episodes.
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Figures and Tables

Figure 1. Figure 1: Instrumental Variables (daily)

(a) IV FX

(a) IV CDS

Notes: All IVs are computed using the daily changes in the base assets surrounding the times of the selected 
geopolitical events. Daily data availability differs across the base asset: IV FX (January 2000-December 
2017), IV CDS (March 2002-December 2017).
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Figure 2: Instrumental Variables (daily)

(a) IV FX VOL

(a) IV VKOSPI

Notes: All IVs are computed using the daily changes in the base assets surrounding the times of the selected 
geopolitical events. Daily data availability differs across the base asset: IV FX VOL (January 
2000-December 2017), IV VKOSPI (January2003-December 2017).
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Figure 3: Instrumental Variables (intraday)

                      (a) IV FX                                           (b) IV VKOSPI

Notes: All IVs are computed using the daily changes in the base assets surrounding the times of the selected 
geopolitical events in30-minute interval. Intraday data availability differs across the base asset: IV FX 
(January 2003-December 2017), IV VKOSPI (January 2008-December 2017). 9 

Table 1: Daily Changes in Asset Prices and Volatilities during Events

  

FX CDS

Peace Tension All Peace Tension All

Average -0.318 0.050 -0.150 -0.268 1.839 0.713

(33rd percentile) -0.367 -0.257 -0.275 -0.575 -0.389 -0.546

(66th percentile) -0.081 0.325 0.076 0.159 3.427 0.574

Obs. 51 43 94 47 41 88

FX VOL VKOSPI

Peace Tension All Peace Tension All

Average -0.346 1.733 0.591 -0.725 4.176 1.528

(33rd percentile) -1.695 -0.344 -1.085 -3.350 -0.035 -1.184

(66th percentile) 0.000 2.012 0.436 0.842 4.656 2.650

Obs. 50 41 91 47 40 87

   Notes: The averages and percentiles are computed using the daily changes in percentages.
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Table 2: IV Relevance (Daily IVs by type of events)

F R2 t1 t2 t3 t4

IV Reconciliation 5.069 0.105 -2.472 0.835 -1.077 -2.052
IV Tension 1.672 0.037  1.563 1.165 -0.274 -0.985
IV All 3.082 0.067 -1.290 3.095 -0.711 -2.086

Notes: F denotes the F-statistic, and t1-t4 the t-statistic for each underlying asset: FX (t1), CDS premium (t2),  
FX implied volatility (t3), and VKOSPI (t4). Each IV is computed using daily data.

Table 3: IV Relevance (Daily IVs by base asset)

F R2 t1 t2 t3

IV FX 3.270 0.053 0.000 0.000 0.000
IV CDS 1.195 0.020 0.000 0.000 0.000
IV FX VOL 2.059 0.034 0.000 0.000 0.000
IV VKOSPI 4.291 0.069 0.000 0.000 0.000

Notes: F denotes the F-statistics, and t1-t3 the t-statistic for each type of event. Overidentifying IVs are      

computed using positive (t1), negative (t2), and all events (t3). 

Table 4: IV Relevance (Intraday IVs)

F R2 t1 t2 t3 t4

IV FX 5.952 0.064 0.974 -3.449

IV VKOSPI 2.007 0.065 0.000 0.000 0.000 0.000

Notes: F denotes the F-statistic. IV FX is computed using the changes in the KRW/USD exchange rate in 
30-minute windows surrounding the negative (t1) and all events (t2). IV VKOSPI is computed using the 
changes of the VKOSPI in 30-minute windows surrounding the negative (t1) and all events (t2), as well 
as 5-minute windows surrounding the negative (t3) and all events (t4).

Table 5: Sargan overidentifying tests

KOSPI FX CF KTB3y CPI IP 
  r

IV FX 
(intraday) 2.856 0.898 0.705 0.041 1.372 1.707 3.841 1

IV VKOSPI 
(daily) 2.377 3.162 1.119 0.480 0.088 2.660 5.991 2

IV All (daily) 0.514 1.059 1.970 3.958 2.496 2.947 7.815 3

Notes: r denotes the degree of freedom. 
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Figure 4: IRFs of IV VAR (I)

  (a) IV FX (intraday)                                 (b) IV VKOSPI (daily)

Notes: IV FX denotes the IRFs with IVs of exchange rate changes surrounding the times of positive and 
negative events. IV VKOSPI denotes the IRFs with IVs of VKOSPI changes at around the times of 
positive and negative events. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
The blue dotted lines are the counterfactual IRFs blocking the exchange rate channel.
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Figure 5: IRFs of IV VAR (II)

(a) IV All

Notes: IV All indicates the IRFs with IVs of both positive and negative events. The IVs are computed under 
overidentifying assumptions using the daily IVs of exchange rate changes, CDS premium changes, FX 
implied volatility changes, and VKOSPI changes at around the times of the corresponding events. The 
shaded areas show the 68% (dark) and the 95% (light) error bands. The blue dotted lines are the IRFs 
blocking the exchange rate channel.
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Figure 6: IRFs of IV VAR (III)

         (a) IV Reconciliation                                     (b) IV Tension

Notes: IV Reconciliation indicates the IRFs with IVs of positive events, and IV Tension the IRFs with IVs of 
negative events. The IVs are computed under overidentifying assumptions using the daily IVs of 
exchange rate changes, CDS premium changes, FX implied volatility changes, and VKOSPI changes at 
around the times of the corresponding events. The shaded areas show the 68% (dark) and the 95% 
(light) error bands. The blue dotted lines are the IRFs blocking the exchange rate channel.
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Figure 7: IRFs of IV VAR (IV)

(a) IV CDS                                       (b) IV FX VOL

Notes: IV CDS denotes the IRFs with IVs of CDS premium changes surrounding the times of positive and 
negative events. IV FX VOL denotes the IRFs with IVs of changes in the implied volatility of the 
exchange rate surrounding the times of positive and negative events. The shaded areas show the 68% 
(dark) and the 95% (light) error bands. The blue dotted lines are the IRFs blocking the exchange rate 
channel.
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Figure 8: IRFs of SVAR

(Cholesky ordering)

Figure 9: Distance in IRFs

(by type of events)

Notes: The shaded areas show the 68% (dark) and the 95% (light) error bands. Figure 9 displays the 
differences between the IRFs in IV Reconciliation and in IV Tension in Figure 6.
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Figure 10: IRFs of IV VAR (FX VOL shocks)

              (a) IV FX (intraday)     (b) IV FX (daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events. IV FX (daily) are the IRFs with IVs of daily FX changes around the times of 
negative and positive events. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
F-statistics: panel (a) 9.27, panel (b) 3.20.
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Figure 11: IRFs of IV VAR (FX VOL shocks)

             (a) IV VKOSPI (intraday)               (b) IV Reconciliation (daily)

Notes: IV VKOSPI (intraday) denotes the IRFs with IVs of the intraday VKOSPI changes surrounding the times 
of negative events and all events. IV Reconciliation (daily) are the IRFs with IVs of daily FX, CDS, FX 
VOL, and VKOSPI changes around the positive events. The shaded areas show the 68% (dark) and the 
95% (light) error bands. F-statistics: panel (a) 6.53, panel (b) 5.41.
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Figure 12: IRFs of IV VAR (EPU shocks)

            (a) IV VKOSPI (intraday)                            (b) IV VKOSPI (daily)

Notes: IV VKOSPI (intraday) is based on the changes over 30- and 5-minute windows at around the times of 
all events, and IV VKOSPI (daily) on the changes at around the times of all events. The shaded areas 
show the 68% (dark) and the 95% (light) error bands. F-statistics: panel (a) 1.28, panel (b) 1.00.
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Figure 13: IRFs of IV VAR (GPR shocks)

                (a) IV FX (intraday)        (b) IV FXV (daily)

Notes: IV FX (intraday) is based on the changes in the exchange rate within 30-minute windows at around 
the times of all geopolitical events, and IV FXV on the changes in the implied volatility of the 
exchange rate at around the times of all geopolitical events. The shaded areas show the 68% (dark) 
and the 95% (light) error bands. F-statistics: panel (a) 3.18, panel (b) 5.00.
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Figure 14: IRFs of IV VAR (Trade channel, narrow NEER)

          (a) IV FX (intraday)                                 (b) IV VKOSPI (daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events, and IV FX (daily) the IRFs with IVs of daily FX changes around the negative and 
positive events. The shaded areas show the 68% (dark) and the 95% (light) error bands. F-statistics: 
panel (a) 5.05, panel (b) 3.08.
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Figure 15: IRFs of IV VAR (Trade channel, broad NEER)

(a) IV FX (intraday) (b) IV VKOSPI(daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events, and IV FX (daily) the IRFs with IVs of daily FX changes around the time of 
negative and positive events. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
F-statistics: panel (a) 4.75, panel (b) 2.99.
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Figure 16: IRFs of IV VAR (short- and long-term foreign capital flows)

              (a) IV FX (intraday)       (b) IV VKOSPI (daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events, and IV FX (daily) the IRFs with IVs of daily FX changes around the times of 
negative and positive events. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
F-statistics: panel (a) 5.53, panel (b) 3.29.
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Figure 17: IRFs of IV VAR (short-term foreign and domestic capital flows)

                (a) IV FX (intraday)                         (b) IV VKOSPI (daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events, and IV FX (daily) the IRFs with IVs of daily FX changes around the times of 
negative and positive events. Net capital inflow is defined as gross foreign capital inflow minus gross 
domestic capital outflow. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
F-statistics: panel (a) 6.55, panel (b) 3.53.
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Figure 18: IRFs of IV VAR (credit spread)

                  (a) IV FX (intraday)                 (b) IV VKOSPI (daily)

Notes: IV FX (intraday) denotes the IRFs with IVs of intraday FX changes surrounding the times of negative 
events and all events, and IV FX (daily) the IRFs with IVs of daily FX changes around the times of 
negative and positive events. The shaded areas show the 68% (dark) and the 95% (light) error bands. 
F-statistics: panel (a) 4.79, panel (b) 3.32.
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Figure 19: IRFs of IV VAR (real activities)

             (a) IV FX, consumption                        (b) IV FX, investment

Notes: IV FX denotes the IRFs with IVs of intraday FX changes surrounding the times of negative events and 
all events. The shaded areas show the 68% (dark) and the 95% (light) error bands. F-statistics: panel 
(a) 5.92, panel (b) 5.27.
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Figure 20: IRFs of IV VAR (real activities)

                  (a) IV FX, employment                   (b) IV FX, all

Notes: IV FX denotes the IRFs with IVs of intraday FX changes surrounding the times of negative events and 
all events. The shaded areas show the 68% (dark) and the 95% (light) error bands. F-statistics: panel 
(a) 5.55, panel (b) 5.11.
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Figure 21: IRFs of IV VAR (sentiments)

                        (a) IV FX, CCI              (b) IV FX, BCI

Notes: IV FX denotes the IRFs with IVs of intraday FX changes surrounding the times of negative events and 
all events. CCI is the Consumer Confidence Index and BCI the Business Confidence index, from the 
OECD. The shaded areas show the 68% (dark) and the 95% (light) error bands. F-statistics: panel (a) 
6.34, panel (b) 5.80.
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Appendix

A. Procedure for Estimating IV VAR

The procedure for estimating   is as follows. First, obtain the reduced 

form residuals   and the covariance matrix  from the least squares 

estimation of the reduced form VAR in Equation (2) in Section 2. 

Let   be the residual for the uncertainty measure, and 
     ′ 

be the residuals for the other variables in the VAR. For each   , Equation 

(9) is satisfied, i.e.     =      . Define a  ×   vector  = 

(

 ,

 ,...,

 )′, so that 
   =     . Thus,  can be 

consistently estimated by least squares of the following: 

   
=  +                                                     (A.1)  

In particular,     

  
 ,...,   

  
′ , where ∙ indicates the 

sample mean and    are the estimated residuals from the first step.   

is the fitted value from the first stage regression, isolating the variations 

in the uncertainty measure due only to the exogenous geopolitical events 

related to North Korea. Given the exclusion restriction,   is orthogonal 

to the error term, ξt, ensuring consistency of the estimation.

We now define partitioned matrices,   and ∑ , as follows:
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where   and   are scalars; s ′ and  ′ are ×   row vectors; 

sand   are  ×   column vectors and   and   are 

 ×   matrices.

Estimate    ′′  with     ∙  ′′ ,	    ± ′ 	 		

′ ′                               (A.2)

  

′′.                                  (A.3)

Following De Wind et al. (2014) and Piffer and Podstawski (2016), we 

derive the closed form solution for    ′′ :
 

∙
′′

  ±′
with                                  

 ′ ′                               (A.4)

  

′ ′ .                               (A.5)

The covariance restriction can be rewritten with the elements in the 

partitioned matrices of   and  :


 ′                                                      (A.6)    


                                                       (A.7)                                                       


 ′′                                                    (A.8)
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From (A.6), 

 ± ′                                      (A.9)

To solve for ′ , we first obtain the expression of   by post 

multiplying (A.6) by  and subtracting this from (A.7):

′                                       (A.10)

 ⇒  ′                                  (A.11)

Then, using the expression of (A.11), we compute ′ , which is 

exactly the same expression as (A.4) without the hat’s.

′  ′ ′ ′ 
            ′
with

                         ′′′

                            ′′′′′′
To obtain the expression for  , we first derive the expression for the 

second term ′ in the previous equation by subtracting (A.7) post 

multiplied by ′ 	 from (A.8): 


′′ ′


 ′′ ′

 ′′ 
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⇒′ ′′
Then   can be written using the following expression:

  ′′′  ′′ ′′′  (A.12)

       ′′′′′                                     (A.13)

To find the part of the expression for the derived equations for Γ 
above, ′ ′′ , we subtract (A.8) from (A.6), having pre- and 

post- multiplied them by  and ′, respectively:

′′′′


 ′′ 


 ′′′′

Finally, we substitute this into (A.13) to obtain the same expression as 

in (A.5):

  ′′′                  (A.14)

 ′′′                                          (A.15)
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B. Data Definitions and Sources

Table B.6: Variables Used to compute IVs

Frequency IVs Sample Period Sources
  
Daily

  
IV FX

  
January   1996 - December 2017

  
Bloomberg

    
IV CDS

  
March    2002 - December 2017

  
Bloomberg

    
IV FX VOL

  
January   2000 - December 2017

  
Bloomberg

    
IV VKOSPI

  
January   2003 - December 2017

  
Bloomberg

  
Intraday

  
IV FX

  
January   2003 - December 2017

  
Tick   
History

    
IV VKOSPI

  
January   2008 - December 2017

  
KRX
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Table B.7: Variables Used in SVAR

Variable Description Sources

  
VKOSPI

  
Implied volatility of KOSPI 200 index

  
Bloomberg

  
KOSPI

  
KOSPI index

  
Bloomberg

  
FX

  
KRW/USD nominal exchange rate

  
ECOS

  
KTB3y

  
3-year government bond yield

  
ECOS

  
CF

  
Capital inflows

  
ECOS

  
CPI

  
Consumer Price Index

  
ECOS

  
IP

  
Industrial production index

  
ECOS

  
NEER

  
Nominal effective exchange rate

  
BIS

  
Consumption

  
Retail business sales index

  
ECOS

  
Investment

  
Equipment investment index

  
ECOS

  
Employment

  
Number of employees

  
ECOS

  
CCI

  
Consumer Confidence Index

  
OECD

  
BCI

  
Business Confidence Index

  
OECD

  
Credit spread

  
Corporate bond rate (3-year) - Government bond 
yield (3-year)

  
ECOS

  
US IP

  
Industrial Production Index (US)

  
FRED

  
US FFR

  
US Federal Funds Rate

  
FRED
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C. List of Geopolitical Events

Table C.8: Tension-increasing Events

Sources: Arms Control Association (https://www.armscontrol.org) and Ministry of Unification of South Korea (http://www.unikorea.go.kr/eng_unikorea/)
Notes: Code denotes the types of events: 1 for missile launches and tests, 2 for nuclear tests, 3 for regional military altercations and 4 for events related to North Korea 

leadership.

Date (local) Time (local) Event Code
10/01/2003 00:00 North Korea announces withdrawal from NPT. 2
10/03/2003 12:00 North Korea fires new test missile. 1
10/02/2005 00:00 NK announces that it has“produced nuclear weapons.” 2
09/10/2006 10:35 North Korea conducts underground nuclear test. 2
28/03/2008 10:30 North Korea test-fires short-range missiles off its western coast. 1
05/04/2009 11:30 North Korea launches three-stage Unha-2 rocket. 1
25/05/2009 09:45 North Korea conducts second underground nuclear test. 2
10/11/2009 11:36 Battle of Daecheong 3
27/01/2010 09:35 North Korea fires more artillery toward the South. 3
26/03/2010 21:30 South Korean warship sinks, killing 46 sailors, after explosion caused by torpedo attack by North Korea. 3
23/11/2010 14:34 North Korea fires artillery rounds at South Korean island of Yeonpyeong, killing two soldiers and injuring 17 others. 3
17/12/2011 08:30 North Korean leader Kim Jong Il dies. Kim Jong Un succeeds him. 4
12/12/2012 09:51 North Korea launches Unha-3. KCNA reports it as success. 1
12/02/2013 11:57 NK conducts third nuclear test, estimated at 6-7 kilotons. 2
18/05/2013 08:00 North Korea fires three short-range missiles into East Sea. 1
27/02/2014 17:42 North Korea fires short-range missiles in apparent exercise. 1
26/03/2014 02:35 North Korea test-fires two medium-range Rodong missiles to the east. 1
30/07/2014 07:30 North Korea fired four short-range rockets near Mt. Myohyang. 1
07/10/2014 09:50 North and South Korea exchange gunfire over Armistice Line. 3
10/10/2014 15:55 North Korean troops fired at balloons released across border from South Korea. 3
02/03/2015 06:32 North Korea fires two short-range missiles into East Sea. 1
03/04/2015 16:15 North Korea test-fires four short-range missiles into the west coast. 1
20/08/2015 15:52 North Korea and South Korea trade fire across border. 3

http://www.unikorea.go.kr/eng_unikorea/
http://www.unikorea.go.kr/eng_unikorea/
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Table C.9: Tension-increasing Events (cont’d)

Sources: Arms Control Association (https://www.armscontrol.org) and Ministry of Unification of South Korea (http://www.unikorea.go.kr/eng_unikorea/)
Notes: Code denotes the types of events: 1 for missile launches and tests, 2 for nuclear tests, 3 for regional military altercations and 4 for events related to North Korea 

leadership.

Date (local) Time (local)  Event Code

06/01/2016 10:30 North Korea announces conduct of fourth nuclear weapons test, 
claiming to have detonated hydrogen bomb for first time. 2

07/02/2016 09:30 NK launches LRBM, saying that it carries earth observation satellite. 1

03/03/2016 10:00 North Korea fires six short-range projectiles into sea hours after UN imposition of tough new sanctions. 1

10/03/2016 05:20 North Korea fires two short-range ballistic missiles. 1

19/07/2016 05:45 North Korea fires three ballistic missiles into East Sea. 1

03/08/2016 07:50 NK fires medium-range ballistic missile, the Nodong, which falls in Japan’s economic exclusion zone. 1

05/09/2016 12:14 NK tests three medium-range ballistic missiles simultaneously. 1

09/09/2016 09:30 North Korea conducts a fifth nuclear test. 2

12/02/2017 07:55 NK tests a new ballistic missile, the Pukguksong-2. 1

14/02/2017 20:00 Kim Jong Nam killed in airport in Malaysia. (reported) 4

06/03/2017 07:36 North Korea launches four ballistic missiles. The missiles land in Japanese economic exclusion zone, 1

14/05/2017 05:27 NK tests Hwasong-12 missile, in successful IRBM test. 1

04/07/2017 09:58 NK tests Hwasong-14 ballistic missile, whose range would have been about 6,700km at standard trajectory. 1

28/07/2017 23:41 NK tests ICBM, with initially analyzed range of about 10,400km. 1

29/08/2017 05:57 North Korea tests Hwasong-12 missile, which flies over 2,700km and crosses over Japan. 
US President Trump claims ”all options are on the table.” 1

13/11/2017 15:31 North Korea soldier shot while defecting to South at DMZ . 3

29/11/2017 03:17 North Korea launches ICBM at 3:17am local time, which flies 1000km on lofted trajectory. 1

http://www.unikorea.go.kr/eng_unikorea/
http://www.unikorea.go.kr/eng_unikorea/
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Table C.10: Reconciliation Events

 Sources: Arms Control Association (https://www.armscontrol.org) and Ministry of Unification of South Korea (http://www.unikorea.go.kr/eng_unikorea/)
 Notes: Code denotes the types of events: 1 for bilateral talks and agreements between South and North Korea, and 2 for multilateral or bilateral talks with North Korea 

and other related countries.

Date (local) Events code

5/01/2003 South Korean and Russian Vice Foreign Ministers agree on joint efforts for peaceful resolution of the North Korean nuclear threat. 2

5/01/2003 Roh Moo-hyun, South Korean President-elect, expresses willingness to talk to NK without preconditions. 1

7/07/2003 South Korean President Roh, Moo-hyun meets Chinese leader Hu Jintao, and reaches agreement on a diplomatic solution to the 
nuclear issue. 2

2/07/2003 11th Minister-level talks between South and North Korea held. 1

7/10/2003 Leaders of Korea, Japan and China issue joint statement on peaceful resolution of the NK nuclear problem through the six-party talks. 2

  
26/05/2004 1st general-level military talks between South and North Korea held at Mt. Geumgang . 1

  
04/06/2004 2nd general-level military talks held, and 4 terms of our agreements released. 1

  
27/10/2004 South Korea, U.S and Russia agree to resume the six-party talks at an early date. 2

30/11/2004 Leaders of Korea, Japan and China agree on joint efforts for progress of the six-party talks. 2

22/02/2005 North Korea signals willingness to resume nuclear negotiations under unspecified conditions. 2

10/06/2005 U.S-South Korea summit-level talks in Washington reaffirm principle of peaceful resolution of NK nuclear problem. 2

  
17/06/2005 Chung, Dong-Young, South Korean Minister of Unification, visits Pyongyang and meets   Kim Jong-il. 1

21/06/2005 15th Inter-Korean Minister level talks. 1

13/09/2005 16th Inter-Korean Minister level talks. 1

17/11/2005 At summit in Gyeongju, U.S and South Korea sign Joint Declaration on Peace of the Korean Peninsula. 2

13/12/2005 17th Inter-Korean Minister level talks. 1

http://www.unikorea.go.kr/eng_unikorea/
http://www.unikorea.go.kr/eng_unikorea/
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Table C.11: Reconciliation Events (cont’d)

Sources: Arms Control Association (https://www.armscontrol.org) and Ministry of Unification of South Korea (http://www.unikorea.go.kr/eng_unikorea/)
Notes: Code denotes the types of events: 1 for bilateral talks and agreements between South and North Korea, and 2 for multilateral or bilateral talks with North Korea 

and other related countries.

  

Date (local)

  

Events

  

code

24/04/2006 18th Inter-Korean Minister level talks, and terms of eight agreements released. 1

14/09/2006 At summit meeting, U.S and South Korea agree on ‘Comprehensive Joint Action on North Korea.’ 2

31/10/2006 China hints that six-party talks may resume. 2

18/11/2006 At APEC Summit, Korea and U.S come to consensus on providing economic support to NK and ensuring its denuclearization. 2

22/04/2007 Two practical agreements between South and North Korea adopted. 1

20/07/2007 Six-party talks reconvene for sixth round in Beijing. 2

08/08/2007 South Korean NSC resolves on and announces summit meeting with North Korea. 1

27/09/2007 Sixth six-party talks (2nd phase) begin in Beijing. 2

03/10/2007 Participants in six-party talks issue joint statement in which NK agrees to provide a declaration of all its nuclear programs and disable its nuclear 
facilities. In return, six parties agree that NK will receive the remaining 900,000 tons of heavy oil promised to it. 2

04/10/2007 SK-NK summit-level discussions held, concluding with eight-point joint declaration. 1

14/11/2007 At 1st Inter-Korean Prime Ministers meeting, agreement on ’peace and prosperity’ adopted.  1

26/06/2008 U.S President Bush announces intent to remove North Korea from list of state sponsors of terrorism. 2

11/10/2008 United States removes North Korea from list of state sponsors of terrorism. 2

http://www.unikorea.go.kr/eng_unikorea/
http://www.unikorea.go.kr/eng_unikorea/
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Table C.12: Reconciliation Events (cont’d)

Source: Arms Control Association (https://www.armscontrol.org) and Ministry of Unification of South Korea (http://www.unikorea.go.kr/eng_unikorea/)
Notes: Code denotes the types of events: 1 for bilateral talks and agreements between South and North Korea and 2 for multilateral or bilateral talks with North Korea 

and other related countries.

 Date (local) Events code

22/08/2009 Hyun In-Taek, South Korean Minister of Unification, meets Kim Yang-gon, Director of North Korean United Front Department. 1

26/08/2009 At Inter-Korean Red Cross talks, terms of two agreements adopted. 1

21/09/2011 Second Inter-Korean Denuclearization talks held. 1

25/10/2011 US and NK hold round of talks on steps to resume six-party process. 2

27/06/2013 At summit meeting, China and South Korea sign Joint Statement on Denuclearization of Korean Peninsula. 2

14/08/2013 Agreement on ’Resumption of Kaesung Industrial Complex (KIC) operations’ adopted. 1

29/08/2013 Agreement on ’Inter-Korean Joint Committee in KIC’ adopted. 1

07/10/2013 At APEC Summit, Korea and China reaffirm principle of Denuclearization of Korean Peninsula. 2

13/11/2013 Park Geun-Hye meets Vladimir Putin, and discuss several topics including the Rajin-Hassan Project. 2

23/03/2014 At Nuclear Security Summit, South Korea and China agreed to cooperate for progress in denuclearization of NK. 2

03/07/2014 South Korea and China sign joint statement at summit meeting. 2

01/11/2015 At 6th tri-lateral summit meeting, China, Japan and South Korea adopt ’Joint Declaration for Peace and Cooperation in Northeast Asia.’ 2

30/11/2015 At summit talks, South Korea and Russia agree to strengthen trilateral economic   cooperation with NK. 2

11/12/2015 Inter-Korean high-level meeting at Kaesong Industrial Complex. 1

24/12/2015 South and North Korea sign agreement on land fee in Kaesung Industrial Complex. 1

07/11/2017 Summit meeting between South Korea and U.S. Joint press release on peaceful solution for denuclearization. 2

14/11/2017 UN General Assembly adopts ’Olympic Truce Resolution’ 2

14/12/2017 At summit in Beijing, South Korea and China agree on four principles for peace and stabilization of the Korean Peninsula. 2

http://www.unikorea.go.kr/eng_unikorea/
http://www.unikorea.go.kr/eng_unikorea/
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D. Correlations among IVs

Figure D.22: Correlations Heatmap

Notes: Numbers denote correlations among IVs. At the end of each variable name is an event-type identifier: 
_P denotes the IVs using reconciliation events, _N the IVs using tension events, and _A the IVs using 
all events. For the intraday IVs, the numbers after the event-type identifiers denote either 30- or 
5-minute intervals.
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 E. IRFs of IV VAR with log differenced variables

Figure E.23: IRFs of IV VAR

                 (a) IV FX (intraday)                                      (b) IV All (daily)

Notes: The KOSPI, exchange rate, CPI and IP are log differenced. IV FX (intraday) denotes the IRFs with IVs of 
the intraday FX changes surrounding the times of negative events and all events, and IV All the IRFs 
with IVs of both positive and negative events. The IVs are computed under overidentifying assumptions 
using the daily IVs of the changes in the exchange rate, the CDS premium, the implied FX volatility, 
and the VKOSPI at around the times of the corresponding events. The shaded areas show the 68% 
(dark) and the 95% (light) error bands.

      F-statistics: panel (a) 5.01, panel (b) 2.95.
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