
Does the ROK-U.S. Military Alliance deter Missile Provocations from North Korea?
 A Plausible Answer from Statistical Approach

102

The Korean Journal of Security Affairs, 25-2 (December  2020) pp. 102-126.

Does the ROK-U.S. Military Alliance deter 
Missile Provocations from North Korea?

A Plausible Answer from Statistical 
Approach

Byung-Deuk Woo

Abstract

Missile provocations from North Korea have repeatedly threatened South Korea’s 
national security. Does the ROK-U.S. military alliance deter missile provocations 
from North Korea? Even though the previous qualitative and case studies support 
the crucial role of the ROK-U.S. military alliance, statistical evidence on the 
influence of the ROK-U.S. military alliance on the missile provocations from North 
Korea is absent.

This article provides empirical evidence for this relationship through Negative 
Binomial regressions with data about North Korea’s missile provocations from 
1960 to 2016. To be specific, this article finds a strong military alliance with the U.S. 
decreases the number of missile provocations from North Korea. More interestingly, 
the deterrent impact of the military alliance on missile provocations is augmented by 
the close economic relationship between South Korea and the U.S. Based on a series 
of alternative model specifications, this article shows that the empirical results are 
robust and consistent. The results imply that the the ROK-U.S. military alliance 
cannot be enough and that the economic relationship with the U.S. should also not 
be marginalized.

Key Words: The ROK-U.S. Military Alliance, Missile Provocations, South Korea, 
North Korea
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I. Introduction

Missile provocations such as rocket engine tests, nuclear tests, and ballistic 
missile launches by North Korea have repeatedly threatened South Korea’s 
national security. Considering the potential mass destruction by nuclear weapons 
and improved missile technology, the danger of missile provocations is not limited 
only to the Korean Peninsula. 

At the Summit in Vietnam, the U.S. and North Korea failed to make a deal. 
The Trump administration argues North Korea demanded the complete relief of 
sanctions against it, which the U.S. cannot afford. Since the breakdown of the 
Vietnam Summit, North Korea again started to strategically use provocations 
against the international community. In March 2019, North Korea withdrew from 
the Joint Liaison Office near the demilitarized zone after the U.S imposed new 
sanctions on China. More aggressively, North Korea announced that it test-fired 
new types of tactical guided weapons in April 2019. Also, North Korea renounced 
its self-imposed moratorium on nuclear and missile tests in January 2020. The 
strategic use of missile provocations from North Korea reminds us of the 
importance of security and the necessity of precise predictions about North 
Korea’s provocations. 

 How to deter North Korea from engaging in missile provocations? Previous 
well-established qualitative and case studies have examined possible factors 
affecting North Korea’s provocative actions, such as North Korea’s food shortag
e1), succession2), political stability3), economic sanctions against North Korea4), 
and economic aid.5) Among those factors, the ROK-U.S. military alliance has 
drawn academic attention as the most paramount determinant of North Korea’s 
missile provocation. 

 Even though the previous qualitative and case studies support the crucial role 
of the ROK-U.S. military alliance, statistical evidence of the influence of the 
military alliance on missile provocations from North Korea is surprisingly and 
unexpectedly absent. This article contributes to this literature by conducting a 
statistical analysis of the missile provocations from North Korea. With a proxy 
indicator for the strength of the ROK-U.S. military alliance, this article finds a 

1) Beck, P.M., “North Korea in 2010: Provocations and Succession,” Asian Survey, Vol. 51, No. 1, 
2011, pp. 33-40.  

2) Kim, Hong-Cheol, “How to Deter North Korea's Military Provocations,” The Korean Journal of 
International Studies, Vol. 10, No. 1, 2013, pp. 63-93. 

3) Woo, Byung-Deuk, “Why does North Korea Commit Provocations?” The Korean Journal of 
Defense Analysis, Vol. 31, No. 1, 2019, pp. 43-59. 

4) Noland, M., “The (non-) impact of UN sanctions on North Korea,” Asia Policy, Vol. 7, 2009, pp. 
61-88. 

5) Woo, Byung-Deuk, “Why does North Korea Commit Provocations?”
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strong association between the ROK-U.S. military alliance and the number of 
missile provocations, which is consistent with the findings from previous 
qualitative and case studies. More interestingly, this article also unveils that the 
close economic relationship between South Korea and the U.S. strengthens the 
deterrent effect of the military alliance on missile provocations.

 The rest of this article is organized as follows. In Section Ⅱ, previous literature 
on the causes of North Korea’s provocations will be reviewed. Next, the theory 
and hypothesis about the influence of the ROK-U.S. military alliance on the 
number of missile provocations will be presented. Also, the conditional 
relationship between the military alliance and the ROK-U.S. economic closeness 
will be illustrated. Section Ⅳ explains the data and variables used in the empirical 
analyses. In the following Results section, the empirical results are discussed. 
Finally, this article concludes with a discussion of these findings for ongoing 
academic studies, inferences for South Korean security policy, and future 
directions to further study North Korea’s provocations.

II. Previous Literature on North Korea’s Provocation

Provocations from North Korea have been studied by scholars for decades 
because of their increasing threats to international security. North Korea has 
committed various provocations including nuclear and missile tests, artillery fires, 
assault and assassination attempts, and withdrawal from the NPT.Provocations 
from North Korea, which is deemed to have de facto nuclear weapons, are severe 
problems to the international community beyond East Asia.6) North Korea’s 
improved nuclear and missile capabilities increase the severity of missile 
provocations dramatically,7) which has motivated researchers to examine North 
Korea’s missile provocations.8)

North Korea’s provocation has been mainly studied through case studies and 
qualitative approaches. Beck (2011) focuses on artillery strikes on Yeonpyeong 
and the sinking of Cheonan. He argues that those provocations can provide 
legitimacy for Kim’s dynasty.9) Plant and Rhode (2013) delve into the influence of 

6) Kong, Tat Yan, “China's engagement-oriented strategy towards North Korea: achievements and 
limitations,” Pacific Review, Vol. 31, No. 1, 2017, pp. 76-95. 

7) Kristensen, H. M., “North Korean nuclear capabilities.” Bulletin of the Atomic Scientists, Vol. 74, 
No. 1, 2018, pp. 41-51. 

8) Oh, Kongdan, and Ralph C. Hassig, North Korea through the looking glass (Washington, D.C.: 
The Brookings Institution, 2004); Cha, Victor D., “What Do They Really Want: Obama’s North 
Korea Conundrum,” The Washington Quarterly, Vol. 32, No. 4, 2009, pp. 119-138; Cha, Victor 
D., and David C. Kang, Nuclear North Korea: A Debate on Engagement Strategies (New York: 
Columbia University Press, 2018); and Cumings, Bruece, North Korea: Another Country (New 
York: The New Press, 2011).
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the changed relationship between China and North Korea on North Korea’s 
provocative behaviors.10) Snyder (2013) qualitatively theorizes the possible 
influences of “strategic patience” on North Korea’s decisions on its nuclear 
programs.11) More recently, Weitz (2016) analyzes the dialogue and negotiations 
among China, Russia, and North Korea about North Korea’s nuclear weapons and 
ballistic missile tests.12)

With the increasing number of available data related to North Korea, scholars 
have attempted to make use of statistical approaches to investigate North Korea’s 
provocations. Yoo and Kim (2017) show that North Korea’s local military 
provocation is driven by North Korea’s internal factors rather than external stimuli 
based on the results of logit models.13) Moreover, Hess (2018) shows that recent 
provocations increase the probability of other provocations and it is more related 
to the lower level of provocations.14) Whang et al. (2018), by using 
machine-learning, try to detect patterns behind North Korea’s provocations.15)

As the core of a national strategy to solve the problem of North Korea’s 
missile provocations, the ROK-U.S. military alliance has been focused on by 
scholars. Kim (2010) reviews the increasing geographical and functional 
cooperation between South Korea and the U.S. and emphasizes the role of a 
consolidation of the military alliance to solve the North Korean nuclear proble
m.16) Yoo (2014) argues that military cooperation between South Korea and the 
U.S., based on the ‘Combined Counter-Provocation Plan’, is crucial to 
successfully control North Korea’s provocative actions.17) Lately, Lee (2017) 
recommends that South Korea use every possible option to solve the nuclear 
missile problem and to denuclearize North Korea with the strong ROK-U.S. 
military alliance.18) Yun (2019) also emphasizes that the ROK-US military 

9) Beck, P.M., “North Korea in 2010: Provocations and Succession.” 
10) Plant, Thomas, and Ben Rhode, “China, North Korea and the Spread of Nuclear Weapons,” 

Survival Vol. 55, No. 2, 2013, pp. 61-80. 
11) Snyder, Scott, “US Policy Toward North Korea,” SERI Quaterly, Vol. 6, No. 1, 2013, pp. 99-104.  
12) Weitz, Richard, “Beijing and Moscow’s Grapple with Pyongyan’s Nuclear Missile Provocations,” 

The Korean Journal of Defense Analysis, Vol. 28, No. 4, 2016, pp. 509-524. 
13) Yoo, Sangbeom, and Sangjin Kim, “The Pattern of North Korea’s Local Military Provocations,” 

The Korean Journal of International Studies, Vol. 15, No. 1, 2017, pp. 71-84.  
14) Hess, Ashely A.C., “Why Does North Korea Engage in Provocations?” Journal of Asian Security 

and International Affairs, Vol. 5, No. 1, 2018, pp. 57-83. 
15) Whang, Taehee, Michael Lammbrau, and Hyung-min Joo, “Detecting patterns in North Korean 

military provocations: what machine-learning tells us,” International Relations of the 
Asia-Pacific, Vol. 18, No. 2, 2018, pp. 193-220.

16) Kim, Sung-Han, “The Present State and Future Vision of the ROK-U.S. Alliance,” Strategic 
Studies, Vol. 48, 2010, pp. 37-65 (In Korean). 

17) Yoo, S.B., “The Trend of North Korean Local Military Provocations and Alliance Cooperation,” 
Journal of National Defense Studies Vol. 57, No. 1, 2014, pp. 61-80 (In Korean).  



Does the ROK-U.S. Military Alliance deter Missile Provocations from North Korea?
 A Plausible Answer from Statistical Approach

106

alliance has been the main tool to suppress North Korea’s provocations and to 
secure stability in the Korean peninsula.19)

 In advancing this literature, this article tests the anticipated association 
between the ROK-U.S. military alliance and the number of missile provocations 
from North Korea. This attempt is marginalized in the previous empirical analysis 
even though the previous qualitative and case studies continuously provide clues 
for the association. Furthermore, the conditional relationship between the 
ROK-U.S. military alliance and the economic closeness with the U.S. is also 
theorized and examined.

 
III. Theory and Hypothesis 

 The goal of this section is to present theories and hypotheses about the 
influence of the ROK-U.S. military alliance and economic relationship on the 
number of provocations from North Korea. By following Leeds et al. (2002), this 
article defines military alliance as ‘written agreements that include promises to aid 
a partner in the event of military conflict to remain neutral in the event of conflict, 
to refrain from military conflict with one another, or to consult/cooperate in the 
event of international crises that create a potential for military conflict’.20)

Theories and hypotheses in this article are rooted in the assumption that North 
Korea is a rational actor with the primary goal to maintain Kim’s dictatorship. 
This assumption is not new and unreasonable but has been supported by previous 
works on North Korea.21) This assumption enables me to systematically analyze 
the reasons behind North Korea’s missile provocations.

North Korea does not commit missile provocations for nothing. North Korea 
can use provocations to release various sanctions. For example, North Korea 
committed verbal provocations and warned of military provocations after the 
United Nations Security Council Resolution 2371,22) banning North Korea’s 

18) Lee, H.J., “The North Korean Nuclear Problem and Northeast Asian International Relations,” 
Unification Strategy, Vol. 17, No. 4, 2017, pp. 169-200 (In Korean). 

19) Yun, Jiwon, “Readjustment of ROK-US Alliance and Strategic Effects of the USFK”, The 
Korean Journal of Security Affairs, Vol. 24, No. 1, 2019, pp. 4-19. 

20) Leeds, Brett Ashley; Jeffrey M. Ritter, Sara McLaughlin Mitchell, and Andrew G. Long, 
“Alliance Treaty Obligations and Provisions, 1815-1944”, International Interactions, Vol. 28, 
No. 3, 2002 pp. 261-284. 

21) Etzioni, Amitai, “Rational Actors: Neither Mad nor MAD: The Meanings of Rationality, Rogue 
States and Terrorists”, Defense & Security Analysis, Vol. 26, No. 4, 2010, pp. 431-438; Kim, 
Dongsoo, “The Obama administration's policy toward North Korea: the causes and consequences 
of strategic patience,” Journal of Asian Public Policy, Vol. 9, No. 1, 2016, pp. 32-44. 

22) Resolution 2371: available at https://www.ncnk.org/sites/default/files/UNSCR_2371.pdf 
(accessed on May. 12, 2020). 
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export of coal, and iron, was adopted on August 5, 2017. More importantly, 
domestic political instability, caused by food shortages and economic hardship, 
has also been considered a driving factor of provocations. Given the fact that 
political stability is the prerequisite to maintaining Kim’s dictatorship, it is not 
surprising that North Korea shows its invincibility to the North Koreans through 
provocative actions. 

 However, North Korea cannot engage in provocative actions whenever it 
needs, but must relate costs relative to benefits. If the expected costs exceed the 
benefits, North Korea will not carry provocative actions into effect. On the 
contrary, when the relative gains exceed the anticipated costs, North Korea will 
engage in missile provocations. For example, when North Korea anticipates a 
military response from the U.S. and South Korea that can threaten Kim’s Dynasty, 
North Korea will not commit missile provocations. Thus, unveiling the factors 
increasing the expected costs should proceed.

Following the previous qualitative and case studies, this article argues that the 
strong ROK-U.S. military alliance raises the costs of missile provocations from the 
standpoint of North Korea. The strong ROK- U.S. military alliance can increase 
the costs of missile provocations because it can lead to U.S. military 
counteractions against North Korea’s missile provocations. Even though military 
counteractions, including preemptive strikes, have not been executed, they are not 
non-sensical options given the fact that the U.S. has made successful preemptive 
strikes against Iraq and Syria.

The U.S. also considers an annihilation of North Korea through military 
counteractions a viable strategy. For instance, U.S. president Donald Trump issued 
warnings against North Korea by emphasizing that the U.S. is ready to use 
devastating military actions if North Korea continues to conduct missile 
provocations in 2017.23) In addition, James Mattis, the former U.S. Secretary of 
Defense, highlighted that the door to military options countering North Korea’s 
missile provocations is still open.24) Considering the fact that North Korea 
observes the speeches from the U.S. federal government, North Korea also takes 
into account the military response from the U.S. when it calculates the costs and 
benefits of missile provocations.

 The strong ROK-U.S. military alliance makes the military counteraction from 
the U.S. more likely and swifter. The consolidation of the military alliance usually 
entails an increased number of military personnel such as United States Forces 

23) Starr, Barbara and Zachary Cohen, “Trump warns of ‘devastating military option as North Korea 
moves jets,” CNN, 2017: available at https://edition.cnn.com/2017/09/26/politics/ 
trump-north-korea-moves-fighters-missiles-fuel-tanks/index.html (accessed on May. 13, 2020). 

24) Cooper, Helene, “Mattis Leaves the Door Open to Military Options in North Korea,” The New 
York Times, 2017: available at https://www.nytimes.com/2017/09/18/world/asia/ 
mattis-north-korea-military.html (accessed on May. 13, 2020). 
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Korea (USFK) and the strategic deployment of military weapons. The increase in 
the number of military personnel can make it easier for the U.S. to choose military 
options because the time and cost for the transportation of military troops are 
reduced. Also, the deployment of military weapons in South Korea reduces the 
costs of a preemptive strike for the U.S. and South Korea because it minimizes the 
damage from North Korea’s attacks. Thus, the strong ROK-U.S. military alliance 
decreases the costs of the U.S. and South Korea to take military options and 
increases the costs of the missile provocations from North Korea’s standpoint. 

Based on the above mechanisms associated with the military alliance, I expect 
that there is a negative correlation between the strength of the ROK-U.S. military 
alliance and the number of missile provocations from North Korea.

Hypothesis 1: The strong military alliance between South Korea and the U.S. 
decreases the number of missile provocations from North 
Korea, given all other things being equal.

Rather than testing only the association between the military alliance and the 
number of missile provocations from North Korea, this article also examines the 
indirect influence of the economic relationship between South Korea and the U.S. 
on missile provocations.

 Since the end of the Korean War, South Korea and the U.S. have maintained 
both military and economic relationships. Based on the strong economic 
relationship between the two countries, the U.S. provides nearly unlimited access 
to U.S. markets and helps South Korea pursue economic growth through 
export-oriented industrialization.25) The U.S. was the biggest market for South 
Korea until the 1990s, even though China is currently the largest trade partner of 
South Korea.26)

 The close economic relationship with the U.S. itself does not directly affect 
the number of missile provocations from North Korea, because it does not change 
North Korea’s cost-benefit calculation related to missile provocations. However, 
the intimate economic relationship with the U.S. can indirectly deter North Korea 
from committing provocations when it is combined with a strong military alliance. 

South Korea is an economically important country that ranks in the top 10 
largest trading partners of the U.S. To be specific, South Korea accounts for over 
3% of the total export and import of the U.S.27) It implies that if the missile 

25) Winder, Joseph, “The Korea–US FTA: Prospects and Implications for the Bilateral Strategic 
Relationship,” Policy Forum Online, 2017, pp. 1-5.

26) Heo, U., “The US–ROK Alliance: Security Implications of the South Korea–US Free Trade 
Agreement,” Pacific Focus, Vol. 23, No. 3, 2008, pp. 365-381. 

27) United States Census Bureau, “Top Trading Partners – March 2020,”: available at 
https://www.census.gov/foreign-trade/statistics/highlights/toppartners.html (accessed on May. 20, 2020). 
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provocations from North Korea threatens South Korea’s foreign economic 
activity, the U.S. is also not free from the economic consequences. Thus, when the 
severity of the missile provocations reaches this serious level, the deterrent effect 
of the ROK-U.S. military alliance will be augmented by the close economic 
relationship.

To put it another way, if the U.S. enjoys an intimate economic relationship 
with South Korea, the U.S. will be motivated to exert military options against 
North Korea to protect its national economic stability. In this case, the 
combination of the strong military alliance and close economic relationship 
increases the benefits of military options on the U.S. side. Conversely, if the U.S. 
relatively does not have a close economic relationship with South Korea, the 
benefits of military counteraction will decrease and the U.S. is less motivated to 
use the strong military alliance. Hence, this article explores the indirect impact of 
the close economic relationship between South Korea and the U.S. with the 
following hypothesis.

Hypothesis 2: The influence of the military alliance between South Korea and 
the U.S. on the number of missile provocations from North 
Korea is augmented by the close economic relationship between 
South Korea and the U.S., given all other things being equal.

Ⅳ. Variables and Data

In this section, variables used in the empirical analysis and their 
operationalizations will be introduced. This article employs monthly data covering 
from January 1960 to December 2016. The usage of monthly data increases the 
number of observations and prevents me from losing monthly variations. 

Dependent Variable: The Number of Missile Provocations from North Korea

Precisely measuring the number of provocations from North Korea is important 
to analyze North Korea’s provocations systematically. To count the number of 
missile provocations engaged by North Korea as accurately as possible, I use events 
data from the Center for Strategic and International Studies (CSIS) rather than 
arbitrarily count the numbers. CSIS provides the list of provocations committed by 
North Korea since the end of the Korean War in 1953. Events data from CSIS 
includes more than 60 missile provocations from North Korea in detail.28)

28) North Korean Provocations database: available at 
http://beyondparallel.csis.org/database-north-korean-provocations/ (accessed on Dec. 16, 2020). 
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Note: For the years from 1960 January to 2000 January, I use original Security and 
Economic indexes developed by Lake (2009). After 2000, I replicate the 
processes from Lake (2009) to build those indexes.

Independent Variables: U.S. Security and Economic Hierarchy Indexes

Measuring the strength of the ROK-U.S. military alliance and the closeness of 
the economic relationship is also crucial. Given the absence of indicators about those 
two variables, this article employs the U.S. Security and Economic Hierarchy 
Indexes developed by Lake (2009) as the main independent variables. Even though 
proxy measures are not always perfect, indexes from Lake (2009) capture the 
essence of the military alliance and economic relationship.

The U.S. Security Hierarchy Index measures the level of the U.S. authority in 
other countries. The security hierarchy index about South Korea consists of two 
components: the number of military personnel and the number of independent 
alliances in which South Korea is involved. Because South Korea does not have an 
independent military alliance except with the U.S., since the end of the Korean War, 
the U.S. Security Hierarchy Index on South Korea is determined by the number of 
U.S. military personnel in South Korea. Given the fact that the consolidation of the 
military alliance tends to entail an increase in the number of military personnel, the 
U.S. Security Hierarchy Index can indirectly measure the strength of the ROK-U.S. 
military alliance.

<Figure 1> The Change of the U.S. Hierarchy Indexes on South Korea
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Next, the U.S. Economic Hierarchy is measured based on the dollarization and trade 
dependency of other countries on the U.S. The dollarization is determined by the 
exchange rate and trade dependence is measured by dividing total trade with the U.S. by 
the GDP of South Korea. As the dollarization related to South Korea does not frequently 
fluctuate over time in Lake’s dataset, a large portion of the variation in the U.S. Economic 
Hierarchy Index about South Korea is from the trade dependency of South Korea on the 
U.S. This feature of the index, one that is also in line with the theory behind hypothesis 2 
illustrating the importance of South Korea as a trade partner, augments the deterrent 
impacts of the ROK-U.S. military alliance on the number of missile provocations.

<Figure 1> shows the trends of the U.S. Security and Economic Hierarchy Indexes 
from 1960 to 2016. The variation of those indexes has high face validities. The U.S. 
Security Hierarchy Index decreases consistently after the end of the Korean War even 
though some fluctuations exist. The decreasing trend of the U.S. Security Hierarchy 
Index continues after 2000. This trend makes sense because the number of USFK 
decreases continuously.

In addition, the U.S. Economic Hierarchy Index also well represents reality. It 
skyrocketed during the Asian economic crisis when South Korea received tremendous 
economic supports from the U.S. The U.S. Economic Hierarchy Index stays at a low level 
after the Asian economic crisis because of the increased importance of China in South 
Korea’s economy as a trade partner.

Control Variables: North Korea’s Intranational and International Factors 

In order to isolate the influence of the independent variables and to avoid omitted 
variable bias, this article controls the effects of other variables examined by previous 
studies as possible factors determining the number of missile provocations from North 
Korea. Three North Korean intranational factors—rice production, succession, and 
political stability—are included. Moreover, international factors, including economic 
sanctions against North Korea, the absolute difference in national capabilities between 
the two Koreas, economic aids to North Korea, and the cold war period are also 
controlled.

Rice production in North Korea can be related to the number of missile provocation
s.29) North Korea has been suffering from food shortages. Getting aid from other 
countries is one of the ways for North Korea to overcome food shortages. Historically, 
North Korea has used provocations as a tool to get aid from other countries. Thus, this 
article includes rice production as a control variable. Rice production data in North Korea 
is from the Food and Agriculture Organization of the United Nations (FAO) dataset.30)

Succession also can influence the number of provocations from North Korea. 

29) Beck, P.M., “North Korea in 2010: Provocations and Succession.”
30) Food and Agriculture Organization of the United Nations: available at 

http://www.fao.org/faostat/en/#data/FBS (accessed on May. 20, 2020). 
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North Korea tends to adopt hostile foreign policies in the years around succession. 
Kim (2013) argues that succession in North Korea has not only a statistically but also 
substantively significant relationship with the probability of provocations.31) 
Therefore, I control the influence of succession by using a dummy variable. I assign 
1 if North Korea experiences succession in a year. Otherwise, I assign 0.

This article also includes political stability as a control variable. North Korea can 
use provocations to recover regime stability when it suffers from domestic 
instability. When there is high domestic regime instability in North Korea, North 
Korea tends to increase the number of provocations against South Korea.32) Hence, 
I use the political instability index in the Varieties of Democracy dataset33) to control 
the influence of North Korea’s political instability. It measures the likelihood of 
government destabilization.

As mentioned previously, this article also includes four international factors as 
control variables. Economic sanctions against North Korea from international 
society can lead North Korea to engage in provocations because economic sanctions 
can threaten the stability of Kim’s dynasty.34) Economic sanctions imposed by other 
countries decrease the economic stability in North Korea and, in turn, can reduce 
regime stability. North Korea can use missile provocations to lessen economic 
sanctions. In this regard, I include economic sanctions against North Korea to control 
for the influence of economic sanctions on the number of missile provocations. The 
number of economic sanctions on North Korea is a count variable.

Moreover, the difference of national capacity between the two Koreas and total 
economic aids that North Korea receives from South Korea and the United States are 
included as international control variables. The difference in the national capacity 
between the two Koreas can be related to the number of missile provocations. If 
South Korea has a higher national capacity compared to North Korea, the power 
discrepancy between the two Koreas can increase the expected costs of North 
Korea’s missile provocations. Moreover, economic aids to North Korea also can be 
associated with the number of missile provocations since North Korea can use 
provocations as a foreign policy to get economic aids from other countries when the 
economic aids decrease. Thus, this article includes the difference in the national 
capacity and economic aids as control variables. Composite Index of National 
Capability (CINC) index is used to measure the difference of national capacity,35)  
and data from CRS36) and South Korea’s Ministry of Unification37) are employed to 

31) Kim, Hong-Cheol, “How to Deter North Korea's Military Provocations.” 
32) Woo, Byung-Deuk. “Why does North Korea commit Provocations?” 
33) Coppedge et. al., “V-Dem Dataset v10,” Varieties of Democracy (V-Dem) Project: available at 

https://www.v-dem.net/en/data/data-version-10/ (accessed on May. 20, 2020). 
34) Noland, M., “The (non-) impact of UN sanctions on North Korea.” 
35) The Correlates of War Project: available at https://correlatesofwar.org/data-sets/national- 

material-capabilities (accessed on January. 3, 2020). 
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measure economic aid to North Korea.
 The cold war period is also controlled. The transition from the cold war period to 

the post-cold war has been studied as a factor affecting the relationship between 
China and North Korea38), the U.S. foreign policies on nuclear non-proliferation39), 
and anti-American sentiment in South Korea.40) Related to North Korea’s 
provocations, the post-cold war international environment can impose a security 
dilemma on North Korea, which tends to lead North Korea to commit provocative 
actions41). To control the influence of the cold war and post-cold war eras, this article 
uses a binary variable. 1 is assigned before 1992. Otherwise, 0 is assigned.

 Lastly, I include a lagged dependent variable to control unobserved and 
unmeasured factors that can influence the number of missile provocations. Even 
though a series of intranational and international variables are included as control 
variables, there are some latent factors to North Korea’s missile provocations 
because of the complicated nature of the reasons behind those provocations. For 
example, the atmosphere of international societies, the closeness of China and North 
Korea, North Korea’s level of missile technology, and abundance of resources are 
hard to measure accurately but can influence the number of missile provocations. 
The inclusion of a lagged dependent variable can capture the influence of those 
omitted variables.42)

36) Manyin, Mark E. and Mary Beth D. Nikitin, “Foreign Assistance to North Korea,” 
Congressional Research Service: available at https://fas.org/sgp/crs/row/R40095.pdf 
(accessed on February. 1, 2020). 

37) Ministry of Unification: available at https://hairo.unikorea.go.kr/stat/ StatInternalYearTotal.do 
(accessed on May 13, 2018). 

38) Kim, S.S., “The Dialectics of China's North Korea Policy in a Changing Post-Cold War 
World,” Asian Perspective, Vol. 18, No. 2, 1994, pp. 5-36. 

39) Mazarr, M.J., “Going just a little nuclear: Nonproliferation lessons from North Korea,” 
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Note: The U.S. Security and Economic Hierarchy Indexes are multiplied by 10 to adjust decimal 
points in estimated coefficients and standard errors. It does not affect the results of 
hypothesis tests.

<Table 1> Descriptive Statistics

Table 1 shows the descriptive statistics for all variables used in the empirical 
analysis. In the following section, the modeling strategy and empirical results will be 
presented. Moreover, robustness checks with the series of model specification will 
be conducted.

V. Modeling Strategy and Results

This article uses Negative Binomial regressions because the dependent variable 
is the number of missile provocations ranging from 0 to 6. The number of missile 
provocations cannot have values less than 0, but it only has positive integers. When 
a count variable is used as a dependent variable, using simple ordinary least square 
(OLS) regressions provides non-sensical predictions. Moreover, the homoskedasticity 
assumption of OLS regression is violated when OLS regression is estimated with 
count dependent variables, which generates biased estimations of coefficients and 
standard errors that lead to false results and inferences.43) Thus, negative binomial 
regression is used instead of an OLS regression to evaluate the hypotheses.

log(the number of provocations)= b_0+γIVs+δCVs

43) Hammer, Tove H., and Jacqueline C. Landau, "Methodological issues in the use of absence 
data," Journal of Applied Psychology, Vol. 66, No. 5, 1981, pp. 574-81. 
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Note: * p<0.05, ** p<0.01, *** p<0.001. 

The equation of the Negative Binomial regression can be expressed as the above 
formula. The log number of provocations from North Korea is the function of the 
intercept (b_0), independent variables (IVs), and control variables (CVs). γ and δ 
denote the coefficients of IVs and CVs.

<Table 2> Estimations from Negative Binomial Regression

Standard Errors are in Parentheses. The variance inflation factor (VIF) of each model is less than 2, 
which means multicollinearity is not problematic. AIC (Akaike Information Criterion) and BIC 
(Bayesian Information Criterion) are presented for model comparison.44)

44) Lower AIC and BIC are better. Please see Kuha, Jouni, "AIC and BIC: Comparisons of assumptions 
and performance," Sociological Method & Research, Vol. 33, No. 2, 2004, pp. 188-229.
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Note: The predicted number of provocations is calculated while other continuous variables and 
binary variables at their mean and mode values.

Table 2 presents the empirical results based on the Negative Binomial 
regressions to test hypothesis 1 and hypothesis 2. Estimated with only the two key 
independent variables, Model 1 shows that the U.S. Security Hierarchy Index has a 
statistically significant relationship (p<0.001) with the number of missile 
provocations from North Korea, offering empirical support for the first hypothesis. 
The positive correlation between the Security Hierarchy Index is consistent across 
Model 2 with intranational control variables and Model 3 with international control 
variables at the level of p<0.001 and p<0.01 respectively. 

Model 4 is estimated with all control variables and the lagged dependent 
variable. As expected, the U.S. Security Hierarchy Index is statistically correlated 
with the number of missile provocations committed by North Korea at the level of 
p<0.01, even after controlling all intranational, international, and other factors. To be 
specific, a one unit increase in the U.S. Security Hierarchy Index decreases the log 
odds of a missile provocation from North Korea by 2.415 holding other variables 
constant.

On the contrary, the U.S. Economic Hierarchy Index is not statistically 
significant across all four models in Table 2 as expected. The economic relationship 
between South Korea and the U.S. does not influence the number of missile 
provocations from North Korea when the U.S. Security Hierarchy Index is included 
in the models. It is not surprising because the economic relationship itself does not 
affect the cost and benefit calculation from North Korea on missile provocations.

It is also worth noting that the series of control variables, including a lagged 
dependent, variable is not statistically significant across the Models in Table 2. This 
result emphasizes the relative importance of the military relationship between South 
Korea and the U.S. compared to North Korea’s domestic factors and international 
factors.

<Table 3> The Predicted Number of Missile Provocations
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To evaluate the substantive effect of the U.S. Security Hierarchy Index on the 
number of missile provocations, this article calculates the predicted number of 
provocations. Table 3 illustrates the substantive effects of the U.S. Security 
Hierarchy while control variables are set to their typical values. The decrease in the 
predicted number of missile provocations according to the increase in U.S. Security 
Hierarchy indicates that the U.S. Security Hierarchy Index is not just statistically but 
also substantively significant.

 Based on Model 1, the predicted number of missile provocations is 4.1324 when 
the U.S. Security Hierarchy Index equals 0. It decreases to 0.1965 if the U.S. 
Security Hierarchy Index reaches 1. If the U.S. Security Hierarchy Index increases to 
2, North Korea tends to engage in missile provocations less than 0.01 times in a 
month. When the U.S. Security Hierarchy Index is higher than 2, the number of 
missile provocations reduces to 0. This decreasing trend in the predicted number of 
missile provocations is also observed in the other three models with control 
variables. In Model 4 with all control variables, a 0.5 increase in the U.S Security 
Hierarchy Index lowers the number of missile provocations by around 75% on 
average. The empirical results from Table 2 and Table 3 provide the evidence needed 
to reject the null hypothesis of the first hypothesis.

To test the conditional relationship between the military relationship and 
economic relationship with the U.S., this article repeats the analysis with the 
interaction term between the U.S. Security Hierarchy and Economic Hierarchy 
Index in Table 4. Across the four models in Table 4, the interaction term is 
statistically significant at the level of p<0.05. The coefficients of the interaction term 
are negative, which means that the higher U.S. Economic Hierarchy Index tends to 
strengthen the negative influence of the U.S. Security Hierarchy on the number of 
missile provocations from North Korea. This finding supports the second hypothesis 
about the conditional relationship between the military and economic relationship 
with the U.S. Other control variables do not have statistically significant 
relationships with the number of missile provocations from North Korea as modeled 
in Table 2.
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Note: * p<0.05, ** p<0.01, *** p<0.001. 

Standard Errors are in Parentheses. The variance inflation factor (VIF) of each model is less than 
2. AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion) are presented for 
model comparison.

<Table 4> Estimations with Interaction Term

To test the conditional relationship between the military relationship and 
economic relationship with the U.S., this article repeats the analysis with the 
interaction term between the U.S. Security Hierarchy and Economic Hierarchy 
Index in Table 4. Across the four models in <able 4, the interaction term is 
statistically significant at the level of p<0.05. The coefficients of the interaction term 
are negative, which means that the higher U.S. Economic Hierarchy Index tends to 
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Note: The predicted number of provocations is calculated while other continuous variables and 
binary variables at their mean and mode values.

strengthen the negative influence of the U.S. Security Hierarchy on the number of 
missile provocations from North Korea. This finding supports the second hypothesis 
about the conditional relationship between the military and economic relationship 
with the U.S. Other control variables do not have statistically significant 
relationships with the number of missile provocations from North Korea as modeled 
in Table 2.

<Table 5> Predicted Number of Provocations based on the Interaction Term

Table 5 reports the predicted number of missile provocations based on the 
interaction terms in Table 4. It intuitively delivers information about how the impact 
of the U.S. Security Hierarchy Index on the number of missile provocations changes 
depending on the U.S. Economic Hierarchy Index. Numbers under the four model 
columns represent the predicted number of missile provocations and other variables 
set to their typical values. 

 In Model 5 without control variables, the difference in the U.S. Economic 
Hierarchy Index does not substantively affect the influence of the U.S. Security 
hierarchy Index on the predictions. When the U.S. Security Hierarchy Index is 2, the 
increase in the U.S. Economic Hierarchy changes the predicted number to less than 
0.001. Even in Model 6 with North Korea’s intranational control variables, the 
higher U.S. Economic Hierarchy Index only slightly (less than 0.0001) changes the 
number of missile provocations. Thus, the interaction terms in Model 5 and Model 6 
are not substantively significant, even though they are statistically significant.

 However, the increase in the U.S. Economic Hierarchy substantively alters the 
influence of the U.S. Security Hierarchy on the predicted number of missile 
provocations in Model 7 (with international control variables) and most importantly 
in Model 8 (with all control variables). In Model 8, when the U.S. Security and 
Economic Hierarchy Indexes are 2 and 0 respectively, the predicted number of 
missile provocations is 0.0264. It decreases to nearly 0 when the U.S. Economic 
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Hierarchy Index is over 7. In terms of percentage change, a 1 unit increase in the U.S. 
Economic Hierarchy Index leads to around a 50% decrease in the predicted numbers 
on average. Given the severe security threats imposed by missile provocations from 
North Korea, the changes in the predicted numbers are not negligible. Those 
substantive effects also appear when the U.S. Security Hierarchy Index is set to other 
values such as 0 and 4.

In a nutshell, the empirical results from Negative Binomial regressions suggest 
that the strong ROK-U.S. military alliance leads to a lower number of missile 
provocations from North Korea. Moreover, the results also provide some evidence 
that the deterrent influence of the strong military alliance is augmented by the close 
economic relationship with the U.S. This article conducts robustness checks to see 
whether the empirical results are consistent in other model specifications or not. 

Robustness Check

Robustness checks about the empirical results in Table 2 and Table 4 are 
conducted with Negative Binomial models with robust standard errors, zero-inflated 
Negative Binomial (ZINB) models, and Negative Binomial models with year 
random effects. Table 6 presents the empirical results estimated from those 
alternative model specifications.

Model 9 and Model 10 are based on Negative Binomial regressions with robust 
standard errors. The coefficient estimates are the same in Model 4 and Model 8, but 
the estimated standard errors are different. Robust standard errors, also called the 
Huber Sandwich Estimator, are widely used when the homoskedasticity assumption 
is violated in OLS models. Even though Negative Binomial models do not rely on 
the homoskedasticity assumption, some methodologists recently argue that using 
robust standard errors can help to estimate more precise standard errors.45) In Model 
9, the U.S. Security Hierarchy Index has a statistically significant (p<0.01) negative 
impact on the number of missile provocations even after robust standard errors are 
used. Also, the interaction term between the two hierarchy indexes is significant at 
the level of p<0.05 in Model 10. As in the models with normal standard errors, other 
control variables do not affect the number of missile provocations.

 Model 11 and Model 12 are estimated through zero-inflated Negative Binomial 
regressions. When a count-dependent variable is a rare event, such as missile 
provocations, Negative Binomial regressions can produce biased estimations of 
coefficients and standard errors.46) Even though there are statistical questions about 
the necessity to use zero-inflated models47), this article includes empirical results 

45) Freedman, D.A., “On the so-called “Huber sandwich estimator” and “robust standard errors,” 
The American Statistician, Vol. 60, No. 4, 2006, pp. 299-302.

46) Hilbe, J.M., Modeling Count Data (Cambridge University Press, 2014). 
47) Allison, Paul, and William Greene, “Do we really need zero-inflated models,” Statistical Horizons, 2012. 
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<Table 6> Various Model Specifications

Note: * p<0.05, ** p<0.01, *** p<0.001

Robust Standard Errors are in Parentheses. The variance inflation factor (VIF) of each model is 
less than 2. AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion) are 
presented for model comparison. Pseudo r-squares are not calculated in ZINB models and 
Negative Binomial regressions with year random effects. 

from zero-inflated Negative Binomial regressions rather than running the risk of 
wrong estimations. The U.S. Security Hierarchy Index and the interaction term in 
Model 11 and Model 12 are statistically significant at the level of p<0.001 and 
p<0.01 respectively, which supports the empirical findings from the previous models 
in Table 2 and Table 4. Other control variables are not correlated with the dependent 
variable.

Lastly, this article presents negative binomial models with year random effects. 
Year random effects are another way to parcel out the influence of unobserved and 
unmeasured factors. Year random effects allow me to control those possible omitted 
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variables as the inclusion of the lagged dependent variable does. Cold War Era is 
excluded in Model 13 and Model 14 to avoid the multicollinearity problem. 
Moreover, the lagged dependent variable is also not included because using the 
lagged dependent variable with year random effects can bias estimations.48)

 Even after year random effects are controlled, the U.S. Security Hierarchy Index 
and the interaction term are statistically significant at the level of p<0.001 in Model 
13 and Model 14 respectively. It provides empirical evidence for the robustness of 
the previous empirical results. Moreover, the difference in CINC has a negative 
relationship (p<0.01) with the dependent variable in Model 14. Even though it is 
statistically significant only in Model 14, this indicates that if South Korea puts 
efforts into increasing national capability, North Korea’s missile provocations can 
be deterred.

 The substantive effects of the U.S. Security Hierarchy Index and the interaction 
term in Table 6 are similar to those in Table 3 and Table 5. The 1 unit increase in the 
U.S. Security Hierarchy Index decreases the number of missile provocations by 
nearly 75%. Also, the higher U.S. Economic Hierarchy Index strengthens the 
negative relationship between the U.S. Security Hierarchy Index and the predicted 
number of missile provocations.

In sum, various alternative models to address possible concerns provide 
additional evidence for the statistical relationship between the U.S. Security 
Hierarchy Index and the number of missile provocations from North Korea. In 
addition, the indirect influence of the U.S. Economic Security Hierarchy Index is 
consistently significant. The empirical results allow for a rejection of the null 
hypotheses of hypothesis 1 and hypothesis 2. 

VI. Conclusion and Inference

The ways to deter North Korea from engaging in missile provocations are the 
urgent academic theme to secure South Korea’s national security. Advancing the 
previous well-developed qualitative and case studies about North Korea’s missile 
provocations with statistical analysis, this article generates both academic 
contributions and suggestions for South Korea’s national strategies. 

 Academically, this article confirms that the strong military alliance with the U.S. 
is the essential condition to deter North Korea from committing missile 
provocations. After isolating influences of diverse control variables based on the 
previous literature, this article finds that the impact of the strong military alliance 
with the U.S. on the number of missile provocations is salient. This robust empirical 
finding implies that the consolidation and improvement of the ROK-US military 

48) Allison, Paul, “Don’t put lagged dependent variables in mixed models,” Statistical Horizons, 2015. 
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alliance is not an option but an essential factor to alleviate the problem of missile 
provocations from North Korea. This finding contributes to the literature about 
North Korea’s provocation by providing empirical evidence to the association 
between North Korea’s provocation and the ROK-US military alliance which has 
been considered as a main factor to deter provocations in previous qualitative and 
case studies.

Moreover, the indirect effect of economic closeness to the U.S. on the missile 
provocations is unveiled by this article. The empirical results from various model 
specifications demonstrate that the deterrent impact of the military alliance is 
magnified when South Korea maintains a close economic relationship with the U.S. 
This interesting finding gives a caveat to South Korea. While the importance of the 
economic relationship with China is growing, the economic relationship with the 
U.S. should also not be marginalized.

 Even though the robustness of the empirical results in this article is tested 
through various model specifications, the empirical analysis is not free from 
limitations inherent in a quantitative approach. First, it is impossible to perfectly 
measure the strength of the military alliance and economic closeness with the U.S. 
and other latent factors. Although proxy measures and various model specifications 
are used in this article, it is still hard to perfectly reflect the complex reality with 
numeric indicators. Second, the statistical analysis tests hypotheses not mechanisms 
behind the correlations. Last, but not least, the recent data after 2016 about North 
Korea is not incorporated due to the lack of data. 

Based on those limitations, this article recommends that future research on North 
Korea’s provocations elaborate the measures of the military and economic 
relationship between South Korea and the U.S. and conduct empirical analysis when 
data about North Korea is available. Moreover, future qualitative and case studies 
about the indirect influence of the economic relationship with the U.S. on the missile 
provocations will also be promising.
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