
Sanctions on Kleptocracy: Theory and Evidence

Youngseok Park

Korea Institute for International Economic Policy

2022.2.23



Overview

Theory
I Define the political system of North Korea based on the

selectorate theory of De Mesquita et al. (2005) and the
kleptocracy theory of Acemoglu et al. (2004).
I Hypothesis: The ruler transfers a greater fraction of the

country’s resources to the selectorate (elites) as sanctions
intensify.

I Develop a dynamic game of sanctions against a kleptocracy.

Empirical Evidence
I Test the theoretical hypothesis using satellite nighttime lights

from 2012 to 2019 (Henderson et al. 2012, Elvidge et al.
2013, Lee 2018, Gibson et al. 2021).
I The results confirms the theoretical hypothesis: Pyongyang,

manufacturing cities, mining areas, the Chinese border regions
become brighter.

I Nuclear weapons development regions become darker.



Sanctions against North Korea

I UN Security Council (UNSC) resolutions
I 2013 UNSC resolutions 2087, 2094
I 2016 UNSC resolutions 2270, 2321
I 2017 UNSC resolutions 2356, 2371, 2375, 2397

I Sanctions against North Korea by the United States
I Executive Order: 13687 (2015), 13722 (2016), 13810 (2017)
I Act: Countering America’s Adversaries Through Sanctions Act

in 2017; Sanctions With Respect to North Korea (Otto
Warmbier Act) in 2019

I Secondary boycott

I South Korea, Japan, and EU

I China and Russia



Sanctions Index

Figure 1: UNSC resolution 2270



Sanctions Index

st =
t∑

n=2012

strn + s lxn + senn + sorn + s fdn + stxn + s fnn + stvn + s lgn + scpn

Table 1: Sanctions index

Year Category
Trade Luxury Energy Ore Food Textile Finance Travel Logis. Coop. Index

2012 0 0 0 0 0 0 0 0 0 0 0
2013 1 1 0 0 0 0 2 2 1 1 8
2014 1 1 0 0 0 0 2 2 1 1 8
2015 1 1 0 0 0 0 2 2 1 1 8
2016 3 3 2 2 0 0 4 4 3 3 24
2017 6 3 5 3 2 1 8 8 6 3 45
2018 6 3 5 3 2 1 8 8 6 3 45
2019 6 3 5 3 2 1 8 8 6 3 45



Targeted and Comprehensive Sanctions

Table 2: Targeted sanctions index and comprehensive sanctions

Year Targeted sanctions Comprehensive sanctions
Travel ban/Asset freeze Luxury goods Weapons items Fuel export Fuel import

2012 0 0 0 1,244,683 813,400
2013 15 7 8 1,430,071 783,692
2014 15 7 8 1,178,023 747,064
2015 15 7 8 1,083,096 502,912
2016 64 14 26 1,193,187 438,840
2017 116 14 26 412,722 349,506
2018 116 14 26 11,392 333,753
2019 116 14 26 12,474 345,959
2020 116 14 26 12,765 238,686

Note: Fuel export and fuel import are measured in a thousand US dollars (data source: KOTRA).



Targeted Sanctions

Figure 2: UNSC resolution 2270, Annex I



Targeted Sanctions

Figure 3: UNSC resolution 2270, Annex II



Targeted Sanctions

Figure 4: UNSC resolution 2321, Annex III



Targeted Sanctions

Figure 5: UNSC resolution 2279, Annex IV



Sanctions Index

Figure 6: Exports and imports of mineral fuels and sanctions index
(Source: KOTRA)



Sanctions Index

Figure 7: Trade volume with China and sanctions index (Source: KOTRA)



Political System of North Korea

I Suryong dictatorship
I Juche ideology
I Sociopolitical-being theory
I Ganbu class
I Strict restriction on migration within the country
I Pyongyang City Management Law



Selectorate Theory

I De Mesquita et al. (2005)

Figure 8: Non-selectorates (NS), selectorates (S), winning coalition (W ),
and the ruler (R)



Kleptocracy Theory

I Kleptocracy emerges in weakly institutionalized polities,
where formal institutions neither place significant restrictions
on politicians’ actions nor make them accountable to citizens
(Acemoglu et al. 2004).
I Kleptocratic rulers adopt political strategies which are highly

effective at defusing any opposition to their regime:
divide-and-rule strategy

I On the basis of the evidence and data, define North Korea’s
suryong dictatorship as a kleptocracy.
I Based on juche ideology, suryong divided the country’s

residents into two segregated groups, the selectorate and the
non-selecotrate.

I Suryong allocates large enough fraction of the country’s
resources to the selectorate for supporting his political power.



Hypothesis

Theoretical Hypothesis

The ruler will transfer a greater fraction of the country’s resources
to the selectorate as sanctions intensify.



Model of Sanctions on Kleptocracy
Dynamic Game

I Country A is under a kleptocratic regime, of which citizens are
divided by two groups, selectorate (S) and nonselectorate (N)
groups.

I The kleptocratic ruler (R) stays in power by taxing divided
groups of citizens and redistributing the revenues.

I Only the selectorate group can initiate a revolution against the
ruler, as the citizens of selectorate group are more educated
and productive than those in the nonselectorate group.
I If the selectroate group prefers to initiate a revolution, the

nonselectorate group does so as well.

I The ruler of country A possesses weapons of mass destruction
(WMD), which give the world under threat of massive
destruction.



Model of Sanctions on Kleptocracy
Dynamic Game

I Country B, a superpower, can impose economic sanctions on
country A to deter the ruler of country A possess WMD.

I The ruler stays in power by taxing divided groups of citizens
and redistributing the revenues. The size of each group is
normalized at 1. Group i ∈ {S ,N} has utility in period t given
by:

∞∑
s=t

βsuis(yis , lis) =
∞∑
s=t

βs
(
yis −

η

1 + η
l

1+η
η

is

)
, (1)

I where β < 1 is the discount factor, yit is after-tax income, and
lit is labor supply in period t.



Model of Sanctions on Kleptocracy
Dynamic Game

I The production technology of each group is given by:

qit = ωit lit , (2)

I where ωit is the productivity of group i in period t.

I Assume that ωSt ∈ [ωS , ωS ] and ωNt ∈ [ωN , ωN ], where
ωN ≤ ωS (Group S is more productive in any period t).

I The after-tax income of each group is

yit = (1− τit)ωit lit + Tit , (3)

I where τit ∈ [0, 1] is the income tax rate imposed on group i in
period t and Tit ∈ [0,∞) is a (nonnegative) lump-sum transfer
to group i .



Model of Sanctions on Kleptocracy
Dynamic Game

I Each group maximizes the utility function (1), which yields
the following labor supply function:

lit(τit) = [(1− τit)ωit ]
η. (4)

I Using (4), the instantaneous indirect utility of group i can be
expressed as

Uit(τit ,Tit) =
1

1 + η
[ωit(1− τit)]1+η + Tit , (5)

I The tax revenues are

R(τSt , τNt) = τStqSt + τNtqNt (6)

= τSt(1− τSt)ηω1+η
St + τNt(1− τNt)ηω1+η

Nt .



Model of Sanctions on Kleptocracy
Dynamic Game

I The government budget constraint is

TSt + TNt + CKt ≤ R(τSt , τNt) + Z + Ft(Wt), (7)

I where CKt ∈ [0,∞) is the consumption of the kleptocratic
ruler, R(τSt , τNt) is tax revenue given by (6), and
Ft(Wt) ∈ [0,∞) is foreign aid, where Wt = 1 if the ruler
possesses WMD in period t and Wt = 0 otherwise.

I Assume that Ft(1) = F > 0 and Ft(0) = 0 (WMD generates
rent for the ruler).



Model of Sanctions on Kleptocracy
Dynamic Game

I The ruler has the utility function in period t:

∞∑
s=t

βsKCKs , (8)

I where βK < 1 is the discount factor of the ruler, which could
differ from those of the citizens.

I The political system is either kleptocracy, K , or democracy, D.

I In democracy, the two groups are in power jointly, thus they
set zero taxes, and share the natural resource rents equally.



Model of Sanctions on Kleptocracy
Dynamic Game

I If the economy is under kleptocracy, that is, St−1 = K , then
the following political game, Γt(K ), is played:
I Stage 1. If the political system remains at kleptocracy at the

beginning of period t, by either no attempt of revolution or a
failed revolution in period t − 1, the ruler decides whether to
remove WMD. If the ruler removes WMD, country B removes
economic sanctions. However, without WMD the kleptocratic
regime could be collapsed by outside forces, which come
stochastically from the viewpoint of the ruler.

I Stage 2. Country B imposes economic sanctions (ωSt , ωNt) if
the ruler keeps WMD (Oechslin 2014).

I Stage 3. The ruler announces tax rates (τSt , τNt) and transfers
(TSt ,TNt).



Model of Sanctions on Kleptocracy
Dynamic Game

I The timing of the political game (continued):
I Stage 4. The selectorate group decides whether to initiate a

revolution in order to remove the ruler from power. If the
selectorate group does not initiate a revolution, then
(τSt , τNt ,TSt ,TNt) is implemented and the political system
remains at kleptocracy.

I Stage 5. If the selectorate group initiates a revolution, then it
is successful with probability α > 0. If the revolution succeeds,
then both the ruler and WMD are removed and the political
system switches to democracy.

I Stage 6. If the ruler is removed and the political system
switches to democracy, then country B removes the sanctions.

I Stage 7. Given the policy vector, either under kleptocracy or
democracy, individuals in both groups choose labor supply.



Satellite Nighttime Lights Data

I Henderson et al. (2012) show that satellite nighttime lights
data are a good proxy for GDP (correlated with GDP with an
elasticity of 0.3).

I Satellite nighttime lights data are widely used as a proxy for
local economic activity especially in poor countries
(Donaldson and Storeygard, 2016).

I Lee (2018) examined the effect of sanctions on North Korea
using DMSP data from 1992 to 2013.

I VIIRS data are technologically superior to DMSP data
because DMSP data have flaws including blurring, coarse
resolution, and etc (Elvidge et. al. 2013, Gibson et al. 2021).



Satellite Nighttime Lights Data

I Launched October 28, 2011

I Daily equator crossing time of approximately 1:30am and
1:30pm (local time)

I Annual composite radiation (absolute value)

I Two spatial resolutions: 375m (I-bands) and 750m (M-bands)



VIIRS 2012-2019

(a) 2012 (b) 2013

Figure 9: Lights in North Korea by year from 2012 to 2013



VIIRS 2012-2019

(a) 2014 (b) 2015

Figure 10: Lights in North Korea by year from 2014 to 2015



VIIRS 2012-2019

(a) 2016 (b) 2017

Figure 11: Lights in North Korea by year from 2016 to 2017



VIIRS 2012-2019

(a) 2018 (b) 2019

Figure 12: Lights in North Korea by year from 2018 to 2019



Major Cities of North Korea

(a) Major cities (b) Province capital cities

Figure 13: Locations of major cities



Major Cities of North Korea

(a) Port cities

Figure 14: Locations of major cities



Manufacturing Cities and Mining Areas

(a) Manufacturing cities (b) Mining areas

Figure 15: Locations of manufacturing cities and mining areas



Uranium Mining and Nuclear Weapons Development Areas

(a) Uranium mining areas (b) Nuclear weapons facility areas

Figure 16: Locations of uranium mining and nuclear weapons facility
areas (Source: Nuclear Threat Initiative (NTI))



Uranium Mining and Nuclear Weapons Development Areas

(a) Yongbyon, North Pyeongan
(b) Yongbyon nuclear facility

Figure 17: Lights in nuclear facility areas: Yongbyon



Uranium Mining and Nuclear Weapons Development Areas

(a) Bakcheon, North Pyeongan

(b) Bakcheon nuclear facility

Figure 18: Lights in nuclear facility areas: Bakcheon



Uranium Mining and Nuclear Weapons Development Areas

(a) Daegwan, North Pyeongan

(b) Cheonmasan uranium mining and
suspected uranium enrichment facility

Figure 19: Lights in nuclear facility areas: Daegwan



Uranium Mining and Nuclear Weapons Development Areas

(a) Hagap, Jagang

(b) Hagap underground suspected
nuclear facility

Figure 20: Lights in nuclear facility areas: Hagap



Uranium Mining and Nuclear Weapons Development Areas

(a) Pyongsan, North Hwanghae

(b) Pyongsan uranium milling facility

Figure 21: Lights in nuclear facility areas: Pyongsan



Uranium Mining and Nuclear Weapons Development Areas

(a) Taecheon, North Pyeongan
(b) Taecheon 200MWe nuclear power
reactor

Figure 22: Lights in nuclear facility areas: Taecheon



Summary Statistics

Table 3: Summary statistics

Variable Mean Std. dev. Min Max Obs
Lights value 0.0150369 0.2384071 0 49.01601 5,970,488
Pyongyang 0.5028116 1.807951 0 49.01601 55,672
Sinuiju 1.402517 1.930708 0 22.94704 5,096
Kaesong 0.0037019 0.040159 0 0.8086954 6,512
Major cities 0.1813305 0.9686242 0 49.01601 264,344
Province capital 0.0936023 0.522392 0 28.5121 186,000
Manufacturing city 0.1396475 0.8447431 0 49.01601 351,480
Mining area 0.0077948 0.0937321 0 11.23855 775,696
Within 10km of Chinese border 0.0426985 0.3496951 0 22.94704 365,912
Port 0.0724 0.4447516 0 28.5121 145,080
Uranium mining area 0.0235394 0.2327942 0 25.71006 361,760
Nuclear facility area 0.0066042 0.1013007 0 14.54771 243,720
Trade volume with China (in $1K) 5283243 1447136 2722940 6863991 8
Fuel export (in $1K) 820706 543257.3 11392 1430071 8
Fuel import (in $1K) 539390.8 195285.8 333753 813400 8



Empirical Analysis

I Examine the intra-regional difference in nighttime lights
I How does the kleptocrat (ruler) respond to economic sanctions

on the regime?

I Base regression equation:

ln(lightijt) = α + βDi st + µi + δt + φjt + εijt (9)

I Di is the set of dummies that identify grid cell characteristics.



Empirical analysis

Table 4: Main regression results

Dependent ln(lights) ln(lights) ln(lights) ln(lights)
(1) (2) (3) (4)

Sanctions
-0.0000375
(0.0000673)

Major*Sanctions
0.0126549∗∗∗

(0.0010423)
-0.0007415
(0.0007467)

Pyongyang*Sanctions
0.0067692∗∗∗

(0.0009378)

Province capital*Sanctions
0.0133964∗∗∗

(0.0012749)

Manufacturing*Sanctions
0.0126549∗∗∗

(0.0010423)

Kaesong*Sanctions
0.0006929

(0.0006601)

Mining*Sanctions
0.0019843∗∗∗

(0.0005016)
Chinese border*Sanctions
Sinuiju*Sanctions
Port*Sanctions
Uranium mine*Sanctions
Nuclear*Sanctions
R-squared 0.0169 0.0169 0.0169 0.0169
Observations 5,926,224 5,926,224 5,926,224 5,926,224

Notes: All columns include grid cell fixed effects and region-year fixed effects. Columns (2)-(4) also include year
fixed effects. Standard errors are clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at
the 10%, 5%, 1% level, respectively.



Empirical analysis

Table 5: Main results (continued)

Dependent ln(lights) ln(lights) ln(lights)
(5) (6) (7)

Sanctions
Major*Sanctions

Pyongyang*Sanctions
0.0039901∗∗∗

(0.0006808)

Province capital*Sanctions
0.0043891∗∗∗

(0.0009038)

Manufacturing*Sanctions
0.0020375∗∗∗

(0.0003763)

Kaesong*Sanctions
0.0006929

(0.0006601)

Mining*Sanctions
0.0019843∗∗∗

(0.0005016)

Chinese border*Sanctions
0.0004553∗∗∗

(0.0000527)
0.0004553∗∗∗

(0.0000527)

Sinuiju*Sanctions
0.0390021∗∗∗

(0.002745)
0.0325754∗∗∗

(0.0029111)

Port*Sanctions
0.0126549∗∗∗

(0.0010423)
0.0062282∗∗∗

(0.0014235)

Uranium mine*Sanctions
-0.0000672
(0.0001027)

-0.000155
(0.000103)

Nuclear*Sanctions
-0.0009685∗∗∗

(0.0003112)
-0.0009685∗∗∗

(0.0003112)
R-squared 0.0169 0.0169 0.0169
Observations 5,926,224 5,926,224 5,926,224

Notes: All columns include grid cell fixed effects, region-year fixed effects, and year fixed effects. Standard errors are
clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at the 10%, 5%, 1% level,
respectively.



Empirical analysis

Table 6: Robustness of the main results

Dependent: ln(lights) Bottom code at 0.1 Bottom code at 0.5 Control for lagged lights
(1) (2) (3)

Pyongyang*Sanctions
0.0036513∗∗∗

(0.0003209)
0.0025298∗∗∗

(0.0001451)
0.0001816

(0.0006404)

Province capital*Sanctions
0.0025533∗∗∗

(0.0004415)
0.001221∗∗∗

(0.0001906)
0.0020895∗∗∗

(0.0007958)

Manufacturing*Sanctions
0.0010044∗∗∗

(0.00017)
0.0003986∗∗∗

(0.0000682)
0.002048∗∗∗

(0.0003421)

Kaesong*Sanctions
0.0002769

(0.0002904)
0.0001047

(0.0001092)
0.0009097

(0.0006038)

Mining*Sanctions
0.0010739∗∗∗

(0.0002173)
0.0004531∗∗∗

(0.0000817)
0.0019391∗∗∗

(0.0004449)

Chinese border*Sanctions
0.0002956∗∗∗

(0.0000262)
0.0001499∗∗∗

(0.0000123)
0.0004151∗∗∗

(0.0000458)

Sinuiju*Sanctions
0.022763∗∗∗

(0.0014773)
0.01485∗∗∗

(0.0006934)
0.0312743∗∗∗

(0.0028837)

Port*Sanctions
0.0036202∗∗∗

(0.0007094)
0.0019655∗∗∗

(0.0003281)
0.004837∗∗∗

(0.0012366)

Uranium mine*Sanctions
-0.0001616∗∗∗

(0.0000537)
-0.0000858∗∗∗

(0.0000238)
-0.0000906
(0.0001059)

Nuclear*Sanctions
-0.0004192∗∗

(0.0001637)
-0.000191∗∗

(0.0000856)
-0.0013986∗∗∗

(0.0003327)

Lagged ln(lights)
0.2707379∗∗∗

(0.0037589)
R-squared 0.0257 0.0367 0.0804
Observations 5,926,224 5,926,224 5,185,446

Notes: All columns include grid cell fixed effects, region-year fixed effects, and year fixed effects. Standard errors are
clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at the 10%, 5%, 1% level,
respectively.



Empirical analysis

Table 7: Robustness of the main results (continued)

Dependent: ln(lights) Exclude borders Exclude all-time zeros Lights dummy
(4) (5) (6)

Pyongyang*Sanctions
0.0060467∗∗∗

(0.0006558)
-0.0175843∗∗∗

(0.0027858)
0.0015356∗∗∗

(0.000113)

Province capital*Sanctions
0.0043891∗∗∗

(0.0009039)
-0.0129106∗∗∗

(0.0038296)
0.0001136

(0.0000803)

Manufacturing*Sanctions
-0.000019

(0.0003288)
-0.0084159∗

(0.0044416)
-0.0000302
(0.0000269)

Kaesong*Sanctions
0.0006929

(0.0006601)
-0.0221513∗∗∗

(0.0042777)
0.000000

(0.000000)

Mining*Sanctions
0.0019843∗∗∗

(0.0005016)
-0.0118891∗∗∗

(0.0038961)
0.000000

(0.000000)

Chinese border*Sanctions
0.0048601∗∗∗

(0.0011017)
0.0000523∗∗∗

(0.00000682)

Sinuiju*Sanctions
-0.0037162
(0.004651)

0.0158619∗∗∗

(0.0008953)

Port*Sanctions
0.0082847∗∗∗

(0.0014117)
0.0056977

(0.0048708)
0.0015107∗∗∗

(0.0002056)

Uranium mine*Sanctions
-0.000107
(0.000096)

-0.0108599∗∗

(0.0047206)
-0.0000101∗∗∗

(0.00000133)

Nuclear*Sanctions
-0.0009685∗∗∗

(0.0003112)
-0.0115699∗∗

(0.004661)
-0.0000282
(0.000041)

R-squared 0.0161 0.4948 0.0308
Observations 5,467,360 102,442 5,926,224

Notes: All columns include grid cell fixed effects, region-year fixed effects, and year fixed effects. Standard errors are
clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at the 10%, 5%, 1% level,
respectively.



Empirical analysis

Table 8: Results using different measures of and proxies for economic
sanctions

Targeted sanctions Comprehensive sanctions
ln(lights) Travel ban/A. freeze Luxury Weapons Fuel export Fuel import

(1) (2) (3) (4) (5)

Py* S
0.0016064***
(0.000275)

0.038879***
(0.0022719)

0.0151887***
c

-0.039738***
(0.002317)

-0.242455***
(0.0135198)

Pvc* S
0.0017725***
(0.000365)

0.0264142***
(0.0040881)

0.0102722***
(0.0015898)

-0.0136023***
(0.0015482)

-0.0220728**
(0.0090095)

Mfc* S
0.0008278***
(0.000152)

0.0051569***
(0.0010805)

0.0019364***
(0.0004206)

-0.0003827
(0.0006749)

-0.0009989
(0.0039357)

Ks* S
0.0002798
(0.0002666)

0.001128
(0.0022142)

0.0004387
(0.0008611)

0.0034824
(0.0021236)

0.0240423**
(0.0116829)

Mining* S
0.0008013***
(0.0002026)

0.0019011
(0.0019143)

0.0007393
(0.0007444)

-0.0004048
(0.0002503)

-0.0027155**
(0.0013145)

C-border* S
0.0001709***
(0.0000197)

0.001348***
(0.0001729)

0.0007048***
(0.0000863)

-0.0058639***
(0.000451)

-0.0352876***
(0.0025178)

Snj* S
0.0131635***
(0.0011756)

0.0946664***
(0.0104933)

0.0367033***
(0.0040809)

-0.0940543***
(0.0096533)

-0.5374281***
(0.0628035)

Port* S
0.0025103***
(0.0005749)

0.0085616
(0.005327)

0.0033986
(0.0020717)

-0.0031141*
(0.0017509)

-0.0595119***
(0.010009)

U-mine* S
-0.0000601
(0.0000416)

-0.0001845
(0.0003954)

-0.0001066
(0.0001541)

-0.0023487***
(0.0003964)

-0.011428***
(0.0021233)

Nuke* S
-0.0003911***
(0.0001257)

0.0007792
(0.0009241)

0.000303
(0.0003594)

0.0010319***
(0.0003471)

0.0060517***
(0.0017036)

R-squared 0.0169 0.0169 0.0169 0.0043 0.0043
Observations 5,926,224 5,926,224 5,926,224 5,970,488 5,970,488



Empirical analysis

Table 9: Results with controlling the China effect

Dependent: ln(lights) Control for trade with China
VAR = main sanctions index VAR = ln(trade with China)

(1)

Pyongyang*VAR
-0.0024282
(0.0033058)

-0.200617∗∗

(0.0911595)

Province capital*VAR
0.0060202∗∗∗

(0.0023206)
0.0510058

(0.0575069)

Manufacturing*VAR
0.0118691∗∗∗

(0.0017975)
0.3073551∗∗∗

(0.0488682)

Kaesong*VAR
0.006872∗∗

(0.0034845)
0.1932345∗∗

(0.0933085)

Mining*VAR
0.0044362∗

(0.0024077)
0.0766753

(0.0660369)

Chinese border*VAR
0.0004618∗∗∗

(0.0000564)
0.0004558

(0.0029997)

Sinuiju*VAR
0.1740116∗∗∗

(0.0160993)
4.422832∗∗∗

(0.4436991)

Port*VAR
-0.0063701
(0.0045532)

-0.3938779∗∗∗

(0.1218481)

Uranium mine*VAR
0.0010742

(0.0007887)
0.0383914∗

(0.0226822)

Nuclear*VAR
-0.0079456∗∗∗

(0.0020787)
-0.2181865∗∗∗

(0.0563819)
R-squared 0.0169
Observations 5,926,224

Notes: All columns include grid cell fixed effects, region-year fixed effects, and year fixed effects. Standard errors are
clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at the 10%, 5%, 1% level,
respectively.



Empirical analysis

Table 10: Results with controlling the China effect (continued)

Dependent: ln(lights) Year 2012 to 2015 Year 2016 to 2019
VAR = main sanctions index VAR = main sanctions index

(2) (3)

Pyongyang*VAR
-0.0042507∗∗

(0.0017616)
0.0040387∗∗∗

(0.000679)

Province capital*VAR
-0.0136513∗∗∗

(0.0026755)
0.0043891∗∗∗

(0.0009038)

Manufacturing*VAR
-0.001942∗∗∗

(0.0007344)
0.001989∗∗∗

(0.000373)

Kaesong*VAR
-0.0010992
(0.0011032)

0.0006929
(0.0006601)

Mining*VAR
-0.0034639∗∗∗

(0.0011149)
0.0019843∗∗∗

(0.0005016)

Chinese border*VAR
-0.0002621
(0.0001638)

0.0005821∗∗∗

(0.0000939)

Sinuiju*VAR
0.0477537∗∗∗

(0.0092494)
0.0324971∗∗∗

(0.0029124)

Port*VAR
0.0330204∗∗∗

(0.0037129)
0.0062768∗∗∗

(0.0014226)

Uranium mine*VAR
0.0001696

(0.0002061)
-0.0001795∗

(0.0001037)

Nuclear*VAR
-0.0017074∗∗

(0.0007073)
-0.0009685∗∗∗

(0.0003112)
R-squared 0.0147 0.0128
Observations 2,963,112 2,963,112

Notes: All columns include grid cell fixed effects, region-year fixed effects, and year fixed effects. Standard errors are
clustered at the grid cell level. ∗, ∗∗, ∗∗∗ indicate statistical significance level at the 10%, 5%, 1% level,
respectively.



Conclusion

I Suryong dictatorship, a kleptocracy

I A dynamic game of sanctions on the kleptocratic regime

I The ruler (kleptocrat) transfers a greater fraction of the
country’s resources to the selectorate as sanctions intensify.

I The regression confirmed the hypothesis – the ruler does
transfer a greater fraction of the country’s resources to the
selectorate as sanctions tighten.

I An additional sanction is associated with an increase in the
difference in nighttime lights between the capital city,
Pyongyang, and the rest of the country by about 0.4 percent.
I GDP gap between Pyongyang and the rest of the country

increases by about 0.12 percent with an additional sanctions
event.



Conclusion

I Manufacturing cities, mining areas, the Chinese border region,
and Sinuiju become relatively brighter with an additional
sanctions event.
I The magnitude of the estimate is particularly strong for Sinuiju

– nighttime lights in Sinuiju become relatively brighter by 3.3
percent.

I The estimate on the interaction term with the nuclear
development facilities areas, which suggests that the ruler
diverts resources and electricity from nuclear development
activities to other sectors when sanctions increase.


