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Detecting Urban Development Patterns in North Korea Using Satellite Night Time
Light Data

*k = = Jxk%
Lo M

Kim, Jung-a - Cheon, SangHyun

Abstract

One of the main problems of research on underdeveloped and developing countries is the lack of data to identify the
development status or patterns of the countries. It is typically difficult to diagnose national development levels, economic
growth, poverty, and human health conditions. Nighttime light is an indispensable source for identifying nighttime human
and economic activities. The amount of night light can thus be used to diagnose regional development patterns, especially
for underdeveloped countries that have limited data. This study presents a methodology to examine the development
status and patterns in North Korea from 1992 to 2012 using Defense Meteorological Satellite Program-Operational
Linescan System (DMSP-OLS) nighttime light data. DMSP-OLS has the advantage of being able to measure nighttime
light intensity in an objective and systematic way because the satellite system collects the data with the same spatial
resolution, filming methodology, and time zones over a long period of time. Our results show that more than 99% of North
Korea's areas are extremely poor, and spatial inequality is also a serious issue. However, we found growing patterns of
development in Pyong Yang, Shiniju, and Gaesung. We also identify other regional and urban development patterns that
are difficult to detect using conventional data sources. The results of this study provide a basic understanding of North
Korea's development and presents an effective way to monitor development patterns in North Korea.
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Table 1. List of DMSP-OLS dataset by satellite lens type

Satellite Year

F10 1992-1994

F12 1994 -1999

Fl14 1997 - 2003

F15 2000 - 2007

F16 2004 - 2009

F18 2009 -2013

Table 2. Inter-calibration value
Satellite  Year c0 cl c2 r2

F10 1992 20570 15903 -0.0090 0.9075
F10 1993 -1.0582  1.5983 -0.0093 0.9360
F10 1994  -0.3458 14864 -0.0079 0.9243
F12 1994 -0.6890 1.1770 -0.0025 0.9071
F12 1995  -0.0515 12293 -0.0038 0.9178
F12 1996  -0.0959 12727 -0.0040 0.9319
F12 1997 -0.3321  1.1782 -0.0026 0.9245
F12 1998  -0.0608 1.0648 -0.0013 0.9536
F12 1999 0.0000 1.0000 0.0000 1.0000
F14 1997  -1.1323  1.7696 -0.0122 0.9107
F14 1998 -0.1917  1.6321 -0.0101 09723
Fl14 1999  -0.15657 15055 -0.0078 0.9717
F14 2000  1.0988 1.3155 -0.0053 0.9278
F14 2001 0.1943  1.3219 -0.0051 0.9448
Fl14 2002  1.0517 1.1905 -0.0036 0.9203
Fl14 2003 0.7390 1.2416 -0.0040 0.9432
F15 2000 01254 1.0452 -0.0010 0.9320
F15 2001  -0.7024 1.1081 -0.0012 0.9593
F15 2002  0.0491 09568 0.0010 0.9658
F15 2003 02217 15122 -0.0080 09314
F15 2004 0.5751 1.33356  -0.0051 0.9479
F15 2005 0.6367  1.2838 -0.0041 0.9335
F15 2006  0.8261 12790 -0.0041 0.9387
F15 2007 1.3606  1.2974 -0.0045 09013
F15 2004 02853 1.1955 -0.0034 0.9039
F16 2005 -0.0001 1.4159 -0.0063 0.9390
F16 2006  0.1065 1.1371 -0.0016 09199
F16 2007 06394 09114 00014 09511
F16 2008 0.56564 09931 0.0000 0.9450
F16 2009 09492 1.0683 -0.0016 0.8917
F18 2010 23430 05102 0.0065 0.8462
F18 2011 18956  0.345 0.0030 0.9095
F18 2012 18750 0.6203 0.0052 09392
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Figure 1. Change in Total Lights in North Korea



OFZt X3 1B TI0|EIS BESH S5to| HupiEn tst 0y

— —

H 2012
800 W 2002
1982

600

400

200

Figure 2. Number of grids by DN value range

DM values
* in Year 1892
& o0
-2
10-30
- 00
- 00
- 0oy
A
.
DM values
in Year 2002
== v
W-20
2030
-0
4050
- 50 0M
N
A
p
L d
DM values
im Year 2012
= 00
0-20
0-30
- 040
-0

Figure 3. Night light change in North Korea
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Table 3. Ratio of Total DN value by administrative district
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Figure 4. Change in Sum of Light(SOL)/region
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Figure 5. Industrial complexes and their major industries
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Figure 6. Change in SOL/region by industrial complex

Table 4. SOL/region value by industrial complex, 1992, 2002, 2012

EEEE

XHE L S 31 X9E % S S7H|

SOL per region Net difference of SOL/region (DN) DN(t+1)/DN(t) (%)
EA| City 1992 2002 2012 92-02 02-12 92-12 92-02 02-12 92-12
47l Ganggye 9250 28680 38619 19430 9939 29369 310.05 134.65 417.50
Ao} Sinuiju 157482 199676 354523 42194 154847 197041 126.79 177.55 22512
OtF Anju 14021 39437 73555 25416 34118 59534 281.27 186.51 524.61
B Pyeongyang 14321 331233 579192 316912 247959 564871 231292 17486  4044.35
=2 Nampo 4860 31549 38114 26689 6565 33254 649.16 120.81 784.24
3ii5 Haeju 2950 23420 37011 20470 13591 34061 793.90 158.03  1254.61
74 Gaeseong 88528 119696 164599 31168 44903 76071 135.21 137.51 185.93
LI Naseon 6579 52474 71370 45895 18896 64791 797.60 136.01 1084.82
Xl Cheongjin 19075 20822 34087 1747 13265 15012 109.16 163.71 178.70
22 GimChaek 1291 17589 30963 16298 13374 29672 1362.43 176.04 2398.37
& Dancheon 561 15137 28224 14576 13087 27663 269822 18646  5031.02
AL Sinpo 4518 69061 28567 64543 -40494 24049 1528.57 41.36 632.29
&S Hamheung 18583 25779 46575 7196 20796 27992 138.72 180.67 250.63
4 Wonsan 6291 22949 41512 16658 18563 35221 364.79 180.89 659.86
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Figure 7. Change of growth pattern by industrial complex
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