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Satellite Views of the Hermit Kingdom
T H E  O P E N I N G  E V E N T  O F  
Condoleezza Rice’s first trip to South Korea 
as U.S. Secretary of State this March was a 
speech to soldiers at the U.S. military’s un-
derground command bunker south of Seoul 
rather than a diplomatic ceremony — sig-
naling that the security problems posed by 
the Democratic People’s Republic of Korea 
(DPRK or North Korea) are a central fo-
cus for U.S. foreign policy in the region.1 In 
February of 2005, this secretive militaristic 
society claimed to possess nuclear weapons 
and is now believed to be slowly augment-
ing its small arsenal. 

In provocative moves this May, North 
Korea fired a short-range missile into the Sea 
of Japan and claimed that fissile material for 
nuclear weapons had been harvested from 
a reactor in Yongbyon. On May 15th, the 
United States warned the DPRK not to test a 
nuclear weapon, citing (albeit controversial) 
evidence from classified satellite imagery.

The United States currently seeks to 
bring the DPRK back to the “six-party 
talks” on nuclear disarmament,2 but the 
road ahead appears difficult and may lead 
to a United Nations resolution this sum-
mer involving economic sanctions, further 
international isolation of the regime, or 

more drastic actions. Inter-Korean talks 
ended in late May without agreement on 
resumption of negotiations over North 
Korea’s nuclear program.

Meanwhile the exodus of refugees con-
tinues as North Koreans flee famine, eco-
nomic hardship and political repression. 
Commercial remote sensing data are among 
the few available research tools permitting 
Non-Governmental Organizations (NGOs) 
to understand better both the security and 
the human rights situations in the DPRK.

Today even basic geographic informa-
tion related to North Korea’s society and 
military is considered sensitive, much as 
the geography of the Soviet Union was 
viewed during the Cold War. In order to 
shed light on the North Korean military 
capabilities and potential targets should 
there be a future conflict, the Natural 
Resources Defense Council (NRDC), an 
environmental group based in Washing-
ton, D.C., undertook a project to create 
a geospatial database of North Korea. 

The effort initially drew on infor-
mation from U.S. and South Korean 
military maps and features visible in 
10-meter resolution SPOT and 15-meter 
resolution LandSat imagery covering the 
entire Korean peninsula.

FIGURE 1    

Image of P’yongyang 

from NaturalVue 2000, a 

simulated natural color, 

global, mosaiced image 

dataset derived from 

LandSat7 photographs 

acquired between 1998 

and 2002 (© Earth 

Satellite Corporation). 

The cover image of this 

issue shows a closer 

view of P’yongyang. See 

page 4 for details.
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Using this data as a guide, NRDC 
then systematically obtained remotely 
sensed data imaged by the IKONOS and 
QuickBird satellites for discrete areas of 
interest, including cities, industrial facil-
ities, airfields, navy bases, nuclear sites, 
a missile test site and the demilitarized 
zone (DMZ). Currently the NRDC da-
tabase contains over 3,500 records. As 
an application of this project, NRDC 
worked in collaboration with the U.S. 
Committee on Human Rights in North 
Korea, a Washington D.C.-based NGO, 
to interview DPRK defectors using high-
resolution satellite imagery to identify 
and map out North Korea’s extensive 
political prison camp system and to de-
lineate the structures of specific prisons.

NORTH KOREA’S NUCLEAR INFRASTRUCTURE

For almost half a century, the DPRK has 
pursued a nuclear weapons capability at 
great cost to its society and economy. 
NRDC has obtained high-resolution sat-
ellite images of half a dozen key nuclear 
sites. The full extent of the DPRK’s nu-
clear program is not known to NRDC, 
or for that matter even to the U.S. intel-
ligence community.

IKONOS and QuickBird satellite im-
ages of the extensive Yongbyon nuclear 
complex have often been featured on 
television and in the print media, yet less 
has been revealed about North Korea’s 
uranium mining, milling and enrichment 
programs — key uncertainties in estimat-
ing how rapidly additional nuclear weap-
ons could be constructed. In October of 
2002 North Korea claimed to have a ura-
nium enrichment program in addition to 
its known plutonium path to the bomb. 
More recently it has been revealed that the 
DPRK sold uranium hexafluoride gas to 
Pakistan, which in turn sold it to Libya.3

North Korea’s first uranium mill was 
set up at a site near Pakch’on, 80 kilome-
ters north of the capitol city, P’yongyang 
(see Figure 1). This industrial facility 
initially processed graphite, phosphate 
and other substances, but in 1982 it was 
modified to produce uranium concen-
trate from the uranium ore extracted out 
of several DPRK mines.4 A second ura-
nium production plant was established 
in the early 1990s at P’yongsan, 170 
kilometers southeast of Pakch’on. Figure 

2 displays a QuickBird image of the one 
hundred thousand square-meter ura-
nium concentrate facility at Pakch’on, 
situated along the west bank of the Tae-
ryong River. Pakch’on is also rumored 
to be the location of additional under-
ground facilities associated with North 
Korea’s nuclear program.

FIGURE 2   QuickBird  

photograph of Pakch’on 

Uranium Concentration Plant, 

acquired December 13, 2003.
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At a concentrate plant, uranium is 
extracted from ore, purified and con-
centrated in the form of yellowcake, 
which is a yellow-colored salt. The yel-
lowcake produced at both Pakch’on and 
P’yongsan is shipped to the nearby Yong-
byon nuclear complex for reactor fuel 
fabrication. The location where North 
Korea produces uranium hexafluoride 
from yellowcake is not known.

AN UNDERGROUND AIR FORCE

The missions of the Korean People’s Air 
Force (KPAF) are to guard North Korea 
during peacetime and to perform lim-
ited offensive operations in the event of 
war. Perhaps overshadowing these roles 
for the KPAF in the eyes of South Ko-
rean and U.S. military planners is the 
possibility that a North Korean aircraft 
could be used to deliver nuclear weapons 
against Seoul or other targets.

NRDC analyzed high-resolution com-
mercial satellite imagery of 21 North 
Korean air bases to extract data on the 
numbers of military aircraft of different 
types, on base activity, and on airfield in-
frastructure, including underground facil-
ities. These photographs were acquired by 
QuickBird and IKONOS between October 
2000 and May 2004. It is known that the 
KPAF conducts an annual winter training 
exercise from November through April, 
and about half of the satellite images were 
photographed during those months.

Using these remotely sensed data, about 
40 percent of all DPRK airfields and 80 
percent of DPRK airfields with hard sur-
face runways were surveyed. The Quick-
Bird and IKONOS sensors permitted dif-
ferentiation of DPRK aircraft by type, and 
— assuming the same aircraft were not 
photographed at different air bases at dif-
ferent times — this limited set of images 
captured approximately two-thirds of the 
estimated numbers of North Korea’s fixed-
wing military aircraft. NRDC found that 
most of the aircraft appear to be deployed 
north of P’yongyang, greater than 100 kilo-
meters from the DMZ.

The pairing of  

commercial  

high-resolution  

satellite imagery  

with the testimony  

of North Korean  

defectors who were  

exposed to the Gulag 

creates a revealing  

window into this  

closed society.

FIGURE 3   IKONOS image 

of Koksan Airbase, acquired 

October 15, 2000.

FIGURE 4   QuickBird  

image of An-2 (Colt/Y-5) Biplanes 

at T’aech’on Airfield, photographed 

December 8, 2003.

EARTHEN-COVERED HANGARS

AIRCRAFT TAXIWAY TO UNDERGROUND FACILITY ENTRANCE

(800m AWAY)

MiG-19

MiG-19

MiG-15

MiG-19

MiG-21
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NRDC determined that 20 North 
Korean airbases contained underground 
facilities accessible to aircraft. Tunnel en-
trances can be seen in satellite images in 
the sides of hills typically about one hun-
dred meters in height and several hundred 
meters from the main runway. Most of 
these underground facilities were observed 
to have two to four entrances.

Figure 3 shows an IKONOS image 
of Koksan airbase which is located in 
south-central DPRK, approximately 85 
km from P’yongyang and 130 km from 
Seoul. Koksan is a primary operating air-
field for North Korea’s 3rd Air Division, 
the combat air division with responsibil-
ity for defense of the southern section of 
the country (along the DMZ).5 A total of 
50 MiG-19 and MiG-21 fighters (vintage 
1950s Soviet-designed aircraft) are seen 
parked at the southwest end of the runway 
near several earthen-covered hangars. Just 
south of the 2.5-km main runway is a hill 
in which entrances to underground facili-
ties can be seen in the satellite photo con-
nected to the main runway by a taxiway. 
On the south side of the hill is a second 
underground entrance and an auxillary 
runway. The two underground entrances 
on opposite sides of the hill are separated 
by 650 meters.

Of special concern would be the use 
of such a facility to shelter strike aircraft 
loaded with nuclear weapons. Seoul is 
no more than ten to twenty minutes in 
flight time from key DPRK air bases that 
have such underground shelters.

Significantly, most North Korean mili-
tary aircraft are older models, technologi-
cally inferior to U.S. and South Korean 
planes. Almost 90 percent of KPAF aircraft 
were developed half a century ago or more. 
For example, a large number of North Ko-
rea’s transport aircraft are biplanes. Figure 

4 shows An-2 (Colt/Y-5) biplanes parked 
in or near revetments at T’aech’on airfield, 
located about 100 km north of P’yongyang. 
The Colt biplane, which is commonly used 
for crop dusting elsewhere in the world, 
holds patriotic symbolism for North Ko-
reans, as these aircraft were used for 
bombing runs in the Korean War (which 
is known in the DPRK as the “Fatherland 
Liberation War”). Despite the limitations 
of the biplanes, the U.S. military has ex-
pressed concern about the possibility that 
these transport aircraft could insert DPRK 
special operations forces into South Korea 
to attack airfields or other targets.

SUBMARINE CAVES AND HOVERCRAFT

The Korean People’s Navy (KPN) is primar-
ily a coastal defense force, with a limited 
ability even to guard the DPRK’s territorial 
waters. Geographically North Korea’s Navy 
is divided into separate West Sea and East 
Sea fleets with about 400-500 vessels in 
each fleet. The combat ships of North Korea 
are a mixture of former Soviet, Chinese and 
indigenous construction. A significant num-
ber of the vessels are more than 20 years in 
age and most are smaller than 100 tons.

NRDC systematically scanned the 
DPRK coastline along the Korea Bay, Yel-
low Sea (western coastline) and the Sea of 
Japan (eastern coastline) using SPOT and 
LandSat imagery to pinpoint ports and po-
tential KPN bases. Figure 5 shows CNES/
SPOT imagery, which was purchased by 
NRDC from the U.S. government in the 
form of a data package called “10 Meter 
Resolution Digital Orthorectified Imag-
ery” (DOI-10M), produced by the National 
Geospatial-Intelligence Agency (NGA).

FIGURE 5   CNES/SPOT  

image of North Korean Navy 

Bases on the east coast: 

Namae-ri and Kosong,  

acquired January 24, 1995 (© 

CNES/SPOT Image 1992-1994).
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IKONOS and QuickBird imagery were 
then obtained for these areas of interest. 
Nearly all of the limited number of larger 
KPN vessels were identified, including 
diesel-powered submarines, 74-meter and 
102-meter length frigates, 62-meter long T-
class patrol craft and 42-meter long Soju-
class missile ships. NRDC located a total of 
48 North Korean submarines using Quick-
Bird images at three KPN bases.

Like the KPAF bases, many of North 
Korea’s Navy bases have underground struc-
tures. Ten entrances to such underground 
sites at six Navy bases are visible in the high-
resolution satellite imagery. One example is 
the Ch’aho-nodongjagu Navy Base, located 
mid-way on the DPRK’s eastern coast. Figure 

6 shows three Romeo-class diesel-powered 
submarines — two berthed along a concrete 
pier and one berthed near the entrance to 
the protective cave. A partially-open double 
door is visible at the cave entrance.

Hovercraft is another interesting class of 
KPN vessel that NRDC located in the high-
resolution satellite imagery. In the 1980s 
the DPRK began constructing “Kongbang” 
class hovercraft, which measure about 20 
meters in length. Their military role is to in-
sert troops or special operations forces into 
South Korea in time of war, particularly via 
navigation of the tidal flats and mud pools 
along the western shoreline of the Korean 
peninsula. Figure 7 shows 16 hovercraft lo-
cated at a North Korean Navy Base at 
P’ungmu-ri on the eastern coast. Each hov-
ercraft reportedly can carry 40-50 troops 
and travel up to 50 miles per hour.

NORTH KOREA’S GULAG AND HUMAN 

RIGHTS ISSUES

Beginning in the mid-1990s, several thou-
sand North Koreans have made the difficult 
journey to South Korea to escape famine 
and political repression. A small fraction of 
these refugees has had experience with the 
extensive political prison camp system in the 
DPRK. In collaboration with the NRDC, 
the U.S. Committee for Human Rights in 
North Korea published an unprecedented 
systemic study of the North Korean political 
prison camp system, supplementing defector 
interviews with satellite imagery.6

Because objects such as buildings, 
forests, orchards, fields, fences, rivers, 
railways, trails, and roads are easily rec-
ognizable in IKONOS and QuickBird im-
ages, satellite photographs were shown to 
former North Koreans once imprisoned at 
these places who were then able to identify 
specific features in the photographs and 
describe their purposes. Interviews with 
former prisoners were conducted in Seoul, 
Washington, D.C., and Los Angeles.

FIGURE 6   QuickBird 

image of Submarine Cave at 

Ch’aho-nodongjagu Navy Base, 

acquired on June 29, 2002.

FIGURE 7   IKONOS image 

of Hovercraft at a North Korean 

Navy Base at P’ungmu-ri,  

photographed April 24, 2000.



21S U M M E R  2 0 0 5w w w . i m a g i n g n o t e s . c o m

The pairing of commercial high-resolu-
tion satellite imagery with the testimony of 
North Korean defectors who were exposed 
to the Gulag creates a revealing window 
into this closed society. Annotated satellite 
images of five sites in the North Korean Gu-
lag offer a glimpse into the different sorts of 
work that prisoners are forced to perform: 
food production and mining camps, for ex-
ample, at very large sites consisting of sever-
al villages spread over more than a hundred 
square kilometers. Smaller prison sites have 
factories or workshops where prison labor-
ers are forced to produce bricks, clothing, 
shoes, or other goods.

An IKONOS image of a small section 
of the Yodok political penal-labor colony is 
shown in Figure 8 (Yodok is a very large site 
— approximately 80 square km in size). Yo-
dok is one of the most thoroughly described 
prison camps (documented from 1977 
through 1999) because a small number of 
prisoners held there were released back into 
North Korean society. Yodok’s capacity 
is reportedly 40,000 to 50,000 prisoners, 
most detained for their lifetimes. Forced 
labor activities at Yodok include mining 
and agriculture. It is notable that officials 
at P’yongyang have declared North Korea’s 
Yodok district off limits to the United Na-
tion’s World Food Program.7

High-resolution satellite imagery has 
proven to be a highly effective tool to un-
derstand better the North Korean military 
and to verify and refine public estimates 
of DPRK air force and navy weapons sys-
tems. Unusual features of the North Korean 
military were captured in the photographs 
— entrances to submarine caves and under-
ground runways — which have significance 
for the nuclear situation on the Korean 
peninsula. Furthermore, satellite imagery 
provides added documentation and the only 
photographic component to an understand-
ing of the North Korean Gulag. NRDC’s ef-
forts have revealed remarkable and unique 
features of the “Hermit Kingdom.” 

This report has not been previously pub-

lished. It was presented in January 2005 to 

the Carnegie Endowment for International 

Peace in Washington, D.C., and was thereafter 

featured on CNN.
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FIGURE 8   IKONOS image 

of a section of Yodok Political 

Prison Camp, photographed on 

November 25, 2001.
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