
1. Introduction

In North Korea, economic crisis has been worse
since 1990s. Because of economic aggravation, food
shortages got worse and it caused deforestation to clear

a field for food or fuel. Moreover, the deforestation
have been causing a variety of additional problems. In
particular, the deforestation can increase vulnerability
to climate change and possibilities to have significant
damage to natural disasters such as floods. Especially,
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in the case of North Korea, most of the land is made up
of mountainous forest. The characteristic increases the
damage such as a flood disaster in 1995. Harm leads to
secondary damage even greater, such as landslides
(Myeong, 2013).

Forest decline increases the carbon dioxide
emissions and impacts on climate change (IPCC,
2013). In the Korean peninsula, 100 years average
temperature rise is about 1.5˚C which is twice faster
than world average temperature rise of 0.74˚C. The
climate change is going faster in the North Korea
(Myeong, 2013). Since the issues arose, many internal
and external institutions and researchers released the
statistics for the North Korea to monitor the
deforestation. However, the differences between the
different statistics of the deforestation led policy makers
to confusion (Park, 2013). Thus, in order to make
systematic and efficient forest management policies,
more accurate forest information of North Korea is
required.

Pyeongyang and Hyesan in North Korea are
representative cities which have a big problem of
deforestation. It should be noted that the two cities are
included in five pilot project cities for forest restoration.
The residents in and nearby the cities have devastated
forest due to their economic distress. It is one of main
reasons of the deforestation occurs in the cities (Park,
2013). However, owing to North Korea’s geographical
and social characteristics, it is almost impossible to
access the forest in North Korea and acquire in-situ
measurement data. Thus, the remote sensing technique
is an adequate method to overcome the limitation of an
inaccessible area. The social demand for the application
of remote sensing has been increased steadily (Ka,
2000). The remote sensing methods are widely used in
Earth surface monitoring and change detection (Roy et
al., 2014; Cho et al., 2013; Park et al., 2012; Kim et al.,
2014). Among the various remote sensing satellite
images, the Landsat satellite images have been operated
from 1972 with 16 days repeat cycle. Due to various

spectral bands as well as the long operation period, the
Landsat images have been used for the Earth surface
observation in many field (Park et al., 2012; Kim et al.,
2014; Hong et al., 2013). Thus, the remote sensing
method is allowed to minimize the limitations of
accessibility in North Korea through satellite image
utilization. Furthermore, for the sustainable forest
management, the time-series analysis of forest in
current situation is valuable. Among various methods,
the Normalized Difference Vegetation Index (NDVI)
algorithm is widely used for identifying forest areas
(Ryu et al., 2013; Lenney et al., 1996; Yue et al., 2007).

The purpose of this paper is to monitor the
deforestation in Pyeongyang and Hyesan cities using
multi-temporal Landsat satellite images. For the multi-
temporal analysis, 10 and 9 Landsat images from 1987
to 2014 are used for the deforestation monitoring of
Pyeongyang and Hyesan, respectively. Since most of
the images were acquired in fall season, we proposed
and used a modified NDVI (mNDVI) in order to
reduce the effect of red-turned trees. The deforestation
in Pyeongyang and Hyesan is analyzed by using the
mNDVI.

2. Study Area and Data

1) Study Area
Pyeongyang is the capital city of North Korea,

administered as a directly governed city located on the
Taedong River. The latitude and longitude are
respectively 38.41°S ~ 39.17°S and 125.31°W ~
126.41°W (Fig. 1). Pyeongyang is almost the only city
where the number of the population kept growing since
North Korea’s economy dropped down (Ko, 1996;
Hong et al., 2013). According to results from the
population census, its population is around 3 million in
2008; it is the most populated city. Pyeongyang is
influenced by continental monsoon so that the
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difference of temperature is large between summer and
winter. It has average annual temperature of 9.6
degrees, and the average annual rainfall is about
987 mm. Pyeongyang is composed of sedimentary
plains and peneplain made by Taedong river and
surrounded by scattered low hills: Chungryong
Mountain (400 m), Chungwoon Mountain (363 m),
Guksabong (448 m), etc (Hong et al., 2013).

Second spatial extent of this study is Hyesan which
is one of the main industrial cities in the northern part
of Ryanggang province of North Korea. The latitude
and longitude are respectively 37.50°S ~ 38.05°S and
126.07°W ~ 126.24°W and the population of the city
was about 86,300 (Fig. 1). Hyesan is far from the ocean
and located in the highlands. It has strong characteristic
of a continental climate. The average annual
temperature is 3.9 degrees and annual precipitation is
only around 600 mm. Hyesan is one of the coldest

places on the Korean peninsula. In 1915, Hyesan
recorded a lowest temperature of -42 degrees. Hyesan
is in the highlands, the elevation up to 700m and it is
located where the two rivers converged: Yalu River and
Heocheon River. In a macro perspective, Hyesan is in
the heart of Hyesan basin surrounded by mountains up
to around elevation 2000m. Elevation is high in south
and becomes low to the north (Kim and Kim, 2005).

2) Data
Landsat-5 TM and Landsat-8 OLI images are used

for the multi-temporal analysis of the deforestation
area. The Landsat images of 8 Landsat-5 TM images
and 2 Landsat-8 OLI images for Pyeongyang and 9
Landsat-5 TM images for Hyesan are used for
monitoring the deforestation of the forest area around
the city (Table 1). To correct the misalignments, the
geometric coregistration has been also performed
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Fig. 1.  Location of the Study Areas: (b) Pyeongyang and (c) Hyesan.



through the images. Most of the images were obtained
in fall season because the weather in the fall season is
normally good.

3. Methods

To determine the deforested area and the temporal
variation of forest area, a few steps are required. The

procedure can be divided into three steps: 1)
atmospheric correction: it is performed on every single
image using the cosine approximation (COST)
atmospheric correction model by assuming the
atmosphere effects are nearly equivalent in an image,
2) forest area extraction: it is conducted by using the
mNDVI algorithm, and 3) multi-temporal analysis of
the deforestation. The detailed workflow is represented
in Fig. 2.
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Fig. 2.  Detailed workflow of this study.

Table 1.  The data of this study: (a) Pyeongyang, (b) Hyesan

(a) Date Sensor Season Path Row (b) Date Sensor Season Path Row
1987/11/19 TM fall 117 33 1995/10/01 TM fall 116 31
1988/11/05 TM fall 117 33 1997/10/07 TM fall 116 31
1989/10/07 TM fall 117 33 2000/10/17 TM fall 116 31
1992/10/15 TM fall 117 33 2000/10/30 TM fall 116 31
1996/10/26 TM fall 117 33 2001/10/17 TM fall 116 31
2000/09/19 TM fall 117 33 2004/09/23 TM fall 116 31
2005/10/19 TM fall 117 33 2007/10/02 TM fall 116 31
2006/10/06 TM fall 117 33 2010/09/24 TM fall 116 31
2013/11/10 OLI fall 117 33 2011/09/27 TM fall 116 31
2014/10/28 OLI fall 117 33



1) Atmospheric Correction
In this study, the NDVI algorithm is used to extract

the forest area from the Landsat images. When the
satellite observes the Earth’s surface, the
electromagnetic energy is detected by a satellite
imaging system. In this process, the energy is
influenced by the atmosphere and it causes scattering,
absorption and refraction through the atmosphere.
Thus, an atmospheric correction should be performed
before analyzing satellite images. For the atmospheric
correction, the COST atmospheric correction model
has been proposed by Chavez (1996). This method has
been widely used among image based atmospheric
correction models, which requires the assumption that
atmospheric effect is equivalent in each image. Because
the atmospheric transmittances for all spectral bands
are approximated by the cosine function of the solar
zenith angle, the COST model does not need any
measurement data of the atmosphere. The spectral
reflectance of each bands from the COST model is as
follows (Chavez, 1996).

                      ρ =                         (1)

where ρ is spectral reflectance of the surface; Lλ is
spectral radiance of satellite sensor; Lp is the path
radiance which is derived from the dark-object area; d
is Earth-Sun distance; ESUNλ is solar spectral
irradiance on a surface perpendicular to the sun’s ray
outside of the atmosphere; θz is solar zenith angle; Tθ0

is cosine solar zenith angle adjust to COST model.

2) Modified NDVI
To extract the forest area from Landsat multi-spectral

imagery, it is necessary to distinguish forest from the
others. Usually, the forest identification is done by
using visible and Near-InfraRed (NIR) spectral regions.
It is because green plants have a low reflectance in the
red region while it have a high reflectance in the NIR
region, especially from 0.7 to 1.1 μm (Lenney et al.,

1996; Brown et al., 2006; Ryu et al., 2013). The NDVI
algorithm offers the vegetation identification based on
the reflectance difference between the Red and NIR
regions. The NDVI algorithm is calculated from
(Lenney et al., 1996; Yue et al., 2007).

                         NDVI =                            (2)

As aforementioned, the weather condition in North
Korea exerts a strong influence on the rate of satellite
image acquisition. Thus, most satellite images were
obtained in fall season, and hence the fall season is an
optimum period of time to analyze the temporal
variation of the deforestation in North Korea. The fall
season image is easy to distinguish forest areas from
grass and agriculture areas. However, the NDVI values
of red-turned trees in fall season images are low due to
relatively high reflectance in the red region (Fig. 3).
Although the NDVI values are low the area could still
belong to the forest which should be detected as forest.
To overcome the drawback, we introduced modified
NDVI as given by:

             mNDVI =                (3)

In mNDVI algorithm, the reflectance of the red band
is replaced into averaging the reflectance of the red,
green and blue bands. In this study, it is assumed that
mNDVI values of more than 0.4 are extracted to forest
area. Consequently, we have produced mNDVI maps
from Landsat images after atmospheric correction. The
forest areas have been extracted from the mNDVI maps
using the threshold of 0.4.

3) NDVI Threshold Value
The threshold value of NDVI could be used to

discriminate mixed forests from the image, for
example, and also could be used to derive various other
seasonal metrics (Wang and Tenhunen, 2004). In the
NDVI maps from optical images, pixels that has NDVI
values over 0.5 are considered vegetation (Sobrino et
al., 2006). However, in this study, since fall season

π(Lλ
_ Lp)·d2

ESUNλ·cosθz·Tθ0′

NIR _ RED
NIR + RED

NIR _ mean(R + G + B)
NIR + mean(R + G + B)
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Fig. 3.  Comparison between NDVI and mNDVI maps: (a) RGB composite image, (b) NDVI map and (c) mNDVI map.

Fig. 4.  Determination of NDVI threshold: (a) Landsat image, (b) high-resolution image and (c) NDVI map.



Landsat images and the mNDVI is used, the threshold
value needs to be changed. The mNDVI values in the
red-turned tree areas are higher than the NDVI values,
but overall mNDVI values are a little bit lower than
overall NDVI. Thus, the threshold value of mNDVI
must be lower than that of NDVI. A visual analysis is
performed to determine the threshold of mNDVI, and
high-resolution satellite images are used to validate the
threshold determination, as seen in Fig. 4.
Consequently, the determined mNDVI threshold value
is 0.4 in this study.

4. Results

In this study, the deforestation in Pyeongyang and
Hyesan was observed from multi-temporal Landsat

satellite images. Since optical sensors cannot observe
land and ocean surfaces in a cloudy day, we usually use
optic images with mostly no clouds. The weather
condition in North Korea is not good in the spring,
summer and winter seasons, and hence we cannot
acquire Landsat satellite images with mostly no clouds
in these seasons. This is the reason why most of the
Landsat images used for this study were obtained in the
fall season. In order to extract the red or yellow leaves
as well as the green leaves in the fall Landsat images,
the mNDVI maps at Pyeongyang and Hyesan were
generated. After the COST atmospheric correction, we
generated NDVI maps to validate the improvement of
performance of mNDVI map and compared the
performances of the NDVI and mNDVI maps.

Figs. 5 and 6 represent the mNDVI maps observed
from the Landsat images in Pyeongyang and Hyesan,
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Fig. 5.  mNDVI maps in Pyeongyang acquired in (a) 19 November 1987, (b) 26 October 1996, (c) 19 October 2005 and (d) 28 October
2014.



respectively.
Fig. 5(a-d) present the mNDVI maps of Pyeongyang

acquired in 1987, 1996, 2005 and 2014, respectively,
and Fig. 6(a-d) show the mNDVI maps of Hyesan
acquired in 1995, 2000, 2007 and 2011, respectively.
The figures indicate the temporal variation of the
deforestation derived from the mNDVI algorithm. As
shown in Fig. 5, the forest area in 19 Nov. 1987 is much
larger than the forest area in 28 Oct. 2014. It means that
the forest area in Pyeongyang has been declined
steadily from 1987 to 2014. It would indicate that the
deforestation has been caused by city residents because
of the economic situation in North Korea. A similar
tendency appears in Fig. 6 which is extracted by
mNDVI maps. The deforestation in Hyesan has the
tendency to decrease gradually.

Fig. 7 compares the deforestation estimated from the

mNDVI maps with the deforestation from the NDVI
maps in Pyeongyang and Hyesan. Fig. 7(a,c) represent
the forest area extracted by using NDVI while Fig.
7(b,d) show the forest area extracted by mNDVI. In
Pyeongyang and Hyesan, the forest area extracted by
the NDVI maps is much smaller than the forest area
from the mNDVI maps because red-turned trees cannot
be detected by the NDVI maps. The forest area from
NDVI maps in Pyeongyang does not have a decreasing
trend from 1987 to 2006, but decreases steeply in 2013
and 2014 (Fig. 7(a)). As shown in Fig. 7(b), the forest
area from the NDVI maps does not show the
deforestation but the afforestation. As aforementioned,
it is caused by the effect of the red-turned trees.
However, we can find a distinct decreasing tendency
in forest area extracted from mNDVI at both the cities
(Fig. 7(b,d)). It could be recognized that mNDVI is
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Fig. 6.  mNDVI maps in Hyesan acquired in (a) 1 October 1995, (b) 30 October 2000, (c) 2 October 2007 and (d) 27 September 2011.



superior to NDVI in the forest extraction from fall
multi-spectral images. Moreover, the tendency of the
deforestation can be more estimated much more
precisely by using mNDVI maps when satellite images
are obtained in the fall season. The forest area
decreased about 35.79% for 27 years from 1987 to
2014 in Pyeongyang and about 24.90% for 16 years
from 1995 to 2011 in Hyesan, as shown in Fig. 7. The
deforestation rates were -3,580 and -2,490 ha/yr in
Pyeongyang and Hyesan, respectively. The result
demonstrates that the forest area in North Korea can be
identified by using mNDVI algorithm from fall season
Landsat images. Moreover, the result confirms that
mNDVI is an efficient method to monitor the changes
of the forest area in Pyeongyang and Hyesan, North
Korea.

5. Conclusion

The Landsat satellite images can be used to monitor
the Earth observation with 30 m ground resolution and

multi-spectral bands in visible, NIR, SWIR and TIR
spectral regions. The Landsat images have been
acquired since 1972 and have indicated that it could be
used to successful research material for monitoring
Earth surface variations including forest. Nearly eighty
percent of North Korean territory is covered with
mountains. Forest resources are one of the major
resources to local residents. In this study, we have
examined the changes of the forest area in Pyeongyang
and Hyesan in North Korea from 10 and 9 Landsat
images. The COST atmospheric correction was applied
to the Landsat images and the mNDVI maps were
calculated from the Landsat images. The forest area of
Pyeongyang and Hyesan were estimated from the
mNDVI maps.

The deforestation rate is about 36% in Pyeongyang
between 1987 and 2013, and about 25% in Hyesan
between 1995 and 2011. The results from mNDVI
maps show that the deforestation has been ongoing
since 1980s. The results demonstrate 1) that the forest
area can be estimated by using mNDVI algorithm from
fall season images and 2) that the forest area in
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Fig. 7.  Comparison between the forest areas estimated from (a,c) NDVI and (b,d) mNDVI maps.



Pyeongyang and Hyesan has been deforested since
1980s.
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