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ABSTRACT:

Research on forest carbon (C) dynamics has been undertaken due to the importance of forest ecosystems in national C inventories.
Currently, the C sequestration of South Korean forests surpasses that of other countries. In South Korea, Pinus densiflora (red pine)
is the most abundant tree species. Thus, understanding the growth rate and biomass evolution of red pine forest in South Korea is
important for estimating the forest C dynamics. In this paper, we derived empirical relationship between foliage biomass and the no
blue band enhanced vegetation index (EV1-2) profile using both field work and multi-temporal Landsat-5 TM remote sensing data to
estimate the productivity of forest biomass in South Korea. Our analysis combined a set of 84 Landsat-5 TM images from 28
different dates between 1986 and 2008 to study red pine forest development over time. Field data were collected from 30 plots (0.04
ha) that were irregularly distributed over South Korea. Individual trees were harvested by destructive sampling, and the age of trees
were determined by the number of tree rings. The results are realistic (R?=0.81, p<0.01) and suggest that the EVI-2 index is able to

adequately represent the development profile of foliage biomass in red pine forest growth.

1. INTRODUCTION
1.1 South Korean Forest

Forest ecosystems contain a substantial amount of carbon (C)
and contribute to global C cycles (Dixon et al., 1994; Pan et al.,
2011). Forest C dynamics have been studied due to the
importance of forest ecosystems in national forest C inventories.
Thus, it is crucial to understand forest C dynamics to report
national C inventories and implement optimal policies.

South Korean forests sequester atmospheric C (Lee et al.,
2014). These forests were almost destroyed after being
exploited by the Japanese and the Korean War. However, South
Korean forests started recovering after the national scale
reforestation program was started in 1973. Currently, the C
sequestration of South Korean forests surpasses that of other
countries (Lee et al., 2014). Pinus densiflora (red pine) is the
most abundant tree species in South Korea (KFRI, 2011).
Therefore, understanding the growth rate and biomass evolution
of red pine forests in South Korea is important to estimate the
impacts and vulnerability of forests to the natural and
anthropogenic processes of forest C dynamics. In South Korea,
the forest biomass has naturally increased with small variations
from disturbances created by natural processes and seasonal
variations or disturbances, such as fire, extreme weather and
insects. The main anthropogenic process is harvesting.

1.2 Biomass Estimation

Estimation of forest biomass by satellite remote sensing has
been investigated at various spatial scales and environments
(Huete et al., 2006; Schroeder et al., 2006; Haidar et al., 2013),

and the most frequently used data continue to be from moderate
resolution optical sensors.

Although temperate coniferous forests are abundant, few remote
sensing studies have estimated the biomass of pine forests.
Changes in the foliage biomass can be an indicator of total
biomass changes of South Korean forests. In this paper, we
derive the empirical relationship between foliage biomass and
the no blue band enhanced vegetation index (EVI-2) values,
based on both field work and multi-temporal remote sensing
data. We aimed to study the relationship between foliage
biomass and the EVI-2 values as a preparatory step for
estimating the productivity of biomass in South Korea. The
original EVI is an index of canopy photosynthetic capacity
(Huete et al., 2006) that maintains sensitivity to canopy
structural variations and canopy type, even in high LAl
canopies (Huete et al., 2002). The EVI is less prone to
saturation in temperate forests (Huete et al., 2006), with
moderate or finer spatial resolution (Huete et al., 2002). Thus,
the EVI-2 can be used to observe changes in the gross primary
productivity (GPP) of forests, and this relationship could be
used in modelling.

2. MATERIALS AND METHODS
2.1 Study Area

Red pine forests account for almost 23% of the total forest area
in South Korea (KFS, 2012). Our study surveyed all of South
Korea (latitudes 34.96-37.57°, longitudes 126.42-128.35°), as
shown in Figure 1. In terms of vegetation, the study area is a
temperate zone. The mean annual air temperature ranges from
4.7°C to 14.1°C (Koppen, 1948).
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Figure 1. Landsat-5 TM image (RGB 453) of the study area
acquired on Sep. 91" 2007 and sampling plot in South Korea.

2.2 Field Work

The field surveys were conducted during the summer of 2007.
The data were collected from 30 plots that were irregularly
distributed over South Korea, with each area covering
approximately 0.04 ha. In the sampling procedure, five
individual trees were harvested by destructive sampling and the
foliage biomass was directly weighed at each plot. The weighed
foliage biomass of individual trees was converted to a total
foliage biomass for each plot. The stand age of the trees was
determined by the number of tree rings on a disc. In this
procedure, annual rings were measured on the discs of the
remaining stump 0.2 m above ground, counting from the centre
outwards and marking every 5" ring (years) (KFRI, 2010).
Then, the observations of tree age were averaged for each
sampling plot. The estimated foliage biomass and stand age
were paired at each plot.

2.3 Landsat-5 TM Data Set Calibration

Our analysis combined a set of 84 Landsat-5 TM images on 28
different acquisition dates from 1986 to 2008 to study red pine
forest development through time in the visible spectrum.

The analysis procedure consisted of monitoring multi-temporal
changes in the red pine forests that lead to the spatial and
temporal variations in the vegetation index for each site
sampled. Regarding the seasonal effects and fluctuation of
vegetation cover conditions, particularly in drought-free years,
well-developed vegetation only reflects a small portion of
incident solar radiation in the visible bands of the spectrum
because of the absorption properties of chlorophyll and other
plant pigments that absorb sunlight (Gusso and Ducati, 2012).
Background contamination can cause an imbalance in the
relation between bands 3 and 4 (EVI-2 calculation), potentially

leading to decreases in the resulting EVI-2 values. In the near
infrared (NIR) region of the spectrum, plants show increased
reflectance because of the scattering effect caused by the
internal structure and water content of leaves (Jensen, 2007).
However, obtaining a high quality-image is essential to avoid
seasonal and cloud contamination effects in our analysis. For an
accurate combination of images, it is important to consider
temporal separation. Based on the proximity of acquisition
dates, 3 groups of images were established by decade, as shown
in Table 1. In this study, the data sources used for vegetation
index analysis included the following:

i. For the multi-temporal analysis, we selected 10 sampling
plots (20 m x 20 m) that were dominated by red pine tree
species no older than 35 years after planting;

ii. Landsat-5 TM images were obtained from Earth Explorer,
distributed at no charge by the U.S. Geological Survey (USGS).
Landsat-5 TM satellite data in digital numbers (DN) with a 30-
m spatial resolution was used to perform the atmospheric
calibration and extract the EVI-2 profile.

Acquisition | Path Row 90-0z (deg) | Time UTM
1st group
11 Jun 1986 | 115 | 034,035,036 60.80 01:28
29Jul 1986 | 115 | 034,035,036 56.64 01:27
30Jun 1987 | 115 | 034,035,036 60.48 01:29
18 Sep 1987 | 115 | 034,035,036 46.59 01:31
03 Aug 1988 | 115 | 034,035,036 57.31 01:35
20 Sep 1988 | 115 | 034,035,036 46.26 01:35
03Jun 1989 | 115 | 034,035,036 61.42 01:33
05Jul 1989 | 115 | 034,035,036 60.44 01:32
2nd group
20Jun 1995 | 115 | 034,035,036 57.34 01:10
07 Aug 1995 | 115 | 034,035,036 51.90 01:08
08 Jul 1996 | 115 | 034,035,036 57.74 01:18
09 Aug 1996 | 115 | 034,035,036 53.78 01:20
10 Sep 1996 | 115 | 034,035,036 47.23 01:22
01 Jun 2000 | 115 | 034,035,036 62.77 01:40
05 Sep 2000 | 115 | 034,035,036 51.34 01:42
19 May 2001 | 115 | 034,035,036 62.16 01:45
24 Sep 2001 | 115 | 034,035,036 46.21 01:44
3rd group
30 May 2005 | 115 | 034,035,036 64.61 01:52
17 Jul 2005 | 115 | 034,035,036 62.79 01:52
18 Jun 2006 | 115 | 034,035,036 66.01 01:57
05 Aug 2006 | 115 | 034,035,036 60.76 01:58
22 Sep 2006 | 115 | 034,035,036 48.45 01:58
23Jul 2007 | 115 | 034,035,036 63.03 01:58
24 Aug 2007 | 115 | 034,035,036 56.07 01:58
09 Sep 2007 | 115 | 034,035,036 52.40 01:58
09 Jul 2008 | 115 | 034,035,036 63.54 01:51
10 Aug 2008 | 115 | 034,035,036 57.01 01:50
26 Aug 2008 | 115 | 034,035,036 54.91 01:50

Table 1. Selected Landsat-5 TM imagery

Complete rescaling calibration and correction of DN were
performed for generating the top-of-atmosphere (TOA)
reflectance and the surface reflectance according to the National
Landsat Archive Production System (NLAPS) procedure from
the Landsat Calibration Documents (NASA). Radiometric
calibration coefficients and parameters were obtained from
Chander et al. (2009) and Markham and Barker (2007).

Regarding the calibration of the reflectance channels, for the
accurate transformation of radiance into TOA and then into
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surface reflectance data, the images were also atmospherically
corrected according to Chavez (1996), as variations of
atmospheric conditions are spatially and temporally significant
(Chander et al., 2009). Full absolute image correction includes
the atmospheric- and sensor-related parameters and the
derivation of physical units, such as reflectance (Schroeder et
al., 2006).

The atmospheric correction process is based on the Dark-Object
Subtraction concept, which depends on the wavelength of
visible bands and is related to a weighted displacement effect of
each band on a per-pixel-basis, according to the work of Chavez
et al. (1988, 1996). Using this approach, the data necessary to
perform atmospheric correction in the visible bands 1-5 from
Landsat-5 TM can be obtained from the image itself (Sobrino et
al., 2004) by restricting the atmospheric influence, as there is
radiation transfer from the Earth’s surface to orbiting sensors.
As an additional control for the radiometric quality and
reduction of the atmospheric effects, the Landsat-5 TM images
were held to a threshold criterion in the image processing
protocol (Gusso et al., 2014). In this condition, the image was
not used when the amount of atmospheric contamination effects
exceeded 70 DN in the blue band (452-518 um).

Initially, the TOA calculation step consisted of applying a
simple radiance-reflectance conversion for each band of the
Landsat-5 TM image according to Equation 1.

_ owmxXLyxd® L
P T ESUN, x cos8, @)
where L. is the spectral radiance at the sensor

(Wm2srtum™);

d is the distance between the Earth and the Sun in
astronomic units (UA);

ESUN. is the average solar exoatmospheric irradiance
(Wm2pm™);

and 6 is the solar zenith angle (degrees).

The atmospheric correction process is applied by substituting
the term L obtained during the DN to radiance conversion, as
the L parameter is converted to canopy-surface reflectance, as
shown in Equations 2, 3 and 4.

_wX (L~ L,)xd?
Peurf = ESUN, X cosB, x T, @)
Lp = Lmin - Ll?{: (3)
0,01 X cosé, X T, X ESUN, (4)
e T X% d?

where  psurf is the canopy-surface reflectance;

Lsat is the at the sensor radiance (Wm=2sr-um™2);
L, is the radiance corrected (Wm™2srtum™?);
Lmin is the radiance corrected (Wm2srtum™);

L1 is the radiance corrected (Wm=2sr-um™).

After performing the atmospheric correction from DN values to
canopy-surface reflectance, bands 3 and 4 were used to generate
the EVI-2 according to Jiang et al. (2008). Adequate correction
of atmospheric effects is very important because it allows for
the generation of a representative value for red pine forest
development. The EVI-2 is a two-band version of the EVI that

has been developed for sensors without a blue band that is
equivalent to the EVI (Jiang et al., 2008). However, regarding
atmospheric and soil contamination effects, the EVI-2 was
found to be less sensitive to aerosol contamination (Huete et al.,
2002; Huete et al., 2006) due to poor quality data from
atmospheric scattering in the blue band (Didan and Huete,
2006). Thus, the EVI-2 calculation (Equation 5) can be used as
an acceptable substitute for EVI over atmospherically corrected
pixels (Jiang et al., 2008), especially when using satellite
imagery with a 30-m spatial resolution.

In the equation below, NIR and Red represent the corrected
canopy-surface reflectance in the near-infrared and red bands,
respectively, of the Landsat-5 TM image.

NIR — Red

EVI2Z= 25X
NIR + 24 X Red +1

®)

where  NIR is the surface reflectance in band 4;

Red is the surface reflectance in band 3.

The generated image product is composed of cloud-free images
and good-quality geo-referencing metrics.

3. RESULTS AND DISCUSSION
3.1 Red Pine Forest Growth

Considering the continuous growth of the red pine tree cycle,
we chose a negative second-order polynomial function. Once
the red pine forest EVI-2 profile reaches its maximum and
plateaus after 90 years of age, it enters the senescence period.
Table 2 shows the basic statistics of the minimum EVI-2 values
for a 3x3 pixel window, with the age and standard deviation
(SD) for each measurement.

Sample plots | Age | SD_Age | EVI-2 | SD_EVI-2
Point_ID07 | 34.4 25 0.446 0.026
Point_ID10 | 34.4 25 0.442 0.015
Point_ID27 33 25 0.371 0.039
Point_ID29 | 31.6 25 0.420 0.017
Point_ID21 | 25.4 25 0.424 0.014
Point_ID06 | 22.4 25 0.385 0.019
Point_ID13 | 18.8 25 0.370 0.036
Point_ID30 18 25 0.325 0.018
Point_ID17 10 25 0.332 0.014

Table 2. Sample plot ID, age and EVI-2 values from a
combined image from 2005 to 2008.

3.2 EVI for Forest Soil Surface

As the results from the analysis of sampling plots show, the
development cycle of red pine increases over the first 35 years
after planting. Starting with the first sample plot with 10 years
after planting (Table 2), we needed to estimate the ground zero
value of the EVI-2 related to the forest soil surface at age zero.
Reports from the Korean Forest Service state that there was a
clear cut procedure in 2007, but does not specify where. To
identify sampling plots representative of clear cut, we analysed
the basic statistics of the most recent composite of maximum
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EVI-2 images that combined 6 images from 2007 and 2008.
Table 3 shows basic statistics with the minimum EV1-2 values
for a 3x3 pixel window and the minimum values found at
sampling plots IDs 9 and 22. By averaging these two minimum
EVI-2 values, we estimated a 0.269 EVI-2 value to be used as
representative of the above ground forest soil surface.

Sampling plots Maximum EV1-2 (2007 to 2008)
Mean Min. SD
Point_ID09 0.345 0.288 0.045
Point_ID22 0.300 0.249 0.029
Average 0.323 0.269 0.038

Table 3. Sampling plots of clear cut with EVI-2 values

Using this approach, a negative second-order polynomial
relation can be described by the mathematical equation
y=—axx?+Bxx+y. On the sampling plot scale, the results show a
non-linear correlation (R?=0.81, p<0.01) between EVI-2 and
stand age. Figure 2 shows the relationship between EVI-2 and
red pine forest growth.
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Figure 2. Relationship between the average EVI-2 and age of
red pine forest for each sampling plot.

4. CONCLUSIONS

The results suggest that EVI-2 data from Landsat-5 TM images
are able to adequately represent the development profile of
foliage biomass related to red pine forest growth. We also
described a new mathematical approach for representing the
development profile of foliage biomass related to red pine forest
growth in South Korea. Our results can aid further studies that
explore this relationship, helping to improve the reliability of C
storage models using satellite imagery.
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