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Detection of forest restoration target sites using deep learning

Hyungho Kim, Ui Rin Ha, Eun Hee Son”
(Department of Forest Environmental Resources, Gyeongsang National University
(Institute of Agriculture & Life Science))

Qo AAROR upd Seue Adne] ool Deks 1300%Hhart A& AY Feslst QA gl
S (FAO, 2006), =ul A& AAE wid F7kstar AAvk(Ab A, 2021). olo wet HZ A2 &
Ad e AHEAE S B9t oy, BAdEdAE R thdsta ﬁﬂﬁjﬂﬂ‘ﬂ UA| eFo} dgufetol
ol#]® AAoltt ofo] wt & AFolAE Held B T oolnA] 24 3 s HolFe 34
+ A7 (Convolutional neural network)S o]-&3to] a-gAFR A9 *WE"MWXE g2t h WA
2014~20150] #9H ZFAdx Ko FFANS o83 st W HAE (uE 431, ST A7
W REE StEAZT 1 Ay 753 ARE SEAZ A AW RS Rdds JUtA =&

gwg Bk

oZi

Abstract: Globally, 13 million ha, which is twice the forest area of Korea, is being diverted or
devastated every year (FAO, 2006). The area of forest damage in Korea is also increasing every
yvear (Korea Forest Service, 2021). Accordingly, the Korea Forest Service has recently introduced
a forest project with the concept of restoration, but it is difficult to grasp the current status
because the restoration target site is diverse and not patterned. In this study, forest restoration
targets on aerial photographs were detected using convolutional neural network(CNN) that show
excellent performance in image analysis among deep learning models. First, learning and test
data were constructed using aerial photographs of Gangwon-do taken between 2014 and 2015,
and a CNN model was learned. As a result, the performance evaluation of the CNN model

learned with the constructed data showed high accuracy.
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Machine Learning-based Stacking Ensemble Application Study
for Land Cover Classification

Yong-kyu Lee", Woo-dam Sim, Jung-Soo Lee
(Department of Forest Management, Kangwon National University)

B A= walgiyd 7)uke] Stacking ensemble ¥ E]FS o] &3le] EXYEREF 2F3 W)

3 2d s HHow it B 5SS 9g HiolHAIEE AS7]9 RapidEye $1/4397%
FAAY ] Faud, FAE EXIEEE AE3t9th 84 RapidEye9 Spectraldt 571 <F
A 71eke] A gH(PCAL-GLCM) 87W, A FJAAH %, FAL 2715 53t ehilzts=
AY EXNYELES olgdon, ABFEAINEAYRE IPCC 715 wat 57 HF2 AEF3o]
HolHMEZS T3}tk Stacking ensemble> ol 7] HAlgY RdS P50 =59 AyS
oAl wAleg 8hgol o] &ake YA E ZIWolth & ATelA = 4709 Light GBM RS 55t
7+ 4 Light GBM =d 5o &&3te] AT L7 das ==sdvh =3, 71 Light
GBM Edo EXuEREF AN Stacking ensemble R EXyERFTANE fJRFH PR
Ee vlalste] AEAE Frtstdoh AEE H7F A3 s Light GBM 2o A A A <

=1 88.45%, 88.46%, 88.35%, 88.44%°]H, F}ulAl4== 73.00%, 73. 02%, 72.79%, 72.98% 0. &2 At=F
St} Stacking ensemble B 2o dA| HES L= 8857%, I AIFE 73.11%CE Al&Ewo] /i nd
of Har Frk AAGE=7F 0.14%, VAT 0.16% 3= UL “Efﬂ, EXANEEFA34E WP st

ri?l—iN_Em

AEG A3t 2 A8 mhl A vhebd e e Fele] wolxsh Padte] EANBEF o] 3
i Aom guEth X ATE JEe e Maed 2 ged m9 Ue S mE8 43
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& 28t fAdst=d 28 S Aoz vivdn

Abstract: The purpose of this study was to apply the machine learning-based stacking ensemble
algorithm to land cover classification. The dataset for model construction used the RapidEye satellite
image of the growing season, the contour of the digital topographic map, and the land cover map
provided by the Ministry of Environment of the Republic of Korea. The label data used the land
cover map, and a dataset was constructed by reclassifying it into 5 categories according to IPCC.
Stacking ensemble is an ensemble technique that builds multiple machine learning models and inputs
the derived results back into another machine learning model. In this study, four Light GBM models
were constructed and each result was used to construct the Light GBM model to derive the final
classification results. In addition, the land cover classification results of individual Light GBM models
and the land cover classification results of the Stacking ensemble model were compared with the
reclassified land cover map. As a result of comparison with land cover map, the overall accuracy of
individual Light GBM models was 88.45%, 88.46%, 88.35%, and 88.44%, and the kappa coefficients
was 73.00%, 73.02%, 72.79%, and 72.98%. In the case of the stacking ensemble model, the overall
accuracy was 88.57% and the kappa coefficient was 73.11%, so the overall accuracy was 0.14% and
the kappa coefficient was 0.16% higher than the average value of the individual models. This study
is expected to be used to utilize and improve the results derived through the development of various
existing machine learning and deep learning models.
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A Study on the Method of Priority Area base on Forest Fire Fuel
Management

Sun Joo Lee", Sung Yong Kim!, Chun Geun Kwon!, Young Jin Lee’
('Division of Forest Fire and Landslide, National Institute of Forest Science,

“Department of Forest Science, Konju National University)

IH(Cruz, 2004)o A A A|
£ 9% AA dEEEE F
A 10~30%) = F-23)
Y Ad55AB AEASdSEL 7 s w (W AAS 47 FHse F
AA TS A3
A

1:]_ e} RS
& 3711has 2 A

A S RS e 1.6%5 AA|sta, AA WAL 9,756hal.® A 42%S A3t
108 % =53 23 Az dAe 7842hac® A 34%F AAeal FA WAL 15230has = A
A 65%E A Ao et B ATAE ARAZ A A A4 dol $A%A=

Abstract: This study was conducted to select the priority area for forest fire fuel management to
prevent the spread of large forest fires in Gangwon Province. In order to select fuel management
priority areas, the forest density of forest fire fuel was estimated based on the minimum crown
fuel density(0.065kg/m?). It was divided into serious(0~10%) and alert(10~30%) in descending
order of the number of trees that had to be removed. In order to reflect the risk of wildfire,
damage, and amount of fuel, the priority areas for fuel management were selected by
overlapping the vulnerable levels(A, B) and the risk levels(serious and alert) respectively. As a
result of selecting the fuel management priority area by dividing it into serious (1st order) and
alert (2nd order), the serious area was 3,711ha, 1.6%, and the alert area was 9,756ha, 4.2%. Ten
years later, the serious area was 7,842ha, 3.4%, and the alert area was 15,230ha, 6.5%. The
results of this study are judged to be helpful in considering the priority in selecting a target site
for fuel reduction projects.

Keywords: forest fire fuel load, forest management, fire vulnerable
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A Comparative Study on the Accuracy of the Detecting
forest-fire damaged area Based on Satellite image

Geonhwi Jung®, Jiveon Ryu, Gyeongwon Kwon, Joowon Park
(Department of Forestry, Kyungpook National University)
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Abstract: Due to climate change and deforestation, forest—fire is occurring globally and the
frequency of large-scale forest-fire is increasing in Korea. The analysis of detecting forest—fire
damaged area has been performed based on satellite and UAV imagery, but the accuracy of detecting
forest—fire damaged area was not constant. As the CAS500-4(Compact Advanced Satellite 500-4) is
scheduled to be launched in 2025, it is necessary to compare and examine the accuracy between
methods for detecting forest-fire damaged area based on satellite imagery. Therefore, this study
compared the accuracy between the detection methods of forest-fire damaged area using Rapideye
images with similar specifications to CAS500-4 for 236 forest-fire area that occurred between 2016
and 2019. Four types of fdetecting forest-fire damaged area methods were used: Maximum Likelihood
Classification (MLC), Support Vector Machine (SVM), Random Forest (RF), and Deep-learning. When
constructing the model depending on the type of learning material (Wall-to-Wall, Systematic),
training data ratio (100%, 80%), and parameter combination for each method, MLC method has 2
models, SVM and RF methods have 20 models each and for the Deep-learning method, 48 models
were applied and compared. The accuracy assessment of detection was performed by calculating the
Kappa coefficient and overall accuracy through comparison with generated map by human considering
and spectral characteristics based on band combination. As a result of comparison between four
methods for detecting forest—fire damaged area, the MLC method showed relatively high accuracy
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compared to the SVM, RF, and deep learning methods. Among the model that applied MLC method,
the overall accuracy of the wall-to-wall learning type model was about 76% and the Kappa
coefficient was about 0.5 or higher. And the overall accuracy of the systematic learning type model
was about 86% and Kappa coefficient was about 0.7 or higher. The deep learning method has an
average OA of about 64%, so the classification accuracy is relatively lower than that of the MLC
method, but it is expected that the classification accuracy can be improved by adding training data
and adjusting model parameters in the future.

ARAb: B = akg 98F9 (FMO0103-2021-02), 3F=9) 9 71591 (2019149C10-2223-0301) 9] A1
of o8] o]Foj APyt

Keywords: Forest-fire, Classification, Satellite inagery, Machine learning
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Evaluation of Standing Tree Characteristics by Thinning and

Pruning of the Planted Machilus thunbergii Stands

Hyun Soo Kim", Kwang Soo Lee, Su Young Jung

(Warm Temperate and Subtropical Forest Research Center, National Institute of Forest Science)
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Abstract: In order to develope the resources of evergreen broad-leaved trees, in this study we
evaluated standing tree characteristics at artificial forests of Machilus thunbergii that completed
the first thinning and pruning in response to climate change. As a result of state of branch by
treatments, in the case of clear length, the pruning plot(6.3m) was significantly higher than the
control plot(4.4m), and in the case of the dead branch height, the pruning plot(5.8m) was
significantly higher than the control plot(3.8m)(p<0.05). The clear length was no significant
difference in both pruning and control plots by time flows(p>0.05). As a result of the
classification of standing trees by treatment according to the broad-leaved trees standing tree
characteristics, it was classified as 43.8% in the first grade, 32.3% in the second grade, 20.0% in
the third grade, and 3.8% in the fourth grade in pruning plot. In the case of control plot, it was
classified as 7.5% in the first grade, 38.3% in the second grade, 45.8% in the third grade, and
8.4% in the fourth grade, it is necessary to prune to improve the quality and increase the timber
utilization rate of Machilus thunbergii.
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Construction of Forest Resources Information based on Digital in
Leading Forest Management Complex, Mt. Ga-ri1

Jin-Taek Kang®, Chiung Ko, Jong-Su Yim, Jung-won Yoo, Ga-Hyun Moon
(Forest ICT Research Center, National Institute of Forest Science)

Lo vA" AR 5o AP g84S /N fate] 1 e ARAdE A
Ag o w, F7mb A zA BRA G o] TREAFF(N 16.0m, 0.08ha)E AX|FHe] FAME
A4 Y ehelr}, o] Fd gholth =& gholth, A7) gholth, A AN FF (AU, s, HAE)
2 EEE, T, WE NS ASH(EFa, FuA8)F A ZE(EAN, FYAE)E B4
Atk EA A, il e vadMe g doltt > olFd wholtk > Alg > EE gholnt
> A7) oty o w yEygown, FaAAgh Ha A —t— J%ﬂi*} > ﬂ?ﬁtﬂ > olFd > =8 >
A7) £oz vetwt £F 3 dEE A AR o] d gheltt 1628 > @Y E}OM 20.0% >
=g gholth 220% > e EAF 4328 > nAY goltk 1072; To® L}EME} = 1Y B
A AL o] f grolth 50.0m7/E > @7] #elth 202m°/E > =& el 18.2m2/%i— > gz
A 7.8mYE > nAY etk 77mYAE o dEbdth EE, AR FAE BA Azte u4F
gholth 214.2% > olF @ gholtt 36.7% > =& greolth = d7] grelth 17.7% +22 Ve

Abstract: This study was conducted to enhance the accuracy and efficiency of digital
information on forest resources. The sample plots (a 16-meter radius, 0.08 ha) were examined by
using the following five methods: a terrestrial LiDAR(TL), a backpack LiDAR(BL), a drone
LiDAR(DL), a helicopter LiDAR(HL), and lastly field survey(FS). Then, the accuracy of
measuring a tree’s Height and DBH was analyzed by both species (Pinus densiflora, Pinus
koraiensis and Larix Kaempferi) and stand density (low, moderate and high). The measurement
efficiency was also assessed based on both the amount of time completing all processes and the
number of surveyor needed. The results indicated that, regarding the accuracy of measuring
height, it was the TL that showed the highest accuracy, followed by the BL, the FS, the DL
and the HL. On the other hand, the comparison result of DBH showed that the FS was most
accurate, followed by the TL, the BL, the DL and the HL. As to the efficiency by species and
density, the BL was most efficient at 16.2 minutes, followed by the HL (20.0 minutes), the DL
(22.0 minutes), the FS (43.2 minutes), and the TL (107.2 minutes). In addition, it was revealed
from the comparison of the measurement area per minute that the TL accounted for the biggest
area (50.0 m’/minute), the HL (20.2 m”/minute), the DL (18.2 m”minute), the FS (7.8 m”/minute),
and the TL (7.7 m*minute). Lastly, the result of the amount of time on completing processes in
an office indicated that both the DL and the HL showed the shortest (17.7 minutes) while the
BL and the TL took 36.7 and 214.2 minutes, repectively.

Keywords: Forest survey, Terrestrial LIDAR, Aerial LiDAR, Cost efficient
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Comparative Analysis of the Data Accuracy of Tree Height and
DBH by Scanning Frequency with LiDAR

Chiung Ko", Jin-Taek Kang, Jeong-mook Park, Jongsu YIM
(Forest ICT Research Center, National Institute of Forest Science)

9 glojth(d: nA4E zloltk RTC360, 274 2009 points/sec.) =71 Wko] W& F=3 ==
AEAY AR FenE dotnr] flste] =UPIEAARAL £2F Av|ek Zeol FFEAWHA

16.0m, 0.08ha)E A&}t gholth A7 WME(293], 173], 133], 93])ol] W& FF (A5, 3,
SJAE) 2 A (A T, DEE HEI 929 a2 FudAps v 2489w 2otk Ay
27 34 29388 Vo= ¥ o, o ghe] Aol AAl A7 W9l Hit 0.22m=E YERSLom AL
gho ofgh ZALSl= H it 242m AHolE BT Fi SACAE Av JEEE A7 dES A
oata et 133 £ A LA Ul %S 5T S ATk EmE, FuFALS 20 Hy
g 298 VFez & o, ddF(L, F, W)Y A9 £ lem °lF, FAYUF(L, F, W)E + 1.5em 9]
a2 et oy ZAH30°) 9 EA o] wrad Ay Wol A= + 37cm®E 2ol b ZA vebykth
2 ATE A SUPIEAL AN B2 A7) ZAMA = A gtoltt A0 HlEE 1332 4

24 31803 vl delHE AL A Aom vhehg

Abstract: This study was conducted to assess the accuracy of information on forest resources
that is collected and varying depending on the number of scannings by a terrestrial LiDAR
(model: RTC360, a scanning rate: 2 million points per sec). To this end, sample plots were set
according to the guidelines of national forest inventories on setting plots (a 16-meter radius, 0.08
ha). Values of a tree’s height and DBH were analyzed by the number of scannings (29, 17, 13
and 9), tree species (Pinus densiflora, Pinus koraiensis, and Larix kaempferi) and stand density
(low, moderate and high). The results showed that, when scanned 29 times, the accuracy of
height values was on average 0.22 m higher than when scanned 17, 13 and 9 times. Also, it
was on average 2.42 m higher than when measured by surveyor. Moreover, all height values
were acceptable when scanned on average 13 times, except for a Pinus densiflora forest with
the high density. As for DBH values acquired from being scanned 29 times, the differences were
less than 1 cm for Larix kaempferi (all the three levels of density), and less than 1.5 cm (all
the three levels of density). On the other hand, however, in a highly dense Pinus densiflora
forest with much vegetation and a slope of 30° the difference was unambiguous at 3.7 cm. It
can therefore be concluded in this study that data can be obtained with accuracy when scanned

13 times in sample plots with the same size as those of national forest inventories.

Keywords: LiDAR, Stand density, DBH, Height, Sampling intensity
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Analysis of 10 years of Forest Recovery Battle
in North Korea(2015~2024)
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Abstract: North Korea’s 10-year forest restoration battle, which began in 2015, has more than half of its
target year, 2024, with three years left. In January 2021, North Korea announced interim results that it had
created about one million ha forests in terms of economic performance at the Eighth Party Congress.
Accordingly, the situation of forest recovery projects in North Korea over the past six years was tracked
using satellite imagery. The data were downloaded from the EarthExplorer website operated by the U. S.
Geological Survey (USGS). Using the IGBP product (resolution 500 m) of MCDI12QI, the land cover data,
the status of forest changes by year from 2001 to 2020 was analyzed. For annual data, three tiles were
mosaic, and then coordinate conversion, class items adjustment, and study area extraction were performed.
Post—classification comparison method for change detection and arithmetic comparison analysis were also
conducted. As a result of the study, North Korean forests have increased by 05 % annually (25080 ha
/year) over the past six years. Forest restoration performance was identified as 568320 ha, including young
seedlings, and was only less than 60% of the one million ha announced by North Korea. In 2024, when the
forest restoration battle ends, it is estimated that the forest area in North Korea will increase to 5,826,672
ha. Meanwhile, the analysis also showed that devastated forestlands were found to be 1,526,573 ha in areas
with a slope of 15 degrees or higher, down 47,933 ha from 2019, the previous year, which means -3.0%%
decrease. It is evaluated as positive and encouraging as some signs of improvement in the forest
environments in North Korea have been quantitatively revealed through forest restoration efforts. However,
it seems that there is still a long way to go. For decades of land use change analysis as described here, a
combined method of collecting advantages by resolution by conducting global analysis by year with
medium and low-resolution images and detailed analysis by region with high-resolution images is
recommended.
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Estimation of the Fire Precautionary Period Based on Statistical Data

Sun Joo Lee, Sung Yong Kim!, Chun Geun Kwon!, Young Jin Lee’
('Division of Forest Disaster Management, National Institute,
2 Department of Forest Science, Konju National University)

8% 2 A= 4093 FAHE AEFANGE EoR AETA FolRAS FI &4 e
#HEE % AEZAVS FAHS A ST B AF Ay, AEZRAV W g abE A5E
1990t Hat 3046714 < 513(2017~2021) Ht 41707 0.2 oF 148 F71ek= FAE Hol
I Tk AP A ZIZE 9 AR AR A I 1990 ] Hat 5887l A H 5 Hr 149.07
oz oF 251 Z7lelE FAE RYon, E3 723 AEZAV|ZE 0]9(12.15~1.31)0 2FEEFA
H &2 AA AR 85%0A < 5 11.1% = F+3] F7letes FAE Bt 713 AEz4
7 W H AR DA AR 0687S HA AR A ASw A Ry 28 A Hi Ay
A5 1ol 717He g87|ztez 7hFete] B8 Ay Bd AHERA 7| oF 4590 FgH 1
41d ~5¢9 3092 dErTh 7FeE AEZRAVIE 119 169 ~12€9 3142 A FY Fade =3
PA 543 Ad5-E BHoh B Ay ZAae ARy EAS B3 AE2A AR o

Abstract: This study was intended to estimate the forest fire precaution periods for efficient
management through analysis of forest fire. As a result of this study, the number of fire that
occurred during the prevent forest fires period has tended to increase 1.4 times from 304.6 in the
1990s to 417.0 in the recent Syears(2017-2020). Also, the number of fire that occurred outside the
prevent forest fires period tended to increase 2.5 times from 58.8 in the 1990s to 149.0 in the
recent Dyears. The proportion of forest fires occurring between 12.15 and 1.31 outside the forest
fire precaution periods in autumn has steadily increased from 85% to 11.1%6 in the recent
Syears. Especially, except during the autumn prevent forest fires period(12.15 to 1.31), the fire
incidence rate has been steadily increasing from 85% for all wildfires to 11.1% for the last five
years. The average number of forest fires per day during the autumn forest fire precaution
periods is defined as the critical value of the minimum number of forest fires, and the period
indicating the average number of forest fires per day is considered a dangerous period. As a
result, the spring forest fire precaution periods was extended by about 45 days from January 1
to May 30, and the autumn forest fire precaution periods was the same as the start and end
dates from November 16 to December 31. This results from this study are expected to serve as
statistical evidence for readjustment of forest fire precaution period in South Korea.

Keyword: forest fire, forest fire precaution periods, forest fire prevention policies

- 171 -



Z7MAHEALZA AR 2 FIARAFE o) _F
AAE O] e A G FE Bt

* o
y H

ot
EAREELE:

R

i}
)

77
ICTS T ALE)

Assessment on Carbon Stocks of Coarse Woody Debris in
National Forest Inventory and National Emission Factor

Ga-Hyun Moon~, Jong-Su Yim, Jin-Taek Kang
(Forest ICT Research Center, National Institute of Forest Science, Seoul, Korea)

2o wel, I 247~ uEYE AHA
% &401 UH% %—&-‘o‘ Hor f-eveke] A5 LULUCF Fiol A At Bk W uARRT|Eof ok
A o ohEbA] 247 s FAY] ¢

GaulE 0 FFYS BEAR VTHOD As) HPHA Ram 9
A4 Fus] A EF L AR S od BEARG FADFAL A
wol Fastth ¥ ATNNE FATAANRA ARE kel wAY BAS YAska, TR
FE BES DR BaAFFS B

oo As AT FARPRARRA R BAE
ZAF 91,9037 1?@,;&%@ Aeg gabom dhobg 2020d 71E LAFEFS 1483 m’ ha'®
debon], SARFASE FEokel AT AR BARAFFE 186 tonC ha'E EAH ATk
AW AT AsE Ears BAR 80l 5T A0 uH.

Abstract: Increasing emphasis has been put on the assessment of greenhouse gas (GHG)
inventory in the forestry, as the role of forest in reducing GHG becomes globally recognized. In
South Korea, however, there has been little assessment of both the amount of carbon emission
and carbon stocks for soil and coarse woody debris (CWD) in forest in the LULUCF sector due
to no availability of activity data. For the statistical completeness of GHG, it is necessary to
establish activity data for carbon stocks for the two variables and develop national emission
factors. This study utilized data from national forest inventories (NFI) to produce a statistic of
CWD. Then, carbon stocks for CWD were estimated by using the national emission factors. The
findings showed that the volume of CWD was 14.83 m® ha' as of 2020 when 1,903 permanent
plots were examined to assess the volume of CWD in the 7" NFL Also, carbon stocks for CWD
estimated by employing the national emission factor were 1.86 tonC ha'. It is expected that this
study will be utilized as fundamental GHG data.
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