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Abstract: This research assessed the feasibility of using high-resolution aerial images and deep learning algorithms
for estimating the land-use and land-cover areas at the Approach 3 level, as outlined by the Intergovernmental Panel
on Climate Change. The results from different sampling densities of high-resolution (51 cm) aerial images were
compared with the land-cover map, provided by the Ministry of Environment, and analyzed to estimate the accuracy
of the land-use and land-cover areas. Transfer learning was applied to the VGG16 architecture for the deep learning
model, and sampling densities of 4 x 4 km, 2 x 4 km, 2 x 2 km, 1 x 2 km, 1 x 1 km, 500 x 500 m, and 250
x 250 m were used for estimating and evaluating the areas. The overall accuracy and kappa coefficient of the deep
learning model were 91.1% and 88.8%, respectively. The F-scores, except for the pasture category, were >90% for
all categories, indicating superior accuracy of the model. Chi-square tests of the sampling densities showed no
significant difference in the area ratios of the land-cover map provided by the Ministry of Environment among all
sampling densities except for 4 x 4 km at a significance level of p = 0.1. As the sampling density increased, the
standard error and relative efficiency decreased. The relative standard error decreased to <15% for all land-cover
categories at 1 x 1 km sampling density. These results indicated that a sampling density more detailed than 1 x 1
km is appropriate for estimating land-cover area at the local level.
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Z2 1990 6,476 haol|A] 2021 6,294 hao 2 |
30A7F A|EH o7 FojEs Ao, ofof whef, AHY
A8 HA et RUEPES Fof 247 ujEwrel o
3lo] APAE " 27} QQthKorea Forest Service, 2022).

IPCC #|Rof|A AJAISFAL ¢l= LULUCF &of sALHE:
W 34 37 = G2 = o] 9lem, Approach 10fA]
Approach 30,2 Z:z0] Sea4E Ex|olgo] WAl
23 gl B2HAQ) Alo] ke Exjol g 7he] wsie
2 gote 4= JQEE Aokl Qlth(National Institute of
Forest Science, 2021; Smith et al., 2014). 3}A]9t, -2yt
A7k QlERE A EXjolg W AEH WAL 7
H3}A] Hahal Qlo] Approach 3 =& 2] EX|o]-&Hsl
YUE 9] Z-8o] F Q3 Greenhouse Gas Inventory and
Research Center, 2021).

Approach 3 7] 27 Thole] HUE YL SfalaL
WS H9E T Ho 18 eg #5345 Sl GISet
HAGAL 7|9 &8 FpF o), 4gdHste U
Aol ZEE A Stk 2, AAFEARROF A= HAlY
B gedrass A8 EX o EERo Wt A7
ZshA JePEar ¢9lom, 2006 ©]F Random forest,

s HWAIEY 71} Alexnet,
VGGNet, ResNET 5 |l 7|HS &85t Q52 7]Rt
o] @4 w5l et ArE Eibs] X3 EIL QtH(Zhou
et al., 2019). IPCCoJ|A]+= Approach 3 4=2] LULUCF &
of 2AVLA Wi B B ALYe| BEALR TEUHO
2 Sampling method ¥} Wall-to-Wall %S A A3} QL
o} Wall-to-Wall %2 ti/d#] W2 AAS 2Afske] ¥
4 a2 slests W o, Bxo RuWAS Y

Support vector machine

A112Y A3E (2023)

1. GRHAX] & ABRIE

AFH A= tHERl= e YA &
37.8°, A= 127.2°0)= AA5HATE EHA19] HAS
AP E o) AGeA AP e 7] oF 111,598 ha=
A Sl =AAZE YR8k Qlow, oz Ao At
7b E25he 74 FE 9 Aol 3L A= =4
A jme] 5AASt 25, s, 2V 5 WS WA
O] Tp7h BAIFO RN thFFt BEX| yHOo R A E o
AFRAIA 2 AA A THKim and Choi, 2012).

2 AtollA g3t AAGAL AARE FEA| A o
Al Alsdhe Aol 285 20199 FFARIE ©]&
ShAth FEARE S 51 emo]H, RGB 3719]
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Figure 1. Aerial photo of study area, Chuncheon-si,
Gangwon-do, Korea.
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2. Sy
2 A7 Al BEAYEAEE FRARE 285t
ol =S E3) IPCC 720 whet & 5,00032] SF2A

YolEAES TEa . EATRERE 93 el
< VGG16= o] gat3lon, ag4o|al Htwr}
E%_!% F&3517] 8l A o|&k5(Transfer learning)2:
 FEE EATEES wue RurbE) v}
&3t 31(4 x 4 km), S22 x 4 km), S3(2 x 2 km), S41 x 2
km), S5(1 x 1 km), S6(500 x 500 m), S7(250 x 250 m)
7570 HlolHAIEY Hgoto] EgEY EX|WE W
14 Ardelalc ummi EXE °ﬂ ufe} Hetwol 4
fa5es AEste A% a8/4d-S vl s th(Figure 2).
) g2y 2d 55 et tolHAE 5
IPCC= EA0]& HFE 67HA(AHEAl, 57384, 24, &5
7IE}ER) 2 833l Q) ti(Intergovernmental
Panel on Climate Change, 2019). & ¢l Lo A= IPCC 7|
=1 AR 9] E*é% 125t Exlolg‘ﬁze At
A, F8A, 24, BFA], 7IHEA] 57 5}
o] g Al EXME?Q = 570 ‘ﬂé-—zri XH—I%%—@}‘Z‘%
CHPark et al., 2019). Al EF EX| 9B X o] ZX}oFAIX}

], AFXA],

miEo] WE EAolg U EXE wx 34 269

(ranch-farm)2 S4H} HYgS 918l ARESh= A=A, F
S A Fed 5 e AT AlEE HiR e
olu|sic}, w3k WEALO] 10 x 10 m ©JAFe] A= 7|Elx

A5 501 1k ol sieh QA 53

o oX
B
12
o
fu

(Inland wetlands)% H]AF
o= &o°] iol= X]‘I‘% ° UB}UL 2 A A A=
F2 el B4
sl Qlo] A2 XH—‘:TrO}‘ﬁ‘:}(Table 1).

HolHA E= AAFAE FHatsto] 7z ERdad
1,000%2] oJu]x| & L= tH Yang et al., 2018; Yang
et al., 2019). Ho|E A E oju|A]&= o EE7F=2] 250
<250 mE 2sto] ojul X7} SOl A R, 7 B
el Bo] Uehd & =S | ha Wae] Te|=g
* dele] olul g FEsioich Yelyn
9] sh5& fldlAl= TlolE dlolEd o] o r
7E, R EANEAES BEART SOHUE
= &l ClolHAIEE #5353tk HlolHAIES] 52
100 x 100 m 1= -5 9 ojm|z] &, I1d= 9
W WA A, shue] EXNE WE wy ugol
80% ol AFol TP 22 BAe] ojulx) A, KoIES
B3 1% dolHHE A4 w0 SuEchFigue 3)
upA ke 2, shedlolelel AR ol RRE

= olgsto] FEE HoHAIES 7:3 vl (S50l E

High-resolution aerial photography

v

Construction of datasets by land cover category (5,000 sheets)
- Forest land, Cropland, Grassland, Wetlands, Settlements

v

Construction and evaluation of land cover classification model
through transfer learning of deep learning model

v

Sampling intensity

- S1 ( 4kmx4km )
- S2 ( 2kmx4km )

Estimation of the land cover area using land cover classification and sampling method <— 3 (2kmx2km )

v

- S4 (1kmx2km )
- S5 (1kmx1lkm )
- S6 ( 500mx500m )
- S7 (250mx250m )

Evaluation of estimated area according to sampling intensity
- Uncertainty, Relative efficiency, Chi-square test

Figure 2. The overall methodology flowchart of the study.
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Table 1. Reclassification of attribute information in the ministry of environment's land cover map based on IPCC land use category
definitions.

Reclassification category Category of sub-divided land cover map

- Coniferous forest .
Forest land . Broadleaf forest Mixed forest

- Consolidated paddy

- Paddy without consolidation  Orchard

Cropland - Consolidated Field giiﬁlelity lg rlﬁ.;l?(ﬁ)on
- Field without consolidation p
Grassland - Natural grassland - Inland wetlands
- Golf course - Other grassland
Wetlands - River - Lake
- Single housing facility - Ranch-Farm
- Industrial facilities - Culture-Sports-Recreation facilities
- Educational administrative facilities - Commercial business facilities
Settlements - Other public facilities - Railroad
- Other transportation communication facilities - Port
- Joint housing facility - Mixed area
- Road - Environmental infrastructure
Land cover class Image library

Forest land

Cropland

Grassland

Wetlands

Settlement

Figure 3. The examples of datasets by land cover categories derived from the aerial photographs.

3,500, H=dolg 1,500 2 +E51% tH(Huang et al., BEE25l= EAuHo|tH(Kim et al., 2022). whahA,
2021). Lo A+= Sampling methodof] 3t JAES &
71 de] AREEAL Sl VGGl6 RHS ARRSHAT

2) 98y 7|HF EX RS Y 125 95t VGGI6 (Muhammad et al., 2018). @A}, VGG16 -2 2|7 o|u|x|,

e rh
ofN 2

malo] o o A% UESE, 87 5 T AT Hopol BushA] 28
HH Y o]&3t oju|x] EAL 37 FJAIEF(image 3 Qti(Simonyan and Zisserman, 2014). VGGl16X 2>
classification), Z}A]|€FX](object detection), FAFEE

AFE-SH(image CNNQ| 7]E o}7]gl% Convolution layer, Pooling layer,
segmentation) 2 FLEEITh GAEF = 31LH9] o|ujx]7} o Fully connected layer= LA &0 &S o]3)|s}al A-8-3}
| olmz|of sFst=A] EFsh= AN, AAHA] = 7] &olgk Aol glck CNN2J Convolution layer+= ZE| &
ofulx] ol A T o= A9 —;— Pohilz B4, & Bl olnlxe] oE SRS FEoks BHoln,
FAETEE G Hell o8 7HA | ShaL, Convolution layero| 4] 2] 8t5-2- o|m| 2|8 54 F=
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Reference : Simonyan(2014)
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(b-1)

Hidden

Figure 4. The architecture of VGG16 model(Simonyan, 2014). (a) Architecture of VGG16; (b) Operation Process of CNN layer;
(b-1) Convolution; (b-2) Max pooling; (b-3) Fully connected.

T e ZHY @S HAgeks 3 =

Pooling layer+= Convolution layerS £3l] &% o]u]x| 9
SdHs H2dEdske Bl
pooling= 53l 7t < o] HTgte] 4= o
2743t Pooling layeri= o|n|A| 8] 715 &
ALrES AaA7)aL, ShaAld wietulE S A
A A JAIE 4= itk Fully connected layer+=
Convolution layer?} Pooling layer?] HHE-& 3] =%
S50 Hesun A4w3el Jelsel A Bit
SalE SiolthFigure 4). WHo| heo] 283t Aol
342 Ao ThE HlolENEE 2Hgatol ]2 s
wEe Bt A dolEHHES olgste] 37w 5t
s HeEd RS gHgels AL ojulTit Holshe
F1e) ) Al 3@ doleiil=e Ko
oju|x|of Al HHAQl EAS sh53l7] wiwoll, B2
AR Qlols WD Bete JoEs ST & )
It Abdalla et al,, 2019; Cui et al., 2020). &Y
e whold qlo] Zuke] Hejd 3 gholH el
PyTorchE o]&sto] HEdS F&skqlon, e 3159
AH stolHutetul el ARATE st A
t}. Optimizer®} loss function URFA O 2 H5 FLxjof A
wol| 8531 Q1= Adam¥} Cross entropy & o]gg o
o, batch sizel= dlolElo] Z7]9} ARY A%e 2t
322 X3t} Learning rate:= o]sk5 ol-g-s}

7] dizoll, nMlEE sk sl duk ==

E] 21
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HA R} T2 (0.0001 2.2 A7} tiHamedianfar et al.,
2022; Rakshit et al., 2018; Naushad et al., 2021). E3}, ==
3t glo]E|N|E& PyTorch? transforms 7]5-& ©]-8&3}o]
A5k 9 224 pixel x 224 pixel 7|2 2AHEZE HUATH
Sk Sl Fo) 10032 AgetAon, g 1) o
a82Ql el Sh55 93 27| F=(Early stopping) iz

S 285t 108]9] 35§k mdo] Aol 7iAE]
kS o] 3H5S EX5} th(Naushad et al., 2021).
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3) 98Y 7 EXnEREE ndol M3y w7}

ey mulo] J3te Wl dey 7yl Ex|u]EEs
walo] HeAsel dEdole] ol ARE o] §ato]
AR Ak EFAAL Avkon AAgete
(Overall accuracy; OA), YAEA}EH = (Producer’s accuracy;
PA), AFE-A}FA S (User’s accuracy; UA), F-score®} 71}
Al4x(kappa)E AFE5} 9 th(Ramadhani et al., 2020; Kiala
et al, 2019). AAATEL BE olu]z] 4 Zojx] A
S17 R olul o] Hl&L elujsle] Akl THHaL,

217 olafjat 2= 9= o] glry. WA} Aorl A7)
ik 3 AU BF & opolstn N84 Yot

= g W E£7aY 5 YA e vlES 9]
gk Zh A= ERA et hxAtE 7he) S 9%t
LA &S AASIL ALE FARCE AFA Eofo
A gro] AFR-E|31 QltKTable 2)(Landis and Koch, 1977;
Um, 2013).
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Table 2. Evaluation of land cover classification model using a confusion matrix.

Validation data

Class
A B C > UA(%)
A Naa Nas Nac Y>AR  Naa2 AR x 100%
B Nga Ngs Npc YBR NpgYBR x 100%
Classified by d
laesa_rSlnflg II}I/Odeelep C NCA NCB NCC ZCR Ncc/ZCR X 100%
z DpA >PB YPC N
PA(%) Naa2 PAx100% Ngp/Y PBx100% Neey PCx100%
_ PAXUA
F-score = QXW
N, + Ny, + N,
OA = leoo%

NX(Ny, +Nyp+ Neop) = (EPAX ZAR+ Y PBX SBR+ XPCX X CR)
N?—(2PAX YAR+ EPBx YBR+ X PCX YCR)

kappa =

Note: N is total points, R is test classes, and P is classified class.

4 EREo] g EATE wE 4% 9 FACE 100 % 100 m 272 PESAT, 2 EEAwo|
Exm R wote] Y3ty B} whel 32 ofu| A 12E Yoy s|uke] ExjulE B

FIYAARAS] FEEAN QRS POR 4km § BUS o]§3le] AN T dm ByEglow, &
<4 kme] AT OB ABRZNS Agolo] BE 7 AV /MOR REPEY G2 EA7R ugS &
Ae wxska glowl, =AY W gl 49 2km  EsteiTiFigure 5). E, o]u ek HF EIE 9179
T 1 km A HEgEds 7 WA 5= ok AR AT EXTEAEY Fus o8ste] &5
(Korea Forest Service, 2021). T35}k, Yim et al.(2020)-2 A4 3192 ZAJste] OA, PA, UA, kappas AM&EsIich
=9 Aro)] IE Ao it BEXo]- g3} mjEY A9
BlaE 93) 2 x 2 kmoA] 8 x 8 km7HA] 779 BEIE 5) BaAgwe] wE 4 WA SAH 45
£ etk webd & 7o) g7 AR B9lel IPCC003)0] T sampling method<: o] 8310} A 2
e AEske] 250 x 250 mFE 4 x 4 km7HA] 779] & A, BS54t AR i EF 2 HRelative
FreE ARk 9ed 282 gt olnA] HolE = Standard Error; RSE)E A|AIStaL Qlt} At EE A=
7} BEFE SIA x4 km), S22 % 4 km), S32 x 2km),  FAUHC] BEOAe| ofs) FHNEZ A 4 9l o
S4(1 x 2 km), S5(1 x 1 km), S6(500 x 500 m), S7(250 EZ 9uisle] BEZE W EXuEHEE A EEL

x 250 myof] whe} ELIE AHHE F531L, dF ZAES AHS AFESFATHA 1, 2)(Park et al., 2019).

o ] o
AWetlands| AWetlands] AWetlands)

Examples of sampling method
(250m x 250m)

Extract an image point by point Application of deep learning model

Figure 5. The procedure for applying a deep leaming model for estimating land cover area according to sampling method.
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Table 3. The Example of calculating the chi-square statistic.
Class Expected ratio Expected (E;) Observed (Oj) ©; - By (O; — E)YE; X2
Forest land 0.7442 101.96 104.00 4.18 0.04
Cropland 0.0595 8.15 7.00 1.33 0.16
Grassland 0.0814 11.15 14.00 8.11 0.73 2.84
Wetlands 0.0574 7.86 8.00 0.02 0.00
Settlements 0.0575 7.88 4.00 15.04 1.91
e EATEA RO REAEC W2 EXTRuE bgol
_ h h -
W)= D Hopt Ao Aoz By 4+ Utk 42 oAT 5
o g o) AL o §3to] pvalued AHEBLTL, §-5F 01004
= —"-x1 N
RSE (%) = —5 =100 @ =m0 9o14S AT Table 3)Moon, 2017; Holt

h

A, : Estimated area of Class h

py, @ The proportion of samples in Class h for sampling
intensity.

At & &(Relative efficiency; RE)2 & 71A] o]AFe] =

gAe] disf EAke Blasts o R, & AFoA=
FE7 o] WhE EEAES Yulshe st
AR ol &S Al EE Y A VIS S 227
£9) 45 o] g3k on], HTEE Q] LA o] §
shAth A EES o83 Bt BAto] Aol Adlag
aol v &%%#% Feo FAYHOR BUsiThA] 3)
(Moon et al., 2021).
ng +1)(n,+3) Var(RSE,
RE,= ((n:4 n 1)27(15:+ 3)) Var((RSE;)) )

RE, : Relative efficiency of sampling intensity k
ng, and 1y, : number of samples for sampling intensity S4
and k,

RSEg, and RSE), : RSE of sampling intensity S4 and k.

nR7pEo] e waE EAmEAe) v B45)
BA o EARRAe] vl go] dAnh} fAE] Y
3] 18 MeE B AASHI, Mehe A4l 7Y
H]-&(Expected ratio)2 EX| U B AL EX|ujEHZ H|

= ol-&stlon, EEM T wE F EJE 5} 7|
H|- &2 #35to] 7|t RI=(Expected) S E=&5F et il
T (Observed)= FEJTof ) HEjd EXTEER

=T

92 olgdto] HEH FoES] AL MYt 4G
= el met AEEe Aol FAW)E e
oF FENESL 2 A9 002 AEEm, o] 25T

et al.,, 1980; Kavzoglu and Colkesen, 2013).
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3l thJo et al., 2019; Song et al., 2019; Naushad e
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491 Aoz ] ofull ol B WA} A
A} EXTEEE ES 24720 nfet s W
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Table 4. The results of the evaluation of the land cover classification model (VGG16) using validation data.

Validation data

Class UA(%)
Forest land  Cropland Grassland Wetlands  Settlements Total
Forest land 285 2 26 0 0 313 91
. Cropland 0 268 4 0 8 280 96
Classified
by deep Grassland 14 25 268 5 42 354 76
learning Wetlands 1 0 1 295 0 297 99
model
Settlements 0 5 1 0 250 256 98
Total 300 300 300 300 300 1,500
PA(%) 95 89 89 98 83
F-score(%) 93 92 82 99 90

OA: 91.1% Kappa: 88.8%.

25 o] §sto] FEEsl WA AEE Gk b, mle
Al mdo] LxolE GFS WAN AEY Yoy
AL 75 P4, BRUF, o0 A= Fo 2 JFL
W oz wekE,

=
BFEA, 24 2or2 2AE AT e n—r—l F-score7}
90% O LR AFEE U 53], A= 82%= 7 W
Lolglon, 58] ARSAF BTt T6% 2 AHeter) @
A

o, ol A9 vlPEA L AA, 574 F Feo]
Aok EX) 9, AAR o e 2EAN, 4

o @ -l>34 1 ¥2 fr
o

Fol 1 U Hold 2857} ol wayst
oul, 3EHO= epyFet EAE olu o)A 242
wEHe Ak stk 3 OE MUl RGB 3

Ak AHge dolEe] EREAFe At Ex v
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Table 5. The estimated results of Land cover area according to sampling intensity.

Sampling The number of sample point (ratio:%)

intensity Forest land Cropland Grassland Wetlands Settlements Total

S1 49 (72.1) 6 (8.8) 3 (4.4) 7 (10.3) 3 (4.4) 68 (100)
S2 104 (75.9) 7 (5.1) 14 (10.2) 8 (5.8) 4 (2.9) 137 (100)
s3 205 (75.1) 18 (6.6) 24 (8.8) 16 (5.9) 10 (3.7) 273 (100)
sS4 416 (74.7) 34 (6.1) 42 (1.5) 36 (6.5) 29 (5.2) 557 (100)
85 813 (73.6) 64 (5.8) 103 (9.3) 58 (5.2) 67 (6.1) 1,105 (100)
S6 3,340 (74.8) 259 (5.8) 352 (7.9) 260 (5.8) 257 (5.8) 4,468 (100)

S7 13,029 (74.6) 1,051 (6.0) 1,415 (8.1) 974 (5.6) 1,005 (5.8) 17,474 (100)
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Figure 6. The land cover classification by sampling intensity.
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Table 7. Relative efficiency and chi-square test according to sampling intensity.

Sampling intensity Var (RSE) RE x> (n=5) p-value Significant at 90%

S1 4.1 10.38 - -

S2 2.8 6.90 2.842 0.585 No
S3 1.1 2.63 2.424 0.658 No
S4 0.4 1.00 1.067 0.899 No
S5 0.2 0.51 2.700 0.609 No
S6 0.1 0.12 0.668 0.955 No
S7 0.0 0.03 1.048 0.903 No
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Figure 7. The relative standard error for each category according to sampling intensity.
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