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Methodology

!
o - |
pA=RN R 7
10 m
1 B
(Chiba Prefecture, 2012)
AT | F0BH | EryH | gy |MEEE FHETE | HELESE |
WL | NE | 7 | e | | | o | F D o | wmma| TN R | Ry | wamki | ExwE | T oFE | maERE
(i /ha)

1|16 |[RF 28|W34 |8 0. 01 20.4 14.5 2,200 664 80.0 | 0.86 A 15% 8 8] 2011/3/14
1L -10|R F 28[NE36 | HE 0.01 32.6 19.5 1,300 1117 118.9 | 0.84 60 14% 10 10] 2011/3/117
115-1 |R¥ 28[NW38 |8 0. 01 18.0 10.6 2,100 292 54.9 1 0.73 59 21% 1 1] 2011/3/16
11%5-2 |R¥ 28|NE36 | f8 0.01 17.5 10.3 1,600 214 40.3 | 0.63 59 24% 2 2| 2011/3/16
115-3 |R¥ 80|NE21 [dhf§ 0.01 27.2 18.0 1,700 1030 108.5 | 0.88 66 13% 5 5[ 2011/3/16
115-4 |[R¥ 28|N45 | g 0.01 19.7 13.6 2,300 507 72.8 | 0.85 69 15% 3 3| 2011/3/16
11%-8 |R¥ 80|NE38 | i 0.01 22. 4 14.8 2,200 881 102.3 | 0.87 66 14% 9 9] 2011/3/17
112-2 |R¥ 82[SW83 [mfE 0. 01 34.5 17.1 1,100 951 116.9 | 0.75 49 18% 1 7] 2011/3/16
1~-1 |RF¥ 23|SE41 | g 0.01 12.2 8.3 2, 800 170 35.0 | 0.7 68 23% 6 6 2011/3/4
1|~-4 |[R¥ 80(SE40 [mhfE 0.01 31.7 21.1 1,300 1223 117.0 | 0.87 67 13% 8 8] 2011/3/14
1|~-9 |R¥ 80|SE38 | fE 0.01 27.9 16. 4 1,400 853 98.1 1 0.79 59 16% 8 8] 2011/3/15
HA-11|RF 80|NE38 |dhfE 0.01 37.8 22.0 1, 300 1580 164.9 | 0.88 58 13% 8 8] 2011/3/15
~A-12|1R ¥ 23|SE40 |8 0.01 14.4 9.7 1, 800 162 30.8 | 0.65 67 24% 4 4] 2011/3/15
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2011 R+ (7R)
2012 B4+ (Yellow)
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PALSAR GLOBAL MOSAIC (PGM)
25m(HV)

2009+2010
1k

Flight Direction

sensoypirection 5 (dB) =10x log,,DN* + CF

TR =fELTL
o° = B ARELRE TR=WHEHY
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- OB RIES T

BARELITXDER f*ﬁméfnu\é
Ulaby et al. (1990) IF11E DR H Z# R DIT1-

1 Diffuse scattering from the ground; 2 and 3 Direct scattering from various vegetation components; 4 Double-
bounce vegetation-ground interaction; 5 Corner reflector between tree trunks and ground; 6 Direct backscatter
from the forest canopy; 7 Volume scattering from within the forest canopy; 8 Diffuse scattering from the
ground; and 9 Shadowing by parts of the forest canopy of other parts of the canopy or the ground.

SARIZ & B8t KD o REELEL & (ATFEREL D FEFH(Piwowar, 1997)

FHREN S DERARELIK., HEE, B, BEICL->TEILET S
(Leckie, 1990; Dobson et al., 1992a; 1992b; 1995)
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10 m DEM

Resample to 25 m
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Vegetation Continuous Fields (VCF)

(DiMiceli et.al, 2011)

VCF Ver.5 250 m (2010) Reclassed VCF 25 m

Resample to 25 m (Bilinear Method)
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Class ID | Percentage
1 0-10 %
2 10-20 %
3 20-30 %
4 30-40 %
5 40-45 %
6 45-50 %
7 50-55 %
8 55-60 %
9 60-65 %
10 65-70 %
11 70-75 %

- 75-80 %

80-85 %
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Results

1&7:' ARELIRE D FFIE

L hho7=C
® o* li%ﬁ-l?b\ 1 BIZDN T EM S (Foreslope)

o o [FIERIMF L L BIZDONTTH S (Backslope)
> Local Incidence AnglelZ & 558 LY
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A -

cCDRERER T

dB DBH (cm) | Height (m) | Density/ha | Volume/ha Age
Point1 | -2.13 16.56 11.96 2500 471 20
Point2 | -876 | 26545 15.18 1100 475 57
Point3 | -354 | 12.76 8.76 2900 177 22
Point4 | -6.94 | 14.84 11 |\_1900 197 18

ﬁﬁﬁ?ﬁ%f' YOHRELIL...

1&7’5’*&&0) DE I E

b 9.

(Imhoff, 1995; Smith-Jonforsen et al., 2007)

( 9

(Brolly and Woodhouse, 2012)
(c)

FoELY, BPORESITELTD




P - "D RER T

= 4000

—~
QD
=

Stem Density (N/ha)

-10 2 & ol 6 5 A 3
Backseattering Intensity (dB)

~
(=)
~

Stem Density (N'ha)
4
+
¢
¢

1 -8 -6 4 -2 ‘.) 2 4
Backscattering Intensity (dB)

AEXMICEAL TIE, ABEZ—DDE

Stem Density (Vha)

Stem Density (N/ha)

o
-
* .
T
L ~
e . iy
d ;!
* o . . AN
e o
v * )
g * -
F2=0 2407
/O *
-14 -12 -10 8 6
Backscatter mﬂIntemln (dB)
.
.
.
.
3
.
.
+
*
* .
.
*d
S + + +
. e e
*i=00243
% +
+* *
* .
"o
L +*e
* 4
L
+
14 2 1 E

Backscattering Intensity (dB)

XELT

—SAXDIDMDEKENE ) FEERTIERE

o
. @=2%
- (b=E/F

. XEH =
®ITRLEL

HV

L E
- AHha

500

EETHSD

&L (FAREL)



RoHiEE HE<YD

* L J * HV .
' TIU
: hd ©° /: 100
- .‘ .3: :/ R2=02198 B
‘:’% ’ ‘ . // U
£ » 2L S . 300 000
2 . o - 3125
E . ® MR - 6250
S N * 200 9278
g * * 125 00
- * 150
* *s 15625
L 2 Y 100 187 50
. * 21876
3 . 0 25000
‘ : : ‘ : : : . 0 281258
-16 -14 -12 -10 -8 -6 -4 -2 0 31250
Backscattering Intensity (dB) 243 75
27500
2 406 25
0 0 43750
StemVolume =1.41925%, +60.4725°, +773.8
50000+

(m3/ha)




B AHEELETILOEE(R

Actual Volume (m?3/ha)

500

400

w
(=1
(=]

200

100

50 100 150 200 250 300 350 400
Estimated Volume (m®ha)

450

500

RMSE = 105.58 m3/ha

Qoo
2126
6250
9376
126 00
156 25
187 6O
21876
25000
28125
212580
24375
27600
406 25
437 50
46875
50000+

(m3/ha)




Methodolog

PALSAR 50 m (BRI IE

20074 &£ 2009 D
7—4 £ Tk

! |
SAHLIZFLYY
2 —
|
{68 e #8 1E
Zhou et al. (2011)

fH1ERT (HV) | #ﬁIEﬁ: (HV)



Results *z- EE-‘? ) 7° (E*éW)

(m3/ha)

000
66.32
13364
20047
26728
33411
40083
46775
534487
60140
66322
735304
201 26
96868
833450
1002 .33
108913

@

& SR (T E)

LS

=0 X38

Saar Winrre s %an




Methodology
PART Il ~

FEil7 L i




Region

Kyushu
Yamaguchi

Chugoku
Shikoku
Kinki

Chubu

Kanto

LANDSAT OLI Data Sets

PATH
112
112
112
113
113
110
110
111
111
111
112
108
108
109
109
109
110
107
107
107
109

ROW
36
37
38
37
38
36
37
35
36
37
35
35
36
35
36
37
35
34
35
36
34

DATE
2014-05-02
2013-04-13
2013-04-13
2014-04-23
2013-10-29
2014-03-17
2014-03-17
2013-05-24
2013-05-24
2014-05-11
2013-08-19
2013-08-07
2013-08-07
2013-08-14
2013-08-14
2013-10-17
2013-05-17
2013-09-17
2013-09-17
2013-09-17
2013-08-14

Region

Tohoku

Hokkaido

LANDSAT OLI Data Sets 32

PATH
106
107
107
107
108
108
108
108
105
106
106
106
107
107
108
108
108

ROW
33
31
32
33
31
32
33
34
30
29
30
31
29
30
28
29
30

DATE
2014-05-08
2014-04-29
2013-10-19
2013-09-17
2014-04-20
2013-06-04
2013-06-04
2013-06-04
2014-06-02
2014-06-25
2014-06-25
2013-10-28
2013-10-19
2013-10-19
2013-10-10
2013-10-10
2013-10-10



Radiometric Correction (IRC Method)

(Kobayashi and Sanga, 2008)

e Derive Solar and Land Geometric Parameters
e Calculate Topographic Correction Factor

e Rayleigh Scattering & Water Vapor
Transmittance Functions

A
05X (1+T,) XT,. XT,’

Lg — (LS* . Lh) X

L, = Corrected radiance
L.” = At-Satellite observed spectral radiance from a sloped terrain

L,, = Upwelling atmospheric spectral radiance
A = Topographic correction factor

T, = Rayleigh scattering transmittance function
T,, = Water vapor transmittance function

32



Integrated Radiometric Correction (IRC)

_1 0, = Solar Zenith Angle
_ cos8, + Chy cos i = cosine of the incidence angle
cosi+ C h61 h C = quotient bef[wee_n the regressional intercept b and slope m
h = sky dome diffusing

P 1 P = ambient atmospheric pressure
Tr;\ = ——XMX P, = sea-level atmospheric pressure
Py 115.6406A* — 1.335)% M = relative air mass
A = wavelength (um)
a; a; = altitude at each pixel
P = Poexp (_ a_o) a, = scale height (7900 m)

a,,, = water vapor absorption coefficient
W = precipitable water vapor

_ 0.2385a,,, WM
wh = P T 20,07 a,,, WM)045

33



EX-fHIET L
A - 4HI1EH Y

R:G:B
4:3:2

IRC Method

IRC=Integrated Radiometric Correction (Kobayashi & Sanga-Ngoie, 2008)

Y = 20.056281 + 51.647516 X 1= 0583858

10

Band 5

Radiance (Wm-2-um-1-srt)

0.2

|
low frequency

04 0f 08

-]
high frequency

Cosine of Incidence

Y =B9.389495 + 0.227137 ¥ r=0.002534

140

130

120

Al
o

a0

a0

70

fi0

50

40
a0

20

n.2

lowe frequency

04 0.6 1K

high frequency

34
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T bR R

Hybrid Classification (Richards & Jia, 1999)

- i e

Training Sites

Band1,2,3’. ..Bandn
Unsupervised Classification

Supervised Classification
(TALE)



36

12Ty bT—4
e LANDSAT OLI
> Band 2-6

e Normalized Difference Vegetation Index (NDVI)
e Normalized Difference Water Index (NDWI) (Lietal., 2013)
e Green Red Vegetation Index (GRV1) (Motohka et al., 2010)

NDVI = IR — R NDWI — PGreen — Pswir
IR + R PGreen T Pswir
IR = Infrared .
R = Red GRV] = PGreen — PRed

SWIR = Short Wave Infrared Pereen T PRed



Results

Class Legend

- Cover Type (a)

Water Bodies
Urban
Paddy Fields
Crop Lands
Orchard
Grasslands
Silver Grass
Bare Lands
Japanese Hemlock (Conifer)
Cedar-Cypress (Conifer)
Evergreen Oak (EBL)
Castanopsis sieboldii (EBL)
Castanopsis (EBL)
Other-EBL-Tall (EBL)
Other-EBL-Short (EBL)
Acer (DBL)
Quercus crispula Blume (DBL)
Carpinus tschonoskii Maxim (DBL)
Quercus serrate (DBL)
Japanese Beech (DBL)
Japanese Tallow Tree (DBL)
Sawtooth Oak (DBL)
Other-DBL-Tall (DBL)
Other-DBL-Short (DBL)

o e
N |~

Rl |R|=
~N|o|o

N N |
N |~

1

2
| 6
8
| 9|
T
[ 12 |
| 15
| 16
L&
| 18
| 19
| 20
oA
Lz
| 23
| 24|

D

[ | oo
Water Bodies
2 Urban
Paddy Fields
n Crop Lands
Orchard
| 6 | Grasslands
Silver Grass
| 8 | Bare Lands
=“ Coniferous
Evergreen-BL
»EY  Deciduous-BL
Clouds/Snow

Cover Type (a) : ') & FJL
Cover Type (b) : BH %8



Results *&Elzl (E*)

Water Bodies
Urkan

Faddy Fields
Crop Lands
Orchards

Grasslands

Silver Grass
Bare Lands
Coniferous
Evergreen Broadleaf

Deciduous Broadleat

Show/Clouds

JROFLDOEOEE NN



It stk v 7 (HIER)

B Coniferous

Evergreen Broadleaf
B Deciduous Broadleaf
[ ] Others

LANDSAT OLIZ AW TR
129 S R %49 S RIZB7%E

Others: ZFMLUSND YU 5 X

FEE =73.93%
7w N%E =0.65
Producers Accuracy:

£t IEME (85.2 %), H KL A (53.3 %) SRIELZEE (68 %)

39



i

Modified Error Matrix

Reference
. Evergreen Deciduous

Coniferous Broadleaf  Broadleaf Others Total ErrorC

Coniferous 852 253 149 24 1278 0.3334

3 Evergreen 41 533 113 30 717 0.2566
= Broadleaf
@ Deciduous

O Broadleaf 59 200 680 54 993 0.3152

Others 48 14 58 892 1012 0.1186

Total 1000 1000 1000 1000 4000
ErrorO 0.1480 0.4670 0.3200 0.1080 0.2607

Overall Accuracy = 73.93 %
Overall Kappa Index of Agreement = 0.65
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coz@i i
HER EF HE: A —hiH
i CO2RURE (t-C02/4F - ha)
ol 1 i o Hafsr I

1

2 2.06 2.06 2.06|
3 3.38 3.38 3.38)
4 455 4.55 4.55|
5 5.56 5.56 5.56|
6 10.09 10.09 10.09)
7 10.09 10.09 10.09)
8 10.09 10.09 10.09|
9 10.09 10.09 10.09|
10 8.07 8.07 8.07
11 8.07 8.07 8.07
12 8.07 8.07 8.07|
13 8.07 8.07 8.07]
14 8.07 8.07 8.07]
15 8.07 8.07 8.07|
16 8.07 8.07 8.07]
17

18 8.07 8.07 8.07]
19 8.07 8.07 8.07
20 8.07 8.07 8.07]
21 7.26 1.26 7.26)
22 545 5.45 5.45)
23 545 5.45 5.45)
24 5.45 5.45 5.45|
25 5.45 5.45 5.45|
26 545 5.45 5.45)
27 545 5.45 5.45)
28 545 5.45 5.45|

= ENDEHAE (EKHEHA)
=5 7 b

(tCO,/halyear)

_\\

I

—42 (HEKRR)

CO,[#E 7 £ (tCO,/year)
= FMEE X FMERE X hRFRE X
AREBEXRRIAEXCOMEAZRH

FHERENDRFEICKYERLE
BHRARET —FXN—RAOBEZF A

SEH =X : £/ X (7:3)
BRELEB =OXX: T+ :5¥x: 7HhPT (F1H)
ERRILER =4 - hY DM hEE

(F49)
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Results

CO,BEE~Y Y2

(tCO,/ha/yr)

0.00
1.01
2.01
3.02
4.03
5.03
6.04
7.05
8.06
9.06
10.07
11.08
12.08
13.09
14.10
15.10
16.11

€10

1)

7

Forest Type Area (ha) Total MtCO,
&I 12,314,773 85.0
kI 2,042,228 4.76
BIEILER 10,190,332 21.61
£V 24,547,351 111.27
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TOTAL AREA (kha)

M E D H

Coniferous Forests

(FAFE51)

EaE )

m Site 1 High Growth
m Site 2 Moderate Growth
m Site 3 Low Growth

TREE AGE (YEARS)

TOTAL AREA (kha)
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Broadleaf Forests
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Tree Age (Years) “ Tree Age (Years) )
Forest Type Area (ha) Total MtCO,

T EE 12,314,773 85.0

S ITNE 2,042,228 4.76

EEE LI 10,190,332 21.61

£k 24,547,351 111.27
Qt: =2 IILDEEE i= MAFE
S=HumBFEHEL-VYDETEEE
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Coniferous

15%
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Evergreen /s, 68% \Dec1duous
Broadleaf o0, DBroadleaf

11%

=ZARDOHOHEF = Producers Accuracy
5L DELF = Omission Error
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BEIEEND I S—MRHT

THEFEEXD T
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Error Analysis (Land Cover)
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40

20 I

O EBL DBL
Con EBL DBL Total
MAX 102.67 16.70 25.98 145.35
MIN 58.32 4.05 15.98 78.35
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Con EBL DBL Total

MAX 99.81 126.18

N/A (4.76)  N/A (21.61)
MIN 65.46 91.83
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Con EBL DBL
MAX 90.97 14.78 31.94
MIN 78.80 6.55 7.38

Total
137.69
02.73

(MtCO,)
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BEEEDIS—fFT

Palls'd)

a

Unit: MtCO,
Forest
s Con DBL EBL Total
Errors Min Max Min Max Min Max Min Max
Land Cover
. 58.32 | 102.67 1598 @ 2598 @ 4.05 | 16.70
Bac‘f\;‘;zt;el””g 65.46 | 99.81 = N/A (21.61) N/A (4.76) | 91.83 126.18
Tree Age Curve N/A N/A N/A N/A
Seqﬂf:ﬂg“"“ 78.80  90.97 = 7.38 3194 655 @ 14.78 @ 92.73 137.69
- =L b
D AHRFROEE
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feFiE & DR

Methods Total CO, Sequestration
Conventional (RK - #&/&, 1968) 308.51 MtCO,
Sasaki and Kim (2009) 73.7 MtCO,
NIES (2014) 77.67 MtCO,

Stem Volume Method (&%)

Conventional — 3@ K EF4fh
Sasaki and Kim — €51 >4
NIES — FMIB D AFEEE
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