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4%%&#1‘)?‘/71\0)1‘@51\

eCognitionD W4 75 #| D5 A

+ Segmentation: BEEIREDKEMEEISERES L—T1L |
— BROENFEH L-EE 1 (Heterogeneity) DIEIZEZ ALY

T DEIRIEELINT . )
EE M (F) I B (Color) ERZIK (Shape) DEET (2.1R) .
= W* B + (1= W) * H (2.1)
heoror &N e EWIZ ED TE AT FEN A F A1 15,
B = Wenper * Nenpet + (1 = Weaper) * Banoos (2.2)

24K (Shape) [£Smoothness&CompactnessM 2l FD &5 (2.1X) ,
(2.1)I222K)2HKATHERAKETHFD,

f = W * hcolor -+ (1 — W) * {Wcmpct * hcmpct + (1 - Wcmpct) * hsmooth} (23)
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47T 7 DRI
eCognitionD W4 55 H| D 4H A

& E B % (Heterogeneity) DEH
- BREOER M (h, )  EBEESEROBIEAET,

h=) we*o (2.4)

o: LAY —CDRYITVREEED S EL
w:EDLANY—CHDEHTITLI-{E

Segmentation Tl&Object1 £ 0bject2F i ST HI5E .. TNENDIE
EREZBETL. SR DObjectDIZERELEDEZED, T
LAY —DEAFITEEELI-EHI N, THH(2.5K),

hcolor — Z Wc(nMerge * Gclv[erge = (nObjl * G(?bjl + nObj2 * O-C,Objz )) (2.5)
C
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3 LT 7 bR
eCognitionD W4 77 D {1 A

'+ FEE 1 (Heterogeneity) DE H \I
- BROREE ) AREEAOLIZE>TRREFET 5.

/
h= (2.6)

LAR)IUORE. b: 7RI D5EIA

Object1&0Object2Z &9 HIHZE. 2.6X) ML IZEHLT-
hDEZEETL. HEEDObject DhEDEHFEST-EH

hsmooth-ts%%) (27Et) °
lMer e lOb'l 10b'2
hsmooth — nMerge * - - (nObjl : + nOij * : ) (2.7)
Merge Obj1 Ob;j2
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eCognitionD W4 77 D {1 A
E B 1% (Heterogeneity) DE H
- FDEETE(h o) BREBRBDFEFIRDLEIZKSTH

RESHES 3. j
h=L (2.8)
Tn

LAR)IVOBEE. n: R)IVANDEZE

Object1&0bject2Z BT SimE. 2.8N)MNoEAXRICEHLI-IDI{E
BETL. MBEDObjectDhEDEZE EoT-fED N, THS (2.9)

° lMerge IObj 1 % lObj 2

hcmpct — nMerge ¥ — (nObjl + nObj2 —)
5nMerge V nObjl V nObj2

(2.9)
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* Segmentation
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B — BB LDE=XY T

(GOFC-GOLD / COP18)

' .-;RCEBOOK

COP 18 vers:on 1

A sourcebook of methods and procedures for monitoring and
reporting anthropogenic greenhouse gas emissions and removals
associated with deforestation. gains and losses of carbon stocks in

forests remaining forests, and forestation

| oot ol
Global Observation of Forest and Land C:over Dynamu:.s

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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TRV T 7 a—FDiENE L i

2.1.2.4 Selection and implementation of a monitoring approach - deforestation

EZAR)TT7TO—FORIREERE —FMKREL

* Stepl: Selection of the forest definition

HFMDOEZRDER

» Step2: Designation of forest area for acquiring satellite data
BET IV ELTLHME

* Step3: Selection of satellite imagery and coverage
B EEGREEAEE

*  Step4: Decisions for sampling versus wall to wall coverage
HoT) G vs & D RTE

* Step5: Proccess and analyze the satellite data
BET—2DNIELEHT

* Step6:Accuracy assessment

R

2.1.2.5 Monitoring of increases in forest area — forestation

ZMEIEDE=4)VT

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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Stepl: Selection of the forest definition
FRIRDE ZDER

Table 1.2.1. Existing frameworks for the Land Use, Land Use Change and Forestry
{LULUCF) sactor under the UNFCCC and the second commitment period of the Kyoto
Protocol.

Land Use, Land Use Change and Forestry

UNFCCC {2003 GPG and e
2006 GL-AFOLU) Kyoto Kyoto-Flexibility
Six land wse classes and | Article 3.3 CDM
chnversion hetwesnclijean Afforestation/Reforestation, | Afforestation/
Forest land Deforestation Reforestation
Cropland
Grassland Article 2.4 mandatory
Welbands Forest management
Sattlements =
Other Land

Article 3.4 elective

Cropland management

Grazing land management

Forest management

Revegetation

Wetland drainage and

rewetting
Deforestation= forest land Controlled by the Rules and Modalities {including
converted to another land Definitions) induded in COP/MOP Decisions (for a full
category set of, see www.unfccc.int)

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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Step2: Designation of forest area for acquiring satellite data

W T — R b e DR

B L (HRIVT7)DIRTOHFMRZEZDH S
Z\gh‘%é

- BELTWSEHMIE, SHEHMPI AT
DHEMRELET=RYLTTIDELH D,

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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TRHOSEE

il

Step3: Selection of satellite imagery and coverage

1 MR L

Table 2.1.1. utility of optical sensors at multiple resolutions for deforestation

N ] .~
.jlc%t/-lj-_o) monitaring.
ﬁg 1%§ & *I] ﬁq :{k; - Examples of Minimum
ns-ur_ current mapping unit | Cost Utility for monitoring
resolution SRS [ hige)
I:Sf;gé};?-r = 100 ha Consistent pan-tropical
; annual monitoring to
iyt e iR r~ 10-20 ha identify large clearings and
[250-1000 |[2000-) Low or fres | - =
: ocate “hotspats”™ for
m) Nk MERS further analysis with mid
(2004 - 2012) ; AN
VIIRS (2012-] resofution
Landsat TM or Landsat &
ETH A+, CBERS ars free;
_Eer‘ra -ASTER for others:
Meditm IRS AWiFs or <%£0.001/km® | Primary tool to map
(10-60 m) LISS III 0.5 -5 ha E::r historical de&:urestatinn and estimate
CBERS HRCCD ata area changs
DMC £0.02/km=
SPOT HRW to £0.5/km2 for
ALOS AVNIR-2 recent data
RapidEye
TKCONOS
QuickBird High to very Validation of results from
Fina i B : ;
(<5 ) EEﬂEyg < 0.1 ha high i :uaml_l'n_aﬁulutlnn 3I'I_EI'|':|-'5IE.-
WaorddWiew &2 -33 flkm?= and training of algorithms
Pleiades
Aerial photos

GOFC-GOLDR—ANR—=Y

http://www.gofcgold.wur.nl/redd/
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PR25FE EiRES

i PF

Cost for data

Step3: Selection of satellite imagery and coverage

T R L H

Table 2.1.2. present availability of optical mid-resolution {10-60 m) sensors.

Satellite B R lurti
Mation i S acquisition |Feature
SENSOr & coverage Bt iat
[archive™)
On April 2002 the
failure of the scan line
All data corrector resulted in
_— Landsat-7 20 m M data gaps outside of the
ETM+ 60=180 km? UEESI:I'E ‘F?'EE‘ central portion of
images, sericusly
compromising data
guality
Data is acquired on
15 m &0 USs/scene |request and is not
LSS Japan Terra ASTER &0=60 km?= 0.02 US5/km*? |routinely collected for
all areas
After an exparimeantal
; IRS-P2 LISS- phase, AWIFS images
Rl I1I B AWIFS i can be acquired on a
routine basis.,
azl:i;;ei?:;lly Experimental: Brazil
: s CBERS-2 uses on-demand images
China/ Brazil | pcep 20 m ;:J;;Ef;g to bolster their
counktries ok
Algeria/ Chi
NFE::::. ey oMC 22-32m 2000 £/scane Commercial: Brazil uses
Tu?'k e/ UK i 160=660 km? |0.03 £/km?> alongside Landsat data
France SURH e e M 20060 &/fscene ?E:IT:Q‘:SSLE"SF:”E;S‘;S
HREWIR 060 km= 0.5 £'km?>

Landsat data

GOFC-GOLDR—ANR—=Y

http://www.gofcgold.wur.nl/redd/
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BB AREBREF R TV DARY BT —4 k4
(REDD-plus Cook Book)

= T05-1 HENGATEEL ORI B LUT— 4208

S LS g | B e EH e [Frr—2 WA =T -
ar e ; Lalla, o - ] % |-n i QA
s rir ami | R l’iu'.m-.p i il L I (R T &
TR EL GRRE g [T USES 7 — 71 7 Lt TS
landmti-3 | M5 1572 | pEE3 | BH wEkem | tEs | ® g | || 1B | = | D0z | 13 ,1 s 3T M bt gloveegow, hisps

eartheplomer gsgs oo’
TR AL BRI T3 I | SRR
M5 1987 |i60%"| A WBicm | 18y | = s | 6| 16 | x| @O 13 -
Landat -5 S

7 —_[RE  km E CF: = T T = z RASHY T Bk e ih
™ T, (6 B -] A O B 1) BE, 200 = ]
Hem CIF e TR E o A i TR

Ity | ETM 1990 i reio | g | o« [oEmsO BN s | 6 | 5| = | ma0s | 28 SR
ol - FFRH O HAGAY

#1525 B 15am)

TR Farc 11 hitpilealegigow £ U RE 2 3 orid— ¢
ALHFan, M5 P T = |MERIRE, R 16 = A i
Eo1 000 | EeeT L, o (30 TS5 16 =} [ (RATEY
ol -~ ol e 22
Hyperion Hm 5 = 16

Ll nl | & H hitm/freverbecho masa gowewshd £ U B

5 1] BEO-F=

_ S el B2k AW

05 Temal PLAL T

'_Ej“q woos | 19 s T Sl ) B PR R R R BT BT & o iy

H ua m ‘) ]
Tom SR AR

[

Al G B &

¥ Ken T AR [0, A oo [ & P lanaei, SPOT o - Lo I
5POT 1-3 HAV-XE# 1986 | 1oE & 8, el : E12 | 16 Tou CO0= B2 =l 4

yant
Ly
=

P 10m P-all 1] (Spot Image i P a8 ** 8 dskiam &
. X EHE 3 e = NS bk FigEdnek, SPOT 26 —Zo- LG TR
X Hn = - - : X - FIE
SPOT & HAVIE-NA | 1958 | My i) O |- B3R | 36 17 354 O EZ =
B 1illms At 3 §

H':::l.ﬂ_l”
XF R (3 SR, *10en e S B K b S P L R
L Z0m e ) TR SO 3 —2r - L e 2N

a7 = R X i 0 K 7 | m | 33 » 11 21" e
S5POTs AP 7 [ - aEsm &0 W) &7 | ! i 531 8] 145 PRESSIECT

REDD-plus Cook Book (FFiMEEETAITHT)

K 31




REDD+ Reducing Emission from Deforestation and Forest Degradation-plus L 25FE HEiRES

Step4: Decisions for sampling
versus wall to wall coverage

Y7V T vs DO E

Example of systematic sampling Example of stratified sampling
B
t".--. a -b:-l;
B ol
i ) Tl '
-\ﬁﬁu T A |
Wt o | e G@
Y 0 RS
. . s
B eng=
4 Moy es
i L
5.3 .

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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Stepd: Proccess and analyze
the satellite data
1 S T — X DB R

2 - OBEETE I =ILEAET S

FEEE i o 2
. BiEOLandsaty —2UIAN—2 54 0 E LTIEAD
steps.1: BBFEAIEE L)
Preprocessing | Ef LUEOEOHE SR -
§imIe s  BENEIEETHOK
', 20N 1 A PO 1 P
; \ EEEHE :
, . HEsEEs ASMELERT L L
= | BEnLEET oIS, WME L AL ETE C LD EEOEETETD
|~ Steps ) EE TS o
e——— | Visual delineation of land entities | -
S HFIEOES | #2133 ESOFEE, FEOIEE,
| Steps.z: F . EREYEEEIEEE. FRICEZ T, fla - e
| Analysis methods | | SIS EEESEEES | DISOLEREEL,
. BRIRFE / EHEOE EtEEF TS - E SIS — T FEA T2 7 HET S

| Multi-date imade segmentation e g e T | | S eEE

I ENENOEROA TV 2 P ERHOSTHELT, MISOEEED
| 1. BEHIETHIL - fBET S

GOFC-GOLDIR—ANR—=3  http://www.gofcgold.wur.nl/redd/
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Off EI1Z)InC T w7

X 5y (EHT) Tk

Table 2.1.3. Main analysis methods for moderate resclution (~ 30 m) imagery.

Practical
Method for Method for minimum Advantages /
delineation |class labeling |mapping Peinciples for use limitations
umnit
- multiple date preferable |- closest to classical
Dot Visual to single date forestry inventories
interpretation in':erpretatinn < 0,1 ha interpretation - very accurate although
(dots sample) - On screen preferable to | interpreter dependent
printouts interpretatbion - no map of change-s
- muiltiple date analysis
Visual Vit preferable - easy to implement
delineation ; ' 5-10 ha - On screen digitizing - time consuming
interpretation :
(full image) preferable to delineation |- interpreter dependent
on printouts
Sy — - salection of common
_ Iableling (with spectral tralning_set from _
Pixel based e <1 ha multiple dates / images - difficult to implement
classification i ct?nn preferable - training phase needed
ahases) - filtering needed to avoid
noige
- - interdependent {multiple | - difficult to implement
3’;?:5:;;'”:‘1 <1 ha date) labeling preferable |- noisy effect without
Vistal labelin - filtenng needed to avoid |filtering
g noise
Sunarvised - multiple date
Object based Iab_elg'ng (with ?Eiﬂznglgpczfﬁﬁ:lﬂ = FROIe re_prﬂdqcible than
segmentation i:_':::gﬂ;nd 1-5ha spectral training set from fT:;:\ﬁf""E:i':';“ ded
e multiple dates / images ap
P preferable
- multiple date
Unsupervised segmentation preferable |- more reproducible than
clustering + 1-5ha - interdependent (multiple | visual delineation
Visual labeling date) labeling of single

date images preferable

GOFC-GOLDR—

DR—Y

http://www.gofcgold.wur.nl/redd/
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Off EI1Z)InC T w7

X 5y (EHT) Tk

Table 2.1.3. Main analysis methods for moderate resclution (~ 30 m) imagery.

Practical
Method for Method for minimum Advantages /
delineation |class labeling |mapping Peinciples for use limitations
umnit
- multiple date preferable |- closest to classical
Dot Visual to single date forestry inventories
interpretation in':erpretatinn < 0,1 ha interpretation - very accurate although
(dots sample) - On screen preferable to | interpreter dependent
printouts interpretatbion - no map of change-s
- muiltiple date analysis
Visual Vit preferable - easy to implement
delineation ; ' 5-10 ha - On screen digitizing - time consuming
interpretation :
(full image) preferable to delineation |- interpreter dependent
on printouts
Sy — - salection of common
_ Iableling (with spectral tralning_set from _
Pixel based e <1 ha multiple dates / images - difficult to implement
classification i ct?nn preferable - training phase needed
ahases) - filtering needed to avoid
noige
- - interdependent {multiple | - difficult to implement
3’;?:5:;;'”:‘1 <1 ha date) labeling preferable |- noisy effect without
Vistal labelin - filtenng needed to avoid |filtering
g noise
Sunarvised - multiple date
Object based Iab_elg'ng (with ?Eiﬂznglgpczfﬁﬁ:lﬂ = FROIe re_prﬂdqcible than
segmentation i:_':::gﬂ;nd 1-5ha spectral training set from fT:;:\ﬁf""E:i':';“ ded
e multiple dates / images ap
P preferable
- multiple date
Unsupervised segmentation preferable |- more reproducible than
clustering + 1-5ha - interdependent (multiple | visual delineation
Visual labeling date) labeling of single

date images preferable

GOFC-GOLDR—

DR—Y

http://www.gofcgold.wur.nl/redd/
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[ ]

Step6:Accuracy assessment

i BE AR

FEEMFMOF—EGEHZERIZDONNT
(FRMIATEIE. RRZREDHTE)

N—

BT BIEICKAIS—(NAWLGER
- T—ADXN)TL—a (R IZE
- ETYLTIZKBITT—
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@ Step6:Accuracy assessment
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Step6:Accuracy assessment
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2.1.2.5 Monitoring of 1ncreases
1n forest area — forestation
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2.2.2.1 Direct approach to monitor selective logging

REFEE=ZAVTOEENT7IO—F

e Stepl:Define the spatial resolution
MAT 5ZERM N fERE

* Step2:Enhance the image
B R R &R D 77 %

* Step3:Select the mapping feature and methods
TvEL T (FME) & EDER

2.2.2.2 Indirect approach to monitor forest degradation

BHRLILE=L)OT~DEEENT IO—F
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2.2.2.1 Direct approach to monitor selective logging
FURE=LV T OHEENT 7 a—F

Figure 2.2.1. very high resolution Ikonos image showing common features in
selectively logged forests in the Eastern Brazilian Amazon.
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(image size: 11 km x 11 km)
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2.2.2.1 Direct approach to monitor selective logging
FURE=LV T OHEENT 7 a—F
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REDD+ Reducing Emission from Deforestation and Forest Degradation-plus

Stepl:Define the spatial resolution
FI 9 52210157 it He

Figure 2.2.2. True color Landsat (left) and RapidEye (right) scenes acquired on 22

May 2009 within an unplanned selectively logged peat swamp forest in Central

Kalimantan on Borneo.

Figure 2.2.3. unplanned logged forest in Sinop, Mato Grosso, Brazilian Amazon in:
(A) IKONOS panchromatic image {1 meter pixel); (B) IKONOS multi-spectral and
panchromatic fusion (4 meter pixel); (C) Landsat multi-spectral (R5, G4, B3; 30 meter
pixel); and (D) Mormalized Difference Fraction Index image (sub-pixel within 30 m).

These images were acquired in August 2001.
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Step2:Enhance the image
S R A 0D 5 vk

Figure 2.2.06. Forest degradation annual change due to selective logging and logging SN
and burning in Sinop region, Mato Grosso State, Brazil. GOFC-GOLD/IR—ANX—=Y http://www.gofcgold.wur.nl/redd/
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TRHOSEE

Step3:Select the mapping feature and methods

< vEL 7 (

y

Table 2.2.1. Remote sensing methads tested and validated to map forest degradation
caused by selective logging and burning in the Brazilian Amazon.

Mapping

Spatial
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- " Labor intensive for large
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Harvestin and ETM+ logging area satisfactorily actual shape of the logged
T g estimate the area : P ag
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Map forest canopy binary classification |1t has not been tested in very
- damage associated |rules, defined large areas and classification
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Becmon - Tras SPOE-1 bseal with logging and au!:c:ma!:lx:alls-I based |rules may vary across the
burning on statistical landscape
methods
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2.2.2.2 Indirect approach to monitor forest degradation
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* Negative approach
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EDERZE (Recipe-T06)
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Z i D %X (Recipe-T06)
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