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< B bT 7 DR

eCognitionD W4 75 #| D50 A

' » Segmentation: [FIEBERLEOVWERZEIZCEFRZY IL—T1L )
— BN FEEHLI-EE ¥ (Heterogeneity) DFE1ZEZ ALY

L T REIREEHNT S, )
EE % (F)ITBEH (Color) ERZIK (Shape) DEET (2.1R)
f = W* Nt + (L= W) * N (2.1)
NeotorENghape FWITE D TEAfF TSN EFT M1 £G5S,
Nlse = Wermes * Pl + (1= W) * Pl (2.2)

24k (Shape) [ZSmoothness&CompactnessM2E FD & & (2.1K) .
(2.1K)I2(2.2K) KA THERRETFD

f —_ W* hcolor + (1 - W) *{Wcmpct * hcmpct + (1 - Wcmpct) * hsmooth} (23)
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eCognition®D Wi 75 #| D f1:1H

o B (Heterogeneity) DEH
—- BIRDODEBEM (h,, ) FEEEDBDBIEHETT,

h=> we*or (2.4)

o LAY —CORYITVNIEEED 78X
w:EDLAN—CHEHAFTITLI-{E

Segmentation Tl Object1&Object2F#E T DIEE . TNTNDIE
HEREZXZESEIL.HEEZDObjectDIEERELDEZ LS, T
[CLAN—DEHMTITEEEL-{EHL N, THSD2.5K),

hcolor — Z Wc(nMerge*O-CMerge - (nObjl*GObjl + nOij *G(?bjz)) (2.5)
C

C
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kY G TN DR
eCognition®D Wi 75 #| D f1:1H

o B4 (Heterogeneity) DEH
- BIROEEM (h,, ) FARETBIIDDEICE>THRIRZFTF T 5,

|
= (2.6)

LRIV OREE. b:7R)I> D550

Object1&0bject2Z BT Dima. (2.6)MoERIZEHLT-
hDIEZEETL. i 1& DObjectD hEDEZFEST-{EH

\
.

hsmooth—csﬁ%) (27Et) o
* IMerge * IObjl * IObj2
hsmooth —_ nMerge — (nObjl nOij ) (2.7)
Merge Obj1 Obj2
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Jn
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Extract Features SR AR
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o HENDOETNIEDMHER
- BER T — 2T EIC BRERETDET S, D EERIL., ShapeT—4TH
NT5, COEFEZERFFRT
EhiEL . GISLE TR AR DHFM
DELEFTET D,

File Mame: SampleC_1996_2010_subset

Sezment Scale Level: 40,0
Meree Level: ;
Ref ine: Mo Thresholding

Attributes Computed:
Spatial
Spectral
Texcture

Classification: Supervised (K Nearest Neighbor)

Export Options:
Yector Output Directory: C:¥Users¥USERY¥AppData¥local¥Temp¥
Feature Info:
MaturalForest Twpe: Folveon
Plantation Tvpe: Polveon
Bareland Twpe: Polvgon
Water Twpe: Polvezon
Smoothing: Threshold of 1

Feature Name Feature Count Total Area Mear Area Min Area Max Area
MaturalForest 158 183324550.00  1160313.60 900,00 132244150.,00
Plantat ion 29 71605800, 00 2469165 50 4500, 00 15189750.00
Bareland N 16990650, 00 80024 .41 900,00 295020000
Water 43 7196400, 00 167358.14 2700.00 4793400, 00

b4 31



REDD+ Reducing Emission from Deforestation and Forest Degradation-plus
b — IERRMELDTE=X )‘ 7“
AR RN DEZSXY

(GOFC-GOLD / COP19)

SOURCEBOOK

-COP 19 uersmn 2

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

aENE
THE
L]

Global Observation of Forest and Land Ewur D_-.rnamir,a

GOFC-GOLDN—=ANR—3  http:/lwww.gofcgold.wur.nl/redd/
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2.1.2.4 Selection and implementation of a monitoring approach - deforestation

EZAYTTFTTIO—FOBIREERE — FMKF L

e Stepl: Selection of the forest definition
FRMDTE ZDER

e Step2: Designation of forest area for acquiring satellite data
BET IZWELT HHFMIE

e Step3: Selection of satellite imagery and coverage
FHEBEGROEREE

e Step4: Decisions for sampling versus wall to wall coverage
YT G s &I DIRE

e Step5: Proccess and analyze the satellite data
BMET—2DONIELEHN

e Step6:Accuracy assessment

FREAREL

2.1.2.5 Monitoring of increases in forest area — forestation

ZHEEOE=2)VY

GOFC-GOLDN—=ANR—3  http:/lwww.gofcgold.wur.nl/redd/
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L Stepl: Selection of the forest defmltlon

FRRDE DR

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

Land Use, Land Use Change and Forestry

:::;:z?_—f:-;}fu{;m and Kyoto Kyoto-Flexibility
Six land wuse classes and | Article 3.3 CDM
conversion between them: Afforestation/Reforestation, | Afforestation/
Forest land Deforestation Reforestation
Cropland
Grassland Article 3.4 mandatory
Wetlands Farest managemsnt
Settlements g
Other Land

Article 3.4 elective

Cropland management

Grazing land management

Forest managemenk

Rewvegetation

Wetland drainage and

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

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

W T — R b e T DRI

 EE (REIVT) DT RTOBHERDHHBEN
%%O

- BELTOBEHMHIE, SHEME T R TOHMK
TILEE=2)L T T BRENBD.

GOFC-GOLDN—=ANR—3  http:/lwww.gofcgold.wur.nl/redd/
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Reducing Emission from Deforestation and Forest Degradation-plus

TH2GEE HUEHEE

T B IR &3 FH i

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

monitaring.

Nfaater

Step3: Selection of satellite imagery and coverage

Examples of Miminun
Sensor & . . . - .
. current mapping unit | Cost Ltility for monitoring
resolution
SENSors (change)
ESF;EQF}GT ro 100 ha Consistent pan-tropical
annual monitoring to
Coarse Terma-MODIS ; - .
~ 10-20 h dentify lar I d
(250-1000 |(2000- ) ? |Low or fres identify large clearings an
; locate "hotspots”™ for
m) Envisat-MERIS further analysis with mid
(2004 - 2012) o ¥
VIIRS (2012-) resailtien
Landsat TM or Landsat &
CTM A+, CBERS are free;
_Een‘a-ASTER for others:
Medium IRS AWiFs or <50.001/km= |Primary tool to map
(10-60 m) LISS III 0.5 -5 ha for historical deforestation and estimate
CBERS HRCCD data area changs
DMC $0.02/km?
SPOT HRV to £0.5/km2 for
ALDS AVNIR-Z recent data
FapidEye
IKONOS
CQuickBird High ta very Validation of results from
Fine - h high ) ki lvsi
(<5 m) GeoEys - 0.1 ha ig coarser resalution analysis,
WorldView £2 -30 fkm?= and training of algorithms
Fleiades
Aerial photos

GOFC-GOLDR—AN—=

http://www.gofcgold.wur.nl/redd/
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Nfaater

TH2GEE HUEHEE

Step3: Selection of satellite imagery and coverage

T B IR &3 FH i

Table 2.1.2. pPresent availability of optical mid-resolution (10-60 m) sensors.

Cost for dat
. Satellite & Resolution ur . ata
Mation acquisition |Feature
Sensor & coverage Sy
{archive™)
On April 2003 the
failure of the scan lina
All data corrector resulted in
Landsat-7 20 m ) data gaps outside of the
USA ETM+ 60%180 km? archived at | tral portion of
USGS are free |. part
images, sariously
compromising data
quality
Data is acquired on
15 m &0 US%/scane |reguest and is not
USA/ Japan Terra ASTER &60xE60 km?= 0.02 USs/km? |routinely collected for
all areas
After an exparimental
) IRS-P2 LISS- phase, AWIFS images
India III & AWIFS £3.3 836 m can be acquired on a
routine basis.
Fres in B'?zll Experimental; Brazil
CBERS-2 and potentially uses on-demand images
China/ Brazil HRCCD 20m for uth!ar to balster their
developing
i CoOverage.
countries
Algeria/ Chi
Nigg::-'li:.-ll'r' ina/ oMC 22-32m 2000 £/scane Commercial; Brazil uses
-3 2 1
Turkey/ UK . 160x660 km2 (0.032 £€/km alongside Landsat data
France SPOT-3 g 10-20 m 2000 €/scene ?I:':?I?:‘:I'ELZLLHSF:HZEE'&E
4 -3
HEWIR S0xE0 krm 0.5 €'km Landsat data

GOFC-GOLDR—AN—=

http://www.gofcgold.wur.nl/redd/
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(&R ] B2 E R Y DARY 7 BLOT — Xk
(REDD-plus Cook Book)

#=T05-1 HKEAGAPEEL YOIy ELUT—20E

T & L[AE| W [ WHEEE w |

FE [P eor—o] E T -
w2 | = T | meRR : Lm - QX h
irh i form) | WA | CERREAE U FERD | ikem) JERE ) HHE 51 O ) &
a4 (2. RS s &5 USES F—a 1 7 Landsat P— 512
Landsat1-3 | MES 1972 1983 | BB % Biem | 88 | = 15 | 1B | 18 | = |mo= | 13 hm % 7 42 M (htipe!glovisusgeaow’, hitps
) i sarthexplorerusgs ooy’
alill (21 i NI BT | AR
MES 1987 |1995*| 6B = Bicm | 183 | = s | 16 | 16 | = | edra0s 13
Landsat &5 = 1
] ST T g Y NESE)  [TE R ORRILE
™| e T § & | x PR RN « | mmo= | 18 R i
[#827 F e 120em) o e (20, BB 1)
Wem a0 3L, o o (. e e E TR AT
A T T B (1) ) ) £
Landwt 7 ETiH 1999 [frFkim | 18 | = [PWEHQOEBERO) 05 | 6 | 16 | » | BRXO= 18
" a R MASR)
152 F B 15 FIH ~ A 1)
T [ r— T % 81 e —
M 30cm ar SR hitpfeol ingiood £ VBH S 70— F
AL-Pan, M5 Par 10k T o | NSl W ), A A 16 = 1] B
o i |
ol 000 [#Esh 31, MR O s | 6 ] 0 {NAEA)
a1l - Ml (220
Hyperion Im 5 kS 16
IS50me ol | (1), httpffreverbscho rosa goaheserhd & 0 82
01 EfO— F=
. X . s00mc nl | (Z), I A
E05-Ter =D si0my £
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P 10m P-aldl (1] (Spot Image 3 ** iEa ** B Astrium ¥
j ¥ ER L SR (1), _ *}5 & P gk, SPOT 2 —2 - L. 2A
X Hin . . FIUE
SPOTE | HAVIROUM | 1998 [mmam 80 | O |amhme o g2 | m | a7 | @ | 794000 | E2 ]
P 10m [Astriurm 3 §
Mt mlil (1)
LEEE TeiiE T X *10m i e g X L Sk B P tie] .
103 0m (1) TS5 SROT 34— - Ll JASEEK
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REDD-plus Cook Book (xS SEIZTAN)
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Step4: Decisions for sampling
versus wall to wall coverage

Y7V T vs D P E

Example of systematic sampling Example of stratified sampling
B
n-,_'.-n ) -.u;-li
| 7 o -';' P,
£ R NS
37 TR |
- W A e ﬁE."HI""
I:'rE_-j P v & ' :
B wnrazn
I-_\_:H.-; i - ———
s DS |
o o
SL@laly 24

GOFC-GOLDN—=ANR—3  http:/lwww.gofcgold.wur.nl/redd/
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Stepd: Proccess and analyze
the satellite data
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AR I Ty 7

X o7 (FRRT ) F-1%

Table 2.1.3. Main analysis metheds for mederate resolution (~ 30 m) imagery.

Practical
Method for Meathod for i Princioles for use Advantages /
delineation class labeling | mapping P limitations
unit
- multiple date preferable |- closest to classical
Dot Visual to single date forestry inventories
interpretation irllf:a retation < 0.1 ha interpretation - wery accurate although
{dots sample) da - On screen praferable to  |interpreter depandent
printouts interpretation - no map of changes
- multiple date analysis
Visual Visual preferable - easy to implement
delineation irllf:a retation 5-10 ha - On screen digitizing - time consuming
{full image) s praferable to delineation |- interpreter dependent
on prinktouts
< vicad - selection of common
Iauhl?a‘lailnwg{ewith spectral training set from
Pixel based trmini 4 d <1 ha multiple dates / images - difficult to implement
classification c:r_lpelzgﬂann preferable - training phase needed
h ) - filtering needad to avoid
phases noisa
Unsupervised <1 ha - interdependent {multiple |- difficult to implement
clustering + ' date) labeling preferable |- noisy effect without
Visual labeling - filtering needed to avoid |filtering
noiss
Supervised - multiple date
pe ) segmentation praferable )
. labeling (with . - more reproducible than
Object based . - selection of common . h -
. training and 1-5ha N . visual delinsation
sagmentation _ spectral training set from .
correction ltiple d ) - training phase needad
hases) multiple dates / images
P preferable
- multipla date
Unsupervised segmentation preferable |- more reproducible than
clustering + i1-5ha - interdependent (multiple | visual delinsation

Visual labeling

date) labeling of single
date images praferable
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Step6:Accuracy assessment
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StepG-Accuracy assessment
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StepG-Accuracy assessment
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2.1.2.5 Monitoring of increases
1n forest area — forestation
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2.2.2.1 Direct approach to monitor selective logging

REE=2I)JTDEENT7TA—F

e Stepl:Define the spatial resolution
M9 5ZEME 7 R e

e Step2:Enhance the image
B R R &R D 77 3%

e Step3:Select the mapping feature and methods
TyETY (FME) tBREE FIEDER

2.2.2.2 Indirect approach to monitor forest degradation

BHRLILE=R)T~DEEENTIO—F
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2.2.2.1 Direct approach to monitor selective logging
PFIEE=KV T OEENT 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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LY,
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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
PFIKE=AI T OEENT 7 a—F
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Stepl:Define the spatial resolution
FI 9 52218 77 iR se

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) Normalized Difference Fraction Index image (sub-pixel within 30 m).

These images were acquired in August 2001.

PR26FE Eif
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Fl

~

Stepl:Define the spatial resolution

ERSEA Py i

Figure 2.2.4. Temporal progress of unplanned selective logging activities in a tropical
peat swamp forest in Central Kalimantan (Borneo) is shown with true color RapidEye
images. The acquisition date is depicted above the scenes.

22/05/2009 10/02/2010 21/06/2010 29/07/2012

GOFC-GOLDN—=ANR—3  http:/lwww.gofcgold.wur.nl/redd/

50




f' - REDD+ Reducing Emission from Deforestation and Forest Degradation-plus I&ZGEEFEF ﬁﬁ E%

L Step2:Enhance the image
SRR D S5k

i
15
1
b

Figure 2.2.6. Forest degradation annual change due to selective logging and logging V-
and burning in Sinop region, Mato Grosso State, Brazil. GOFC-GOLDN—=AN—=Y http://www.gofcgold.wur.nl/redd/
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Step3:Select the mapping feature and methods
~ BT (KL FEREE JT A DR

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

Mapping Sensor Spatial 0Objective Advantages Disadvantages
Approach Extent I /.l ~ n
| d Map integrated Does not require L.a_bo: |nt:nswe;or I?rge ] _/ 'I:I' ?
Visual Local an logaing area and sophisticated image |2 o0 2nd may be user ** j , E x
I E etati Landsat TM5 | Brazilian d f = - biased to define the 4 .
nterpretation Amazon cal'!c:py amage o processing boundaries of the degraded
burned forest techniques forest
Detection of . . Harvesting buffers waries 7J b
Logging Ladent TME " . e Relaltlvehftalmgle to | across the landscape and u X\ =] ?
Landings + nosa Local 2p integrate Implement an does not reproduce the .Ij, .
H i and ETM+ logging area satisfactorily ctual sh f the | 4
arvesting estimate the area actual shape o e logge
Buffer area
Simple and intuitive 73 ~
Map forest canopy binary cla_ssiﬁcation It has not been tesbec_:l in very | ] ¢ “ ?
Decision Tree SPOT 4 Local dE_lrnage a_ssomated rules, de_ﬂned large areas and classification l .
with legging and automatically based |rules may wvary across the
burning on statistical landscape
methods
e Requires two pairs of
Change Landsat TMS ::&:oiee;tffs;gf:d Enhances forest radicmetrically calibrated
Detegtion and ETM+ Local with IS irT and canopy damaged images and does not
bur'ningg g areas. separate natural and
a anthropogenic forest changes
Mot been tested in very large
Image Landsat TM5 | Local Map integrated Relatively simple to |areas. segmentation
Segmentation logged area implement rules may vary across the
landscape
= =il - - o Very difficult to interpret and
Textural Filters ;:ngrELTS E:_:;:':'nn gq:r?\:{g’;e;ii;:g:d ::Lalsrne;ﬁt‘lmple L validate; confused with
forest shructure
Brazilian -
Map total logging e b i
Landsat TMS ;\m_azpn, area (canopy Fully automated and Req u”_ es ngh. Dorr}p_utatlo: N
CLAS?0 and ETM+, Eruvian damage, clearings standardized to very power an_ pairs of images to
MODIS Amazan, and undamaged large areas detec_t FOIESt-ChangE-
Indonesia, " associated with logging.
Global forest)
Landsat TM™,
ETM+ Rapid mapping of Highly automated,
LAS]ite ASTER, ALI, |Regional to de\%rertaggn gand uses a standard Mot available for Apple
= SPOT4, national de rad:-ition computer, requires Macintosh computers
SPOTS, 9 little expertise
MODIS
- Rapid mapping of Unigquely sensitive to e -
CLAS-BURNE Landsat TM, |Regional to sub-canopy fire burn scars, and not Requires testing outside of
ETM+ national 8 - . the Amazon basin
burn scars logging
Map forest canopy
. enhances forest
NDFI+CCAZ? Landsat TMS Local damage a_sscmated canopy damaged It does not separate logging
and ETM+ \t:llth _Iogglng and areas. from burning
urning
map forest High temporal .
- - resolution allows — J— N
Spatial mixture id | di?m_datlgn ith motoring of unplanned full d GOFC GOI—D/—I_\ VA
analysis RapidEye Loca associated wi . emall zcale selective not fully automate .
small scale selective | |ogging despite fast http//WWWgOngOldWUl’n|/l’edd/
logging regrowth

&
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2.2.2.2 Indirect approach to monitor forest degradation

BRBILE=XV T ~DIEEEN T 7 a—F

3 SA#A (Intact Forest) 0D 3 H

e Positive approach

- [E{R A2 HT T H A% (Intact Forest) Z 3 H
 Negative approach
1. GIST—R7ET AN ARE Mg FH KU E D H g

= Fr<,
2 . B fR¥55% TFine Shapingd %,
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