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Introduction
Background

* Main goal is to assess variability of
Greenhouse Gas (GHG) emissions
estimates from several existing Land
Use/Land Cover (LULC) data sets

 Special attention given to GHG
emissions from peat soils.

* This could help monitor emissions
related to Palm QOil (PO) industry, which
is responsible for large-scale LULC
change and related GHG emissions in :
main producing countries, Malaysia and ‘
Indonesia.

Palm Oil plantation
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Introduction

Study areas

* Three Indonesian provinces:
* North Sumatra (Sumatera Utara)
* Riau
* Central Kalimantan (Kalimantan Tengah)

 All study areas contain peat soils

* PO industry well developed in all
study areas

Studv area Total area Peat soil Peat soil of
. (ha) area (ha) total (%)

LE 9,117,318 4,058,456 4451

S 15344440 3,004,890 19.58
Kalimantan

[ ] B
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Location of study areas in Indonesia



Data

LULC Datasets

Spatial
Data source Data type | resolution

(m)

ESA CCI Land Cover 300 x 300 Yearly between . : :
(cci) LULC (MERIS) Global 19922015 http://maps.elie.ucl.ac.be/CCl/viewer/

Centre for Remote Imaging,

Geographic

Updates URL data archive
cover

sensine and Processin LULC 250 x 250  Southeast 2000, 2010, https://ormt-
(CRISP)g & (MODIS) Asia 2015* crisp.nus.edu.sg/ormt/Home/Disclaimer
Indonesia Ministry of 1990, 1996, 2000,
Forestr y LULC 100 x 100 Indonesia 2003, 2006, 2009, http://www.greenpeace.org/seasia/id/Global/se
y (Landsat) 2011, 2012, 2013, asia/Indonesia/Code/Forest-Map/en/index.html
(MoF) 2015
Forest
Global Forest Watch 30x30 Yearly between _
(GFW) z(;\a/irge (Landsat) Global 5000-2016 http://data.globalforestwatch.org/
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Data

LULC Datasets

CCl LULC data

Developed by ESA CClI
Land Cover initiative as a
global data set

Global (vague) LULC
class descriptions, no
specific plantation class

Well documented
methodology

Initially based on MERIS
(300x300m) data

After recent re-
processing, data now
available with yearly
updates between 1992
and 2015.

03/11/2017

Cropland rainfed

Cropland rainfed - Herbaceous cover

Cropland rainfed - Tree or shrub cover

Cropland irrigated or post-flooding

Masaic cropland (>50%:) f natural vegetation (treefshrubj/herbaceous cover) (<50%G)
Masaic natural vegetation (treefshrub/herbaceous cover) (=50%) [ cropland (<50%)
Tree cover broadleaved evergreen cosed to open (=15%:)
Tree cover broadleaved deciduous dosed to open (=15%:)
Tree cover broadleaved deciduous dosed (=40%)

Tree cover broadleaved deciduous open (15-40%G)

Tree cover needleleaved evergreen dosed to open (=15%)
Tree cover needleleaved evergreen dosed (=40%)

Tree cover needleleaved evergreen open (15-40%:)

Tree cover needleleaved deciduous cosed to open (=15%)
Tree cover needleleaved deciduous dosed (=40%)

Tree cover needleleaved dedduocus open (15-40%)

Tree cover mixed leaf type (broadleaved and needleleaved)
Masaic tree and shrub (=50%) [ herbaceous cover (<50%g)
Masaic herbaceous cover (=50%) / tree and shrub (<50%)
Shrubland

Shrubland evergreen

Shrubland deciduous

Grassland

Lichens and mosses

Sparse vegetation (treefshrubfherbaceous cover) (<15%)
Sparse shrub (<15%)

Sparse herbaceous cover (<15%)

Tree cover flooded fresh or brakish water

Tree cover flooded saline water

Shrub or herbaceous cover flooded fresh/zaline fbrackish water
Urban areas

Bare areas

Consclidated bare areas
Unconsolidated bare areas
Water bodies

Permanent snow and ice

Variability in LULC & GHG estimations, 67th LCA Discussion Forum




Data

LULC Datasets

CRISP LULC data

Developed by Centre for Remote
Imaging, Sensing and Processing in
Singapore as LULC data set
covering Southeast Asia

Specific LULC classes for
plantations

Well documented methodology

Based on interpretation of MODIS
(250x250m) imagery

Updates in 2000, 2010 & 2015.
2015 data based on different
methodology, therefore not
comparable to 2000 & 2010 data

03/11/2017

Water
Mangrove
Peatswamp forest
Lowland evergreen forest
Lower montane evergreen forest
Upper montane evergreen forest
Flantation/fregrowth
Lowland mosaic
. Maontane maosaic
Lowland open

Montane open
Urban
Large scale palm plantations

Variability in LULC & GHG estimations, 67th LCA Discussion Forum

LULC map Central Kalimantan from CRISP, 2015




Data

LULC Datasets

MoF LULC data

* Developed by Ministry of Forestry
of Indonesia

» Specific LULC classes for plantations

 Exact methodology unclear,
primarily based on visual
interpretation and manual mapping

* Based on Landsat (30x30m)
imagery. For this study resampled
to 100x100m

* Irregular updates between 1990
and 2015, in recent years almost
yearly.

03/11/2017

Primary Dry Land Forest
Secondary Forest
Primary Mangrove Forest
Primary Swamp Forest
Timber Plantation

. Shrubland
Plantation
Housing
Bare Land
Cloud
Savannah
Water Bodies
Cicean/River
Secondary Mangrove Forest
Secondary Swamp Forest
Swamp Shrubland
Dry Rice Land
Dry Rice Land Mixed w/Scrub Pc
Rice Land (Sawah)
Fish Pond

. Airpart
Mining
Snow
Swamp

Variability in LULC & GHG estimations, 67th LCA Discussion Forum

LULC map Central Kalimantan from MoF, 2015
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Data

Cross-comparison LULC data sets

Mapcurves analysis to compare LULC data \

sets Q

* Shows similarity between categorical maps o oot
(like LULC maps) by using one map as Spatial

original and one as reference and Overlap
calculating overlap of each LULC class of - @?

original with LULC class of reference —
X2

* Indication of consistenc¥ in spatial overlap
between LULC classes of two maps Litte
Spatial

* It does not give information about relative Overlap
quality of maps

Goodness-of-Fit

Degree of Spatial Overlap

Har%rove, W.W., Hoffman, F.M., Hessburg, P.F., 2006. Mapcurves: A quantitative
method for comparing categorical maps. J. Geogr. Syst. 8, 187-208. — :
doi:10.1 007/51 0109-006-0025-x Principle of Mapcurves analysis
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Data

Cross-comparison LULC data sets

Re S u ItS IVI a p C u rve a n a Iys i S o Mapcurves Plot - \ Mapcurves Plot - I Mapcurves Plot
. . . R {
* Highest consistencies are: I] s L s |
* North Sumatra: 25.7% F
* Riau: 29.1% \ \ B |2 \1 N S || Sl
e Central Kalimantan: 21.8% \ \\
H v g \ g \‘\\\ ;2
 MoF data is best original o . o W 0
map for North Sumatra & T T S Sommrraied
R i a u , CC I fo r Ce nt r a I Best GoF curve North Sumatra Best GoF curve Riau Best GoF curve Central Kalimantan
Kalimantan

CRISP <-> CCI MoF <-> CClI MoF <-> CRISP

CRISP -> CRISP <- MoF -> MoF <- MoF -> MoF <-
Ccl CCl CCl CRISP CRISP

0.2107 0.2069 0.1185 0.2571 0.1603
0.2646 0.1764 0.1072 0.2906 0.1468
0.2175 0.1573 0.1117 0.2038 0.1137

* CRISP best reference map in
all three regions

* W/ pan H
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Analysis
LULC change maps

Indication of LULC
changes between map
updates

* For example: for MoF
data for Central
Kalimantan between
1990 and 2015 283
different types of change
observed from one LULC
class to another

* From this information
historic GHG emissions
estimates calculated

03/11/2017

[T 200102002
[ 200102007
[ 200102014
[ 200105001
[ 200120071
B 200120091
B 200120092
[ 200120141
[ 200150011
B 200202008
] 200202007
[] 200202010
] 200202012
[ 200202014
B 200220041
[] 200220051
[ 200220071
[] 200220091
[ 200220092
[ 200220093
[ 200220122
B 200220141
[] 200250011
[] 200402002
B 200402014
B 200420041
[] 200420071
[ 200502007
B =00502010
[ ] 200502014
B 200520041
7] 200520051
[ 200520071
B 200520091
[ 200520141
[] 200550011
I 200602007
[ 200602010
] 200602014
[ 200620141

[ 200702002
B 200702008
[] 200702010
I 200702012
[ 200702014
M 200705001
M 200720051
1 [l 200720071
1 [ 200720091
[ [ 200720092
[ [l 200720093
& [[] 200720122
&1 [l 200720141
[ [[] 200750011
4 [ 201002007
4 [l 201002012
1 [ 201002014
[ 201020071
[ 201020091
[ 201020092
[ 201020093
B 201020122
[ 201020141
B 201202007
[l 201202010
B 01202014
[ 201220071
[ 201220081
B 201220092
[ 201220083
M 201220121
[ 201220122
M 201220141
Il 201402007
[ 201402010
W 201402012
1 [l 201420071
1 Il 201420091
4 Il 201420092
A [] 201420093
4 [ 201420141
4 [ 201450011
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MoF-based map of LULC changes in Central Kalimantan between 1990-2015
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Analysis

Cross-comparison LULC change between LULC data sets

North Sumatra Riau Central Kalimantan
700,000 1,200,000 1,300,000
1,100,000 1,200,000
600,000 1,000,000 1,100,000
1,000,000
900,000 ’ ’
— 500,000 — ' = 900,000
o © 800,000 © )
- - ~— 800,000
& 400,000 @ 700,000 o
c c c 700,000
£ 2 600,000 £ 600,000
© 300,000 © 500000 © !
9 9 ' O 500,000
— 200,000 - — 4
300,000 300,000
100,000 ‘ 200,000 200,000
100,000 I 100,000 B
o mH unll Il o ol e 0 E Nad=s 0 - M el
> o Y N 2 > \e) > © Y N 2 > \) > © Y N o > \)
S S S 3 NS RS S $ S RS SIS S $ S >y
: % v v v v v v % v v v v v v v v v v v
§ & §F & QPP §F & §F & Q¥ Y §F § §F & Q¥ P
’\9 v v v v v v v v v v v v v v v Vv v
M CCl mineral m CCl peat M MoF mineral W CCl mineral mCCl peat B MoF mineral H CCl mineral  ® CCl peat ® MoF mineral
MoF peat B CRISP mineral B CRISP peat MoF peat B CRISP mineral B CRISP peat MoF peat B CRISP mineral m CRISP peat

* Some extreme LULC changes observed, likely to be related to new mapping
methodology

* No clear correlation between data sets

agrisgmetrics
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Analysis

GHG emission factors

* Compiled by professor
Susan Page, University of
Leicester

* Literature study of

* Aboveground Biomass (AGB)
stock values for LULC classes,
expressed in Mg C/ha

e Carbon emission values from
organic soil degradation,
expressed in Mg C/ha/yr

Agus, F., Henson, |., Sahardjo, B.H., Harris, N., van
Noordwijk, M., Killeen, T., 2013. Review of emission factors
for assessment of CO2 emission from land use change to oil
palm in Southeast Asia 7-28.

Agus, F., Gunarso, P, Sahardjo, B.H., Harris, N., Noordwijk,
M. Van, Killeen, T.J., 2010. Historical Co 2 Emissions From
Land Use and Land Use Change From the Oil Palm Industry
in Indonesia , Malaysia and Papua New Guinea 65—88.
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Collective LC class CCl class CRISP class m

Tree cover, broadleaved,
evergreen, closed to open
(>15%)

Primary forest — intact, natural
forest with dense canopy

Secondary forest — disturbed
forest with evidence of logging

Tree cover, flooded, fresh or
Peatswamp Forest .

brackish water
Secondary Peatswamp Forest

Tree cover, flooded, saline
Mangrove Forest

water
Secondary Mangrove Forest

Scrub — small trees and woody
shrubs, early stage forest
regrowth

Swamp Scrubland

Grassland — dry soils

Shrubland evergreen; sparse
vegetation (tree, shrub,
herbaceous cover)

Cropland, irrigated t-
Plantations p.am irrigated or pos
flooding
Timber Plantations

Agroforestry (mixed tree crops)  [LY/[eXr1{Xel{e]o]E]ols]
EEEETETS  Urban areas

Bare land

Variability in LULC & GHG estimations, 67th LCA Discussion Forum

Lowland
evergreen forest

Peatswamp
forest

Mangrove

Lowland open

Large scale oil
palm plantations

Lowland mosaic
Urban

Water

Primary dry land
forest

Secondary dry
land forest
Primary swamp
forest

Secondary swamp
forest

Primary mangrove
forest

Secondary
mangrove forest

Scrubland (on
mineral soils)

Swamp scrubland
(on peat soils)
Savannah

Plantations

HTI (hutan
temanan industri)
Rice land

Housing

Bare land
Bodies of water,
fish pond

C stock
value
Mg C/ha

233172

128+53

157+68

102437

116+56

101+15

41+17

412
65+18
7+3

agrisgmetrics



Analysis

GHG emission estimation model

* |nitial calculation of LULC
change between updates,
which class changed into
another class

* Then calculation of carbon
emissions/sequestration
related to AGB loss/gain

* |f change occurred on
organic soils, then yearly
emissions from soil
degradation added

03/11/2017 Variability in LULC & GHG estimations, 67th LCA Discussion Forum

Primary forest Carbon Emissions

AGB 233 Mg C/ha Deforestation:

233 Mg C/ha
Peat Soil degradation:

Bare Land
AGB 0 Mg C/ha

Oil Palm planting:
-37 Mg C/ha
i (sequestration)

Peat Soil degradation:
11 Mg C/ha/yr

Palm Oil Plantation
AGB 37 Mg C/ha

Sketch of GHG estimation model




Analysis

GHG emission tables

Hectare AGB emission | AGB Soil emission Soil Total
LULC class at t0 LULC class at t1 change factor emissions | factor emissions | emssions
8¢ | (Mg c/ha Mg C Mg C/ha/yr) | (MgcC Mg C

Tree cover, broadleaved,
evergreen, closed to open  Cropland, rainfed 206460 130200 336660

Tables showing GHG e
emissions calculated from  rreecover broadieaved,

evergreen, closed to open . 196 1764 11 990 2754
LU LC d b (>15%) post-flooding
ata etwee n tWO Mosaic cropland
. Tree cover, broadleaved, (>50%) / natural 1633847
evergreen, closed to open vegetation (tree, 53047 168 8911896 14 7426580
V4
(>15%) shrub, herbaceous

conversion factors cover (<50

Mosaic natural
Tree cover, broadleaved, vegetation (tree,

P 1 1 1 evergreen, closed to open  shrub, herbaceous 13793 168 2317224 14 1931020 4248244
GHG emissions split o oy
. cropland (<50%)
between AGB and soil

evergreen, closed to open  Shrubland 228 202 46056 5 11400 57456

Tree cover, broadleaved,
emissions

03/11/2017

(>15%)

Tree cover, broadleaved,
evergreen, closed to open
(>15%)

Sparse vegetation
(tree, shrub,
herbaceous cover)
(<15%)

Total emissions: 21020620 Mg C in 10 years.
Yearly emissions: 2102062 Mg C per year.

Variability in LULC & GHG estimations, 67th LCA Discussion Forum
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Analysis

GHG emission maps

Maps showing GHG
emissions between
two map updates

e Carbon emissions
and sequestration
mapped

* High carbon
emissions
observed in peat
soil areas

03/11/2017

e
w'n S
o 3 %
ﬁ B -124Mg/ha
%’ -46 Mg /ha

32Mg/ha

m 110 Mg/ha
138 Ma/ha

266 Ma/ha
344 Ma/ha
422 Mgjha GHG emissions between

MoF-based maps of

= ;3; :Eﬁz 1990 and 2015
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Analysis

Cross-comparison GHG emissions different LULC data sets

Carbon Emissions (Mg C/ha/yr)

North Sumatra

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000

Q Q Q Q Q
v v v v v v v
2,000,000 & & &
A I M
==@== (| total ==@==CC| mineral ==@==CCl| peat
MoF total «=@==|\oF mineral ==@==\oF peat

«=@==CRISP total  e=@==CRISP mineral ==@==CRISP peat

Riau

45,000,000
o G )
=. 40,000,000
S
g 35,000,000
a0 30,000,000
2
«» 25,000,000
c
220,000,000
(%]
€ 15,000,000
w {
S 10,000,000
2
8 5,000,000

0
> o 9 N 2 > \e)
§ $ SIS SO SO I
v % v v v v
¢ & & @ & ¥
D% DX SIS S S,
==@==CCl| total e=@==CC| mineral «=@=CCl| peat
MoF total «=@==|\0F mineral ==@==MoF peat
e=@==CRISP total e=@==CRISP mineral ==@==CRISP peat

Carbon Emissions (Mg C/ha/yr)

30,000,000

25,000,000

20,000,000

15,000,000

10,000,000

5,000,000

0

Q
- v
5,000,000 S

D

==@==CCl| total

MoF total

==@==CRISP total

Central Kalimantan

> o Y N v >
Q ) \) » > >
OSSN S S S
==@==CC| mineral ==@=CCl| peat

«=@==|\0F mineral ==@==MoF peat
e=@==CRISP minera| ==@== CRISP peat

* In general large variability observed, CRISP emissions higher than from CCl and MoF data

* Extreme GHG emissions for MoF 2015 in Central Kalimantan, likely to be related to new mapping methodology

* Some consistency between peat soil emissions for MoF and CCl in all areas
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Analysis

Cross-comparison GHG emissions different LULC data sets

* Tables comparing estimates of GHG emissions from different LULC data sets

2000-2010/2011 2010/2011-2015

Emissions per year (Mg C yr?)

CCI (2010-2015)  MoF (2011-2015)

Emissions per year (Mg C yr?)

CCl (2000-2010)  CRISP (2000-2010)  MoF (2000-2011)
1,332,551 34.5 3,473,117 58.7 871,984 34.6 491,073 47.8 4,036,280 82.5
2,526,168 65.5 4,943,071 413 1,651,461 65.4 536,465 52.2 857,838 17.5
3,858,718 8,416,188 2,523,446 Total 1,027,538 4,894,117

9,533,148 33.2 29,246,758 28.7 4,676,420 17.0 WIEEN 4,054,158 3212 4,671,123 23.2
19,174,905 66.8 11,784,303 71.3 22,905,655 83.1 8,571,318 67.88 15,443,351 76.8
Total 28,708,052 41,031,060 27,582,075 I 12,625,476 20,114,473

Central Kalimantan

Central Kalimantan
6,698,051 62.3 11,693,997 559 7,229,204 59.1 WINEZER 2,811,681 585 8,277,973 44.2
4,055,255 37.7 14,791,021 44.1 4,997,529 40.9 1,994,455 41.5 10,472,336 55.9
10,753,306 26,485,018 12,226,733 Total 4,806,135 18,750,309

[ ] B
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Discussion
Methodology

* This study not intended to get
realistic carbon emission
estimates.

* Simplistic model, not taking into
account:
* Emissions from other GHG gases
(N,0, CH,)
* Emissions related to fires

e Continued degradation of peat soils
after analysis period

Fires in Central Kalimantan

[ ]
/ ®
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Discussion

Results

* GHG results highly variable
* Obvious changes in mapping methodology

 Difficulties to assign AGB values to vague class
descriptions
* Historic satellite data sources highly variable
e Spatial resolution
* Temporal resolution & completeness data archive
* Quality of data (clouds, sun angles)

e Recommended LULC data set for GHG gz:t;ft‘iaﬁc — IT/LEE
estimations

Geographical coverage [E; + -/+
* MofF for Indonesia Spatial resolution N

.. Temporal resolution + - +
* CRISP for rest of SE Asia, if updates are TOLC dass defirmition TR

methodological consistent Total +1 +2  +3

L J L3
/.
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Recommendations

 What would be needed for improvement
e Consistency in class definitions and methodology for LULC mapping
* Class definition focused on PO industry
* Combination and referencing with other data (forest loss from GFW, fire data, ground truth)
* Use of new-generation data sources (Landsat 8, Sentinel-1 radar, Sentinel-2, Planet, LiDAR)

Forest loss/yr (ha)

Sumatera Utara

200,000

100,000

% © o N 2 > ©
$ S N > Y
v v v v
§ & ¢ & @ ¥ ¥
DY ) ) ) ) )
CRISP GFW >10% Cover

e GF\W >75% Cover

Forest loss/yr (ha)

Riau
400,000
300,000
200,000

100,000

% © o N 2 > ©
S S S > & & &
v v v v v v
§ & ¢ & @ ¥ ¥
U ) ) N ) )
CRISP GFW >10% Cover
e GFW >75% Cover

Forest loss/yr (ha)

Kalimantan Tengah

300,000

200,000

100,000 /\/

e CC| e VIOF

CRISP GFW >10% Cover

e GF\W >75% Cover
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Questions?
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