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Executive Summary

The Paris Agreement clearly states the need for
global communities to work together to hold the
increase of global temperature below 2 °C and
pursue efforts to limit the temperature increase
to 1.5 °C. The peak of GHG emission should hap-
pen as soon as possible and achieve a balance
between anthropogenic emissions and removals
in the second half of this century. Therefore, it
is crucial for all nations to mainstream climate
change mitigation strategies into their long-term
development plans. For Indonesia, the develop-
ment of agriculture and forestry sectors has con-
tributed significantly to total GHG emissions.
The increase of land demand, that follows the
increase of demand for food, pastoral, wood, set-
tlements and other infrastructure development,
presents a challenge to deep decarbonizing this
sector. This report explores the potential of deep
decarbonizing agriculture, forest and other land
uses sectors in Indonesia. Specifically, it explores
land uses and management choices that can lead
to significant reduction of greenhouse emissions,
while maintaining government target to meet
rice self-sufficiency and production targets for
several key agriculture commodities particularly
palm oil as well as industrial wood and bioenergy.
This report is part of the Deep Decarbonization
Pathways Project (DDPP), a collaborative glob-
al initiative to explore how individual countries
can reduce greenhouse gas (GHG) emissions to
levels consistent with limiting the anthropogenic
increase in global mean surface temperature to
less than 2 °C, which was launched by IDDRI
and SDSN.

This report assesses three land-use development
scenarios. The Business as Usual (BAU) considers
a development pathway wherein the implemen-
tation of development plans does not consider
mitigation policies and measures. This means
that no specific mitigation policies and programs
are issued in this scenario and that only some of
the present policies and programs that may have
relationship with mitigation will continue in the
future following the historical pattern. The sec-
ond scenario is DEV, a development pathway that
includes mitigation policies and measures in the
implementation of development plan. The third
scenario is the DDPP scenario, which is similar to
DEV but with improved system and intensified
mitigation policies and measures. In all scenarios,
rice production will be kept to ensure self-suffi-
ciency; land demand for livestock and settlement
is always met, as well as the production targets of
some strategic commodities as defined in strate-
gic development of the sectors.

Policies and measures to be implemented to-
wards decarbonized development are (i) improv-
ing the management of land and forest resources
through development of Forest Management
Unit in all forest areas, (i) pushing adoption of
sustainable management practices in production
forests by implementing mandatory certification
systems, (iii) reducing dependency on natural
forests in meeting wood demands by accele-
rating the establishment of timber plantation on
community lands and state lands and increasing
the use of wood from agricultural plantations,
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(iv) reducing pressure on natural forest for estab-
lishment of development areas and agriculture
expansion by improving varieties, land produc-
tivity and cropping intensity, (v) enhancing sink
by increasing the implementation of restoration
of production forests ecosystem and land reha-
bilitation, (vi) limiting the use of peatland for
timber and agriculture plantations through the
issuance of moratorium policies and peatland
restoration, and (vii) increasing the adoption of
low emission farming practices.

The result of the analysis suggests that BAU total
emissions will continue to rise up to 2020 from
its 2010 level where it reached 0.464 Gt CO»e or
about 1.98 ton/cap, and then slightly decreases
thereafter (Figure A). For DEV scenario, the GHG

Figure A. Rate of GHG emissions under the BAU, DEV and DDPP scenarios
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emission starts decreasing from 2010 very slowly,
whereas for DDPP scenario, the emission decreas-
es quite rapidly. By 2050, the per capita emission
under BAU would be about 1.36 ton CO,e,while
under DEV and DDPP scenarios, it would decrease
to 0.60 ton CO5e and -0.05 ton CO5e.

Table A summarizes the main indicators char-
acterizing the emission drivers in the three sce-
narios. The main features of the DDPP scenarios
are as follows:

* Rapid decrease in emission occurs as a result
of increased land productivity and cropping in-
tensity, leading to fewer demands for crop pro-
duction land and enhanced mitigation actions.

* The reliance on natural forest for wood produc-
tion is decreased, in particular as the result of
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Table A. Level of intervention of mitigation measures under the BAU, DEV and DDPP scenarios

Rice Rice Field 8,763
(000 ha) Low Emmision Variety -
Intermittent Irrigation

Crop lands Area of Croplands (000 ha) 54,303
Nitrogen Application (000 ton urea) 6,422
Livestock Total Livestock Population 443,183
(000 heads) Feed Supplement -
Biogas -
Peat Total Area of Peatland 14,585

(000 ha) Improved Water Management -

Peat Restoration
Afforestation/ Land Availablefor Aff/Ref Program 14,033
(F‘Aef?/)}r}?;t%t(;gnha) Aff/ﬁef program wit_hout Rotatir.)n -
Survival Rate (%) without Rotation -
Aff/Ref program with Rotation -
Survival Rate (%) with Rotation

Rice Rice Field 8,763
(000 ha) Low Emmision Variety =
Intermittent Irrigation -

Crop lands Area of Croplands (000 ha) 54,303
Nitrogen Application (000 ton urea) 6,422
Livestock Total Livestock Population 443,183

(000 heads) Feed Supplement -

Biogas -
Peat Total Area of Peatland 14,585
(000 ha) Improved Water Management -
Peat Restoration2 =
Afforestatipn/ Land Available for Aff/Ref Program 13,938
?Aefff%‘:?;taottl)gnha) Aff/Ref program without Rotation -
Survival Rate (%) without Rotation -
Aff/Ref program with Rotation -
Survival Rate (%) with Rotation

Rice Rice Field 8,763
(000 ha) Low Emmision Variety -
Intermittent Irrigation -
Crop lands Area of Croplands (000 ha) 54,303
Nitrogen Application (000 ton urea) 6,422
Livestock Total Livestock Population 443,183

(000 heads) Feed Supplement -

Biogas -
Peat Total Area of Peatland 14,585
(000 ha) Improved Water Management -
Peat Restoration
Afforestatipn/ Land Available for Aff/Ref Program 13,843
(RAefff(/JEZ?;t%t(l)gnha) Aff/ﬁef program wit_hout Rotati(.)n -
Survival Rate (%) without Rotation -
Aff/Ref program with Rotation -
Survival Rate (%) with Rotation -
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8,710 8,700 8,732 8,810
61,591 66,837 72,919 80,377
6,587 6,465 6,379 6,639
460,506 478,505 497,209 516,643
14,508 14,440 14,381 14,327
77 145 204 258
972 1,944 2915 3,887
22% 24% 27% 30%
1,098 2,196 3,294 4,392
54% 59% 64% 70%
8,148 7,570 7,009 6,441
466 958 1,491 2,082
412 849 1,325 1,855
60,417 64,441 67,235 68,772
6,462 6,233 5,881 5,441
457 547 466,903 470,818 468,830
2,958 11,602 26,391 47,813
79 314 725 1,333
14,001 13,311 12,978 12,702
342 789 880 914
242 485 727 969
1,383 2,767 4,150 5,533
25% 31% 40% 50%
1,369 2,739 4,108 5,478
57% 67% 77% 90%
7918 7,115 6,344 5,692
453 902 1,351 1,808
400 798 1,197 1,605
60,048 62,524 63,368 63,561
6,422 6.048 5,543 5,028
457 547 466,903 470,818 468,830
2,958 11,602 26,391 47,813
79 314 725 1,333
13,749 13,201 12,797 12,394
432 576 576 576
404 808 1,212 1,615
1,789 3,578 5,368 7,157
27% 37% 51% 70%
1,637 3,274 4911 6,548
57% 67% 77% 90%



increasing rate of timber plantation develop-
ment and increasing rate of land rehabilitation.
Therefore, the emission from timber harvesting
from natural forest in this scenario, is lower
than under the BAU scenario.

Emissions from peat decomposition also decreas-
es significantly as a result of peatland moratori-
um policy in which further peatland conversion
for large plantation is prohibited, and restoration
of larger part of peatland should take place.

Implementation of mitigation measures
through the improvement of manure man-
agement and feed supplement, as well as im-
provement of water management in rice field
and peatland, also contributes to the increasing
rate of emission reduction.

The implementation of mitigation policies and
measures would not significantly affect the
production level of agriculture commodities as
long as the program for the improvement of
crop productivity and cropping intensity is met.
However, the food balance may not always be
positive, depending on the level of consumption.
Today, the balance between supply and demand
is positive (surplus) for rice, cassava, oil crops,
palm oil and other crops, but negative (deficit)
for maize, vegetable, fruits and nuts, and sugar.
The surplus for rice, cassava, oil crops, palm oil
and other crops can be maintained until 2050
under all scenarios. For other crops, the deficit
will increase, except for maize under the DDPP
scenario.

Rice self-sufficiency can be maintained in the
three scenarios by improving crop productivity
of lowland rice in Java from 5.8 t/ha to more
than 5.95 t/ha, and outside Java from 4.2 t/ha
to more than 5.2 t/ha. Cropping intensity is

EXECUTIVE SUMMARY

also increased from 1.8 to 2.11 and 1.45 to
1.70 respectively. By 2050, the rice surplus can
reach over 10 million tons, if rice consumption
decreases from 141 to below 127 kg/cap/year’,
consistently with food security objectives. For
maize, the current level of production is not
sufficient to meet demand projections. With
the increasing demand due to the increase
in population, the deficit would be close to
10 million tons by 2050 in the absence of
significant yield improvement. In the last five
years, the Government of Indonesia still im-
ported between 1.5 and 3.6 million tons of
maize per year. This increasing demand can
be met without import if crop productivity
can be increased by 60% from the current
yield (4.44 to 7.00 t/ha) and the cropping
intensity is increased by 7.9% (0.63 to 0.68).
Increasing productivity is possible through
the introduction of high yielding varieties and
implementation of good agricultural practices.
Currently, the mean maize yield in Indonesia is
still low, i.e. 4.1 t/ha. Other ASEAN countries
such as Thailand has already reached 4.3 t/
ha, Vietnam 4.4 t/ha, and China 5.2 t/ha. In
America, the yield can achieve 9.5 t/ha, fol-
lowed by Argentina by about 7.5 t/ha and EU
about 6.3t/ha”.

For sugar crops, vegetables, fruit and nuts,
the current deficits will increase in the fu-
ture (2050), even if crop productivity can be
increased. For vegetables, by 2050 the defi-
cit may be over 11 million tons in the BAU
scenario, about 9 million tons in DEV and
8 million tons in DDPP scenarios. The crop pro-
ductivities under the three scenarios increase
by 7.5% (9.03 to 10 t/ha) in BAU, 18% (9.03
to 11 t/ha) in DEV and 29% (9.03 to 12 t/ha)

1 The decrease in rice consumption is related to the increase of GDP due to change in diets and the impact of food

diversification programs.

2 Asworo, H.T.W. 2015. Lahan Luas, Produktivitas Jagung Indonesia Terendah di Asean. Downloaded from http://
industri.bisnis.com/read/20150824/99/465290/lahan-luas-produktivitas-jagung-indonesia-terendah-di-asean
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Table B. Annual rate of planned and unplanned deforestation for the BAU, DEV and DDPP scenarios

Scenario Type of deforestation 2013-2020 2021-2030 2031-2040 2041-2050
BAU Planned Deforestation 421 41 640 773
Unplanned Deforestation 499 374 0 0
DEV Planned Deforestation 310 305 274 142
Unplanned Deforestation 340 245 0 0
DDPP Planned Deforestation 241 190 m 47
Unplanned Deforestation 209 210 0 0

in DDPP scenario. Similarly for fruits and nut,
the deficit may be multiplied by 4 compared
to current levels (over 12 million tons). For
sugar crops the deficit will be over 45 million
tons or equivalent to about 3.4 million tons
of sugar (‘hablur') for all scenarios. Currently,
demand for sugar is about 5 million tons while
the maximum production capacity was only
2.5 million tons. In the last five years, gov-
ernment has imported sugar between 2.0 and
3.0tons. Without expansion of sugar plantation
and significant increase in crop productivity,
this deficit cannot be off-set. Under the BAU,
DEV and DDPP scenarios, sugar productivity
would increase by about 39%, 62%, and 67%
from the current yields respectively.

For palm oil, the production target for 2050 in
DEV and DDPP scenarios is about half of the 630
million tons of fresh fruit bunch (FFB) —equiva-
lent to about 158 million tons of crude palm oil
(CPO)- reached under BAU3. With the level of
BAU production, the production surplus would
reach 140 million tons CPO. The establishment
of new oil palm plantations to reach this target,
will require expansions of lands which may in
turn reduce the expansion opportunity for other
crops particularly cereal and horticultural crops
(fruits and vegetables), and may increase the

risk of deforestation leading to higher green-
house gas emission. With the increase of crop
productivities from the current level and the cut
of the production target of palm oil to about
half of the BAU, land demand for expansion of
food crops and agriculture plantations would be
reduced significantly, thereby reducing the rate
of deforestation (Table B).

The wood production target of 360 million m3
can be realized before 2050 for the three sce-
narios (Figure B). The annual rates of planting
for timber plantation (HTI) under the BAU,
DEV and DDPP scenarios are expected at 150,
250 and 350 thousand hectares respectively.
By 2050, the total planted area of HTI will be
around 10.5, 11.3, 11.5 million ha for the three
scenarios respectively. For DEV and DDPP sce-
narios, the timber production would be higher
than under BAU, due to higher contribution
of timber production from afforestation and
reforestation programs. In 2050, the contri-
butions of HTI to the total production in each
scenario are approximately 68% in BAU, 72% in
DEV and 75% in DDPP, while the contribution
of natural forest concessions (HPH) are about
5.5%, 5.9% and 3.6% respectively, while the
remainings come from agriculture plantations
and deforested areas.

3
Association).

Production target under the BAU up to 2050 was based on scenario developed by GAPKI (Indonesian Palm Oil
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Figure B. Food balance (Supply-demand) for agriculture commodities in BAU, DEV and DDPP scenarios
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This study indicates that if there are no signifi-
cant changes in land management practices in-
cluding restoration and moratorium of peatland,
and optimization of the use of low carbon stock
land for agriculture expansion and timber planta-
tion, contributions of these sectors to the nation-
al emission would be high. The rate of emission
until 2050 would remain high, and would not
be much different from the present emission.
With the improvement of land and forest man-
agement as well as optimization of the use of
low carbon stock land for agriculture and timber
plantation development along with enhanced
mitigation policies and measures, particularly
moratorium of peatland permits and restora-
tionof peatland, the emission from this sector
can be reduced significantly and by 2050, this
sector can become a net sink. Thus, the study

Vegetables  Fruits and Nuts Sugar Crops

suggests that drastic reduction of emission from
AFOLU can be achieved while reaching the major
target, even better than under BAU with excep-
tion for palm oil.

Improvement of land and forest management
may require high investments particularly for
enhancing institutional capacities of forest man-
agement units. Investment for producing high
yielding varieties suitable for marginal lands and
peatland management technology is necessary.
Nevertheless, optimizing the use of unproductive
land, would face great challenges, in particular
with regard to land tenure issues. Incentive sys-
tem to accelerate timber plantation develop-
ment on degraded land, and to increase com-
munity access for green fund investment would
also be required.
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Executive Summary

Introduction

The Paris Agreement clearly states the need for
global communities to work together to hold the
increase of global temperature below 2 °C (pur-
suing 1.5 °C). The peak of GHG emission should
happen as soon as possible and achieve a balance
between anthropogenic emissions and removals
in the second half of this century. Therefore, it
is crucial for all nations to mainstream climate
change mitigation strategies into their long-term
development plans.

This report presents the results of a deep de-
carbonization analysis for agriculture, forest and
other land uses sector (AFOLU) conducted by
the Indonesian Country Research Team consist-
ed of researchers from the Centre for Climate
Risk and Opportunity Management-Bogor Ag-
ricultural University and Center for Research
on Energy Policy-Institut Teknologi Bandung. It
is part of the Deep Decarbonization Pathways
Project (DDPP), a collaborative global initiative
to explore how individual countries can reduce
greenhouse gas (GHG) emissions to levels con-
sistent with limiting the anthropogenic increase
in global mean surface temperature to less than
2 °C. The DDPP was convened by SDSN and ID-
DRI and currently includes 16 country research
teams from Australia, Brazil, Canada, China,

National Circumstances

2.1 Socio-Economic Conditions

Indonesia is the largest archipelago in the world,
situated between the Pacific and the Indian
Oceans. It bridges two continents: Asia and Oce-
ania consisting of approximately 17,000 islands

France, Germany, India, Indonesia, Italy, Japan,
Mexico, Russia, South Africa, South Korea, the
United Kingdom, and the United States. These
countries represent more than 70% of the global
emission and at different stages of development.

Our objective is to explore the potential of deep
decarbonizing AFOLU sector that is currently a
major source of GHG emissions in Indonesia. In-
crease in land demand that follows the increase in
the demand for food, pastoral, wood, and settle-
ments and other infrastructure development pres-
ent a challenge to deep decarbonizing this sector.
Unlike other teams that have focused on energy
sector, this report is one of the first attempts to
characterize the long-term pathways for AFOLU.

At present, the analysis is limited to exploring land
uses and management choices that can lead to
significant reduction of greenhouse emission from
this sector while maintaining government targets
to meet rice self-sufficiency and production of sev-
eral key agriculture commodities particularly palm
oil, industrial wood and bioenergy. The report also
explores the key policies required to create the en-
abling environment for pushing the application of
improved land and forest management practices
toward deep decarbonization pathway.

with a population of 234 million. The majority
(almost 80%) of Indonesians live in the West-
ern part of Indonesia on the Islands of Java and
Sumatera. The total area of the territory reaches
200 million ha, in which about 50 million ha are
devoted to various agricultural activities. About
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20 million ha are arable land, of which 40% is
wetland (e.g., rice fields), 40% dry land, and 15%
shifting cultivation. Administratively, the Repub-
lic of Indonesia is divided into 34 provinces.

The Indonesian population in 2010 has reached
237 millions (BPS-Statistics Indonesia, 2010).
Based on historical trend, the population growth
appears to be decreasing, e.g. 1.98% (1980-1990)
to 1.49% (2000-2010). Based on projection by
BPS, Bappenas and UNFA (2013), the population
growth from 2010-2015 will decrease to 1.38%,
and further decrease to 1.19% from 2015-2020,
1% from 2020-2025, to 0.8% from 2025-2030
and 0.62% from 2030-3035. The total population
by 2035 is projected to exceed 300 million. The
population distribution is predicted to be concen-
trated in Java (167.3 million), followed by Sumatra
(68.5 million), Sulawesi (22.7 million), Kalimantan
(20.3 million), Bali and Nusa Tenggara (17.5 mil-
lion) and Maluku and Papua (9.3 million; Figure 1).

Unemployment and underemployment are still
relatively high, hence poverty remains a chal-

Figure 1. Distribution of population by island in 2035
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National Circumstances

lenge. Nevertheless, employments in Indonesian
have been improving in the past 8 years: al-
though the unemployment rate is still relatively
high, it has been decreasing from around 10%
in 2004 to around 6% in 2013. In 2014, about
27.7 million people (11% of the total population)
in Indonesia are considered poor. According to
the country’s Medium-term Development Plan
(RPJMN 2015-2019), the government plans to
implement various development and welfare
programs to reduce poverty rate to 6.5-8.0 %
of the population by 2019.

In the last 10 years, Indonesia's economy has
performed quite well. In 2013, the GDP (cur-
rent price) reached IDR 9,084 trillion (USD
939 billion), much higher than it was nine years
ago, i.e. IDR 2,300 trillion (USD 248 billion).
In terms of per capita, Indonesia GDP grew
from IDR 10.5 million (USD 1,132) in 2004
to IDR 33.3 million (USD 3,442) in 2012, but
the growth of GDP has varied significantly
during this period, between 4.6% and 6.5%
per annum. The RPJMN 2015-2019 sets the
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annual economic growth target to be 6% - 8%
p.a. in the next five years. Compared to the
sixties, Indonesia’s economy has experienced
structural transformation from agricultural
economy to industrial and services econo-
my. Figure 2 shows the aggregate economic
structure (GDP) in 2012. It also shows that
the share of industry and service, accounts for
85% of the economy. The major contributors
in the industrial sectors are manufacturing,
mining and extraction, and construction; and
trading, hotels, restaurant, finance, real estate,
transport and telecommunication are the major
contributors in commerce and service sectors.

Life expectancy at birth has also improved signif-
icantly in the past four decades. In early 1970s,
it was only 47.9 years and it increased to 69.7

years in 2011. BPS estimates that Indonesia life
expectancy at birth would increase to 70.1 years
for the period of 2010-2015. In education sector,
the adult literacy rate would also improved quite
significantly as a result of sustained efforts, 95%
in 2011, while in 1970, it was only 79%.

2.2 Forest and Land Resources

Indonesia has a total land area of about 187 mil-
lion hectares. This land area is divided into two
categories, i.e. forest area (124.0 million ha or
66% of total surface in 2013) and non-forest
area (commonly called APL, 63.9 million ha or
34% of total surface in 2013). Some of these
lands are categorized as peatland with a total
area of about 14.9 million ha (Ritung et al. 2011).

Figure 2. Distribution of Indonesia GDP in 2012 by (a) sector; (b) structure
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According to its functions, a forest area is further
divided into:
e Protection forest (HL),
* Conservation forest (HK),
* Production forest (HP)which is classified fur-
ther into:
e production forest (HP),
* limited production forest (HPT)
* Convertible production forest (HPK). By Law,
only the latter category (HPK) can be con-
verted to APL.

Brief description of these forest classes and their
conditions are given in Table 1. It shows that
some parts of the forest areas have been de-
forested and degraded due to the conversion to
non-forest areas for various activities. By regu-
lation, forest under the category of forest area,
should be maintained. On the other hand, some
non-forest areas (APL) are still covered by for-
ests (forested land). By regulation, these forested
lands belong to HPK and APL, thus are allowed to

National Circumstances

be converted to non-forest activities. Deforesta-
tion in such area is categorized as ‘planned de-
forestation’, while deforestation that occurred in
other forest area classifications (HP, HPT, HL and
HK) is categorized as ‘unplanned deforestation’.
Unplanned forest losses can arise due to forest
fires, forest encroachment and other illegal activ-
ities. Planned and unplanned deforestation can
also be applied to forest degradation. Planned
degradation is caused primarily by the unsus-
tainable levels of logging from legally permitted
forest concessions in production forest, while
unplanned forest degradation is mainly due to
illegal logging activities in forested land area of
HP, HL and HK.

Based on deforestation data in 1990-1996,1996-
2000, 2000-2003, 2003-2006, and 2006-2009,
large portions of the deforested areas that oc-
curred during these periods, were not used for
development®. Until 2013, most of these de-
forested areas remained as unproductive lands®,

Table 1. A summary of Indonesian forest land use zones by function and their condition in 2013 (Ditjenplan, 2014)

Forest Area

Conservation
Forest (HK)

Protection
Forest (HL)

Production
Forest (HP)

Limited Pro-
duction Forest
(HPT)

Convertible Pro-
duction Forest
(HPK)

Non-Forest Area

APL

TOTAL

To preserve biodiversity of flora & fauna and their ecosystems, i.e.
Sanctuary Reserves, Nature Preservation Area and Game Hunting Park

To serve life support system, maintain hydrological system, prevent flood,
erosion control, seawater intrusion, and maintain soil fertility

For timber and non-timber productions. The sustainable principle
is adopted to maintain the forest ecosystems as sources of timber
and other non-timber forest products.

For timber production but with low intensity logging (due to topographical
condition). Applied very selective logging, very limited clear cutting,
and post-logging silvicultural treatments

Production forest that can be converted into non-forest area (APL) for
development (e.g. crops and agriculture plantation (coffee, oil palm,
rubber, etc.), human settlements and other non-forest uses (road, port etc.)

Non-forest area used for development (non-forest used)

12,521 4,885 137 4,453 21,996
(6.7%) (2.6%) (0.1%) (2.4%) (11.7%)
14,694 9,086 311 5,827 29,917
(7.8%) (4.8%) (0.2%) (3.1%) (15.9%)
4,569 10,032 2,709 11,587 28,897
(2.4%) (5.3%) (1.4%) (6.2%) (15.4%)
10,010 11,374 484 5818 27,687
(5.3%) (6.1%) (0.3%) (3.1%) (14.7%)
2,957 4,474 79 8,015 15,525
(1.6%) (2.4%) (0.04%) (4.3%) (8.3%)
1,306 5,539 1,322 55,728 63,895
(0.7%) (2.9%) (0.7%) (29.7%) (34.0%)
46,059 45,390 5,042 91,427 187,918
(24.5%) (24.2%) (2.7%) (48.6%) (100%)
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and less than 40% were used for development
(Figure 3). In total, the deforested area used for
development was about 6.6 million ha, in which
most were in the form of forest and agricultural
plantations, i.e. about 5.2 million ha (79%). On
the other hand, most of the deforested area
remained as shrubs, grasslands, bare lands and
shifting cultivation lands (65%) in both miner-
al and peatland. In total, the deforested area
that remains as unproductive areas was about
13.9 million ha.

Spanning from 1990 to 2012, the annual rate
of deforestation reached 0.92 million hectares
per year, with the highest rate occurred in the
period of 1996-2000 that reached 2.1 million
hectares per year, and the lowest in the period
of 2000-2003 which was only 0.35 million hec-
tares per year (MoEF, 2015). Deforestation can
occur not only in convertible production forest,
but also in HP, HPT, HK and HL, referenced as
unplanned deforestation. Of 124 million ha of
forest area, only about 88 million ha is now
left as forested land (see Table 1). As previously
mentioned, unplanned forest losses can result
from forest fires, forest encroachment and oth-
er illegal activities. Unplanned deforestation
rate is high especially in ‘open access’ forest
areas, i.e., with no management institution
on-site, including production forests that have
been left by concessionaires or have not been
granted with licenses and protection forests.
On the contrary, conservation forests with the
presence of on-site National Park Agency, are
exposed to a lower risk of unplanned deforest-
ation than the open access forest. As shown
in Table 1, the lowest non-forested land is
located within conservation forest.

Figure 3. Fraction of deforested area used and not used for development

(based on data from DitjenPlan, 2014)
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The Government of Indonesia has put priori-
ty to accelerate the establishment of Forest
Management Unit or FMU (Kesatuan Pengelo-
laan Hutan) to guarantee that all forest areas
in Indonesia have management unit on-site.
Development of FMUs will be prioritized in
the open access areas. The presence of on-site
management unit is expected to improve the
management of forest area and increase the
success of sustainable forest management.
About 600 FMUs will be established through-
out Indonesia . In the 2010-2014 Strategic Plan
of the Ministry of Forestry, the Government of
Indonesia had targeted to establish 60 MUs
in 5 years (12 units per year). This target was
doubled to 120 FMUs following the voluntary
emission reduction commitment pre-2020

4 Development areas: forest (mostly for timber plantation), agriculture plantation, settlement, dry land agriculture,
paddy field, airport, transmigration area, mining and ponds.

5 Unproductive lands are lands which are not used for development, i.e. remain as shrubs, grassland, swamp, swamp
shrub, bare land, water body, dry land agriculture mixed with shrubs (shifting cultivation areas).
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(Perpres 61/2011) and as many as 120 FMUs
have been established over 2009-2013 (Mo-
For, 2014).

To restore, maintain and improve forests and
land areas to maintain their carrying capacity,
productivity and roles in supporting life system,
the Government of Indonesia has implement-
ed land rehabilitation programs. From 1990 to
2013, about 6.2 million ha of degraded lands
in both forest and non-forest areas had been
rehabilitated, corresponding to a planting rate of
270 thousand hectares per year. The rate was in-
creased quite significantly after 2010 (Figure 4).
It is targeted that by 2030, the total degraded
lands that would be rehabilitated will reach 11.6
million ha. Despite such efforts, due to poor
maintenance, the successes of land rehabilitation
programs are still low with survival rate of about
20% (Boer 2015). Thus, most of the rehabilitat-
ed lands still remain degraded, with only a few
becoming standing forest.

National Circumstances

The role of natural forests for wood production
is expected to continue in the future. Indonesia
has started using woods originated from natu-
ral forests since early 1970s through the estab-
lishment of wood processing industries, which
were mainly for producing plywoods and small
fractions of sawn woods. After 1990s, pulp and
paper industries were established and the indus-
tries increased rapidly after 2000 (Figure 5a).
In 2014, these wood processing industries had
consumed about 65 million m3 Round Wood
Equivalent (RWE) in which 81% were used for
pulp, 12% for plywood, 5% for sawn wood and
about 3% for other processed wood products.
Compare to the official wood supply data, the
wood consumption of these industries were
much higher (Figure 5b). The highest gap oc-
curred in 2003 reaching more than 30 million m3
RWE (Figure 5¢). Many studies have indicated
that illegal woods fulfilled these gaps (MoFor,
2007; Klassen, 2010; Hoare and Welleslay, 2014;
Koalisi Anti Mafia Kehutanan, 2015).

Figure 4. Rate of land rehabilitation inside and outside forest areas (Based on data from Forest Statistics 2001-2013 ; MoFor, 2002, ..., 2014b )
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Figure 5a. Wood consumption by wood processing industries
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Figure 5b. Official wood supply report
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Figure 5c. Gaps between wood consumption and supply
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Demand for industrial wood is expected to in-
crease in the future, to reach about 350 million
m3 RWE by 2030, more than twice the current
demand (Figure 6). The Government of Indone-
sia has targeted to accelerate the establishment
of industrial timber plantation (HTI) to reduce
the dependence on natural forest to meet the

Figure 6. Projection of wood industrial production (MoFor, 2011)
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increasing wood demand. By 2030, total area
of timber plantation is targeted to reach 14.5
million hectares. With mean annual increment
of 25 m3/ha/year, this plantation could produce
about 362.5 million m3/ha/year (MoFor, 2011).
The contribution of natural forest is estimated at
about 14 million m3 annually, from 24.8 million
ha. In addition, the government also plans to opti-
mize the use of wood from alternative sources, i.e.
agriculture plantations particularly palm oil and
rubber trees as indicated in Figure 5b.

Nevertheless, the achievement of the above
targets will face some challenges. Up to 2013,
the Ministry of Forestry has issued permits to
industrial timber plantations for a total area of
10.29 million hectares. However, the actual to-
tal planted areas until 2013, was only around
5.7 million hectare. The total annual planted
area varied from 67 to 457 thousand hectares
(Figure 7). The average rate of annual planting
was about 237 thousand ha. One of the main
challenges is dealing with land tenure issue.
Many of the lands granted to concession com-

Figure 7. Rate of timber plantation establishment from 1990-2013 (Based on data from Forest Statistics 2001-2013; MoFor, 2002, ..., 2014b)
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panies were also claimed by the communities.
Social costs for addressing this issue were too
high. The Indonesian Forest Business Association
(APHI) in its revised roadmap, proposed to ac-
celerate the establishment of community based
timber plantation. By 2025, permit for industrial
timber plantation (private) is expected to reach
12.7 million ha, 3.5 million ha for community
timber plantation (HTR), and 2.8 million ha for
private forest (hutan rakyat), and 1 million ha for
village forest and community forest®.

2.3 Agriculture Sector

Use of lands for development mainly concerns
croplands for both commercial and subsistence
agriculture. In 1990, croplands only represented
21% of the total land area and increased to 29%
in 2013. The increased in land demand for agricul-
ture was mainly for the establishment of large ag-

ricultural plantations. Rapid increase in agricultur-
al plantation areas was primarily due to the high
growth of oil palm plantation, which increased
exponentially at an average rate of 12% annually,
from about 0.3 Mha in 1980 to 10.5 Mha in 2012
(Figure 8a). This rapid increase was driven by the
increasing demand for domestic and interna-
tional markets, including demand for bio-diesel.
Areas of cacao and coffee plantations have also
increased, although not as drastically as oil palm
(Figure 8a). The contribution of oil palm industry
to regional and national economic development
is very significant, hence a significant support to
poverty alleviation through farm cultivation and
downstream processing. It is estimated that the
oil palm industry has absorbed about 6 million
workers (Goenadi, 2008). In 2008, the nation-
al earning from palm oil exports and its related
products has reached 14.5 billion USD, equiva-
lent to 2.8% of 2008 Indonesia’s GDP (Indonesian
Palm Oil Commission, 2008; GAPKI, 2009).

Figure 8a. The growth of croplands by commodities from 1990-2013

22 Area (million ha)

20

O = N N < 1N W I~ 0 O O
D D D Y DY DY Y Y Y Y O
c\c\mmc\mmcﬁcﬁmg

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

6  http://industri.bisnis.com/read/20160203/99/515771/aphi-usulkan-percepatan-perizinan-industri-kehutanan-ke-presiden

Deep decarbonizing agriculture, forest and other land uses sector in indonesia ® 2016

0il Palm
Coconut
Rubber
Cacao
Coffe
Pepper

Tea


http://industri.bisnis.com/read/20160203/99/515771/aphi-usulkan-percepatan-perizinan-industri-kehutanan-ke-presiden

Contrary to agriculture plantation, growth of an-
nual crops areas were relatively low. There was
a slight increase in upland crops area (annual
crops) but a decline was observed for sawah
(rice field) area (Figure 8b). On average, the de-
creasing rate of rice field during 1990-2013 was
about 17,200 ha per year or about 0.2% per year.
Many studies have stated that the conversion
of rice field mainly occurred in Java due to the
increased of land demand for urban areas and
settlement developments (Agus et al. 2006). If
this trend continues, rice self-sufficiency that has
been achieved in 2008 would not be sustained.
On the other hand, many lands were abandoned
(idle lands), and these areas tend to increase (see
Figure 8b).

Expansion of oil palm plantations may well con-
tinue in the future as demand for palm oil is also
expected to increase together with the demand
for food and biodiesel, not only for internation-
al market, but also for domestic use. The Indo-
nesian Palm Oil Association (GAPKI, 2014) has
projected that the domestic demand for crude

Figure 8b. The growth of croplands by commodities from 1990-2013
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palm oil (CPO) would increase from 6.16 million
tons in 2013 to 7.62 million tons in 2020 and to
13.88 million tons in 2050. Similarly, the diesel
consumption in Indonesia is also projected to
increase from 39.4 billion liters in 2013 to about
50.94 billion liters in 2020 and to 100 billion
liters in 2050. These numbers suggest that In-
donesia might face greater economic risk in the
future in absence of a fundamental efforts to
reduce the dependence on diesel. Acceleration
of diesel substitution with palm oil biodiesel
(FAME) is expected to be one of the solutions
to achieve future energy independence.

Expansion of oil palm plantations has attracted
the attention of global communities given the se-
rious environmental problems it causes. The main
concern is that the conversion of forest land to oil
palm is a major contributor to CO, emissions and
also to the loss of biodiversity. Palm cultivation
on peatlands is often cited as the major threat to
climate change. Related to this, the Government
of Indonesia in May 2010, has announced a po-
licy to develop oil palm plantations on degraded
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lands in place of forest or peatland. In addition,
efforts to increase the palm oil production will be
done mainly through productivity increase. GAPKI
(2014) has set up a target to increase the produc-
tivity of palm oil from 17 to 35 ton of fresh fruit
bunch (FFB) per hectare or equivalent to 9 tons
CPO per hectare by 2050 through the use of high
yielding varieties/new varieties on the replanting
and improvement of crop management. The ini-
tial target is to increase the productivity to 20-23
tons FFB per hectare (5-6 ton CPO/ha) for the
2016-2025 period, to 28-32 tons FFB per hectare
(7-8 ton CPO/ha) in the period 2026-2030 and
to 32-35 ton FFB per hectare (8-9 ton CPO/ha)
in 2031-2050.

To meet the future demand for palm oil, the
Government of Indonesia has set up a target to
increase production of palm oil up to 40 million

tons CPO by 2020, almost twice the production
level in 2012 (Ditjenbun, 2015; GAPKI, 2014). By
2050, palm oil production is projected to reach
about 160 million tons CPO, about eight times
its production level in 2012 (GAPKI, 2014). The
total oil palm plantation by 2020 and 2050 is
estimated to be around 13.3 and 28.2 million
hectares respectively (Figure 9), and of these,
between 50%-60% will be managed by small-
holders.

For food crops, the Government of Indonesia
has targeted to reach self-sufficiency in five
main commodities namely rice, maize, soy-
bean, sugar and meat. However, only rice has
currently achieved self-sufficiency, while other
crops/commodities are still imported (even rice
is still imported for certain years to secure na-
tional rice stock). To increase the production,

Figure 9. Projection of area and production of oil palm plantations between 2013-2050 (GAPKI, 2014)
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Figure 10. Livestock population
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the Government of Indonesia plans to expand
new rice fields outside Java and dry land area
(for maize, soybean and other annual crops) by
one million hectare each, as well as to increase
planting intensity (through the application of in-
tercropping system), crop productivity and use
of unproductive land. Similarly for sugar, the gov-
ernment has also targeted to increase production
by 1.65% annually. In particular, the programs
include expanding new sugarcane plantation
to about 200,000 ha and increasing the use of
unproductive (marginal) lands, notably through
improvement of crop productivity and revital-
ization of sugar industries and financial access
(BAPPENAS, 2014).

Based on Statistics, trade balance for some food
crops and horticulture show some deficits for the
period of 2010 to 2014, meaning that Indone-
sia is still a net importer (Kementan, 2015). For
food crop, the main imported commodities were
maize and soybean followed by maize and rice,
while the major export commodity is cassava.
With regard to rice, the import only occurred
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in particular years when rice production target
could be achieved. The deficits of food crop
trade during these periods were between 3.4 to
6.4 billion USD with a mean of about 5.28 billion
USD. The highest deficit occurred in 2011. Simi-
larly for horticultural crops, the trade balance is
still in deficit, particularly for fruits and vegeta-
bles. The main imported horticulture crops were
durian, orange, onions, garlic, potato and carrots.
The deficits for horticulture in this period were
between 0.90 and 1.31 billion USD with a mean
of about 1.05 billion USD. The highest deficit
occurred in 2012.

Concerning meat, Directorate General of Animal
Husbandry (Ditjen Perternakan, 2015) reported
that national production was only able to meet
about 65% of the demand (the current meat
demand is about 385.035 tons, while the meat
supply is only about 249.925 tons). Indonesia is
still importing meat every year with increasing
rate. Meat import increased at a rate of 5.5% per
year, while the growth rate of beef cattle popu-
lation is only 3.7% per year (Figure 10). Similarly,
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Indonesia still imports milk. Between 2010 and
20714, the value of import of these commodities
ranged between 1.23 and 3.03 billion USD with
a mean of about 2.23 billion USD. Therefore, it
is very challenging for Indonesia to be self-suf-
ficient in these commodities. The Indonesian
Second National Communication (MoE, 2011)
reported that Indonesia might still import meat
and milk in the future if the growth of animal
population follows the historical population
growth rate (5% per year for beef cattle and
dairy cattle, 3% for broiler and layer, 2% for
sheep, goat, pig and local chicken 2%, and 1%
for horse and duck).

2.4 Current GHG Emissions

Greenhouse gas emissions from agriculture, for-
est and other land uses (AFOLU) have remained
the main source of Indonesian emissions. In
2000, the total emissions from this sector was
about 601.67 MtCOe and in 2012 it had in-
creased to 807.71 MtCOse. Its contributions to
the total national emissions in these two years
were 60% and 56% respectively (Figure 11),
while the energy sector accounted for 30% and

35%. The energy sector has the highest emission
growth, at 5.8% per year followed by the waste
sector (5% per year), AFOLU sector (2.1% per
year) and industrial process and product utiliza-
tion (IPPU) (0.05% per year).

The inter-annual variability of emissions from
AFOLU sector is very high (Figure 12), essentially
because of high fluctuation of emissions from
peat fire and forest conversion or deforestation
(Figure 12). Indeed, emissions from peat fire usu-
ally increase quite significantly during drought,
which is commonly associated with the El Nino
events (Murdiyarso & Adiningsih, 2006; Putra
et al. 2008; Putra & Hayasaka 2017; Yulianti et
al. 2012; Yuliyanti & Hayasaka 2013). Between
2000 and 2012, the annual rate of deforestation
varied from 0.335 million ha/year up to 1.106
million ha/year.

The average net GHGs emission of the AFOLU
sector in 2000-2012 reached 741.35 Mt CO,e.
The four main sources of emissions , represent-
ing about 95% of the total emissions of this
sector were: peat decomposition (39%), peat
fire (26%), forest conversion (23%) and rice
cultivation (10%; including the use of nitrogen

Figure 11. The 2000 and 2012 sectoral greenhouse gas emissions (MoEF, 2015)
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Figure 12. Rate of GHG emissions from AFOLU sector from 2000 to 2012 (MoEF, 2015)
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fertilizers, lime, etc.). Emissions from peat de-
composition will continue to be the main source
of emission from this sector, mostly originating
from peatland clearance for agriculture activi-
ties, agriculture plantation and timber planta-
tion. Most of the peatland used for agriculture
activities and plantations, have canal system for
water drainage to allow crops and trees to grow.
However this practice has exposed the peat to
oxidation. Therefore ceasing emission in an

Methodology

The Indonesian DDPP for the AFOLU sector was
prepared by a team consisted of researchers
from the Centre for Climate Risk and Opportu-
nity Management-Bogor Agricultural University
and Institut Teknologi Bandung, particularly the
Center for Research on Energy Policy — Institut
Teknologi Bandung. The AFOLU and GHG emis-
sion scenarios of DDPP were analyzed using a
spreadsheet model (the AFOLU Dashboard) de-

Methodology

Peat Fire

Peat decomposition

Forest and grassland conversion

Changes in forest & other woody biomass stocks
® Livestock
@ Rice Cultivation & Soils

@® Abandonment of managed lands

opened and used peatland is very unlikely, unless
the peatland is rewetted through restoration.
This option is possible in unused peatland (de-
graded peatland). One possible option to reduce
the emissions from used peatland is through the
improvement of water management, to avoid
over drainage and to maintain water table at
high level still providing optimum condition for
crops and trees to grow.

veloped by the team in collaboration with the
SDSN/IDDRI DDPP secretariat. The model was
intended to analyze future land demands and
land uses under different sets of development
scenarios and estimated greenhouse gas emis-
sion related to the land use changes under the
scenarios. The model was also equipped with
equations consistent with the IPCC Good Prac-
tice Guideline for GHG Inventory to estimate the
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Methodology

emission reductions due to the implementation
of mitigation technologies on a given land use.
The process of land use analysis and calculation
of emission reduction of the AFOLU Dashboard
is given in Figure 13.

The AFOLU dashboard calculated future land use
changes on an annual basis, starting in 2010. The
step began with an analysis to determine the
area of land use categories in 2010 based on sat-
ellite images and statistical data (see Annex 1).
Changes of land use in the following years were
determined by the production targets of particu-
lar commaodities (i.e. palm oil, rice and wood) and
demand level of other commodities (food, feed,
and settlement area). Demand levels for food,
feed and settlement were determined by the
changes in human and animal populations, along
with consumption level for the commodities. The

consumption level of food crops commodities
(rice and other cereals) was influenced by the
change in GDP (Boer et al. 2014; Chern et al.
2003; Anghelache, 2011; Diacon & Maha, 2015).
The capacity of land to produce the commodity
would depend on crop/plant productivities and
cropping intensity/land use efficiency. Thus, fu-
ture changes of land use would depend on the
changes of the assumption used for land use driv-
ers (i.e. population and GDP growth, livestock/
animal population growth, crops productivity,
cropping intensity, feed and food consumption
level and production targets for some key stra-
tegic commodities).

The DDPP scenario was the results of iterative dis-
cussions among researchers and consultations with
broader climate change mitigation stakeholders.
In addition, it has also been discussed in national

Figure 13. Process of the land use analysis and emission reduction calculation of the AFOLU Dashboard
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workshops and meetings such as in meeting with
the Advisory Board of Climate Change Indonesia
during the preparation of Indonesian INDC, Inter-
national Seminar on Environmental Management
and Development in Indonesia coordinated by
Forestry and Environment Research, Development
and Innovation Agency-Ministry of Environment
and Forestry, Republic of Indonesia and National
Institute for Environmental Studies — Japan. Based
on these discussions, deep decarbonizing of the
AFOLU sector seems to be technically feasible;
however, strong coordination across sectors, the
presence of strong policy in addressing land ten-
ure, availability of funding and support for the

Scenarios and Assumptions

implementation of high cost mitigation technol-
ogies, are vital for the successful implementation
of the DDPP.

At this stage, Indonesia deep decarbonization
pathways should be treated as a scientific as-
sessment that indicates the technical potential
of Indonesia in reducing GHG emissions; it is
neither the Indonesian government'’s plan nor
commitment in climate change mitigation. How-
ever, the results of this study were discussed
with government officials and have been used
to facilitate the process of designing low carbon
development strategies for this sector.

Scenarios and Assumptions

This study analyzed three scenarios, i.e. Busi-
ness as Usual (BAU), Development (DEV) and
DDPP Scenarios. The BAU scenario consid-
ers that development plans are implemented
without mitigation policies and measures. This
means that no specific mitigation policies and
programs were used in this scenario. Some of
the current policies and programs that could
be related to mitigation are assumed to con-
tinue following historical patterns. DEV is a
development scenario that includes mitigation
policies and measures in the implementation of
development plans and achieving production
targets. DDPP scenario is similar to DEV but
with improved system and intensified mitiga-
tion policies and measures. For all scenarios,
the rice production is kept to self-sufficiency
levels; land demand for livestock and set-
tlement are always be met, as well as the
productions of some strategic commodities as
defined in strategic development of the sectors
(i.e. wood see Figure 6; MoFor, 2011; palm oil
see Figure 9). In addition, the availability of
biomass and CPOs for producing biogas and

biofuel as defined in the DDPP scenarios for
energy (Siagian et al. 2015) was also assessed
in each scenario. This is the first step in the in-
tegration between energy and AFOLU sectors,
which is a crucial methodological progress.

For the three scenarios, the macroeconomic
drivers are identical. The economy and popu-
lation grow significantly in the next four dec-
ades. The scenarios assume a constant rate of
increase in GDP per capita at 4.8% through-
out the 2010-2050 period, consistent with
development needs. The annual population
growth rate is about 1.1% up to 2020, and
then declines to 0.6% to reach 2050 total
population at about 300 million people (An-
nex 2). For other drivers, the assumptions vary
across the scenarios (Annex 3 and 4) to reflect
the government’s plans and targets (Bappenas,
2013; Kementan, 2014; Ditjenbun, 2015). As
defined above, the rise of population (both
for people and animal) triggers an increase of
land demand for settlement, food, and feed. To
meet the increasing land demands, the model
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Scenarios and Assumptions

uses some of the grassland and unproductive
land (i.e. including in other lands of Annex
2), in which grassland was used for food and
settlement under the condition that demands
for livestock are met. Under insufficient avail-
ability of grassland and unproductive land,
the model increases the deforestation rate.
This means that deforestation would occur
only to meet land demands for development,
which is termed planned deforestation. With
the exception of Java, rice fields were normally
converted to settlements and commercial areas,
while outside Java, development of rice fields
would generally occur in dry land agriculture.
Taking these historical land use patterns into
account, the conversion of rice fields in Java
and dry land agriculture outside Java are taken
as inputs (Table 2).

Consistent with observations of historical land
use patterns (Figure 3), the conversions of forests
are not systematically used in the development
(to meet the demands for settlement, food, feed
and production targets), but remains as unpro-
ductive land or are not used for development
(unplanned deforestation). The Government of
Indonesia has developed Forest Reference Emis-

sion Level (FREL) to evaluate the performance
of REDD+ implementation of (MoEF, 2015). In
FREL, the rate of deforestation until 2020 is
assumed to be the same as the historical rates
during 1990-2012. This relatively long reference
period was used to capture the general condition
of forest transition in Indonesia, and to reflect
the national circumstances, policy dynamics and
impacts (biophysical, social, economic growth,
political and spatial planning). Deforestation in
FREL includes both the planned and unplanned
deforestations. Thus, the model uses the data
gathered in Table 2 as inputs, wherein the de-
forestation rate under BAU scenario is the same
as that of FREL until 2020, before slightly de-
creasing over 2021-2030. For DEV and DDPP,
these rates were further reduced. After 2030,
no more deforestation is considered into the
model, meaning that no more unplanned de-
forestation occurs and the model only calculates
the planned deforestation. Hence, the rate of
unplanned deforestation in 2013-2030 is cal-
culated as the difference with the aggregate
number (Table 2).

As shown in Figure 5c¢, the gap between wood
supply and industrial demands was met by

Table 2. Inputs for deforestation rate for BAU, DEV and DDPP scenarios

Historical’ BAU DEV DDPP

L 52311 2759 22710 22710
Rice in Java {000 hajyr)" 1 34%/yr (-0.83%/y1) (0.66%/y1) (0.66%/y1)
. . 18.405 2876 63.102 28.76
Rice Outside Java (000 ha/yr)’ 1.31% (0.68%/y1) (1.31%/yr) (0.68%/yr)
Rate of deforestation 920 2013-20:920 2013-"20:650 2013-"20:450
(000 ha/yr)® 202130785 202130550  2021-'304400
Other annual crops (000 ha/yr)? -36.4 -35 -30 -25

1 Mean annual rate of conversion up to 2050; Reference period for rice is 2000-2010 and for deforestation is 1990-2012 (MoEF, 2015)

2 Rate following the government plan (Bappenas, 2013; Kementan, 2014);

3 Total deforestation from planned and unplanned deforestation, and after 2030 only planned deforestation (deforestation only occurs when there is
insufficient area of non-forested land). The deforested area is assumed to be converted into grassland and lands that were allocated for settlement

and other development areas

4 Areas used for settlement and other development areas (road, airport etc.) do not always originated from conversion of forest area, but might be from
agricultural lands. Based on historical data (1990-2013), about 36 thousand ha of agricultural lands have been converted to other development areas

such as settlement and grassland.
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Illegal logging. To accommodate this condi-
tion, the model assumes that current wood
extraction from natural forest is higher than
the sustainable extraction rate, i.e. 50 m3 per
ha, and in the future, for all three scenarios,
wood extraction would follow the sustainable
rate, i.e. 30 m3/ha. However, the sustainable
rate occurs earlier for DDPP (2030), followed
by DEV (2040) and BAU (2050).

Scenarios and Assumptions

Wood production from natural forests reaches
20 million m3 annually by 2050 (based on APHI
scenario), while for DEV and DDPP scenarios, it is
limited to only 14 million m3 annually by 2020
(based on RKTN). The volume of wood produced
from deforested area is assumed to be 50 m3/
ha. Currently, not all of the woods obtained from
deforested areas were used for wood industries.
Some are left on site, particularly in areas with

Table 3. Inputs used for the estimation of wood production for BAU, DEV and DDPP scenarios

Commodities

2010 BAU DEV DDPP

Wood volume extracted from 1 ha of Natural Forest (m%ha)’ 50 30 30 30

Wood production target from natural forest (million m3)?

Rate of timber plantation establishment (000 ha/yr)?

13.4 20.0 14.0 14.0
150 150 250 350

Percentage of wood from deforested area used for timber* 50 100 100 100

Percentage of wood from palm oil and industrial crops used for timber® 10 50 50 50

Sustainable wood extraction from natural forest ranges from 20 - 35 m*/ha

This study assumed the extraction rate was about 50 m*/ha in 2010,

indicating that the excess representing wood extraction from illegal logging, and by 2050 it become 30m?® , indicating no more illegal logging took
place. This level of extraction will occur in 2030, 2040 and 2050 for the DDPP, DEV and BAU respectively;

N

Wood production target from natural forest for DEV and DDPP scenarios following the RKTN (MoF , 2011) would be achieved by 2020,

while under BAU, is slightly higher following the Forest Concession Holders Association (APHI, 2007 ) which would be achieved by 2050;

w

Rate of industrial timber plantation (HTI) establishment under the BAU following historical rate (1990-2012; see Figure 9)

and percentage of plantable was only 63% based on APHI assumption (APHI, 2007). Establishment of HT is limited to 14.5 million ha (MoF, 2012 );

4 Percentage of deforested area used for wood production will reach 100% in 2030, 2040 and 2050 for DDPP, DEV and BAU scenarios respectively.
The volume of wood produced from deforested area was assumed to be about 50 m*/ha;

o

Percentage of agriculture plantations (palm oil and rubber) used for wood production at the end of rotation partly would reach 50% in 2030,

2040 and 2050 for DDPP, DEV and BAU scenarios respectively. Wood volume from agriculture plantation is assumed at 50 m%/ha.

Table 4. Inputs on mean annual increment (MAI) of trees for BAU, DEV and DDPP scenarios

Commodities

MAI Fruit and Nuts (tC/ha/y)

MAI Industrial Crops (tC/ha/y)

MAI Palm oil (tC/ha/y)

MAI Secondary Forest (tC/ha/y)

MALI HTI (tC/ha/y)?

MAI Aff/Ref program with rotation (tC/ha/y)?

MALI Aff/Ref program without rotation (tC/year/ha)

Rotation (year) BAU DEV DDPP
60 2 2 2

35 4 4 4

35 35 35 33

35 0.25 0.30 0.40

6 7.34 8.02 8.70

10 1.27 7.94 8.61

40 4.00 4.00 4.00

1 The estimated mean annual increment (MAI) of natural forest was based on diameter growth (m®/ha/yr), thus it was converted to biomass growth,
Biomass Expansion Factor (BEF) of 1.4 and wood density of 0.7 t/m*Ruhiyat, 1990 ); The increase of the MAI of natural forest under the DEV and DDPP
scenarios is to reflect the improvement of forest management through enrichment planting;

N

The MAI of HTI was calculated based on the potential of wood volume of HTI in m*/ha divided by the rotation length (6 years). The wood volume

potential of HTI under the three scenarios was 120 m%/ha, and in 2050 the wood volume potential under the BAU, DEV and DDPP scenarios increased
to 140, 160 and 200 m*/ha respectively as a result of improvement of variety and technology (Suhartati and Rahmayanti, 2013; ). The increase of
wood volume potential was due to technology and variety improvement that occurred every 10 years. For converting the wood volume into ton carbon,
BEF of 1.67 (IPCC Default), wood density of 0.4 t/m? (FAO, 1997) and carbon fraction of 0.5 were used. The MAI was calculated by dividing the total
carbon with rotation. The MAI presented in this table is the average value of MAI between 2011-2050.
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Decarbonizing Strategy

difficult access (e.g. forest area encroached by
communities for agriculture activities). It is as-
sumed that, although only 50% of the woods
collected from deforested areas were used by
wood industries, all would eventually be used in
the future. However, this condition occurs earlier
under the DDPP scenario (2030), and later in
DEV and BAU scenarios (Table 3). Similarly for

Decarbonizing Strategy

Strategies for reducing GHG emission from land-
based sectors have been defined in the National
Action Plan under the Presidential Regulation
Number 61/2011. There are five main strategies
namely (i) improving the management of land
and forest resources by accelerating the estab-
lishment of forest management unit (FMU) in
all forest areas, (i) pushing the adoption of sus-
tainable management practices in production
forests by implementing mandatory certification
systems’, (iii) reducing dependency on natural
forests in meeting wood demands through in-
creasing establishment of timber plantation on
community lands and state lands and increasing
the use of wood from agriculture plantations, (iv)
reducing pressures on natural forests for estab-
lishment of development areas and agriculture
expansion through improvement of land use spa-
tial plan, optimization of the use of unproductive
lands and improvement of crop productivity and
cropping intensity, (iv) enhancing sink through
restoration of production forests ecosystem and
land rehabilitation and (v) reducing emission

wood from agriculture plantation, the percent-
age was much lower (Table 3). Assumptions for
the three scenarios on the rate of tree growth
from timber plantation, natural forest (forest
regeneration), afforestation and reforestation
programs, and agriculture plantations are pre-
sented in Table 4.

from peatland through improvement of peat
management, peat restoration and moratorium
of new permits/concession on peatlands.

The Government of Indonesia has issued a num-
ber of mitigation policies that support the imple-
mentation of mitigation strategies. In order to
support the effort to reduce unplanned deforest-
ation, the Government of Indonesia will accel-
erate the establishment of Forest Management
Unit (FMU) in all forest areas, particularly in ar-
eas that have no on-site management agencies
(mostly are areas where concession permits have
been terminated; see section 2.2).

To reduce planned deforestation and use of
peatlands, the Government of Indonesia has
also enacted a policy on moratorium of new
permit/concession. The moratorium was first
declared under the Presidential Instruction
No0.10/2010, and renewed every two years
(Presidential Instruction 6/2013, 8/2015). In
addition, the Government of Indonesia has

7 Government of Indonesia has applied Timber Legality Assurance System (TLAS) by issuing the Minister of Forestry
Regulation Number P.38/Menhut-11/2009 on Standard for Evaluating Performance of Implementation of Sustainable
Production Forest Management (PK-PHPL) and Verification of Legality of Logs (SVLK). PK-PHPL is mandatory for all
permit holders in state forests and private forests, and SVLK is mandatory for all permit holders in state forests and
private forests and also for all upstream and downstream wood industries. These are expected to reduce trading of
illegal logs and to push application of sustainable forest management practices leading to the decrease of forest

degradation and deforestation.
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Table 5. Assumptions on the limitation of the use of peatlands in BAU, DEV and DDPP scenarios

Conversion of peatland and natural forest to other land uses

HTI

Palm oil

Rubber

Other perennial crops
Rice outside Java
Other annual crops

Grassland

Historical BAU DEV DDPP
[ ] ([ ] (6] (0]
([ ] ([ ] ([ ] o
[ ] [ ] ([ ] ([ ]
[ ] [ ] ([ ] o
[ ] (0] o o
([ ] [ ] ([ ] [ ]
[ ] (0] o o

Note: O and @ mean new development activities cannot and can still occur in peatland respectively

also established a new agency, called the Na-
tional Agency for Peatland Restoration (Badan
Restorasi Gambut; BRG), enacted through Pre-
sidential Regulation No. 1/ 2016. BRG will
be in charge for coordinating and facilitating
restoration of degraded peatland. It is designed
that BRG will facilitate and coordinate the
restoration of peatlands with a total target
of about 2 million ha (Jurnal Asia, 2016), i.e.
about 65% of the degraded peatlands.

Currently, conversion of forested peatland is still
ongoing. To accommodate the impacts of the
moratorium policies on the peatland, a set of
assumptions was developed for each scenario.
Under the BAU, it is assumed that the use of
peatland for the expansion of rice field is prohib-
ited and that grassland area will remain constant
or decrease if it is used for other development
activities (Table 5). Under DEV scenario, an ad-
ditional condition is applied, according to which
no further peatland conversion to new timber
plantation (HTI) is permitted, and under the
DDPP, such condition is also applied for con-
version to agriculture plantations (palm oil and
other perennial crops). However, the establish-
ment of new rubber plantation and other annual
crops may still continue as part of communities’
activities (Table 5). Effective implementation of
this policy is expected to reduce deforestation
and GHG emissions from peatland.

To further reduce the emissions, a number of
mitigation measures are implemented on certain
land categories as follows:

1. Measures for reducing CH4 emission from
rice cultivation through improvement of irri-
gation management (intermittent irrigation)
and use of low emission varieties.

2. Measures for reducing CH4 emission from
ruminant (livestock) through the use of ma-
nures for biogas production and feed supple-
ment.

3. Measures for reducing N2O emission from
the use of nitrogen fertilizers through prac-
ticing organic farming (increasing the use of
organic fertilizers).

4. Measure for reducing CO, emission from
peat decomposition through improving water
management and peat restoration.

5. Measures to increase carbon removal through
the use of unproductive lands for timber plan-
tation and agroforestry.

The level of intervention of the mitigation meas-
ures in each scenario is designed based on histor-
ical condition and considering the government
plans, as presented in Table 6.
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Results

Table 6. Rate of implementation of mitigation measures under the BAU, DEV and DDPP scenarios

Mitigation Measure BAU

Growth
(%/yr)

Rice cultivation

Use of low emission variety in Java 0

Use of low emission variety outside Java 0

Irrigation management in Java 0

Irrigation management outside Java 0

Cropland

Reducing Nitrogen Application in cropland 0.01

Livestock

Manure management (biogas) 0

Feed supplement for dairy cattle 0

Feed supplement for other cattle 0

Peatland Management’

Improvement of water management 0

Peat restoration 0.25

Land rehabilitation?

Survival rate of Aff/Ref with rotation 0.87

Survival rate of Aff/Ref without rotation 1.02

DEV DDPP

2050 Growth 2050 Growth 2050
(%) (%/yr) (%) (%/yr) (%)
0 0.70 28.00 0.70 28.00

0 0.50 20.00 0.50 20.00

0 0.60 2413 0.60 24.13

0 0.46 18.21 0.46 18.21
0.40 0.01 0.40 0.01 0.40
0 0.375 15.00 0.375 15.00

0 1.00 40.00 1.00 40.00

0 0.50 20.00 0.50 20.00

0 2.00 20.00 3.00 40.00
10.00 0.75 30.00 1.25 50.00
70 1.52 90.00 1.52 90.00
30 2.40 50.00 3.25 70.00

1 For peatland management, area of plantations (timber and palm oil) that could improve the water management was limited to 40% of the total
plantation area (1.44million ha), while peat restoration was directed to non-productive land (grassland/shrubs) and limited to about 50% of the

total grassland area (3.23 million ha).

Results

6.1 Land Uses

Dynamics of land use patterns is driven by the
assumptions on the change of the crucial drivers
discussed in the previous section (i.e. population
and GDP growth, livestock/animal population
growth, crops productivity, cropping intensity,
feed and food consumption level and production
targets for some key strategic commodities). The
result of the analysis indicates that, over the pe-
riod 2013-2020, planned deforestation (i.e. the
conversion of forest required to fulfill land de-

mands for food, feed production, settlement and
production target of key commodities) is lower
than the deforestation rate used in determining
FREL for REDD+ in the three scenarios — 0.421,
0.310 and 0.241 thousand hectare per year under
the BAU, DEV and DDPP scenarios respectively —
(Figure 14; cf. Table 2).

Under both DEV and DDPP scenarios, the need to
convert natural forests to meet future land de-
mands is decreasing, although it is the opposite
for BAU (Figure 14). This is primarily due to the
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Figure 15. Land use change from 2010 to 2050 under the BAU, DEV and DDPP scenarios
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ambitious production target of palm oil in BAU
scenario, which is twice the production target
under DEV and DDPP scenarios (see Figure 9).
In 2010, natural forest area is at a total of 92.74
million hectares, and by 2050 the remaining nat-
ural forests in BAU would only be 60.45 million
hectares with only 4.1% remaining as primary
forest. Under DEV and DDPP scenarios, the re-
maining natural forest would be about 73.67 and

Results

79.69 million ha, and about 14.1% (10.3 Mha)
and 17.2 % (13.7 Mha) still remain as primary
forests respectively. This significantly higher
outcome can be attributed to the decreased
number of illegal loggings and increased rate
of establishment of timber plantation as well
as increased of land productivity and cropping
intensity and consumption level under DEV and
DDPP scenarios (see Annex3, 4, and Table 3, 4).

Figure 14. Annual rate of planned and unplanned deforestation in BAU, DEV and DDPP scenarios
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Results

The land use change pattern under the three
scenarios and the proportion of land use by
categories are presented in Figures 15 and 16
respectively.

Figure 16 shows that grassland area under BAU
is higher than in DEV and DDPP scenarios, and
lower in 2050 than in 2010, basically because
of the assumptions on the improvement of
grassland capacity in producing feed for animal.
Under BAU, DEV and DDPP, it is assumed that
the capacity of grassland for feed production is
increased by 1.0%, 1.1% and 1.2% per year re-
spectively, leading to an absolute increase from
0.5 to 0.74, 0.77 and 0.81 kg per m2for BAU,
DEV, DDPP respectively. The capacity of pasture
land to produce feed is also increased from 5 to
7.44 kg per m? for BAU, to 7.74 kg per m2 for
DEV and to 8.06 kg per m2 for DDPP. In addition,
under DEV and DDPP, the duration of pasture
land producing feed also increases thanks to the
improvement of pasture management, particu-
larly in Java and Sumatra, to 60 days and 75 days
in a year respectively (against 45 days in BAU).
The demand of land for animal, particularly for
ruminants, could be reduced significantly if large
parts of the grassland area is converted into pas-
ture land, coupled with good management, or
increased the use other sources of forage (e.g.
rice husk, cassava leaves, tofu ground etc.) to
allow the increase use of grassland area to meet
the land demands of other commodities. This
might further reduce the need for natural forest
conversion.

6.2 Level of Emissions

At base year (2010), the gross emission reaches
0.610 GgCOye, and the carbon removal about
0.145 Qg, resulting in a net emission of about
0.464Gg COye. These net emission estimates
are not significantly different from the estimates

Figure 16. Comparison of present and future percentages of land use by categories
under the BAU, GOV and DDPP scenarios
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Figure 17. Net emission of AFOLU sector in 2010 (Base year) from AFOLU Dashboard and
1st BUR. Note: Emission from peat fire is not included in the AFOLU Dashboard
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Figure 18. Rate of GHG emissions under the BAU, DEV and DDPP scenarios
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of the 15t BUR (Figure 17). The main differences
come from rice cultivation and from biomass
removal. For rice cultivation, the aggregation
level for the calculation of emission was made
at the provincial level for BUR while it was done
at the national level for the dashboard. Thus the
dashboard used national average emission fac-
tor, whereas for biomass removal, BUR did not
disaggregate the agriculture plantation and oth-
er annual crops into different crop types as the
dashboard (see Annex 4).

Under the BAU scenario, emissions from AFOLU
increase until 2020 and then decrease slightly
thereafter (Figure 18). In DEV scenario, the GHG
emission start decreasing very slowly from 2010,
whereas in DDPP scenario, the emission decrease
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quite rapidly. By 2050, per capita emissions un-
der BAU are still high, (about 1.36 ton CO5e)
while under DEV and DDPP scenarios, they de-
crease to 0.60 ton CO,e and -0.05 ton COse.
In all cases, emissions from peat decomposition
continue to be a major source of GHG emission.

The rapid decrease in emissions under DDPP sce-
nario occurs as a result of increased land pro-
ductivity and cropping intensity leading to less
demand for land to be used for crop production
(see Annex 3) and enhanced mitigation actions.
Under DDPP, the dependence on natural forest
for producing wood decreases, in particular as
the result of increasing rate of timber planta-
tion establishment, and increasing rate of land
rehabilitation. The survival rate of trees of land
rehabilitation in DEV and DDPP is higher than
under BAU (Table 7). Therefore, the resulting
emissions from wood harvesting from natu-
ral forests under this scenario, are lower than
under BAU. In addition, emissions from peat
decomposition also declines significantly as a
result of peatland moratorium policy, in which
further peatland conversion for large plantation

is prohibited (see Table 5), and restoration of the
larger parts of peatland (Table 7). In BAU, the
total area of degraded peatland being restored
is about 0.25Mha of the 3 million hectares, while
in DEV and DDPP scenarios this number is in-
creased to about 0.96 and 1.60Mha respectively.
Implementation of mitigation measures through
improvement in manure management and feed
supplement, as well as improvement of water
management in rice field and peatland, also
contributed to the increasing rate of emission
reduction in this scenario.

6.3 Crop Production and Food
Balance

The implementation of mitigation policies and
measures would not significantly affect the pro-
duction level of agriculture commodities or even
better (Figure 19; Annex 5). The productions of
all agriculture commodities in DEV and DDPP are
higher than those of BAU. Positive balances be-
tween supply and demand (surplus) aref ound for
rice, cassava, oil crops, palm oil and other crops.

Figure 19. Food balance (Supply-demand) for agriculture commodities in BAU, DEV and DDPP scenarios
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Table 7. Level of intervention of mitigation measures’ under the BAU, DEV and DDPP scenarios

Rice Rice Field 8,763 8,710 8,700 8,732 8,810
(000 ha) Low Emmision Variety - - - - -
Intermittent Irrigation = = = - =
Crop lands Area of Croplands (000 ha) 54,303 61,591 66,837 72,919 80,377
Nitrogen Application (000 ton urea) 6,422 6,587 6,465 6,379 6,639
Livestock Total Livestock Population 443,183 460,506 478,505 497,209 516,643
(000 heads) Feed Supplement - - - - -
Biogas - - - - -
Peat Total Area of Peatland 14,585 14,508 14,440 14,381 14,327
(000 ha) Improved Water Management - - - - -
Peat Restoration - 77 145 204 258
Afforestation/ Land Availablefor Aff/Ref Program 14,033 - - - -
f‘;‘}‘;ﬁiﬁ}?&g"hw Aff/Ref program without Rotation 2 972 1,944 2,915 3,887
Survival Rate (%) without Rotation - 22% 24% 27% 30%
Aff/Ref program with Rotation - 1,098 2,196 3,294 4,392
Survival Rate (%) with Rotation 54% 59% 64% 70%
o
Rice Rice Field ﬂﬂﬁﬂm
(000 ha) Low Emmision Variety - 466 958 1,491 2,082
Intermittent Irrigation - 412 849 1,325 1,855
Crop lands Area of Croplands (000 ha) 54,303 60,417 64,441 67,235 68,772
Nitrogen Application (000 ton urea) 6,422 6,462 6,233 5,881 5,441
Livestock Total Livestock Population 443,183 457,547 466,903 470,818 468,830
(000 heads) Feed Supplement - 2,958 11602 26,391 47,813
Biogas - 79 314 725 1,333
Peat Total Area of Peatland 14,585 14,001 13,311 12,978 12,702
(000 ha) Improved Water Management - 342 789 880 914
Peat Restoration2 = 242 485 727 969
Afforestation/ Land Available for Aff/Ref Program 13,938 - - - -
(R:ffff/’aiit‘g(i)g"ha) Aft/Ref program without Rotation - 1,383 2,767 4,150 5,533
Survival Rate (%) without Rotation - 25% 31% 40% 50%
Aff/Ref program with Rotation - 1,369 2,739 4,108 5,478
Survival Rate (%) with Rotation 57% 67% 77% 90%
oopp
Rice Rice Field ﬂﬁﬂﬂﬁ
(000 ha) Low Emmision Variety - 453 902 1,351 1,808
Intermittent Irrigation - 400 798 1,197 1,605
Crop lands Area of Croplands (000 ha) 54,303 60,048 62,524 63,368 63,561
Nitrogen Application (000 ton urea) 6,422 6,422 6.048 5,543 5,028
Livestock Total Livestock Population 443,183 457,547 466,903 470,818 468,830
(000 heads) Feed Supplement - 2,958 11,602 26,391 47813
Biogas - 79 314 725 1,333
Peat Total Area of Peatland 14,585 13,749 13,201 12,797 12,394
(000 ha) Improved Water Management - 432 576 576 576
Peat Restoration - 404 808 1,212 1,615
Afforestation/ Land Available for Aff/Ref Program 13,843 - - - -
(R:ffff/’rf‘iit?(i)g"ha) Aff/Ref program without Rotation - 1,789 3,578 5,368 7,157
Survival Rate (%) without Rotation - 27% 37% 51% 70%
Aff/Ref program with Rotation - 1,637 3,274 4,911 6,548
Survival Rate (%) with Rotation - 57% 67% 77% 90%

1 In the model, the change of the level of intervention was inputted in the form of growth rate;

2 The current total deforested peatland area is about 6.1 million ha, and only 47.5% were used for development activities
(palm oil, HTI and other croplands) and the remaining (about 3 million hectare) were still in the form of grassland area (non-productive).
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Furthermore, the surpluses could be maintained
until 2050 in all scenarios (Figure 19 and 20). For
rice and cassava, the surpluses under the DEV and
DDPP scenarios are more than twice that of BAU.

Rice self-sufficiency could be maintained in all
scenarios by improving crop productivity in low-
land rice of Java from 5.8 t/ha to more than 5.95
t/ha, and outside Java from 4.2 t/ha to more
than 5.2 t/ha. Similarly, cropping intensity was
also increased from 1.8 to 2.11 and 1.45 to 1.70
respectively (see Annex 3). By 2050, the rice
surplus could well be over 10 million tons for
DEV and DDPP scenarios, if rice consumption
decreased from 141 to below 127 kg/cap/year.
At this level of surplus, the ratio between rice
availability and demand would be about 1.2. FAO
(2001) suggests that this ratio could be used
as an indicator to define percentage of popula-
tion exposed to food shortage. When the ratio
is higher than 1.2, the level of national rice stock
is considered as secured.

For cassava with consumption growth per capita
of 0.67% per year, and considering the historical
growth and increasing use of cassava for food
industries, the current level of surplus cannot be
maintained under the BAU scenario. By 2050 the
surplus is only half of the current level even the
yield is increased from 20.22 to 26.41 t/ha. The
surplus can be over 10 million tons if crop pro-
ductivity could be increased to 30 t/ha, and close
to 20 million tons if it is increased to 35 t/ha
(Figure 20).

In the case of maize, at the present time the level
of production is already not sufficient to meet
the demand. With the increasing demand due
to the increase in population (see Table 1) and
consumption per capita (see Annex 4), the defi-
cit would reach around 10 million ton by 2050
in absence of significant yield improvement. In
the last five years, the Government of Indonesia

still imported maize between 1.5 and 3.6 million
ton per year. This increasing demand can be met
without import if productivity of the crop can be
increased by 60% above the current yield (4.44
to 7.00 t/ha) and if the cropping intensity is in-
creased by 7.9% (0.63 to 0.68; see Annex 3).

For sugar crops, vegetables, fruit and nuts, the
current deficit will increase by 2050, even if
productivity can be increased. For vegetables,
the deficit may be over 11 million tons in BAU
by 2050, about 9 million tons in DEV, and 8
million tons in DDPP scenarios (Figure 20). The
crop productivity under the three scenarios in-
crease by 7.5% (9.03 to 10 t/ha), 18% (9.03 to
11 t/ha) and 29% (9.03 to 12 t/ha) respectively
(see Annex 3). Similarly for fruits and nuts, the
deficit is multiplied by four above the current
figure (over 12 million ton; Figure 20). For sugar
crops the deficit would be over 53 million tons
or equivalent to about 5.3 million ton of sugar
(‘hablur'). Based on BAPPENAS (2013), the defi-
cit for sugar in 2010 reached 1.8 million tons
and in 2012 has increased to 2.7 million tons.

Figure 20. Production surplus for palm oil for the BAU, DEV and DDPP scenario
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The deficit growth for sugar reached 25.7% per
year. Without the expansion of sugar plantation
and significant increased in crop productivity,
this deficit could not be off set. Under the BAU,
DEV and DDPP scenarios, the productivity of the
crops have increased by about 39%, 62%, and
67% respectively, from current yields.

The palm oil production by 2050 for BAU sce-
nario would reach about 630 million tons of FFB
(equivalent to about 158 Mt CPO (Annex 5).
With this level of production, the production
surplus reaches 140 million tons CPO. Under
this scenario, the establishment of new palm
oil plantation requires very large lands and this
might reduced the expansion opportunities for
other crops particularly for cereal and horticul-
tural crops (fruits and vegetables), as well as
increasing the risk of deforestation that led to
higher greenhouse gas emission (see Figure 18;
Figure 20). In BAU (GAPKI scenario), the produc-
tion target for 2050 is almost 8 times the 2010
production level, while under DEV and DDPP
scenarios, the production targets were cut by

Figure 21. Wood production under the BAU, DEV and DDPP scenarios
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about half of that of BAU scenario, i.e. about
4 times of the 2010 production level. This indi-
cated that further decreased in GHG emission
could be expected if production target for palm
oil could be further reduced.

6.4 Wood Production

The wood production target of 360 million m3
as stated in the RKTN (Kemenhut, 2011) will be
achieved in 2030, 2040 and 2050 for the DDPP,
DEV and BAU scenarios respectively (Figure 21).
This is achieved by accelerating the establishment
and improving the productivity of timber planta-
tions (see Table 4). The rate of planting under the
BAU, DEV and DDPP in timber plantations (HTI)
is targeted to reach 150, 250 and 350 thousand
hectares per year respectively. By 2050, the total
planted area in HTI should reached 10.5, 11.3, 11.5
million ha for the three scenario respectively. As
mentioned above, at present, a total of 10.29 mil-
lion hectares has been issued for HTI, although the
total actual planted area was only around 5.7 mil-
lion hectare due to land tenure issues. Total area
targeted for timber plantation under the RKTN
was 14.5 million ha, however not all of this land
could be used for timber plantation. In general,
the concession area that could be planted only
ranged between 60%-70% (APHI, 2007) due to
the presence of land conflicts with communities
and also the requirement to conserve part of the
concession area for conservation.

Higher production of wood in DEV and DDPP
scenarios compared to BAU was not only due to
the higher area of HTI, but also due to higher
contribution of wood production from affores-
tation and reforestation programs (Table 8).
Nevertheless, the contributions of agriculture
plantation and deforested area to the total
wood production are lower in DEV and DDPP
scenarios than that of BAU, as the total areas
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of agriculture plantation and deforestation in
the two scenarios had significantly declined (See
Figure 21 and Figure 15).

The contributions of HTI to the total produc-
tion in each scenario in 2050, is about 68% for
BAU, 72% for DEV and 75% for DDPP, while the

contributions from natural forest concessions
(HPH) would be about 5.5%, 5.9% and 3.6%
respectively. The remaining comes from agricul-
ture plantations and deforested areas. Under
the three scenarios, the dependence on natural
forest to meet the wood production target de-
creases (Figure 22).

Table 8. Production of woods by sources under the BAU, DEV and DDPP scenarios

Natural Forest 13,430
Timber Plantation 96,547
Afforestation -
Perennial Crops 8,842
Deforested area 1,729
DEV Natural Forest 13,430
Timber Plantation 96,547
Afforestation -
Perennial Crops 8,842
Deforested area 1,729
DDPP Natural Forest 13,430
Timber Plantation 96,547
Afforestation =
Perennial Crops 8,842
Deforested areas 1,729

Figure 22. Contributions of natural forest, timber plantation, afforestation, perennial crops and deforested area to wood production

under the BAU, DEV and DDPP scenario
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6.5 Use of Biomass and CPO for
producing Biogas and Biofuel

In the energy sector, the pathways towards deep
carbonization could be achieved through three
scenarios namely Renewable Scenario (H_R),
Carbon Capture and Storage (H_CCC) and Eco-
nomic Structural Change Scenario (H_RSC) (see;
Siagian et al. 2015). The H_R places emphasis on
large-scale deployment of renewable-based pow-
er generation complemented with nuclear energy.
The H_CCC considered a more balanced techno-
logical deployment in power generation, in which
renewables would still play an important role but
be complemented by the diffusion of CCS and nu-
clear power. This scenario may be considered as
the back-up option if resource or technology con-
straints limits the deployment of renewables in
the energy system. The H_RCS takes into account
the role of structural changes in the Indonesian
economy, with the implementation of a more ser-
vice-oriented economy, combined with more en-
ergy efficiency measures, and more fuel switching
to low or non-carbon energy by end-users. In the

Figure 23. Share of biomass and biofuel to primary energy (Data of Siagian et al., 2015)
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three scenarios, the level of energy-related CO,
emission by 2050 reaches about 402 million tons
which is equivalent to 1.3 ton CO,/capita.

To deep decarbonize the energy sector through
the three scenarios, the share of bio-energy for
the transportation and power sector increases
significantly. Currently, the transportation activi-
ties do not use biofuel or biodiesel, and the power
sector uses biomass energy with a share of only
about 0.05%. By 2050, the share of bio-energy
(bio-fuel and bio-diesel) in the transportation
sector for the first two scenarios will increase
to 20%-30% and for the H_RSC to 40%-50%.
Similarly, the use of biomass and bio-fuel for
the power sector, will also increase. The share of
biomass and bio-fuel is targeted to reach about
12% and 2% for H_R, 6% and 3% for H_CCC, and
10% and 2% for H_RSC respectively (Siagian et
al., 2015). Thus, the three scenarios will require
biomass and CPO for producing biomass energy
and biofuel respectively. Shares of biomass and
biofuel to the total primary energy in the three
scenarios are presented in Figure 23.

Production of biomass and CPO under the BAU,
DEV and DDPP scenarios are sufficient to meet
the demands from energy sector. Under the BAU
scenario, the percentage of wood production used
to produce energy in the three scenarios would be
about 10% in 2010 and increases to about 84%
in 2050, while that of palm oil production would
be about 4%in 2010 and up to 43% in 2050
(Figure 24). Under the DEV and DDPP, as the level
of wood production increases, the percentage of
wood production used for energy would be lower
than under the BAU. On the other hand for palm
oil production after 2030 under DEV and DDPP
scenarios, more than half of the CPO productions
would be used for production of biofuel. In the
case of wood production as stated in the National
Forestry Plan (RKTN; Kemenhut 2011), the future
demands for wood industries are expected to be
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around 350 million m3 (see Figure 6). In the case
of CPO, under DEV and DDPP, most of the CPO
productions by 2050 would be used to produce
biofuel. However, surplus of the CPO was still
adequate to meet the domestic demands. For the
DDPP scenario, the remaining CPO were not used

to produce biofuel will be about 8 million tons
CPO, while the domestic demand was only 0.4
million tons CPO. Thus more lands are required
to decarbonizing energy sector through increasing
the shares of biomass energy as defined in the
three scenarios.

Figure 24a. Amount of biomass used to meet the energy demand in the three energy scenarios H_CCS, H_RSC and H_R
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Figure 24b. Amount of CPO used to meet the energy demand in the three energy scenarios H_CCS, H_RSC and H_R
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The optimization of the use of unproductive lands
for the development of agriculture and timber
plantations reveals major challenges. Many de-
graded lands in forest area are being claimed by
the local communities and many studies have
found that conflicts between timber plantation
companies and communities are very common.
Notably, when a permit has been granted to
a company, land conflict always emerged. For
this reason, private entities prefer to use forest-
ed land in forest area for timber plantation or
peatland, as these areas usually feature no or
less conflicts (given the absence of community
claims on the land). To overcome this issue, the
government needs to issue incentive system to
entities that have been granted the permit to use
unproductive and degraded land with high social
conflict. Mapping of high social-conflict area is
required and this could be used as the basis in
defining the incentive. High incentive could be
granted to entities with potential land conflict.
The incentive could be in the form of reducing or
exemption of administration/retribution fees for
certain period of time depending on the level of
conflict. With this policy, one could expect that
the establishment of timber plantation on de-
graded land could be accelerated and that there
would be less dependency on natural forest for
wood supplies. Alternative policy in dealing with
conflicted land is by providing or allocating the
conflicted lands for the establishment of com-
munity timber plantation (HTR). In this regards,
the Government might withdraw the permit that
has been issued to a private company in case it
isnot able to establish the plantation within the
given period of time.

Involving the communities in managing land in
forest area, particularly to accelerate the reha-

Challenges, Opportunities and Enabling Conditions

@ Challenges, Opportunities and Enabling

bilitation of degraded land using trees, has high
economic values. Various forms of Communi-
ty-Based Forest Management programs have
been implemented such as Community Timber
Plantation (HTR), Community Forest (HKm) and
Village Forest (Hutan Desa). Funding to support
the program was provided with over one billion
USD. However, the absorption and the use of the
fund were very low, reaching less than 1% (Boer,
2015). Among the reasons causing such condi-
tions, one can highlight the complex bureaucra-
cy procedure for obtaining the permit and for
accessing the fund, as well as the requirements
that the lands is cleaned and cleared (free of
conflict), which was not the case in most situ-
ations Simplifying the process for obtaining the
permit and accessing the fund would be required
to increase the involvement of communities in
managing forest land which could eventually
lead to a reduction of forest encroachment.

Improvement of crops productivities has been
considered as an effective strategy to deep
decarbonizing the AFOLU sector. However, im-
proving the productivities creates many chal-
lenges; notably, lands outside Java are mainly
less fertile than in Java, and hence would require
higher investment costs, whereas in Java, crop
productivities, particularly for food crops, have
almost reached the attainable yield. Produc-
ing new varieties with very high productivity is
time-consuming and costly, while on the other
hand, funding for research remains very limited.
Currently, funding for research allocated by the
Government is only about 0.09% of national
GDP, the lowest among ASEAN countries®. The
highest is Singapore, i.e. 2.6% of the GDP, fol-
lowed by Malaysia and Thailand, while the de-
veloped countries such as Japan and USA have
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reached more than 3% of the GDP. The involve-
ment of private sectors in providing research
fundings is very low. In Indonesia, funding from
private sectors represents only 26% of the total,
the remaining 74% being supported by the gov-
ernment. This is to be compared with, for exam-
ple, the situation in Singapore where about 80%
of research fundings comes from private sectors.
Another challenge is that the number of field
facilitators (extension workers) who facilitated
the transfer of improved technology and good

Conclusions

This study indicates that without significant
changes in the improvement of land manage-
ment practices and optimization on the use of
low carbon stock land for agriculture expansion
and timber plantation, contributions of these
sectors to the national emissions would remain
high, as in the current situations.

Deep decarbonizing the AFOLU sector is possible
through the improvement of land and forest man-
agement and the optimization of the use of low
carbon stock land for agriculture and timber plan-
tation development along with enhanced mitiga-
tion policies and measures, particularly moratori-
um of peatland permit and peat restoration. The
emissions from this sector can be reduced signifi-
cantly to reach negative emissions for below zero
by 2050, i.e. -0.05 ton COe per capita.

agricultural practices for farmers (communities)
remains also very limited. Ideally, one extension
worker serves one agriculture village as mandat-
ed by Act 19/2013 on Farmers Protection and
Empowerment. However, currently, there are
only 47 thousands extension workers, while the
number of agriculture villages is 71 thousands®.
Finally, access of farmers to financial resources
forimproving agriculture practices is also limited.
Policies for addressing these issues will be crucial
for deep decarbonizing this sector.

Improvement of land and forest management
may require high investments and institution-
al changes particularly to enhance institutional
capacity of forest management unit in all open
access areas. Investment for producing high
yielding varieties suitable for marginal lands and
technology for peatland management would also
be required. Optimizing the use of unproductive
land is also one of the main challenges, in par-
ticular in addressing land tenure issues. Incentive
system for accelerating the development of tim-
ber plantation on degraded land, and increasing
community access to fund for green investment
would finally also be a key condition to imple-
ment deep decarbonization
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Annex 1. Land use categories used in the dashboard

Mineral Forest lands Primary Forests Satellite
Secondary Forest Satellite
Timber plantation Satellite
Croplands Palm oil Statistical Data
Rubber Statistical Data
Other perennial crops Satellite
o Fruits and nuts Statistical Data
e Qther industrial crops Statistical Data
Rice in Java Satellite
Rice outside Java Satellite
Other annual crops Satellite Data
e Upland rice Statistical Data
e (Cassava Statistical Data
e Qther cereal (maize) Statistical Data
e \egetables Statistical Data
e Qil Crops Statistical Data
e Sugar crops (sugarcane) Statistical Data
e \egetable oils Statistical Data
e QOther annual crops Statistical Data
Grassland Grassland (including shrubs) Satellite
Wetlands Wetlands (swamp) Satellite
Settlement Settlement (including transmigration) Satellite
Other lands Other lands (bare land, mining etc.) Satellite
Peatland Forest lands Primary Forests Satellite
Secondary Forest Satellite
Timber plantation Satellite
Croplands Palm oil Statistical Data
Rubber Statistical Data
Other perennial crops Satellite
e Fruits and nuts Statistical Data
e Qther industrial crops Statistical Data
Rice outside Java Satellite
Other annual crops Satellite
e (assava Statistical Data
e Qther cereal (maize) Statistical Data
e \egetables Statistical Data
e Qil Crops Statistical Data
e Sugar crops (sugarcane) Statistical Data
e \egetable oils Statistical Data
o QOther crops Statistical Data
Grassland Grassland (including shrubs) Satellite

All statistical data are used to disaggregate a land use category from satellite, i.e. agriculture plantation as land area used for perennial crops and
dry land agriculture as land area used for annual crops. Agriculture plantation area is divided into land area of dominants crop i.e. palm oil and rubber
plantation, and the remaining area as other perennial crops. Other perennial crop is further divided into several other perennial crops based on the
harvested area of the corresponding crops. Similarly, dry land agriculture is divided into several annual crops, i.e. cassava, maize, etc.

Deep decarbonizing agriculture, forest and other land uses sector in indonesia ® 2016




Annex 2. Projection of Human and Animal Population and GDP

Population [Millions] 234 262 280 299 307
GDP per capita [$/capita] 2,306 3,454 5,680 9,086 14,974
Animal Populations (000 heads)

Dairy Cattle 366 390 415 441 469
Other Cattle 9,727 10,107 10,502 10,912 11,338
Buffalo 1,440 1,496 1,554 1,615 1,678
Sheep 10,725 11,144 11,580 12,032 12,502
Goat 16,620 17,269 17,943 18,644 19,372
Horse 419 435 452 470 488
Swine 1471 7,769 8,073 8,389 8,717
Local Breed Chicken 84,672 87,979 91,416 94,987 98,697
Egg chicken/Layer 105,210 109,320 113,590 118,026 122,637
Broiler 162,225 168,562 175,146 181,988 189,096
Duck 44,302 46,035 47,835 49,706 51,650

The projection of animal population follows historical trend (based on data from Ditjenbun, 2015).

Annex 3. Projection of yield and cropping intensity for BAU, DEV and DDPP scenarios

Yield of annual crops (t/ha)

Rice field in Java 5.80 5.95 6.11 6.11
Rice field Outside Java 4.20 5.20 5.20 5.20
Rice field Upland National 3.04 3.04 3.04 3.04
Other cereals (mainly Maize) 4.44 5.00 6.00 7.00
Vegetables? 9.03 10.00 11.00 12.00
0il Crops? 5.27 7.00 7.00 7.00
Other Crops? 0.87 1.30 1.30 1.30
Cassava 20.22 26.41 29.99 35.00
Sugar crops (mainly sugar cane) 47.89 66.53 77.64 80.00
Yield of perennial crops (t/ha)
Fruits and Nuts? 10.71 12.01 13.01 14.00
Industrial crop? 0.85 1.20 1.31 1.40
Palm oil (FFB)? 16.10 32.00 34.01 36.00
Crop Intensity for annual crops*
Rice in Java 1.80 2.11 2.11 2.1
Rice Outside Java 1.45 1.70 1.70 1.70
Rice Upland National 0.90 0.90 0.90 0.90
Maize 0.63 0.63 0.68 0.68
Vegetables 0.63 0.63 0.67 0.67
0il Crops 0.67 0.67 0.67 0.67
Other Crops 0.56 0.56 0.56 0.56
Cassava 0.63 0.63 0.63 0.63
Sugar crops 1.00 1.00 1.00 1.00
Crop Intensity for perennial crops*
Fruits and Nuts 0.14 0.14 0.14 0.14
Industrial crop 1.00 1.00 1.00 1.00
Palm oil 0.64 0.64 0.64 0.64
Grass/Animal Feed Productivity (kg/m?)®
Natural grass® 0.5 0.74 0.77 0.81
Pasture” 5.0 7.44 7.74 8.06
1 Inputs for dashboard are in the form of yield growth (% per year) a year on the same land); for perennial crop, the Cl reflects fraction of
based on historical data and government target (Bappenas, 2013; crop areas that has reached productive age.
Kementan, 2014; Ditjenbun, 2015). 5 Proportion of animal feed by natural grass (not from pasture) for dairy
2 For multiple crops, the yield is calculated by summing up the produc- cattle is 98%, for other cattle 44%, buffalo 23%, sheep 93%, goat
tion of all crops divided by the total harvested areas of the crops. 57%, horse 10%, local breed chicken 40%, layer 56%, broiler 67%,
3 Based on yield target of GAPKI (2014); and duck 48% (Based on Statistik Perternakan, 2012).
4 Cropping Intensity (Cl) is define as the ratio between harvested area 6 Time for grass to produce naturally is 365 days.
and crop area. For annual crop, the Cl reflects the number of crop 7 Length of period for pasture producing grass in BAU, DEV, DDPP
planting in a year in the same land (if Cl=2, the crop is planted twice scenarios are 45, 60 and 75 days respectively.
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Annex 4. Projection of consumptions level for each commodity in BAU, DEV and DDPP scenarios

Consumption of annual Crops (kg/cap/year)

Rice' 141.20 127.75 127.75 115.55
Maize 84.77 93.67 103.49 103.49
Vegetables 55.55 67.82 67.82 67.82
0il Crops 65.05 79.41 79.41 79.41
Other Crops 13.80 15.54 15.54 15.54
Cassava 59.78 78.08 78.08 ,78.08
Sugar Crops 147.00 266.66 266.66 266.66
Consumption of perennial Crops (kg/cap/year)
Fruits and Nuts 80.33 98.07 98.07 98.07
Palm oil 429 523 523 523
Grass consumption by animal (kg/day/head)
Dairy cattle, other cattle and buffalo 35 85 85 35
Horse 20 20 20 20
Sheep and goat 5 5 5 5
Swine 3 3 3 3
Native chicken 0.10 0.10 0.10 0.10
Layer 0.09 0.09 0.09 0.09
Broiler 0.09 0.09 0.09 0.09
Duck 0.16 0.16 0.16 0.16

1 This consumption includes daily intake as staple food, seeds, animal feed, raw material for food and non-food industries (BAPPENAS, 2013).

Annex 5. Production of agriculture commodities under BAU, DEV and DDPP scenarios

Rice 36,544 38,107 39,960 42,493 44,740
DEV 36,544 40,422 45,260 49,110 53,241
DDPP 36,544 39,423 42,717 44,708 46,564
Cassava BAU 23,918 25,186 26,516 27,908 29,367
DEV 23,918 26,058 28,384 30,912 33,660
DDPP 23,918 27,461 31,524 36,184 39,632
0il Crops BAU 21,440 24,508 27,601 27,175 26,748
DEV 21,440 24,562 27,723 27,358 26,992
DDPP 21,440 24,615 27,845 27,540 27,236
Palm oil (FFB) BAU 92,386 157,809 245,139 399,288 630,000
DEV 92,386 144,852 214,445 299,645 380,187
DDPP 92,386 139,407 194,796 251,897 301,367
Other Crops BAU 3291 3,581 3,895 4,236 4,606
DEV 3291 3,588 3912 4,265 4,648
DDPP 3,291 3,596 3,929 4,293 4,690
Maize BAU 18,328 18,602 18,876 19,149 19,421
DEV 18,328 19,909 21,623 23,480 25,493
DDPP 18,328 20,738 23,462 26,542 29,986
Vegetables BAU 9,780 9,882 9,983 10,082 10,179
DEV 9,780 10,305 10,855 11,433 12,040
DDPP 9,780 10,563 11,406 12,316 13,255
Fruits and Nuts BAU 15,235 15,918 16,633 17,379 18,159
DEV 15,235 15,918 16,633 17,379 18,159
DDPP 15,235 15,918 16,633 17,379 18,159
Sugar crops BAU 21,750 23,258 24,866 26,577 28,400
DEV 21,750 24,226 26,980 30,042 33,445
DDPP 21,750 25,119 29,007 33,493 34,773
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