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AFTA  ASEAN Free Trade Area
ASEAN  Association of Southeast Asian Nations
B-FS  Broad Farming System
BAR-FS  Broad Farming Systems under diverse Agro-ecological zone and Resource Endowment
BP2TA  Organization and Technical Guidelines on the National Agroforestry Research Group
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GAP  Good Agricultural Practice
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HTR  Hutan Tanaman Rakyat, Community Forest
ICRAF  World Agroforestry
IRR  Internal Rate of Return
KGH  Kawasan Lindung Gambut, Peat Protection Area
KHG  Kawasan Hidrologi Gambut, Hydrological Peat Zone
MSME  Micro, Small and Medium enterprises
NGO  Non-governmental Organization
REDD+  Reducing Emissions from Deforestation and Forest Degradation, plus the sustainable
  management of forests, and the conservation and enhancement of forest carbon stocks
Rp  Indonesian rupiah
RPJMD  Rencana Pembangunan Jangka Menengah Daerah, Medium-Term Development Plans
RTRWP  Rencana Tata Ruang Wilayah Provinsi, Spatial Plans
SDGs  Sustainable Development Goals
SLMP  Sustainable Landscape Management Program
WACLIMAD Water Management for Climate Change Mitigation and Adaptive Development in the Lowlands
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Executive Summary

This study marks an important step in the analysis of lowlands agro-ecological 
systems and their use, and the development of options and strategies for sustainable 
lowlands development.

Indonesia’s lowlands – an estimated 36 to 39 million hectares of coastal swamp-
lands, peatlands, and mineral soils (often tidally influenced) found primarily in Suma-
tra, Kalimantan and Papua – have experienced rapid development and change during 
the last 30 years. Lowlands cover over 20 percent of Indonesia’s total area and hold 
considerable potential for development when it comes to meeting national targets 
set for food and industrial crop production. However, lowlands are also of immense 
importance for biodiversity, including mangroves, peat swamp forests and freshwa-
ter swamp forests with their specific flora and fauna. Indonesia’s peatlands account 
for roughly 45% of the world’s tropical peatlands (Dohong, 2018). Peatlands are most-
ly found in lowland areas, with 92% of Indonesia’s peatlands situated in lowlands.1 

With the current trajectory, Indonesia’s management of lowland peatlands under 
agriculture may continue to result in globally significant greenhouse gas emissions, 
loss of important biodiversity, and pollution from fires. The continued agricultural 
expansion into lowland peatlands and poor agricultural cultivation practices will 
escalate and accelerate soil degradation and land subsidence, and increase risks of 
flooding and fires. Over the longer term, this is likely to diminish agricultural produc-
tion capacity, with serious implications for Indonesia’s food security and the liveli-
hoods of millions of households.

Development vision. As evidenced by the multiple facets and complexities of low-
lands documented in the study, sustainable agricultural development of lowlands 
would benefit from an integrated approach. This would support Indonesia’s goals 
of achieving improved food and nutrition security, job creation and raising rural in-
comes. The key priorities under an integrated lowlands approach include: 
• sustainably increasing agricultural productivity (crops, livestock, fisheries) as a 

means to support broad-based and equitable increases in farm incomes, food and 
livelihoods security; 

• adapting and building resilience of the agriculture and food systems to climate 
change at multiple levels; and 

• reducing GHG emissions from agriculture (through the management of forests, 
soils, livestock and crops) as a necessary mitigation measure where possible.

In translating this vision into action, there is a need to focus on three key guiding 
principles related to: (i) technologies and practices; (ii) use of a systems approach and 
(iii) the enabling environment. 

i. Technologies and practices. In any particular agro-ecological and socio-economic 
context, the nature and appropriateness of technologies and practices determine 
critically the productivity/efficiency as well as the sustainability of resource use. In 
considering the possible development options, it is vital therefore to evaluate the 
technologies and practices based on their impacts on these dimensions: soil man-
agement, crop management, water management, livestock management, forestry 
management, fisheries and aquaculture management, and energy management. 

Background

Approach of the study

1 Dohong, A. 2018. Implementing Peatland 
Restoration in Indonesia: Technical Policies, 
Interventions and Recent Progress. Presented 
at the International Peat Society (IPS) 50th 
Anniversary Jubilee Symposium SS Rotterdam, 
the Netherlands, September 11–13. https://www.
researchgate.net/publication/327881251_Im-
plementing_Peatland_Restoration_in_Indone-
sia_Technical_Policies_Interventions_and_Re-
cent_Progress.
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ii. Systems approach. To achieve the inter-linked objectives of increased produc-
tivity and incomes, food security, enhanced climate resilience and reduced GHG 
emissions it is essential to adopt a systems approach. This provides a holistic 
framework to identify the multiple activities and their linkages, analyze synergies, 
address trade-offs, and perform cost-benefit analyses. This in turn yields valuable 
insights into how to better align diverse stakeholder interests and actions through 
the use of various institutions, regulatory systems and incentive schemes. Two 
kinds of systems perspectives are utilized in this study, and these are particularly 
useful in this regard: the landscape approach and the value chain approach.
• Landscape Approach: this focuses on location-based systems that result from 

interactions between people, land, institutions (laws, rules, regulations) and 
values. This is generally applied to an area large enough to produce vital ecosys-
tem services, but small enough to be managed by the people using the land that 
produces those services.

• Value-chain Approach: this focuses on the entire “farm-to-fork” linkages – from 
input supply to production to retail marketing – in order to assess incentives 
and constraints of each player in the value chain and align/coordinate their 
actions for more efficient and profitable outcomes.

iii. Enabling Environment. A good enabling environment is essential to facilitating and 
supporting the adoption of relevant technologies and practices or application of 
systems perspectives. A good enabling environment provides the laws, regulations 
and incentives, which assure that the reorientation and transformation towards 
sustainable agriculture development proceeds effectively. Elements of an enabling 
environment include policies, institutional arrangements, stakeholder involve-
ment and gender considerations, insurance schemes, infrastructure and access to 
weather information and advisory services. A supportive environment helps build 
institutional capacity at all levels and reduces the risks that dissuade farmers 
from investing in new technologies and practices. 

A significant proportion of existing farming systems are in areas that are not nat-
urally suitable for agriculture production, especially in Sumatra and Kalimantan. 
Using spatial data, existing literature and analysis, and stakeholder inputs, the study 
carried out a situation analysis of lowland agriculture in Sumatra, Kalimantan and 
Papua. By overlaying suitability maps for key commodities with existing cultivated 
areas, the study found that 29 percent of the lowland area has farming systems 
that are not biophysically suited to their location and where the biophysical limiting 
factors cannot be addressed (Figure A). Of particular concern are large-scale drain-
age-based cultivation systems, such as oil palm and timber plantations, on peatland. 
Most of the lowland area in the three islands (68 percent) is associated with high 
environmental risks as measured through proximity to previous deforestation and 
fire events. Deep-rooted land clearing practices using fire and inappropriate water 
management contribute to catastrophic land fires resulting in significant economic 
damages and the release of large quantities of greenhouse gases.  Conflict between 
local communities and concession holders, and lack of access to land for smallhold-
ers is also common.

Status of Lowlands in 
Indonesia
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Figure A: Biophysical suitability of existing farming systems, excluding 
natural forests and grasslands (percent and ha, 1000)

Participation of smallholders in the value chain in lowland areas is limited. Farmers’ 
participation in value chains are currently limited by a number of factors, including 
limited marketable surplus due to low yields from sub-optimal farming practices, in-
adequate use of appropriate post-harvest practices, inadequate rural infrastructure 
limiting connectivity to markets, and limited access to finance and risk management 
instruments. The farmers’ ability to overcome these constraints are further ham-
pered by limited access to extension services; high costs of effective water manage-
ment systems; and a general lack of infrastructure for the production, distribution, 
and processing of agricultural products.  Weaknesses in the value chain increase 
the marketing costs. Moreover, due to the multiple layers in the marketing chain, a 
significant share of total profits in the value chains of key commodities are captured 
by intermediaries and downstream processors and with smaller benefits captured by 
farmers.

Adoption of Good Agriculture Practices (GAP) holds promise for increasing farmer 
productivity in lowland areas while supporting environmental sustainability. The 
study identifies a number of financially viable options for improving the environmental 
impacts of lowlands agriculture while raising yields and profits for farmers. Some exam-
ples of GAP include: use of improved seeds, soil conservation practices, more efficient 
use of water, no use of fire for land clearing, and agroforestry. Simulations undertaken 
by the study found that the application of Good Agricultural Practices can significantly 
increase yields and profits for most of the crops analyzed, with an average estimated 
increase of 60 percent in Net Present Value, while also reducing the negative environ-
mental impacts through more balanced fertilizer application. For clearing secondary 
forest, the study finds that the costs of controlled burning and no-burning techniques 
are significantly higher than traditional practices that use fire, but that combining these 
techniques with GAP makes them more economically viable. The study also identifies 
promising opportunities for smallholder involvement in small-scale processing in the 
coconut, rubber, and sago sectors.

Promoting sustainable agriculture through local landscape management plan-
ning. Achieving sustainable lowland agriculture development requires a program-
matic landscape-level approach that takes into account the linkages between 
sectors, various landscape elements, and the broader economy. An important ve-
hicle for facilitating such an approach in Indonesia is the Green Growth Program 
which was launched in 2015 by the Ministry of National Development Planning/

Kalimantan Papua Sumatra
Limiting	factors	 cannot	be	addressed 1,028 20 1,950
Limiting	factors	 can	be	addressed 712 322 1,939
Biophysical	characteristics	are	suitable 1,985 58 2,256
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Table A: Intervention types and levels in each province and degree of importance

Figure B: Lowland GGP Intervention map for South Sumatra

BAPPENAS. A number of provinces in Indonesia have adopted the Green Econom-
ic Growth framework specifically to manage their land-based sectors and other 
related sectors.

The Green Growth Plans of Jambi, South Sumatra and Papua focus on identify-
ing location specific interventions related to improving access to land, spatial 
planning (re-allocating land uses and designating no-go areas), peat restoration 
and fire management, and the application of GAP (Table A). Using province level 
data, it has been possible to design programs that are tailored to each jurisdic-
tion, taking into account regional contexts (Figure B). Based on a land use model 
it is expected that implementing the strategies and corresponding interventions 
outlined in the GGP plans will lead to significant reductions in greenhouse gas 
emissions and increases in the Gross Regional Domestic Product (GRDP) of the 
three provinces.
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The key recommendations arising from the findings of this study are summarized 
in the final chapter, section 6.3. At their core, these recommendations aim to 
deal with the challenge of promoting structural and techno-institutional changes 
to address the twin challenges of raising agricultural productivity (to promote 
greater and more widely shared prosperity) and environmental sustainability 
(to curb resource depletion and deleterious long-term effects). As the study has 
illustrated, there is an opportunity to generate more positive outcomes for eco-
nomic development and to avoid the over-exploitation of natural resources.

The set of policy recommendations presented in section 6.3 seek to galvanize action 
along three critical dimensions to better harmonize productivity and environmental 
sustainability objectives. The dimensions, as already discussed, are technology and 
practices, systems approach and enabling environment. The recommendations are 
focused around addressing key environmental externalities, steering investment 
behaviours and supporting policy coordination.

Addressing key environmental externalities. Evidence suggests that the divergence 
between private and social costs and benefits has caused over-exploitation and 
mis-use of natural resources, and under-provision of ecosystem services. A number 
of recommendations therefore relate to the need to fix this market failure, through 
a broad spectrum of price and non-price instruments, ranging from legal, regulatory 
and planning tools to fiscal and administrative ones. Thus, the recommendations in 
this area relate variously to: spatial planning and management; zoning and enforce-
ment (“no go” areas for plantation expansion); more enhanced environmental and 
forest regulations; “no-fire” land clearing practices; institutionalization/mainstream-
ing of the landscape management approach; effective resolution of land and zoning 
issues; and improved timber harvesting regulations.

Systemically steering investments (investment behaviors). Evidence also sug-
gests that lowlands development is characterized by use of sub-optimal crops and 
technologies and insufficient investments in the good practices and individual and 
institutional capacities. These suboptimal investments reinforce one another, leading 
to pervasive market failures. A critical need in these settings is to align incentives, 
coordinate investment plans and support investment behaviors that lead to system-
ic improvement in investments in the “right” type of crops/land uses, technologies, 
business models and overall management approaches. Relevant recommendations 
in section 6.3 in this regard relate to sustainable intensification of agriculture where 
huge yield gaps exist; coordination of public investments and leveraging of private 
investments for adoption of improved technologies and practices, climate-resilient 
water infrastructure, integrated fire management; support for value-chain invest-
ments; promotion of digital agriculture; enhancement of farmer access to credit; 
support  for agro-logistics infrastructure and capacity development of farmer 
groups; and promotion of certification mechanisms to reward sustainable and re-
sponsible practices.

Key Recommendations
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Horizontal planning and policy coordination. Finally, the evidence suggests that the 
kind of transformation sought goes far beyond individual farmers, technologies or 
locations. Simultaneous changes are required on several fronts given the substantial 
externalities, interdependent technologies and business models, and the impact of 
regulations and support systems. This underscores, therefore, the need to develop a 
proactive coordinating role for public agencies at different levels – national, regional, 
local – in order ensure that incentives and interests of diverse stakeholders are taken  
into account, and to the help guide and coordinate their collective actions and indi-
vidual plans. Key recommendations relate to the elaboration of a national-level vision 
and strategy for a sustainable landscape-based approach to agriculture and rural 
livelihoods; development of provincial- and village-level landscapes development 
plans to guide future development and improve the management of existing land-
scapes; promotion of value chain platforms that encourage coordination and dialogue 
among value chain actors and other stakeholders; support for organization of small-
holder farmers into producer groups/organizations/clusters; promotion of productive 
partnerships between farmers and buyers; and identification of and support for 
champions of landscape approaches at the regional and sub-jurisdictional levels.

Next Steps
The Government of Indonesia has expressed interest in a program of sustainable 
landscape management. Moving towards this goal would require coordinated ac-
tions at national, regional and local levels in order to develop a multi-tier landscape 
management program that can help in the sustainable transformation of lowlands 
agriculture. Overall, this study aims to provide a valuable diagnostic foundation for 
the development of such a sustainable landscape program. Follow-up work would be 
needed to refine and confirm targeting, prioritization and program support structure.
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Indonesia’s agricultural sector will need to undergo a transformation to continue to make 
a significant sustainable social and economic contribution. While the contribution of 
Indonesia’s agriculture sector to national gross domestic product (13 percent) has declined 
greatly over the past three decades, it is still significant, ranking in third place in 2019 after 
the oil and gas processing sector (20 percent) and the non-oil and gas processing sector (18 
percent). To ensure continued contribution of this sector, the Indonesian government has 
implemented a number of strategies and measures, including REDD+2 low carbon devel-
opment, Sustainable Development Goal (SDG) action plans and green growth strategies. 
Despite these efforts, performance in terms of environmental sustainability indicators and 
contributions to smallholders’ livelihoods, particularly in lowland areas, can be improved. 

Indonesia’s lowland areas, in particular, have significant potential to contribute to in-
creased agricultural production, especially in the case of rice, but also for a range of other 
food and non-food commodities. Indonesia’s lowlands cover about 20 percent of Indone-
sia’s total area. Most of this area is found on Indonesia’s three largest islands (Sumatra, Kali-
mantan, and Papua) amounting to 33 million hectares, or about 25 percent of the total land 
area of these islands (World Bank 2018). Indonesia has the largest area of tropical peatlands 
of any nation, of which the vast majority is distributed in the lowland areas of these three 
islands. However, lowlands are also of great importance for biodiversity with their spe-
cific flora and fauna, including mangroves, peat swamp forests, and freshwater swamp. 
Given the significance of lowland agriculture for national economic growth, environmental 
sustainability and rural livelihoods in Indonesia, lowland agriculture must overcome several 
challenges to realize its full potential. 

At present, Indonesia’s land, water, and forest resources are experiencing severe degrada-
tion due to poorly managed land conversion and other unsustainable practices. Indonesia’s 
lowland areas face increasing pressure from land-use expansion at the expense of forests 
and intact peatlands. The limited availability of land for large-scale agricultural activities in 
the most productive areas has resulted in increasingly intense pressure to expand into the 
less productive and more environmentally fragile areas, including in lowland areas. Both the 
costs of managing these more marginal lands for agricultural purposes and the associated 
environmental risks are significantly higher than in more productive areas. In Sumatra and 
Kalimantan, over the past five years, the expansion of estate crops in lowland areas has 
taken place at a rate 1.2 to 2.7 times higher than in non-lowland areas. During 2015–2017, 
deforestation in lowland areas occurred at a rate 1.2 to 1.8 times higher than in non-lowland 
areas.3 Poor agricultural land management techniques can lead to peat land degradation 
and land fires which result in high levels of greenhouse gas emissions and in haze and smoke 
that contribute to significant health impacts and economic losses. The expansion of large-
scale commodities such as oil palm has also been linked to conflict over land.

Addressing the environmental and social issues surrounding lowland agriculture in 
Indonesia, will require an integrated landscape management (ILM) approach that is able 
to address environmental and economic trade-offs. As discussed in chapter 3, improved 
farming practices can increase the yields and profits of smallholders, but while this has 
economic benefits, increased land rents can also lead to further agricultural expansion 
and associated environmental impacts. Improvements in productivity through improved 
agricultural practices, and increases in profits through better access to markets, need to go 
hand-in-hand with improvements in land governance. A central component of this is land-
use planning which takes into account the biophysical suitability of land for various crops 
as well as the social and environmental risk profiles of specific regions. Furthermore, locally 
relevant environmental and social safeguards need to be in place and need to be enforced to 
mitigate risks.

The ILM approach presented in this study has several components. These are: i) the 
identification of spatially explicit risks and opportunities within a government jurisdiction 
allowing for land-use zoning, spatial planning and targeted policy development; ii) consid-

1. Introduction

Indonesia’s 
agricultural 
sector will need 
to undergo a 
transformation to 
continue to make 
a significant 
sustainable
social and 
economic 
contribution.

2 REDD+ = Reducing Emissions from Deforesta-
tion and Forest Degradation, plus the sustainable 
management of forests, and the conservation 
and enhancement of forest carbon stocks.
3 Analysis by ICRAF.
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eration of the linkages between sectors, between various landscape elements, and the 
broader economy; iii) the recognition of economic and environmental trade-offs; and iv) the 
development of a long-term vision for the landscape through a multi-stakeholder process 
that includes scenario building exercises and an evidence-based program design.

A suitable vehicle for implementing an ILM approach in Indonesia is the Green Growth 
Program, which was launched in 2015 by the Ministry of National Development Planning. 
Some provinces in Indonesia, including South Sumatra, Jambi, and Papua have adopted 
the Green Growth framework specifically to manage their land-based sectors (i.e., agricul-
ture, plantation and forestry) and other related sectors. Province-level Green Growth Plans 
(GGP) provide a comprehensive framework for the implementation of a landscape and 
jurisdictional approach by integrating land use plans with development plans. 
This document is an output of a study carried out by ICRAF and funded by the World Bank 
Sustainable Landscape Management Program Multi-Donor Trust Fund. The study applied 
different frameworks, models, and approaches to develop detailed analyses covering 
diverse aspects of lowland agricultural development, with a specific focus on Sumatra, 
Kalimantan and Papua. Large amounts of data were collected to inform the analyses of 
farming systems, farming practices, species suitability, and value chains. This involved 
extensive literature reviews, focus group discussions at the national and regional levels, 
on-line surveys, field studies, interviews with experts, and the application of biophysical 
models. Aimed largely at policy makers, this document does not cover all the methodologi-
cal approaches, but an overview has been included in Annex 2. 

This Sustainable Lowlands Agricultural Development in Indonesia study undertakes a 
situation analysis and examines current agricultural activities in the lowlands, their cur-
rent vulnerabilities and threats, the enabling environments across sectors and at multiple 
levels, and presents options for improvement. The findings of the study can serve as an 
input to developing landscape level interventions in the lowlands as part of the Indonesia’s 
Green Growth Program which is being implemented in a number of provinces.

Chapters 2 to 4 present the situational analysis of farming systems in the lowlands of 
Sumatra, Kalimantan and Papua islands. Chapter 2 examines the sustainability challenges 
in Indonesia’s lowlands and provides a spatial analysis of existing farming systems and land 
suitability in the lowlands in the three islands. It focuses on issues related to productivity, 
environmental impacts including forest loss, fires and greenhouse gas emissions, and social 
risks associated with land access. Chapter 3 reviews the technologies and practices at 
the farm-level for addressing these challenges, including the potential for the application 
of Good Agricultural Practices and agroforestry systems to improve sustainability, and 
options for addressing land suitability issues surrounding oil palm and timber concessions. 
Chapter 4 also focuses on water management practices for the protection of fragile peat 
soils, and on the use of no-fire land clearing alternatives. 

In order to explore alternative crop options in the lowlands, Chapter 4 follows a systems 
approach to assess the performance of the value chains for a number of key alternative 
commodities, with an emphasis on the challenges and opportunities faced by smallhold-
ers. It examines the opportunities for increased smallholder participation in downstream 
processing, post-harvest handling practices, and the business enabling environment and 
supporting functions. Chapter 5 provides examples of the application of the approaches 
presented in the previous chapters in the development of jurisdictional Green Growth 
Plans in Jambi, South Sumatra, and Papua provinces. Finally, Chapter 6 presents the policy 
options for achieving sustainable agriculture in the lowlands, and follow-up work for devel-
oping a clearly defined and implementable sustainable lowlands development strategies at 
national and local levels.

This report complements two other studies on Indonesia’s lowlands under the Sustainable 
Landscape Management Program (SLMP) that is led by the World Bank in Indonesia.4

4 The other reports are “Governance of Peatlands 
and Other Lowland Ecosystems” and “Addressing 
Persistent Forest and Land Fires in Indonesia: 
Institutional and Expenditure Review of Fire 
Management”.



4 Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia



5Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Chapter 02

Farming systems in the lowlands of 
Sumatra, Papua and Kalimantan
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The existing land cover and farming systems that are prevalent in the lowlands of 
Sumatra, Papua and Kalimantan fall into nine categories: (i) paddy (or unprocessed 
rice) fields; (ii)  annual crops; (iii) fruits and medicinal plants; (iv) timber; (v) export 
commodities (such as palm oil, rubber and coffee); (vi) natural forests; (vii) shrub 
and grasslands; (viii) aquaculture; and (ix) urban areas. In order to assess the spatial 
distribution of these categories, the study used time-series land use/land cover maps 
from 2011 and 2015 and other spatial datasets. Figure 1 shows the distribution of land 
cover and farming systems of the lowland areas of Papua, Kalimantan, and Sumatra in 
2015.

Natural forest areas account for about a third of the total lowland area. Formally 
most of this area is reserved for forestry purposes, and is designated either as 
production, protection or conservation forests. In the lowlands, natural forests 
mainly consist of swamp forest and mangrove. The natural forest area also includes 
some scattered settlements and local communities who depend on wild plants and 
animals. The distribution of forest between the islands varies with forest land cover 
accounting for 68 percent of lowlands in Papua, 27 percent in Kalimantan, and only 
14 percent in Sumatra.

Shrub and grassland areas are the second most common land cover, accounting 
for 27 percent of the area in Papua, 38 percent in Kalimantan and 31 percent in 
Sumatra. In Sumatra and Kalimantan, these areas are mostly linked to the past 
occurrence of deforestation; while in Papua’s lowland, it is common to find natural 
swamp savanna which is inundated almost continuously throughout the year. Agri-
culture activities are mostly limited to hunting and herding.

Export commodity areas. The major export commodities comprise rubber, oil palm, 
coconut, coffee, tea, and cocoa, with some other associated crops such as pepper 
and other spices. These crops are grown under both large commercial estates and 
smallholder management systems. Export commodities accounted for 0.1 percent 
of the lowland area in Papua, 12 percent in Kalimantan, and 23 percent in Sumatra. 
Overall the data shows an increase of 50% in the area of export commodities from 
2.8 m ha in 2011 to 4.2 m ha in 2015.

The paddy areas are predominantly paddy based but may contain subsidiary crops. 
Cropping intensity depends on the rainfall distribution, length of the growing sea-
sons, and the availability of supplementary irrigation. Important subsidiary crops 

2. Farming systems in the lowlands of 
Sumatra, Papua and Kalimantan

2.1. Current land cover and 
farming systems

Figure 1. Distribution of lowland farming systems and land cover 
across three main islands in Indonesia in 2015 (000 hectares)
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grown in the paddy areas include root crops and sugarcane. Both livestock and 
off-farm income in these areas contribute to household livelihoods. In Papua this 
category only accounts for 0.1 percent of the lowland area, while in Kalimantan and 
Sumatra the proportion is 6 percent. 

Annual crop areas are characterized by the intensive cultivation of food crops, 
vegetables, and fruits, supplemented by hunting and gathering in the forest. This 
type of farming system is mostly located near settlements or transmigration areas 
in Sumatra and Kalimantan, where it accounts for 7 percent and 6 percent of the 
lowland area respectively. The area of annual crops in Papua’s lowlands was found 
to be only 0.5 percent. 

The fruit and medicine farming system is characterized by the cultivation of a 
wide range of mostly permanent crops combined with medicinal and other annual 
crops. The specific preferred crop differs by geographic area, agroclimatic con-
ditions, slope, terracing, and water regime. Many poor households that practice 
this farming system earn supplemental income from off-farm work. In Papua this 
category covers 1 percent of the lowland area, while in Kalimantan and Sumatra the 
proportion is 7 percent. 

Timber. Most of the timber area is located in Sumatra, accounting for 7 percent of 
the lowland area. It consists of natural forests that are within forest management 
concessions and industrial timber plantations. Fast-growing trees such as Acacia 
and Eucalyptus for pulp production are common in this type of farming system. 
Mostly managed by large scale companies, this farming system is located mostly in 
the peat ecosystem on the east coast of Sumatra. Timber makes up 2.5 percent of 
the lowland area in Papua, and 2 percent in Kalimantan.

Aquaculture is mostly dominated by fishponds and located along the narrow coast-
al strips and in many islands of Indonesia. This farming system consists mainly of 
inland fishponds combined with cash-oriented farming such as coconuts and live-
stock. In Papua this category was not identified, while in Kalimantan and Sumatra 
fishpond areas make up 2 percent of each of the islands´ lowland areas.

The urban farming system is generally characterized by the existence of settle-
ments and road networks with well-functioning links to the surrounding rural areas 
for livestock, feed, and fodder supplies. The most common type of land uses in this 
farming system category is the home garden. In Papua the urban area makes up 0.1 
percent of the lowland area, 1 percent in Kalimantan, and 2 percent in Sumatra.

2.1.1. Inter-island differences
There are significant differences in the distribution of land cover across the three 
islands consistent with the different stages of forest transition. In Papua, the 
natural forest makes up 68 percent of the lowland area, and export commodities 
only 0.1 percent. At the other end, Sumatra’s lowland consists of only 14 percent 
natural forest and 23 percent export commodities. 

Papua is at an early stage of forest transition, with more than three-quarters of 
its total land area being forested and with only a tenth of this area being allo-
cated as non-forest land. Its population density is very low compared to the other 
two provinces, with its residents grouped into scattered villages across a vast area 
of land. There is a high infrastructure deficit, with connections between towns 
requiring air transportation, which means that the marketing of commodities is as-
sociated with high costs. In contrast to Sumatra, in Papua, the deforestation threat 
is high despite the large extent of pristine forest cover, as permit issuances for 
industrial forest plantation and oil palm have been increasing in the recent years. 
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By contrast, Sumatra has experienced a longer history of forest and land-use 
changes and has also faced higher land pressures because of its relatively high 
population density compared to the other two islands. Sumatra has been subject 
to significant environmental risks related to fire, especially on peatlands, which is 
also closely correlated to a significant extent with areas where farming systems are 
unsuitable to the biophysical land characteristics. In these landscapes, efforts to 
transform unsustainable lowland practices should focus on enforcing appropriate 
land clearing policies and enabling smallholders to adopt better farming practices. 

In terms of its forest transition stage, Kalimantan lies between Sumatra and 
Papua. Kalimantan’s natural resources have been intensively exploited for several 
decades resulting in a substantial decline in forest cover, but the area covered 
by intact forest is still significant. Kalimantan could increase its level of produc-
tivity in the existing farming areas through the expansion of production facilities, 
knowledge, and skills, with a priority to improving value-chain management over 
continued expansion.

Lowland areas have a number of unique biophysical and geographical characteris-
tics that make them vulnerable to key risks, including flooding and salinization due 
to rising sea levels, peatland fires, and subsidence due to draining. These events 
pose threats to the economic viability of agricultural crops. Rising sea levels result-
ing from factors related to climate change may increase the vulnerability of people 
living in these areas. The key environmental issues are the loss of forests due to the 
expansion of agriculture and fires caused by land clearing activities. The overuse of 
chemical pesticides can result in additional environmental impacts.

2.2.1. Expansion of agriculture as a driver of forest loss
Agriculture is responsible for a significant share of Indonesia’s deforestation and 
peatland degradation.5 In 2015-2017, deforestation in lowland areas occurred at 
a rate of 1.2-1.8 times higher than in non-lowland areas and this is partly linked 
to the expansion of estate crops.6 In Sumatra, for example, according to Lee et al. 
(2013), the development of oil palm plantations resulted in the loss of 673,000 ha 
of peat swamp and lowland forests between 2000-2010. 

Despite the environmental significance of Indonesia’s lowland areas, they are 
under increasing pressure from land-use expansion. In Sumatra and Kaliman-
tan, over the past five years, the expansion of estate crops in lowland areas has 
taken place at a rate of 1.2-2.7 times higher than in non-lowland areas. The limited 
availability of land for large-scale agricultural activities in the most productive 
areas has resulted in an increasing pressure to expand into more marginal lands, 
including in lowland areas. Both the cost of managing such land for agricultural 
purposes and the associated environmental risks are significantly higher than in 
more productive areas.

2.2.2. Lowland agriculture as a contributor to Indonesia’s 
recurring land and forest fires and associated haze and 
greenhouse gas emissions
Lowlands are a major source of GHG emissions, including from peatland fires. 
The unsustainable use of peatland and mangrove areas for intensive agriculture 
often involves draining, which results in a large volume of GHG emissions and which 
alters these ecosystems’ hydrology, with drained peatlands becoming extremely 

2.2.  Negative environmental 
impacts of lowland 
agriculture 

5 Oberman, Dobbs, Budiman, Thomson, & Rosse, 2012.
6 Analysis by ICRAF.
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dry during protracted dry seasons. Land clearing practices that use fire and open 
burning techniques can result in uncontrolled fires that can persist for months and 
destroy large areas of land. The resulting haze and smoke can result in significant 
adverse health impacts and economic losses. 32 percent (10.6 million ha) of the 
lowland areas in Sumatra, Kalimantan and Papua can be considered to be at high 
risk for fires, compared to only 6 percent (6.9 million ha) of the non-lowland areas 
on those three islands (ICRAF 2017, Figure 2). 

In Indonesia, smallholder farmers and large-scale concessions have a long his-
tory of using fire to prepare land, particularly to remove dead trees and bushes 
after slashing to clear the land surface (Attwell et al 2015; and Suyanto et al 
2004). The use of fire is the cheapest, fastest, and easiest method to clear land 
and to prepare it for agricultural purposes. In addition, it is an effective means of 
controlling pests, diseases and weeds and of facilitating the rapid recycling of soil 
nutrients, at least in the short term (Murniati & Suharti, 2018). However, lowland 
areas, especially peatland, are considerably more prone to fire risk than non-low-
land areas. The use of slash-and-burn techniques to clear land, particularly for the 
expansion of plantations for crops such as oil palm, has created conditions that 
dramatically increase the risk of fire and haze disasters, both of which have the 
potential to result in enormous economic and environmental costs for Indonesia 
and its neighboring countries. 

Figure 2. Maps of fire vulnerability in the lowland areas of Sumatra, Kalimantan, 
and Papua 

Source: ICRAF 2017

2.2.3. Lowland areas with high environmental risk
Of the lowland areas in the three islands, 68 percent lie close to areas that have ex-
perienced deforestation or fire. Two data sources were used to assess environmental 
risks: (1) proximity to the occurrence of deforestation between 2010-2015, and (2) 
fire risk based on fire hotspots in the lowland areas in 2010-2015. A large proportion 
of the lowland areas is characterized by a high level of environmental risk, particu-
larly risks related to deforestation in undisturbed, natural ecosystems in Kalimantan 
and Papua and to the occurrence of fire in Sumatra. Over 10 million ha of Sumatra’s 
lowlands are in proximity to historical deforestation or fire hotspots, in contrast with 
2.5 million ha in Papua (Figure 3).
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2.3.1. Conflict over land rights and lack of access to land for 
smallholders
The expansion of large-scale commodity production in the lowlands often leads to 
conflict with local communities. To meet the strong global demand for palm oil and 
pulp, there is an increasing demand to use land in these areas to grow oil palm and 
pulpwood. As the most productive areas of land have already been used, large-scale 
operators are increasingly utilizing marginal land, particularly peatland.7 In many 
cases, this also results in a high level of social conflict related to land rights. 

Within the state forest area, which covers 63 percent of the lowlands, local people 
generally do not have formal land rights, putting them at a disadvantage to com-
panies with state-licensed timber and forest management concessions.8 In Papua, 
as observed through focus group discussions, there are on-going tenurial conflicts 
between the local indigenous people, communities and forest concession and plan-
tation holders. In Sumatra, the absence of land certificates has often led to conflicts 
between land claimants.9 

Only about 22 percent of the lowland area is suitable, and potentially available, for 
cultivation by smallholders.10 Most of the lowlands of Sumatra, Kalimantan, and 
Papua (63 percent) are designated as state forest area (kawasan hutan), implying 
that this area is reserved for forestry and formal access for agricultural purposes 
is limited. Within this area there is some land that can be made available to local 
farmers through social forestry schemes. In total only 12.4 million ha lie outside the 
state forest area (Table 1), and a portion of this is allocated to large concessions, 
mainly for the cultivation of oil palm, leaving only 10.4 million hectares where there 
is a high availability of land for smallholder farmers. The distribution of available land 
varies across the three islands, with 43 percent available in Sumatra, 34 percent in 
Kalimantan, and only 13 percent in Papua. Of the available land, only 7.3 million ha 
is suitable for the cultivation of one or more of the selected lowland crops and tree 
commodity species.

Figure 3. Proximity to historical deforestation and/or fire hotspots (million ha)

2.3.  Social issues related to 
lowland agriculture

7 Gunarso et al. 2013; Miettinen et al. 2016
Gunarso P, Hartoyo ME, Agus F, Killeen TJ (2013) 
Oil palm and land use change in Indonesia, Ma-
laysia and Papua New Guinea. In: Reports from 
the Technical Panels of the 2nd greenhouse gas 
working Group of the Roundtable on Sustainable 
Palm Oil (RSPO), pp 29–63. https://www.rspo.
org/resources/supplementary-materials.
Miettinen J, Shi C, Liew SC (2016) Land cover 
distribution in the peatlands of Peninsular Ma-
laysia, Sumatra and Borneo in 2015 with changes 
since 1990. Glob Ecol Conserv 6:67–78. https://
doi.org/10.1016/j.gecco.2016.02.004.
8 Sahide, M. A., & Giessen, L. (2015, February). 
The fragmented land use administration in Indo-
nesia – Analysing bureaucratic responsibilities 
influencing tropical rainforest transformation 
systems. Land Use Policy, 43, 96-100.
9 Suyanto, S. (2007). Underlying cause of 
fire: Different form of land tenure conflict in 
Sumatra. Mitigation Adaptation Strategy Global 
Change, 12, 67-74.
10 Analysis by ICRAF.
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2.3.2. Low profitability of lowland agriculture for smallholder 
farmers
Farming is an important source of livelihoods for communities living in the lowlands, 
but current practices generate low profits. As discussed below, a significant portion 
of the lowlands requires good farming practices and adequate agricultural inputs and 
technologies to overcome limiting biophysical factors. The yields of smallholders tend 
to be correspondingly low. In addition, as discussed in Chapter 4, the value chains of 
key commodities tend to be complex with little smallholder involvement in down-
stream processing, and with middlemen capturing a significant share of profits. 

The study conducted simulations11 which found that the application of good agri-
cultural practices (GAP) in farming various crops could lead to a significant increase 
in yield per hectare. GAP is a term used to describe farming practices that enable 
the efficient, sustainable and profitable production of agricultural commodities in a 
manner that protects or enhances environmental services. Monocropping systems 
were analyzed for 9 crops: rubber, cacao, coconut, coffee, oil palm, pepper, betel nut, 
paddy, and sago.  Agroforestry systems based on oil palm, cacao, rubber and sago 
were also analyzed. The study found that the application of GAP can significantly 
increase yields for all the crops analyzed, with an average estimated increase of 46 
percent (Figure 4).

Table 1. Distribution of State Forest Area and Non-Forest Area by island (ha million)

Figure 4. Productivity estimates of the common farming systems in lowland areas, BAU vs. 
GAP (tons/ha/yr, except oil palm and paddy, which are shown at 10 tons/ha/yr)
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11 The business as usual (BAU) productivity 
for each commodity was calculated from the 
most recent, publicly available production and 
area production statistics. When possible, 
district-level statistical data were used. GAP 
scenarios assume the use of good quality genetic 
material, best practice fertilization, including 
pesticide application, and use of labor in calcu-
lating the profitability of lowland farming prac-
tices. The GAP productivity estimates are based 
on modelling and a literature review. Data related 
to production from modelling results were also 
compared with the actual results from the field, 
particularly in the case of agroforestry systems.

Source: Analysis by ICRAF
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Many smallholders lack access to markets because of infrastructure shortfalls. Be-
cause of the topographical characteristics of lowlands, a significant proportion of Indo-
nesia’s major physical infrastructure, including road networks, processing and storage 
facilities, and others, are located in these areas. Production infrastructure, including ir-
rigation facilities and green infrastructure for adaptation, is also usually located in these 
areas, partly to enable access to ports. However, the maintenance of this infrastructure 
is often neglected, usually due to a lack of financial resources and poor maintenance 
planning. In particular, the infrastructure that supports the agricultural sector is also 
characterized by several problems, including the high cost of effective water manage-
ment systems and a general lack of infrastructure for the production, distribution, and 
processing of agricultural products. 

2.4.1 Potential suitability of lowland areas for commodity species
Indonesia’s lowland areas are characterized by five distinct agro-ecological zones 
with very different farming potential. The Agro-ecological zones within lowland areas 
of the three islands consist of deep peat (31.8 percent); shallow peat (18.4 percent); 
flood plains, which are mostly mineral soils (30.8 percent); land consisting of acid 
sulfate soils (11.2 percent); and mangrove (7.9 percent) (Table 2). The climate, soil, 
and topography that define the zones determine the crop suitability and potential 
productivity of various commodities. The realized productivity is also affected by 
the presence of production infrastructure (such as irrigation networks), access to 
agricultural inputs, and production practices, which can vary regionally. 

The suitability and potential levels of productivity of 10 selected commodities 
(rice, coffee, cacao, rubber, oil palm, teak, acacia, eucalyptus, durian, fishery)12 were 
analyzed and mapped for each of the agro-ecological zones, using data related to 
climate, soil, and topography.13 For each of the commodities, a suitability map was 
produced classifying the lowland areas into five degrees of suitability: (i) S1: highly 
suitable, (ii) S2: moderately suitable, (iii) S3: marginally suitable, (iv) N1: marginally 
not suitable, and (v) N2: permanently not suitable. Figure 5 and Figure 6  below pro-
vide the suitability maps for acacia timber and oil palm respectively.

Only about a third of the total lowland area is biophysically suitable for the culti-
vation of at least one of the selected commodities, with the area suited for some 
individual species much more limited. For paddy 63 percent of the area appears to be 
biophysically suited (suitability classes 1, 2, or 3), but the area suited for acacia, rub-
ber, cocoa, or coffee is only 5 percent for each. The area suitable for growing oil palm 
and corn is 27 percent and 23 percent of the lowland area respectively. With the 
application of good management techniques and the use of technology appropriate 
for each of the zones, approximately 54 percent of the total area (excluding man-
grove) is suitable for the cultivation of at least one of the lowland commodity species 
commonly cultivated by smallholders. 

Table 2. Acro-ecological zones of lowland areas in Papua, Kalimantan, and Sumatra (ha)

2.4. Suitability and availability 
of lowland areas for 
cultivation

12 The criteria for selecting the species were: (i) 
species with strong potential for agricultural 
expansion; (ii) those with particular significance 
for livelihoods; (iii) sufficient areas of existing 
practice to achieve economies of scale; (iv) the 
availability of technology for systems of sus-
tainable management that meet environmental 
safeguard standards for lowland agriculture; (v) 
strong potential for expansion/upscale; (vi) the 
availability of post-harvest technologies, facili-
ties and processing industries; (vii) species that 
play a role in the achievement of national and 
provincial governments’ strategies.
13 Analysis by ICRAF.

Source: Analysis by ICRAF
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Figure 5. Map of potential land suitability for Acacia timber

Figure 6. Map of potential land suitability for oil palm
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Kalimantan Papua Sumatra
Limiting	factors	 cannot	be	addressed 1,028 20 1,950
Limiting	factors	 can	be	addressed 712 322 1,939
Biophysical	characteristics	are	suitable 1,985 58 2,256

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

53%

19%

28%

14%

80%

5%

37%

32%

32%

2.4.2. Suitability of existing farming systems
A significant proportion of the lowland areas has farming systems that are not 
biophysically suited to their location. Suitability maps of different species were 
superimposed onto the map of existing farming systems and land cover to determine 
whether existing farming systems in the lowlands are located in the most biophysi-
cally suitable areas. Suitability was assessed based on the following parameters: (1) 
temperature, (2) water availability, (3) soil characteristics, (4) nutrient retention, (5) 
salinity, (6) toxicity, (7) nutrient availability, and (8) risk of erosion. The spatial anal-
ysis found that only 42 percent of the existing farming systems are located in areas 
were the biophysical characteristics are suitable, 29 percent are in areas where the 
biophysical characteristics are not suitable but the limiting factors can be addressed, 
and 29 percent are in areas where the biophysical characteristics are not suitable 
and the limiting factors cannot be addressed.

Figure 7. Biophysical suitability of existing farming systems, excluding natural forests 
and grasslands (percent and ha, 1000)
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Chapter 03

Towards sustainable farming systems 
and farming practices in lowland areas
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Spatial analysis has identified significant lowland areas with biophysical charac-
teristics that make them unsuitable for farming, but where the limiting factors 
could be addressed through changes in the farming approach. With only a small 
proportion of lowlands available for smallholder agriculture and with increasing land 
pressure, there is a need to rationalize the amount of area that can be accessed and 
to maximize the production in those areas through productivity increases. In addi-
tion, given the high risk of fire and the associated environmental and economic losses 
there is a need to implement sustainable land management techniques that reduce 
the incidence of fire, especially on peatlands.

This chapter identifies opportunities for improving the profitability and sustainabil-
ity of smallholder agriculture in the lowlands of Sumatra, Papua, and Kalimantan. 
Specifically, it evaluates the options of switching from monocropping to agroforestry 
systems, implementing GAP, improving water management, and applying zero-fire 
land clearing techniques. 

Addressing the mismatch between the crops and the biophysical characteristics of 
land, as identified through the spatial analysis, will require the reallocation of land 
or the adjustment of farming practices and species selection. The spatial analysis 
identified significant lowland areas where current farming systems are not suited to 
the biophysical characteristics of the land, resulting in suboptimal productivity and 
high environmental costs.  One of the most significant issues is the draining of peat 
areas, specifically in oil palm and industrial timber plantations.

Around three-quarters of the 3 million hectares of farmed area that did not match 
with the biophysical characteristics of the land, and where the limiting factors can-
not be addressed (N2), is planted with tree-based export commodities (47 percent) 
and timber plantations (27 percent) (Figure 8). While the data did not allow a disag-
gregation by agro-ecological zone, a portion of this area is likely to be within peatlands. 

As the most productive areas of land have already been taken up, large-scale 
operators are now increasingly using marginal land, particularly peatland. However, 
the cultivation of peatlands for fast-growing timber and oil palm requires lowering 
the water table, so that the plants can develop adequate roots. This in turn leads to 
drying of the soil and soil subsidence, making these areas prone to fire as well as to 
flooding (Wetlands International 2016). These expansions have been driven by the 
strong global demand for palm oil and pulp. Overall the data shows an increase in the 
area of export commodities from 2.8 million ha in 2011 to 4.2 million ha in 2015, an 
increase of 50 percent.14

3. Towards sustainable farming systems and 
farming practices in lowland areas

3.1. Addressing land suitabil-
ity issues surrounding oil 
palm and timber conces-
sions in lowland areas

Figure 8. Area where the limiting factors for existing farming 
systems cannot be addressed (N2), ha x1,000

14 Analysis by ICRAF.
49.25%

26.71%

9.9%

6.07%

8.07%
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3.1.1. Timber plantations on peatland
The spatial analysis identified 1.4 million ha of timber plantations across the low-
lands of the three islands, of which 0.9 million ha is located in Sumatra. Most of this 
area consists of fast-growing acacia and eucalyptus plantations for the production 
of pulpwood by suppliers of Indonesia’s two largest paper manufacturers, Asia Pulp & 
Paper (APP) and Asia Pacific Resources International Limited (APRIL). According to an 
NGO report, APP’s suppliers manage approximately 600,000 ha of pulpwood plan-
tations on peatlands, while APRIL’s subsidiaries or long-term suppliers oversee more 
than 265,000 ha of plantations on peatlands (Koalisi Anti Mafia Hutan et al. 2019). 

Based on the suitability analysis, establishing acacia plantations in peatland areas 
is expected to be particularly challenging. From a biophysical standpoint, according 
to the suitability analysis, only 0.6 percent of the peat area is suitable (S2) and 2.7 
percent is marginally suitable (S3) for acacia plantations.

Land swaps could be considered to address the unsustainable practices on peat-
lands. A regulatory framework for such a measure is provided by Ministry of Environ-
ment and Forestry (MOEF) Regulation No. 40, 2017, on the Government Facilitation for 
Industrial Timber Plantation for the Protection and Management of Peat Ecosystem. 
The regulation outlines procedures for land swaps for peatland timber concession areas 
that are classified as having a protection function. However, the process of implement-
ing this legal provision could be improved.

At the same time, in areas where there is a mismatch between existing crops and 
the biophysical suitability, the legal framework for timber plantations provides 
the option of replacing current crops with other more suitable species. For timber 
plantation concessions, such a process is facilitated through MOEF Regulation No. 
17/2017 on the Development of Industrial Timber Plantations, which allows compa-
nies to select alternative species. However, the use of this provision has been very 
limited, due to the costs involved.

3.1.2. Oil palm
Although perceived to be a lucrative crop that has potential for poverty alleviation, 
many observers have argued that the development of oil palm in Indonesia involves 
significant trade-offs (Sheil, et al., 2009; Pacheco, et al., 2017). Environmental 
trade-offs include potential negative impacts on biodiversity, carbon emissions and 
carbon storage issues as oil palm plantations are situated in peat lands or their devel-
opment comes at the expense of deforestation. In Sumatra, for example, according 
to Lee et al. (2013), the development of oil palm plantations has resulted in the loss 
of mangrove (4,474 ha), peat swamp (383,518 ha), lowland (289,406 ha), and lower 
mountain forest (1,000 ha) over a ten-year timespan (2000-2010). Lee et al. (2013) 
state that expansion has been primarily driven by private enterprises (88.3 percent), 
smallholders (10.7 percent), and state-owned business (0.9 percent).

Despite these trade-offs, the cultivation of oil palm could be maintained , if it was 
managed sustainably through good governance of the value chain, with the en-
forcement of fire free practices for the preparation of land (Purnomo, et al., 2017). 
However, at present, it has involved large scale monoculture by plantation estates or 
smallholders without regard to environmental impacts (Ilham, Purnomo, Rohadi, & 
Puspitaloka, 2019). Large scale monocultures may help to reduce production costs, but 
they have been associated with biodiversity loss and landscape fragmentation (Klasen 
et al 2016). Well-designed, well-managed diversification to other species or crops could 
create a win-win solution in terms of the ecological and economic trade-offs (Klasen, 
et al., 2016; Wan, et al., 2016; Liu, et al., 2018). Diversification in plantations, according 
to Liu et al. (2018), may result in higher levels of productivity and other advantages. 
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In rural areas, diversification may help to reduce the adverse impacts of drought, to 
enhance pest and disease resistance, to stabilize livelihood systems, and to improve 
social welfare (Wan, et al., 2016).

Agroforestry is the interaction of agriculture and trees, including the agricultural use 
of trees. This comprises trees on farms and in agricultural landscapes, farming in 
forests and along forest margins and tree-crop production, including cocoa, coffee, 
rubber and oil palm. Interactions between trees and other components of agriculture 
may be important at a range of scales: in fields (where trees and crops are grown 
together), on farms (where trees may provide fodder for livestock, fuel, food, shel-
ter or income from products including timber) and landscapes (where agricultural 
and forest land uses combine in determining the provision of ecosystem services). 
Agroforestry tries to balance various needs: 1) to produce trees for timber and other 
commercial purposes; 2) to produce a diverse, adequate supply of nutritious foods 
both to meet global  and national demand and to satisfy the needs of the producers 
themselves; and 3) to ensure the protection of the natural environment so that it 
continues to provide resources and environmental services to meet the needs of the 
present generations and those to come (ICRAF 2020).

Agroforestry systems are traditionally cultivated across Indonesia and have a 
number of important benefits. The diversity of products from agroforestry systems 
means that there is less reliance on a single commodity, increasing resilience to price 
fluctuations and increased opportunity for producing food, fodder, building materials 
and other subsistence products. Agroforestry systems are also less labor intensive 
than monocultures, making them attractive in regions where labor is in short supply. 
From an environmental standpoint, agroforestry can be beneficial as it supports 
higher levels of biodiversity, can improve soil fertility, stores more carbon, and pro-
vides habitat for wildlife (Table 3).

3.2.  Agroforestry as a 
sustainable lowlands

 land use option

Table 3. Comparison between monoculture and agroforestry 
based on economic, social and ecological contexts
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3.3. Implementation of Good 
Agricultural Practices 
for improving profits and 
sustainability

Figure 9. Profitability of agroforestry and monoculture systems; 
NPV (IDR m/ha) and Return to Labor (IDR thousand/ha)

3.2.1. A comparison of the profitability of selected agroforestry 
and monoculture systems
The comparison of Business as Usual (BAU) agroforestry and monoculture systems 
shows that oil palm, rubber, and sago are more profitable in terms of net present 
value (NPV) when grown in agroforestry systems. Rubber agroforestry systems 
show a lower NPV than monoculture due to the current practice that combines 
rubber only with mixed fruit trees with low commercial values. Cacao agroforest-
ry systems, on the other hand, show a higher NPV than monoculture because the 
productivity of cacao increases with shade trees, such as coconut and the additional 
products yielded from associated tree crops. Oil palm agroforestry, which combines 
cacao tree crops with oil palm, shows more than twice the NPV of oil palm monocul-
tures. The data for oil palm came from demonstration trial data of oil palm agrofor-
estry in Brazil and from a tree-crop interaction model (WaNULCaS). Comparing the 
Returns to Labor between agroforestry and monoculture systems for the four crops 
indicates that oil palm and sago are more profitable when grown in agroforestry sys-
tems, while cacao and rubber are more profitable as monocultures (Figure 9).

The increase in the numbers of relatively affluent consumers in Indonesia will 
continue to drive increases in demand for more diverse food and agricultural prod-
ucts. Additionally, pressure on land resources is increasing, partly because cities are 
expanding and encroaching on rural areas. As a consequence, to meet the increased 
demand in the context of the reduced availability of land, productivity improvements 
in the agriculture and fisheries sectors are essential. It is estimated that to meet 
domestic demand by 2030, the level of productivity of Indonesia’s farms will need 
to increase by more than 60 percent, from just over three tons of crops per farmer 
to five tons. Environmental concerns and urbanization are both factors that require 
increased productivity through the use of more intensive production systems.

3.3.1. Profitability analysis of adopting GAP 
The application of GAP can provide higher returns to smallholder farmers for 
most of the farming systems analyzed. Profitability analyses were conducted for a 
number of selected lowland commodities, comparing BAU and the adoption of GAP 
and monoculture cropping versus agroforestry systems. Information related to the 
management practices and their cost was obtained through surveys in the field. The 

Source: Analysis by ICRAF
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Figure 10. Net Present Values of selected farming systems, BAU vs. GAP

Figure 11. Returns to Labor of selected farming systems, BAU vs. GAP

analysis finds that the level of profitability under the GAP scenario is higher in terms 
of both returns to land (NPV) and returns to labor, than under the BAU scenario for 
most of the crops. The use of good quality genetic materials and best practice fertil-
ization resulted in a 19 percent to 55 percent increase in profitability (Figure 10). The 
main exception is the case of rubber cultivated under monoculture systems. The use 
of GAP for agriculture input use reduces the level of profitability, as the currently low 
price of latex rubber does not justify the additional investment.

3.3.2. Current constraints that limit adoption of GAP
Poor access to agricultural inputs currently limits the productivity and 
sustainability of smallholder farming in lowland areas. Farmers in lowland areas 
face more limited access to productivity-enhancing agricultural inputs such as 
improved planting material, fertilizer, feed for livestock and fish, agricultural 
chemicals, and pest and disease management systems (Table 4). 
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Table 4. Main agricultural input to increase productivity for selected lowland farming systems

Access to improved varieties of animal stock for poultry farms and fisheries, and 
of planting material for tree commodities is difficult in remote areas.15 The govern-
ment provides support in the case of a number of commodities, including through 
measures to facilitate the establishment of fish hatcheries, centers for the develop-
ment of plant genetic materials, and livestock breeding centers. Research institu-
tions develop improved genetic varieties, but they tend to be far away from farming 
areas, which often leads to high levels of mortality of living materials during distri-
bution. As a result, most lowland farmers cultivate local unimproved varieties of tree 
commodities (coffee, cacao, rubber, coconut, areca nut, and sago). 

Farmers have better access to quality rice seeds. The government provides sup-
port to a number of national corporations to produce good quality rice seeds, with 
private companies playing a role in the distribution, as mandated by MoA Regulation 
No.56/2015 regarding the production, certification, and distribution of seeds for food 
crops and fodder. 

There remains inadequate farmer access to fertilizers and knowledge about proper 
fertilizer use. The Indonesian government promotes the use of chemical and organic 
fertilizers. According to the Central Bureau of Statistics (2013), 86.4 percent of 
farmers exclusively use chemical fertilizer; 13.5 percent use a combination of both 
chemical and organic fertilizer; while only 0.1 percent use organic fertilizer exclu-
sively. However, there is still a widespread lack of knowledge related to appropriate 
fertilizer use by farmers (right dose, type, and time) (Wasito, Sarwani, & Ananto, 
2010). To address this, it is essential to implement measures to improve farmers’ 
knowledge and capacities. Integrated farming systems have excellent potential to 
address issues related to farmers’ limited access to fertilizer, since these systems 
enable farmers to produce organic fertilizer and livestock and fish feed.

Reliance on chemical pesticides can have long-term negative environmental im-
pacts and has been shown to lead to lower productivity. If used over the long term, 
chemical pesticides may have a serious negative environmental impact, particularly 
if these pesticides are not applied according to the recommended dosages and time 
intervals. Since 1992, the Indonesian government has issued regulations to promote 
integrated pest management and to minimize the use of chemical pesticides (Indiati 
& Marwoto, 2017). Integrated pest management (IPM) is defined by FAO as “the care-
ful consideration of all available pest control techniques and subsequent integration 
of appropriate measures that discourage the development of pest populations and 15 Focus Group Discussion held by ICRAF
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keep pesticides and other interventions to levels that are economically justified and 
reduce or minimize risks to human health and the environment” (FAO.org). An eval-
uation conducted in 2008 and 2009 following the establishment of 60,000 farmer 
field school units indicated that IPM contributed to increases to rice production from 
57.16 million tons in 2007 to 64.4 million tons in 2009 (Baehaki, Mejaya, & Sembir-
ing, 2013).

An important constraint to the implementation of GAP is the limited access to 
agriculture extension and other support services. As discussed in section 4.4 
below, services by the government and the private sector are commonly available in 
Sumatra, but to a much lesser extent in Kalimantan, and to the least extent in Papua. 
In Sumatra and Kalimantan, there is at least one government extension agent in 
each village, where their main function is to provide advice on the cultivation of food 
commodities such as rice and corn. Across the three islands, there is also a limited 
number of extension agents to handle other commodities such as timber, rubber, 
sago, coconut or oil palm.

Good water management practices are crucial for the protection of fragile peat 
soils. It is vital to balance the supply of and demand for water. Water quality is also 
a major issue, with pollution along the watershed tending to accumulate in lowland 
areas and, with rising sea levels, to cause salination. In areas of drained peatlands 
with subsidence, these issues are exacerbated.

Failure to appropriately manage peatland water tables, especially during droughts, 
combined with the use of fire to clear land, have resulted in the more frequent oc-
currence of fire devastation in surrounding areas. In peatlands, under GAP, land and 
water management must be implemented with consideration given to the specific 
characteristics of the agro-ecological zones and to meet the needs of commodities 
for maintaining stable water levels and farming systems (monoculture and agro-
forestry systems). Drainage depth is closely related to CO2 emissions, subsidence, 
and the risk of fire (Salmayenti et al. 2018). Stable water levels can be maintained 
through iterative cycles of rewetting and fine tuning of drainage systems through 
the construction of physical infrastructure. Water management infrastructure that 
can contribute to the management of water levels includes ditches, one-way flow 
systems, forks, polders, and water-gate systems. 

It should be noted, however, that drained agriculture on peatlands may not be 
sustainable over the longer term, even if water levels are maintained at 0.4 m below 
the peat surface. An assessment by Wetlands International concludes that con-
trolled drainage cannot prevent the long-term impacts of peatland drainage but can 
only slow down the process of subsidence and partially reduce emissions from peat 
oxidation and the risk of fires.16

Uncontrolled fire occurrences have increased in frequency in Indonesia and it is 
costly in terms of negative impacts on health, the economy and the environment. 
However, land clearing can be conducted with a minimum risk of uncontrolled fire 
occurrences by leveraging technological innovations, institutional strengthening, the 
development of partnerships, and the appropriate promulgation and enforcement of 
new and existing regulations.

This study identified a range of alternative techniques that minimize the use of fire 
and reduce the amount of smoke generated, including zero-burning and controlled 
burning techniques,17 to clear land. An analysis of the cost-effectiveness and impact 
on soil fertility, pests, and diseases, CO2 emissions, and fire are used to determine 
the trade-offs between cost and the environmental impact across various land clear-
ing methods. Choices related to methods to clear land differ according to the initial 

3.4. Water management prac-
tices for the protection of 
fragile peat soils

3.5. Land clearing without fire

16 Wetlands International & Tropenbos Interna-
tional. (2016). Can Peatland Landscapes in In-
donesia be Drained Sustainably? An Assessment 
of the ‘eko-hidro’ Water Management Approach. 
Wetlands International Report. Retrieved from 
https://www.tropenbos-indonesia.org/file.
php/2180/wetlands%20international%20and%20
tropenbos%20international%20-%20peatland%20
brief_eko-hydro_approach%20final.pdf
17 These techniques were identified based on 
reviews of existing data, interviews with experts, 
focus group discussions, and the collection of 
primary data at the field level.



25Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

land cover conditions and their implications for planting. In general, in Indonesia, 
land covers cleared for agricultural purposes comprise secondary forest, shrubs and 
bushes, and grassland (Imperata).

Three alternative land clearing techniques that result in less fire were examined in 
this study: 1) controlled burning; 2) zero-burning with traditional machinery involving 
farmer groups; and 3) zero-burning with modern machinery involving partnerships 
with government agencies/private enterprises.
• Controlled burning: This technique involves the use of fire on a specific land area 

under selected weather conditions to accomplish predetermined, well-defined 
management objectives. This technique should only be applied on a small scale 
in areas with strong community controls and/or adat law and when zero burning 
techniques are not feasible, such as on steeply sloped lands where it is difficult or 
impossible to use heavy machinery.

• Zero-burning with traditional types of machinery: All land clearing activities are 
done manually, with the use of simple, traditional agricultural tools such as hoes, 
machetes, axes, and harrows (manual). Alternatively, this technique may use a 
combination of manual labor and equipment such as chainsaws and mowers. This 
technique can be used to clear land with a wide range of topographies, land cover 
types and soil types (mineral and peat). It can be implemented collectively through 
the involvement of farmer groups.  While it results in minimal damage to soil and 
no soil compaction, it is labor-intensive and time-consuming.

• Zero-burning with modern types of machinery: Land preparation activities 
make use of heavy machinery, including tractors, bulldozers, and excavators. The 
use of this machinery and equipment enables the land preparation process to 
be completed more quickly. Thus, it may be suitable for the preparation of large 
areas of land. This technique is not labor-intensive, and it may not be suitable for 
steep lands within an incline of greater than 21 percent, nor may be suitable for 
the clearing of small areas of land. The disadvantages of this technique are: (i) it 
requires significant financial investments, both to purchase or rent the equipment 
and to operate it; (ii) it results in soil compaction; and (iii) it requires the deploy-
ment of skilled workers or operators. Despite these disadvantages, smallholders 
can utilize this technique, facilitated by organizing into groups, in partnership with 
government agencies and/or private enterprises to facilitate their access to heavy 
machinery.

3.5.1. Costs and benefits of applying low fire land clearing 
methods
The study compared land clearing costs and benefits for various techniques to as-
sess the feasibility of clearing land without using fire. Five methods were assessed, 
with data collected for each of the three islands: i) traditional burning, ii) controlled 
burning, iii) manual land clearing, iv) semi-mechanized land clearing, and v) fully 
mechanized land clearing.18 These scenarios were developed for selected lowland 
farming systems, including agricultural crops, plantations, and timber. 

For clearing secondary forest, the costs of controlled burning and no-burning tech-
niques are significantly higher than traditional practices that use fire. Controlled 
burning raises the operating cost by 12 percent for smallholders and by 13 percent 
for large scale operators.  Manual clearing showed costs which were 33 percent and 
36 percent higher than traditional land clearing for smallholders and large-scale 
operators respectively. The least attractive option is fully mechanical land clearing, 
which is 126 percent and 97 percent higher in cost than traditional land clearing for 
smallholders and large-scale operators respectively (Figure 12).

18 Cost-benefit data by ICRAF (Annex 2). 
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Figure 12. Cost of land clearing using various techniques, aver-
age cost in IDR 1000/ha across the three islands 

Combining low-fire risk land options clearing with GAP makes them more econom-
ically viable. While the costs of low-fire risk land clearing options are generally higher 
than traditional methods, the incremental cost can be more than compensated by the 
increased profits from applying GAP for most crops. As illustrated in (Figure 10 above), 
applying GAP to the selected commodities leads to an average increase in NPV of 
IDR 34 million per hectare. The added cost of switching from burning to, for example, 
semi-mechanical land clearing of secondary forests decreases profits by IDR 3.1 million 
per hectare (Figure 12 above). Taken together, it still results in an average increase of IDR 
31.9 million profits per hectare over the BAU scenario.

Also, while it is acknowledged that the initial costs associated with the use of fire 
to clear land are relatively low, this does not factor in the costs associated with the 
environmental disasters that the use of fire can cause. To give an indication of the 
scale of these costs, the economic costs associated with the 1997/1998 fires in Indo-
nesia have been estimated to amount to over of USD 9 billion (Bappenas-ADB, 1999), 
while the 2015 fires resulted in damages and losses to a value of approximately at 
USD 16.1 billion (IDR 221 trillion) (World Bank, 2016).

Zero-burning has a number of significant advantages in terms of impact on the 
environment and soil fertility, but it has disadvantages in terms of impact on pest 
and diseases, weed control, and socio-economic factors. Based on the available 
literature, we summarize the impacts of applying zero-burning techniques in Table 
5. This implies the need to also adopt alternative complementary pest and disease 
control practices, such as IPM. 
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Table 5. Advantages and disadvantages of zero-burning techniques

Improvements in farming practices alone, are not enough to address the major 
environmental risks that are associated with expansion of farming in Indonesia’s 
lowlands. As shown above, the application of GAP can increase yields and profits for 
many of the commodities that are commonly grown in Indonesia’s lowlands. GAP can 
also reduce chemical pollution through the use of IPM and through more balanced 
application of fertilizer. However, the application of GAP alone does little to mitigate 
the impacts of lowland agriculture on deforestation or on fire. Rather, by increasing 
yields and profitability, GAP could further stimulate the expansion of agricultural 
areas, in particular because increased productivity of current areas will not lead to 
dampened demand for exported commodities. Conversely, the adoption of zero-burn-
ing land clearing practices is critical for reducing the environmental impacts of 
lowland agriculture, but this option is currently not by itself financially attractive for 
most farmers.

Improvements in farming practices need to go hand-in-hand with strong land 
governance and with incentives for reduced deforestation and no-fire land clearing. 
Spatial planning that recognizes the economic potential as well as the environmen-
tal and social risks of specific areas, and enforcement of zoning designations are 
important areas of governance that can support a transition to sustainable lowland 
landscapes. To manage the widespread use of fire, a combination of enforcement of 
existing regulations, allowing the selective use of controlled burning, and providing 
incentives may be necessary. As noted above, the provision of support for GAP could 
be tied to restrictions on fire use. Further incentives for sustainability include com-
modity certification schemes and payments for environmental services (PES). Pay-
ments for reductions of greenhouse gas emissions, such as through REDD+ schemes, 
are particularly attractive in peatlands, which are responsible for the release of a 
significant portion of Indonesia’s carbon dioxide emissions. 

3.6. Incentivizing sustainable 
farming systems and 
practices
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Chapter 04

Strengthen ing the position of 
smallholders in commodity value chains
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Encouraging farmers to adopt GAP or to consider shifting to other alternative and 
more suitable and sustainable cropping systems in the lowlands requires good access 
to markets. This chapter examines the value chains of thirteen lowland commodity 
species, to identify existing constraints to smallholder cultivation and opportunities 
for improving the profits of smallholders through better linkages with the market. 
Thirteen potential lowland commodity species were selected based on criteria that 
reflect the performance of each commodity and its contribution towards promoting 
sustainable lowland agriculture (Table 6). Particular attention was given to tradable 
farm commodities produced on peat, mangrove, and non-peat lands in lowland areas. 
Assessments of value chains were conducted to identify domestic market opportu-
nities, market access, and the value addition of commodities that are adapted to the 
lowland landscape, with a focus on Sumatra, Kalimantan, and Papua. The assess-
ments utilized the systematic approach, which is outlined in the Operational Guide 
for the Making Markets Work for the Poor (M4P) Approach.

They key findings of the analysis are: (1) intermediary traders play important market-
ing roles in most commodities’ value chains; (2) processing activities that add value 
to the product/commodity receive the highest benefit share, with these involving 
the greatest share of transaction costs; (3) lack of infrastructure constrains mar-
keting in rural areas; (4) low benefit shares for farmers are the result of low quality 
post-harvest handling.

4. Strengthening the position of smallholders 
in commodity value chains

4.1. Smallholders’ participa-
tion in value chains

4.1.1. Level of smallholder involvement in downstream activities
Value chain participants involved in processing activities often receive the highest 
share of the total profits in the value chain. An analysis of the distribution of profit 
and value added of the rice value chain suggests that manufacturers bear the high-
est proportion of the total costs in the value chain and obtain the highest share of 
total profits. For example, rice mills and factories in South Sumatra bear around 59 
percent of costs and obtain around 40 percent of the estimated profits in the whole 
value chain (Table 7). Processing activities require technical and financial capacities 
that farmers often lack. Many local community processing activities exist for a num-
ber of commodities. However, in most cases, there is a lack of processing facilities 
in the production areas. Thus, value-added from processing is captured by non-local 
actors. In other cases, processing activities with highest value-added are conducted 
by corporate actors that operate either in or outside the production region.

Table 6. Species whose value chains were assessed
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The processing of cacao, oil palm, rubber and timber require the involvement of 
large- scale industrial players. Economies of scale and scope are fundamental to the 
production of these products that meet international market standards, making pro-
cessing challenging at the farm level. While there have been a number of initiatives to 
establish micro palm oil mills, success stories are rarely found.

For a number of other key commodities, smallholders carry out primary processing 
at the household level. Even at the smallholder level, rice milling, and processing is 
relatively well advanced in Sumatra and Kalimantan, because rice is the main staple 
on these two islands. Similarly, fish and free-range chicken products can be pro-
cessed at the household level on all three islands.

Table 7. Estimated profit and value-added distribution 
of rice value chain, a case study in South Sumatra
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Figure 13. The value chain for cacao

4.1.2. Intermediaries
Most commodity value chains have complex multi-layer market networks with 
intermediary traders playing important marketing roles. Within the selected low-
land commodity value chains (food products, including rice, sago, coffee, cacao, and 
coconut, and non-food products, including rubber and oil palm), complex multi-layer 
marketing networks with many market players prevail. The complexity relates to the 
many intermediate stages the commodity has to go through in the supply chain. In the 
case of cacao, for example, with each additional step to add value to the product, such 
as fermenting, drying, manufacturing into powder or adding milk solids to produce 
chocolate bars, many intermediaries are required (Figure 13). In the case of oil palm, 
smallholder plantations tend to be directly linked to oil palm mills through outgrower 
schemes, resulting in shorter value chains.

The farmers’ share of profits varies, but for a number of commodities, intermediaries 
have higher shares of total profits than farmers. Analysis suggests that across Suma-
tra, Kalimantan and Papua, in the case of rice, food, non-food, and timber commodities, 
most farmers have a relatively low share of the total profits within the value  chain (e.g. 
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rice farmers’ share is 27 percent (Table 7), coconut farmers’ 15 percent (Table 8), and 
coffee farmers’ below 10 percent), with intermediaries obtaining relatively high shares 
of the total profits. However, in the case of fisheries and livestock, most producers are 
able to obtain higher shares (e.g. patin farmers obtain 26 percent), while intermediaries 
obtain lower shares of the total profit (e.g. patin intermediaries obtain 2-10 percent). 
Rubber farmers receive up to 52 percent of total profits, with intermediaries obtaining 
a slightly less (Table 9). In all three islands, oil palm intermediaries generate very mod-
est shares of the profit compared to farmers.

Farmers often lack the capacity and capital to market their products. Intermediaries 
often provide services such as providing credit or production/farming inputs and often 
bear a greater share of the transaction costs and risks by consistently seeking to link 
the supply and demand, performing various sorting functions, and serving to minimize 
and facilitate the number of contacts in the distribution system. By contrast, fisheries 
(patin) and livestock (broiler chicken) have much simpler marketing chains and are much 
less regulated. 

While the marketing networks are less complex for timber (acacia, eucalyptus and 
albizia), sawmills often take on the role of intermediaries. In the timber value chain, 
sawmills also play a role as traders, managing a range of activities related to the physical 
possession and ownership of logs, promotion to potential buyers, negotiation with buy-
ers and smallholders, acquiring government permits, and managing risks related to the 
possible loss of the product and the quality of product over time, with associated costs 
in each case. They also provide financing, which can result in debt bondage in the case of 
farmers who use their trees as collateral.

Table 8. Profit and value-added distribution of coconut value chain actors, a case 
study in South Sumatra

Table 9. Profit and value-added distribution of Rubber value chain, a case study in Jambi

Source: re-calculation from Sujarwo, 2015
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4.2. Infrastructure and 
storage

4.4. Business enabling envi-
ronment and supporting 
functions

4.3. Post-harvest handling

Access to infrastructure is extremely important for linking farmers to markets. A 
lack of infrastructure implies higher transportation costs, higher prices for consum-
ers, and less-fresh commodities. Well-developed infrastructure is thus necessary for 
all primary functions in the value chain. 

In the case of fish and chicken products, particular attention needs to be given to 
the availability of cold storage, as both these commodities are highly perishable. 
In Papua, the fish industry is growing and there is a need for a greater cold storage 
capacity. In Kalimantan and Sumatra, there is an adequate supply of processing facil-
ities. However, there are still issues related to accessibility and ownership of these fa-
cilities. While cacao, coffee, oil palm, rubber and timber also require storage facilities, 
these commodities have a longer shelf life. As the processing of these commodities 
is handled by the manufacturers (private sector operators), the availability of and 
accessibility to these facilities is higher.

The development of Indonesia’s cacao sector is constrained by quality issues 
(Nabhani, Daryanto, Yassin, & Rifin, 2015), with quality depending to a significant 
extent on post-harvest treatment. Poor post-harvest handling by farmers and in-
stitutional weaknesses were observed in Papua, mostly due to lack of knowledge and 
limited capacities. Cacao farmers in Papua and West Papua Province still generally do 
not implement good post-harvest handling practices, so that the quality of the cacao 
beans that they produce is still low, with some farmers selling them in the low-value 
wet form. Implementing good post-harvest handling to improve product quality could 
bring better prices for cocoa farmers. 

South Sumatran coffee farmers were found to receive a relatively low market price 
due to the limited application of good post-harvest handling practices. The average 
price per kilogram of coffee depends to a great extent on its dryness. The coffee 
beans from South Sumatra are often categorized as the lowest grade. A better price 
is received when the crop is picked when the fruit is already ripe and dried under 
clean conditions. In the case of South Sumatra, smallholders’ profit could increase if 
improved post-harvest handling were combined with efforts to develop market-side 
factors (Hendratmo, in prep).19 

Due to poor post-harvest handling practices, rubber farmers often produce low 
quality rubber, which they are forced to sell directly to collectors to meet their 
daily needs. Traditionally, farmers sell their rubber to small (toke desa), middle 
and large collectors before the rubber reaches the crumb rubber factory. Farmers 
generally choose to sell their crops without conducting the required processes 
to reduce water content, in order to get paid more quickly. There are almost no 
measures to improve the quality of the product to enable farmers to receive higher 
prices.

To ensure that core activities and the supporting services are implemented effec-
tively, a favorable enabling environment is needed. These enabling factors include 
clear standards, regulations, rules and norms. The core value chain requires support-
ing functions that provide services to promote the activities that create value. For all 
commodities (e.g. rice, food, non-food, fishery, livestock, and timber commodities), 
measures to enable better access to quality seeds and seedlings, and fertilizer, exten-
sion services, transportation, financial services, distribution channels and logistics, 
storage, and ports, are required to support the smooth and efficient flow of products 
from producers to consumers. 

19 Analysis by ICRAF
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4.6. Opportunities for in-
creased smallholder par-
ticipation in downstream 
processing

Support for smallholders varies by island. Adequate government and market 
support and access to agricultural inputs, extension service, financing/credit, and 
logistical services by the government and the private sector are commonly available 
in Sumatra; but to a much lesser extent in Kalimantan; and to even lesser extent 
in Papua, particularly in the case of fisheries and livestock. Measures are needed to 
strengthen agriculture service delivery (i.e., agriculture input supply, extension ser-
vices, animal health, credit and financing).  Distribution and logistical infrastructure, 
including ports in Kalimantan and Papua, need to be improved to increase product 
flow, especially to facilitate inter-island trade.20

There is limited access to extension services. These services are mostly available in 
Sumatra and Kalimantan, where there is at least one government extension agent in 
each village, where their main function is to provide advice on the cultivation of agricul-
ture commodities such as rice and corn. Across the three islands, there is also a limited 
number of extension agents to handle timber, rubber, sago, coconut or oil palm. There 
is a need to improve availability and quality of extension services in the lowland areas.21

In Sumatra, Kalimantan and Papua, overlapping regulations had a significant im-
pact on timber commodities, which can impact farmers’ access to more profitable 
markets (Nawir 2013, Maryudi et al 2015, Maryudi et al 2017).22 Generally, farmers’ 
timber plots were only marginally profitable, and this can be partly due to restrictive 
regulatory requirements. In particular, the government’s timber transport policies 
created disincentives for farmers to engage in better timber marketing practices. 
There is a lack of consistency in government charges, and costs related to obtaining 
timber transport permits from village and local government authorities can amount to 
10 percent of the total cost, which may prevent farmers from investing in these plots.23 
With these insights, there is a need for the government to review and reformulate 
timber trade regulations, particularly as these regulations affect timber derived from 
private farms.

Smallholders often lack access to finance, preventing them from making improve-
ments in their farming systems and from investing in downstream processing.24 
Improved access to finance can empower poor farmers to generate increased 
incomes and food production. However, the establishment and deepening of agricul-
tural finance markets is constrained by a variety of factors, including: i) high transac-
tion costs to reach remote rural populations; ii) production, market, and price risks; 
iii) absence of adequate instruments to manage risks; iv) low levels of demand due to 
fragmentation and incipient development of value chains; and v) lack of expertise of 
financial institutions in managing agricultural loan portfolios.25

There are opportunities for increased smallholder participation in downstream 
processing. This study assessed a number of investments in small scale processing 
plants for a number of commodities and identified promising opportunities in the 
coconut, rubber, and sago sectors. Economic benefits derived from coconuts have 
been relatively limited compared to other commodities, and this is largely due to 
the fact that the end products sold by downstream industries are still very limited. 
However, there are opportunities to increase the marketing of coconut charcoal and 
coconut coir. Coconut coir is popular as a soil conditioner for gardening. Investments 
in small-scale coconut coir plants and small-scale charcoal plants, would be financial-
ly profitable and would help diversify the market for coconuts. In the rubber sector, 
investment in factories that process medium-quality Ribbed Smoked Sheet Rubber, 
commonly known as RSS, was calculated to be financially attractive, as long as RSS 
prices don’t drop by more than 5 percent below current prices. For sago producers in 
Papua, establishing community-based sago processing facilities to access markets 
would be financially attractive.

4.5. Access to finance

20 Focus Group Discussion held by ICRAF.
21 Focus Group Discussion held by ICRAF.
22 Nawir AA (2013) Commercial community 
tree-growing inside state forests: an economic 
perspective from eastern Indonesia. Int For Rev 
15(2):200–217
Maryudi A, Nawir AA, Permadi DB, Purwanto 
RH, Pratiwi D, Syofi’i A, Sumardamto P (2015) 
Complex regulatory frameworks governing pri-
vate smallholder tree plantations in Gunungkidul 
District, Indonesia. For Policy Econ 59:1–6
Maryudi A, Nawir AA, Sekartaji DA, Sumardamto 
P, Purwanto RH, Sadono R, Suryanto P, Soraya 
E, Soeprijadi D, Affianto A, Rohman R, Rijanto S 
(2017) Smallholder farmers’ knowledge of regu-
lations governing the sale of timber and supply 
chains in Gunungkidul district, Indonesia. Small-
scale Forestry 16:119-131.
23 Perdana A, Roshetko JM, Kurniawan I (2012) 
Forces of competition: smallholding teak produc-
ers in Indonesia. International Forestry Review 14 
(2):238-248.
24 Singapore Institute of International Affairs 
(2018) Financing Indonesia’s independent small-
holders. Working paper.
25 Maurer K (2014) in Kohn D (ed.) Finance for 
Food: Towards New Agricultural and Rural Fi-
nance. DOI 10.1007/978-3-642-54034-9_7
Varangis P (2020, October) Brief: Agriculture 
Finance & Agriculture Insurance. https://www.
worldbank.org/en/topic/financialsector/brief/
agriculture-finance
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Chapter 05

Facilitating sustainable lowlands 
agricultural development through Green 
Growth Planning in South Sumatra, 
Jambi, and Papua
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26 ICRAF Analytical team selected these provinc-
es due to their significant lowland characters.
27 Analysis by ICRAF

While the previous chapters identified spatial approaches and specific intervention 
options for supporting sustainable lowland agricultural development, this chapter 
presents the use of these approaches and findings for the development of program-
matic jurisdictional plans in the three provinces of Jambi, South Sumatra, and Pap-
ua.26 The implementation of the interventions discussed in the previous two chapters 
requires an integrated landscape management approach that takes into account the 
linkages between sectors, various landscape elements, and the broader economy. In 
Indonesia, the provincial governments play an important role in determining land-use 
policies and planning related to lowland development within their jurisdictions. The 
best vehicle for facilitating such programs in Indonesia is the Green Growth Program 
which calls for the development of provincial Green Growth Plans that cover the 
agricultural sector.

Indonesia’s Green Growth Program was launched in 2015 by the Ministry of Nation-
al Development Planning (BAPPENAS). Green growth aims to facilitate the achieve-
ment of economic growth and development while ensuring that natural assets con-
tinue to provide the resources and environmental services on which our well-being 
depends (OECD, 2011). The national targets for Green Growth in Indonesia include: 
(1) sustainable economic growth; (2) inclusive and equitable growth; (3) economic, 
social and environmental resilience; (4) healthy and productive ecosystems provid-
ing ecosystem services; and (5) reductions of greenhouse gas emissions (GoI, 2015). 
These targets serve as the objectives of Green Growth Plans (GGP), which provide a 
comprehensive framework for the implementation of a landscape and jurisdictional 
approach by integrating land use plans with development plans.

Some provinces in Indonesia, including South Sumatra, Jambi, and Papua have 
adopted the Green Economic Growth framework specifically to manage their land-
based sectors (i.e., agriculture, plantation and forestry) and other related sectors. 
Among other sets of outputs, a GGP enables the production of intervention maps to 
inform government programs, grants, private investment, and ecological incentive 
mechanisms to contribute to the achievement of the stated objectives. A compre-
hensive Green Growth Plan integrates land use, spatial, and development plans by 
applying a landscape and jurisdictional approach. Two important processes of GGP 
are inclusive processes that build alliances among multiple-stakeholder and technical 
data simulation to provide evidence-based policy recommendations.

Green growth plans are an integral part of provincial efforts to achieve the Sustain-
able Development Goals (SDG). With the Indonesian government’s strong commit-
ment to achieving the SDGs, every province is mandated to produce its own SDG 
action plan by Presidential Decree No. 59 /2017. A GGP enables effective monitoring 
and evaluation by establishing performance indicators that can be directly linked to 
SDG indicators.

5.2.1. General characteristics
Lowland areas in Jambi, South Sumatra, and Papua cover between 22 percent and 
36 percent of the area of each province.27 This demonstrates the importance of 
these areas at the landscape scale. The lowland areas in Jambi and South Sumatra 
are located in the Western sections of the provinces, while in Papua, they are located 
in the northern and southern parts.

The lowland agriculture and forestry sectors account for a major share of agri-
culture’s overall contribution to the provincial GDP in all three provinces. South 
Sumatra, Jambi and Papua have extensive lowland areas covering almost one-third of 
the total area of these provinces, with the dominant land uses being rubber monocul-
ture in South Sumatra, oil palm in Jambi and undisturbed forest in Papua. The share 
of the lowland agriculture and forestry sectors is relatively similar in South Sumatra 

5.  Facilitating sustainable lowlands agricultural 
development through Green Growth Planning 
in South Sumatra, Jambi, and Papua

5.1. Indonesia’s Green Growth 
Program

5.2. Lowland characteristics 
of the three provinces



39Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Table 10. Profiles of South Sumatra, Jambi and Papua, including the lowland characteristics

and Jambi (i.e., about 5 percent), but lower in Papua.

In terms of their socio-economic profiles, there are important differences between 
the Sumatran provinces and Papua Province. South Sumatra and Jambi provinces 
have a number of similarities, with both being geographically contiguous. These two 
provinces have reached quite an advanced forest transition stage, which means their 
potential to expand the area allocated to agriculture is becoming increasingly limited, 
with increasing environmental risks, given that most of the remaining unutilized land 
can be categorized as marginal. Papua is at an early stage of forest transition, with 
more than three-quarters of its total land area being forested and with only a tenth 
of this area being allocated as non-forest land. Its population density is very low com-
pared to the other two provinces, with its residents grouped into scattered villages 
across a vast area of land.

The general characteristics of each province (Table 10) provide a broad context to 
determine which green growth strategies and interventions are more effective in 
each particular context. As Papua is at an earlier stage of the forest transition, it 
has a greater extent of forested land, and is expected to have a greater area without 
a road network and infrastructure, with lower population densities, higher poverty 
rates and lower HDI. 

Source: Analysis by ICRAF
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5.2.2. Distribution of agro-ecological zones
In terms of the soil types of the three provinces, peatlands cover a significant pro-
portion of the land areas. In Jambi 78 percent of the lowland (around 850 thousand 
ha) is peat, 63 percent in South Sumatra (around 1.9 million ha); and 39 percent in 
Papua (around 3.3 million ha) (Figure 14). The dominant agro-ecological zone in Jambi 
and South Sumatra is deep peat, covering over 530,000 ha and 1,600,000 ha, re-
spectively. Other significant agro-ecological zones in Jambi include shallow peat and 
dryland with acid sulfate soils. In Papua, over 4,170,000 ha consists of tidal wetland, 
with significant areas of deep peat and shallow peat-acid sulfate. In South Sumatra 
Province, other dominant agro-ecological zones include dryland-acid sulfate and 
shallow peat-acid sulfate.

5.2.3. Lowland farming systems in the three provinces
The extent and distribution of farming systems differ between the Sumatran 
provinces and Papua. Farming systems in Jambi and South Sumatra are marked by a 
number of similarities, with the dominant systems being tree-based mixed-fruit and 
medicine, sparse (forest), pastoral and arid, and tree-based export commodities. By 
contrast, about 76 percent of Papua’s farming systems are covered by forests, with 
the remainder being used for a number of purposes including the cultivation of tree 
based-timber, and tree-based mixed-fruit and medicine (Table 11).

Figure 14. Peat and agro-ecological zones in the three provinces’ lowland Area

Table 11. Lowland farming system in the three provinces

Source: Analysis by ICRAF

Source: Analysis by ICRAF
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Table 12. Green Growth strategies in South Sumatra, Jambi and Papua

The GG interventions in the lowland areas of the three provinces display both com-
monalities and differences, according to their respective development stages and local 
contexts. The Green Growth Plans for South Sumatra and Jambi have a number of points 
in common, stemming from an understanding in both cases of the need to achieve both 
increased productivity and other multiple benefits per unit area, rather than relying on 
the expansion of high economic value land-uses. Both GGPs demonstrate an under-
standing of the need to develop processing infrastructure to create a multiplier effect, 
to facilitate labor absorption and to improve connectivity to facilitate the distribution of 
products. Further, the GGPs address the restoration of degraded areas so that the areas 
designated as production areas are able to achieve their potential productivity and so 
that those in protected areas can effectively deliver the ecosystem services needed by 
society. Finally, the GGPs recognise the need for strong ecosystem services and for the 
implementation of incentive mechanisms to facilitate the achievement of green growth 
objectives.

The Green Growth Plan for Papua differs significantly from those of the other two 
provinces. A major issue in Papua’s lowlands revolves around conflicts over land rights 
between customary people and other land claimants. Therefore, the strategies for land 
allocation in Papua are mostly focused on fairness and alignment between formal and 
customary rights over land. The integrated village development plans include measures 
related to connecting and clustering nearby villages to create economies of scale. This 
should be accompanied by measures to develop the skills of farmers to increase their ag-
ricultural productivity through the implementation of GAP and through the development 
of the entrepreneurship capacities of indigenous Papuans, who should be empowered to 
take active roles in commodity value chains. Many areas of Papua are exquisitely beau-
tiful, making ecotourism a highly potential activity. However, long-term investment is 
needed to construct the necessary ecotourism infrastructure. Moreover, the province of 
Papua has declared itself as a conservation province. A specific challenge is that approx-
imately 2.5 million ha of land has been allocated for oil palm plantations, with this land 
now classed as “stranded assets” because of the moratorium on the establishment of 
new oil palm plantations (Presidential Instruction 8/2018). A set of more environmentally 
friendly and socially acceptable alternatives to oil palm plantations, including agroforest-
ry systems, may be feasible in these areas.  Ecological fiscal transfers and other innova-
tive financing mechanisms are needed to incentivize the provision of ecosystem services.

Table 12 presents the GGP strategy in South Sumatra, Jambi and Papua. The complete 
GGP of the three provinces can be seen in Green Growth Masterplan and Roadmap docu-
ments (South Sumatra Province, 2018; Bappeda Jambi, 2019; Bappeda Papua, 2019). 

5.3. Green growth strategies 
and interventions

Source: Analysis by ICRAF
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Headlines of the Green Growth strategy analysis in the three provinces are outlined as 
follows:

• In all three provinces, the green growth strategies included strategies to improve land re-
sources, communities’ livelihood capital, and the provision of ecosystem services. These 
strategies are expressed through spatial, land use and development plans, with these 
reflecting the characteristics of the specific contexts. Based on these strategies, more 
detailed interventions and activities were developed for each province, for both lowland 
and non-lowland areas.

• Land access is a significant enabling factor for farming practices in the three provinces. 
Access to land, facilitated either through social forestry or agrarian reform mechanisms, 
is prioritized under interventions in the Sumatran provinces, especially South Sumatra. 
However, agrarian reform is not highly prioritized in the list of interventions for Jambi 
province. By contrast, conflict resolution on matters related to land rights is very highly 
prioritized for Papua.

• The reallocation of land use is given particularly high priority in South Sumatra and Jambi 
provinces, although not to the same extent as in Papua. In South Sumatra, no-go areas 
for plantation expansion are considered extremely important. Restoration on peatland is 
highly prioritized in the Sumatran provinces, but not in Papua. 

• However, by contrast, agroforestry for restoration is very highly prioritized in the Suma-
tran provinces. While not to the same extent, it is also prioritized in Papua. Commercial 
plantation revitalization, such as rubber as the main commodity, is quite highly prioritized 
by the Sumatran provinces. 

• Some lowlands in the southern part of Papua Province contain wetland ecosystems that 
are impacted by the relationship between community land management and activities 
conducted on large scales. There is also a significant extent of unused land where no eco-
nomic activities are currently conducted. GGP recommendations for this area are imple-
mented through measures to facilitate land management reconciliation between various 
parties, land use reallocation, social forestry development and the restoration of various 
lowland commodities of economic value in accordance with local indigenous culture.

• Because of the scarcity of land in the Sumatran provinces, measures to increase produc-
tivity per unit area, rather than to expand the use of land for cultivation, are promoted. 
However, because of the degradation to the ecosystem services and the wide extent 
of degraded land, restoration through the implementation of agroforestry28 practices 
across diverse commodity species is a promising option, with the potential to generate 
increased incomes while at the same time maintaining ecosystem services on farming 
systems, so that multiple benefits and multiple functionality can be achieved.

• By contrast, Papua’s inhabitants are scattered across a vast forest landscape. Agro-
forestry is also a good option here, albeit for different reasons than in the Sumatran 
provinces. In Papua, due to labor scarcity, a system with a higher return to labor is much 
needed. 

All provinces need to achieve and improve geographical alignment between infrastructure 
(production, processing and distribution) within the existing farming systems on suitable 
lands. In all cases, farmers need better access to land, which may be facilitated either 
through social forestry and/or agrarian reform in the Sumatran provinces, or through mea-
sures to resolve conflicts between the government and customary law in Papua.

28 Agroforestry is defined as a land use system 
which integrate trees and shrubs on farmlands 
and rural landscapes to enhance productivity, 
profitability, diversity and ecosystem sustainability. 
Agroforestry systems include both traditional and 
modern land-use systems where trees are managed 
together with crops and/or animal production 
systems in agricultural settings. 
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Table 13 presents the lowland interventions for each GGP strategy, at the farming system 
level (land use and infrastructure; farming practices); the commodity-level; and the (sub)
landscape-level. The study qualitatively scores each intervention to determine the priori-
ty of each group of interventions in each province, depending on the number of activities 
identified and also the size of areas included in the intervention map. 

Figure 15, Figure 16, and Figure 17 present the GGP lowland intervention maps for each 
province, demonstrating a range of interventions based on the location/spatial activi-
ties of the GGP.

Table 13. Intervention types and levels in each province and degree of importance

Figure 15. Lowland GGP Intervention map for South Sumatra

Source: Analysis by ICRAF
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Figure 16. Lowland GGP Intervention map for Jambi

Figure 17. Lowland GGP Intervention maps for Papua (northern and southern lowlands)
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Table 14. Summary of ex-ante GDRP and emission by 2030 under GGP and BAU scenarios

5.4.1. Lowland interventions can significantly reduce carbon 
dioxide emissions
By reducing the impacts of lowland agriculture on deforestation, fire, and peat degra-
dation, the interventions of the Green Growth Plans are expected to lead to significant 
reductions in greenhouse gas emissions. With most of Indonesia’s economic activities 
taking place in lowland areas, these areas have the most dynamic and intensive land use 
and subsequently the highest greenhouse gas (GHG) emissions, especially emissions of 
CO2 and CH4. The GHG impacts were modelled for each province using the Land Use 
Planning for Multiple Environmental Services (LUMENS) model, which is a publicly avail-
able software developed by ICRAF.

Lowlands account for approximately 78 percent of the total historical net emissions in 
South Sumatra. In the period from 2014 to 2018, South Sumatra’s lowland areas account-
ed for a volume of net emissions of 116.5 million tons of CO2 -eq. Under the BAU scenario, 
it is projected that by 2030, the net cumulative emissions from the lowland areas in South 
Sumatra will increase to 406.4 million tons CO2-eq. However, under a scenario in which 
the GGP strategy is implemented, the net cumulative emissions (2014-2030) are reduced 
by around 11 percent (around 46.47 million tons CO2-eq).

In contrast to South Sumatra, emissions from Jambi’s lowland areas account for only 
21 percent of total historical net emissions. In 2015-2018, net emissions from Jambi’s 
lowlands amounted to 35.8 million tons of CO2-eq, or approximately 21 percent of the 
province’s total net emissions. Under the BAU scenario, by 2030, net cumulative emis-
sions from Jambi’s lowland areas are projected to increase to 142 million tons CO2-eq. 
However, under the GGP intervention scenario, net cumulative emissions in the lowland 
areas are reduced by 3.8 percent (5.4 million tons of CO2-eq).

The lowland areas of Papua account for net emissions of 117.9 million tons of CO2-eq, or 
approximately 23 percent of the total net emissions from that province during the period 
2015-2018. Under the BAU scenario, by 2030, the total volume of net cumulative emis-
sions (2015-2030) from Papua’s lowland areas is projected to increase to 426.9 million 
tons of CO2-eq. However, under the GGP intervention scenario, net cumulative emissions in 
the lowland areas are reduced by 9 percent (39 million tons of CO2-eq).

5.4.2. Impacts on Gross Regional Domestic Product
The Gross Regional Domestic Product (GRDP) of the three provinces can be significant-
ly increased by implementing the strategies and corresponding interventions outlined 
in the GGP plans. Scenarios involving GGP plans with strategies to implement Sustain-
able Lowland Agriculture were compared with a Business as Usual (BAU) scenario. In 
South Sumatra, the green growth scenario results in an increase to GRDP by 4.2 percent 
relative to BAU; 2.7 percent in Jambi; and 10.4 percent in Papua.

Table 14 provides a summary of results under different scenarios and provinces. 
South Sumatra has a larger potential to reduce emissions from lowland areas 
compared to the other two provinces. Papua has the highest potential to increase 
GDRP while reducing emissions markedly. Jambi’s potential for emission reduction 
in lowland areas is low, which also reflects the low emission share of these lowland 
areas (21 percent of the total).

5.4. Modelling the greenhouse 
gas and Gross Regional 
Domestic Productivity 
impacts of GGP lowland 
interventions in South 
Sumatra, Jambi and 
Papua provinces

Source: Analysis by ICRAF
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Chapter 06

Conclusions and Next Steps
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This study marks an important step in the analysis of lowlands agro-ecological 
systems and their use, and the development of options and strategies for sustainable 
lowlands development.

Indonesia’s lowlands – an estimated 36 to 39 million hectares of coastal swamplands, 
peatlands, and mineral soils (often tidally influenced) found primarily in Sumatra, Ka-
limantan and Papua – have experienced rapid development and change during the last 
30 years. Lowlands hold a major potential for development when it comes to meeting 
national targets set for food and industrial crop production. However, lowlands are 
also of great importance for biodiversity, including mangroves, peat swamp forest and 
freshwater swamp forest with their specific flora and fauna. Indonesia’s peatlands ac-
count for roughly 45% of the world’s tropical peatlands (Dohong, 2018). The total peat-
lands in Indonesia’s lowlands are equivalent to 92% of all peatlands in the country.29

With the current trajectory, Indonesia’s management of lowland peatlands under agri-
culture may continue to result in globally significant greenhouse gas emissions, loss of 
important biodiversity, and pollution from fires. The continued agricultural expansion 
into lowland peatlands and poor agricultural cultivation practices will escalate and accel-
erate soil degradation and land subsidence, and increase risks of flooding and fires. Over 
the longer term, this is likely to diminish agricultural production capacity, with serious 
implications for Indonesia’s food security and the livelihoods of millions of households.

Development vision. As is evident from the multiple facets and complexities of lowlands 
documented in the study, sustainable agriculture development of lowlands would require 
an integrated approach to effectively and sustainably contribute to Indonesia’s goals of 
achieving improved food and nutrition security, job creation and raising rural incomes. 
The key priorities under an integrated lowlands strategy include: 
• sustainably increasing agricultural productivity (crops, livestock, fisheries) as a 

means to support broad-based and equitable increases in farm incomes, food and 
livelihoods security; 

• adapting and building resilience of the agriculture and food systems to climate 
change at multiple levels; and 

• reducing GHG emissions from agriculture (through management of forests, soils, 
livestock and crops) as necessary mitigation measure where possible.

 
In translating this vision into action, there is a need to focus on three key guiding 
principles related to: (i) technologies and practices; (ii) use of a systems approach and 
(iii) the enabling environment.

i. Technologies and practices. In any particular agro-ecological and socio-economic 
context, the nature and appropriateness of technologies and practices determine 
critically the productivity/efficiency as well as the sustainability of resource use. In 
considering the possible development options, it is vital therefore to evaluate the 
technologies and practices based on their impacts on these dimensions: soil man-
agement, crop management, water management, livestock management, forestry 
management, fisheries and aquaculture management, and energy management. 

ii. Systems approach. To achieve the inter-linked objectives of increased produc-
tivity and incomes, food security, enhanced climate resilience and reduced GHG 
emissions it is essential to adopt a systems approach. This provides a holistic 
framework to identify the multiple activities and their linkages, analyze synergies, 
address trade-offs, and perform cost-benefit analyses. This in turn yields valuable 
insights into how to better align diverse stakeholder interests and actions through 
the use of various institutions, regulatory systems and incentive schemes. Two 
kinds of systems perspectives are utilized in this study, and these are particularly 
useful in this regard: the landscape approach and the value chain approach.

6. Conclusions and Next Steps

6.1. Introduction

6.2. Towards a vision and 
strategy for lowlands 
development

29 Dohong, A. 2018. Implementing Peatland Res-
toration in Indonesia: Technical Policies, Inter-
ventions and Recent Progress. Presented at the 
International Peat Society (IPS) 50th Anniversary 
Jubilee Symposium SS Rotterdam, the Netherlands, 
September 11–13. https://www.researchgate.net/
publication/327881251_ Implementing_Peatland_
Restoration_in_Indonesia_Technical_Policies_Inter-
ventions_and_Recent_Progress.
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6.3. Policy recommendations

• Landscape Approach: this focuses on location-based systems that result from 
interactions between people, land, institutions (laws, rules, regulations) and 
values. This is generally applied to an area large enough to produce vital ecosys-
tem services, but small enough to be managed by the people using the land that 
produces those services.

• Value-chain Approach: this focuses on the entire “farm-to-fork” linkages – from 
input supply to production to retail marketing – in order to assess incentives 
and constraints of each player in the value chain and align/coordinate their 
actions for more efficient and profitable outcomes.

iii. Enabling Environment. A good enabling environment is essential to facilitating and 
supporting the adoption of relevant technologies and practices or application of 
systems perspectives. A good enabling environment provides the laws, regulations 
and incentives, which assure that the reorientation and transformation towards 
sustainable agriculture development proceeds effectively. Elements of an enabling 
environment include policies, institutional arrangements, stakeholder involve-
ment and gender considerations, insurance schemes, infrastructure and access to 
weather information and advisory services. A supportive environment helps build 
institutional capacity at all levels and reduces the risks that dissuade farmers 
from investing in new technologies and practices. 

The study’s main findings for the categories of Technology and Practices, Systems 
Approach, and Enabling Environments are summarized in the table below. Corre-
sponding recommendations are presented, with an indication of timing: short term, 
and medium term. Following the summary table, a high-level overview of recommen-
dations is provided. 

Large proportion of lowland areas not 
biophysically suited for large-scale 
commodity cultivation.

Significant proportion of existing farm-
ing systems are in areas that are not 
naturally suitable, especially in Suma-
tra and Kalimantan.

Sustainable intensification of agriculture in areas where yield 
gaps exist between actual and potential should be prioritized for 
lowlands agricultural development (medium term).

More effective spatial planning and management to sustainably 
align land locations and uses/users (medium term).

Special locations, especially deep peat areas, should be designated 
as restricted activities (“no-go”) areas (short term).

Support development of Provincial and Village level landscapes 
development plans to guide future development and improve the 
management of existing landscapes (short term). 

Support for robust implementation of: (i) Ministry of Environment 
and Forestry Regulation No. 40, 2017, on the Government Facil-
itation for Industrial Timber Plantation for the Protection and 
Management of Peat Ecosystem to enable land swaps. (ii)  Ministry 
of Environment and Forestry Regulation No. 17/2017 on the Devel-
opment of Industrial Timber Plantations, which allows companies 
to select alternative species (short term).

RECOMMENDATIONS

TECHNOLOGIES AND PRACTICES

FINDINGS
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Low productivity of lowland farmers.

Application of Good Agricultural Prac-
tices can significantly increase yields 
and profits for most the crops analyzed.

Frequent occurrence of fire catastro-
phes in cultivated peatlands related to 
poor management of peatland water 
tables (especially during droughts) and 
the use of fire to clear land.

Coordinate public investments and leverage private investments 
for the following: 
• Promotion, capacity building and implementation of sustainable 

agricultural practices, including implementation of internation-
al certification mechanisms (medium term).

•  Agriculture intensification and alternative crops to reflect soil 
suitability, ago-ecological conditions and commercial potential 
(medium term).

•  Climate-resilient water management infrastructure in low-ly-
ing areas where peatland conservation and restoration are prior-
itized, and agriculture areas where flood risk should be managed  
(medium term).

•  Ecosystem restoration and conservation, particularly peat-
lands, swamp lands and mangroves (medium term).

Water management should be included in integrated fire manage-
ment, within a landscape approach (short term).

Clarify legal framework for managing water tables in peat areas 
should be developed (short term).

No-fire land clearing GAP should be mandated and promoted through 
incentives and support measures (short term).

Ineffective value chains due to multi-
ple layers and limited infrastructure

Limited participation of smallholders in 
the value chain due to limited capacity, 
lack of access to finance and risk man-
agement instruments.

Support value-chain investments through conducting loca-
tion-based value chain assessments and develop commodity and 
location-based value chain development plans, in close partnership 
with farmers/communities, the private sector and other market 
stakeholders (medium term).

Promote value-chain platforms that encourage coordination and 
dialogue among value chain actors and other stakeholders, includ-
ing the private and public sectors (short term).

Promote organization of smallholder farmers into producer 
groups/organizations/clusters to aggregate marketed output 
and input purchases and improve their capacity to link to markets 
(short term). 

Promote productive partnerships between farmers and buyers 
(e.g. supply contracts) (short term). 

Promote digital technology to enhance farmer service delivery, 
access to production technology and market access (medium 
term).

Enhance farmer access to credit, including through  review of 
the agriculture finance system (including GOI agricultural credit 
schemes) (medium term). 

RECOMMENDATIONS

SYSTEMS APPROACH (VALUE CHAINS AND LANDSCAPE PLANNING)

FINDINGS
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Inadequate post-harvest handling 
facilities and practices particularly for 
cacao, rubber, and coffee farmers result 
in significant price discounts. 

Inadequate infrastructure increases 
transaction costs in lowland areas. 

Indonesia’s Green Growth Program 
(GGP) is a potential vehicle for imple-
menting jurisdictional (province-level) 
landscape programs to facilitate sus-
tainable lowland agriculture devel-
opment through the development of 
province level Green Growth Plans.

Support capacity development and related infrastructure for 
producer groups at community or village level for post-harvest 
handling to improve product quality (short term). 

Support development of agro-logistics infrastructure, including 
ports in Kalimantan and Papua, essential to convert natural endow-
ments and production advantages into competitive advantages in the 
(international) marketplace (medium term).

Elaboration of national-level vision and strategy for sustainable 
landscape-based approach to agriculture and rural livelihoods will help 
align goals and objectives at multiple levels  (short term).

Institutionalization/mainstreaming of the landscape management 
approach, e.g. spatial planning/ zonation, land swaps, forest regula-
tions, land use regulations, environment regulations, forest manage-
ment units (FMU/KPHs), water regulations etc. (medium term).

Clarification principles and criteria to select the priority land-
scapes at the provincial level for investment, including the level of 
political commitment and underlying strategic planning framework 
(e.g. as in the Green Growth Strategies) (short term).

Ineffective platforms and coordina-
tion systems at local levels to enable 
stakeholders to collectively plan and 
align actions.

Weaknesses and gaps in institutional 
and public capacities at different lev-
els of government in coordinating and 
implementing sustainable develop-
ment programs.

Identification of and support for champions of landscape approach-
es at the regional and sub-jurisdictional levels (short term).

Support for multi-stakeholder and multi-sectoral coordination 
platforms with decision-making power (short term).

Encourage establishing multi-stakeholder forums to promote 
sustainable investments (medium term).

Clarification of institutional mandates and arrangements, e.g., in 
watersheds and sub-watersheds, in peatland hydrological units and 
how these relate to existing forest management units (FMU/KPH) 
(short term).

Effective resolution of land and zoning issues reduce ambiguity 
and improve transparency regarding land allocation and land rights 
(medium term).

Elaboration of a value chain development strategy that provides incen-
tives to farmers and plantations to adopt Good Agriculture Practices 
(GAP) and related (international) certification mechanisms that 
reward sustainable and responsible practices, including banning 
fire and deforestation (medium term).

RECOMMENDATIONS

ENABLING ENVIRONMENT

FINDINGS
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At their core, these recommendations deal with the challenge of promoting structural 
and techno-institutional changes so as to address in a more harmonized way the twin 
challenges of raising agriculture productivity (to promote greater and more widely 
shared prosperity) and environmental sustainability (to curb resource depletion and 
deleterious long-term effects). As the study has illustrated, economic development 
so far has been achieved in many cases at the cost of significant over-exploitation of 
natural resources while benefiting insufficiently from synergies and technologies that 
generate more positive outcomes.

In the overall perspective, the set of recommendations presented above seek to galva-
nize action along three critical dimensions of the overall structural and techno-institu-
tional changes that are necessary to better harmonize productivity and environmental 
sustainability objectives. These are: 
i Addressing key environmental externalities
ii Systemically steering investments (investment behaviors)
iii Horizontal planning and policy coordination

A higher-level summary of the recommendations is presented in the Executive Summa-
ry, organized following the above dimensions. 

The Government of Indonesia has expressed interest in a program of sustainable landscape 
management. Moving towards this goal would require coordinated actions at national, 
regional and local levels. Key elements of such an initiative are summarized in Annex 1. The 
efforts above to develop a multi-tier landscape management program development can 
help in the sustainable transformation of lowlands agriculture in the following ways:
• Provide consistent policy framework for formulation and coordination of public pro-

grams across Ministries and departments
• Strengthen legal, regulatory and compliance frameworks that prioritizes sustainability 

and resource-use efficiency
• Promote infrastructure development, especially through coordinating public invest-

ments and leverages private investments for agricultural inputs and production, agri-
food logistics (collection/consolidation, processing/agro-parks, distribution and exports) 
and distributed access 

• Support investments in partnerships, platforms, institutions and capacities for innova-
tion, learning, sustainable resource use practices, market access and risk mitigation

In conclusion, this study has provided valuable diagnostic foundation for the next stages 
of sustainable landscape program development. Follow-up work would be needed for: (i) 
building up the diagnostic of the study; (ii) targeting and prioritization; and (iii) elaboration 
of program support structure.

6.4. Conclusion

Expansion of large-scale commodities 
in the lowlands often leads to conflict 
with local communities who often do 
not have formal land rights. 

Multiple, overlapping regulations 
impede timber production and trade, 
especially farmers’ access to more 
profitable markets.

Integration of Indonesia’s robust agrarian reform program (TORA 
and social forestry) into lowland development policies (medium 
term).

Timber harvesting regulation needs to be simplified, especially for 
harvests from smallholder plantation forests (medium term).



53Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Attwell, L., Kovarovic, K., and Kendal, J.R. (2015) “Fire in the Plio-Pleistocene: the functions of hominin fire use, and the mech-
anistic, developmental and evolutionary consequences.” Journal of Anthropological Sciences 93: 1-20. doi:10.4436/
jass.93006.

Baehaki, S.E., Mejaya, I.M.J., and Sembiring, H. (2013) “Implementasi pengelolaan hama terpadu dalam pengelolaan tanaman 
pangan di Indonesia.” Pengembangan Inovasi Pertanian 6 (4).

Bappenas-ADB (1999) Causes, Extent, Impact and Costs of 1997/1998 Fires and Drought. Planning for Fire Prevention and 
Drought Management Project. Asian Development Bank TA 2999-INO. Jakarta, Indonesia: National Development Plan-
ning Agency (BAPPENAS) and Asian Development Bank (ADB).

Bouman, B.A.M., Kropff, M.J., Tuong, T.P., Wopereis, M.C.S., ten Berge, H.F.M., and van Laar, H.H. (2001) Oryza2000: Modelling 
Lowland Rice. Los Banos (Phillippines) and Wageningen (Netherlands): International Rice and Research Institute and 
Wageningan University and Research Centre.

Chain Reaction Research (2019) 28 Percent of Indonesia’s Palm Oil Landbank is Stranded. Chain Reaction Research. https://
chainreactionresearch.com/report/28-percent-of-indonesias-palm-oil-landbank-is-stranded/.

Dewi, S., Ekadinata, A., Johana, F., Leimona, B., Manurung, G., Perdana, A., and van Noordwijk, M. (2019) “Sustainable lowland 
agriculture development in Indonesia: The framework.” In SLADI Policy Brief Series No. 0. Bogor, Indonesia: World Agro-
forestry (ICRAF) Southeast Asia Regional Program.

Dewi, S., Leimona, B., Ekadinata, A., Perdana, A., Manurung, G., Johana, F., and van Noordwijk, M. (2019) “SLADI towards SDG of 
Indonesia.” In SLADI Policy Brief Series No. 8. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast Asia Regional 
Program.

Dixon, J., Gulliver, A., and Gibbon, D. (2001) Farming Systems and Poverty: Improving Farmers’ Livelihood in a Changing World. 
Rome and Washington DC: FAO and the World Bank.

Dohong, A. (2018) Implementing Peatland Restoration in Indonesia: Technical Policies, Interventions and Recent Progress. 
Presented at the International Peat Society (IPS) 50th Anniversary Jubilee Symposium SS Rotterdam, the Netherlands, 
September 11–13. https://www.researchgate.net/publication/327881251_Implementing_Peatland_Restoration_in_Indo-
nesia_Technical_Policies_Interventions_and_Recent_Progress.

Ekadinata, A., Dewi, S., and Aksomo, H.T. (2019) “Sustainable lowland agriculture for development in Indonesia.” In SLADI Policy 
Brief Series No. 1. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast Asia Regional Program.

FAO (1976) A framework for land evaluation. FAO Soils Bulletin 32. Rome: FAO and Agriculture Organization of the United Na-
tions.

Gunarso P., Hartoyo M.E., Agus F., Killeen T.J. (2013) Oil palm and land use change in Indonesia, Malaysia and Papua New Guinea. 
In: Reports from the Technical Panels of the 2nd greenhouse gas working Group of the Roundtable on Sustainable Palm 
Oil (RSPO), pp 29–63. https://www.rspo.org/resources/supplementary-materials.

Gupta, J., Scholtens, J., Perch, L., Dankelman, I., Seager, J., Fülöp Sánder, M.S.J, and Kempf, I. (2020) “Re-imagining the driv-
er-pressure-state-impact-response framework from an equity and inclusive development perspective.” Sustainability 
Science 15: 503–520.

Hardjowigeno, S, and Widiatmaka (2007) “Evaluasi Kesesuaian Lahan dan Perencanaan Tataguna Lahan.” Yogyakarta: Gadjah 
Mada University Press.

ICRAF (2017) “Mengatasi risiko kebakaran lahan dan hutan dalam perencanaan pembangunan.” Presented in the Discussion 
of ‘Pembangunan Potensi Bencana Lingkungan dan Variabilitas Iklim dan Cuaca dalam Perencanaan Pembangunan’, 
February 27.

Ilham, Q.P., Purnomo, H., Rohadi, D., and Puspitaloka, D. (2019) Value chain analysis for haze-free livelihoods in peatlands. Work-
ing paper, Bogor: CIFOR.

Indiati, S.W., and Marwoto, M. (2017) “Penerapan Pengendaliah Hama Terpadu (PHT) pada Tanaman Kedelai.” Buletin Palawija. 

References



54 Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Indonesian Center for Agricultural Land Resources and Soil Research Institute (2011) “Luas Lahan Gambut di Indonesia” (“Peat-
lands in Indonesia”). Balai Besar Litbang Sumberdaya Lahan Pertanian dan Balai Penelitian Tanah. Indonesian Center 
for Agricultural Land Resources and Soil Research Institute, Bogor, Indonesia.

Ives, J. D. (2002) Highland-Lowland Interactive Systems. Ottawa: Food and Agriculture Organization.

Johana, F., Dewi, S., Ekadinata, A., Zulkarnain, M.T., Soraya, D., and Nugraha, M. (2019) “Sustainable landscape approach with 
integrated lowland areas.” In SLADI Policy Brief Series No. 5. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast 
Asia Regional Program.

Klasen, S., Meyer, K.M., Dislich, C., Euler, M., Faust, H., Gatto, M., Hettig,H., et al. (2016) “Economic and ecological trade-offs of 
agricultural specialization at different spatial scales.” Ecological Economics 122: 111-120. doi:https://doi.org/10.1016/j.
ecolecon.2016.01.001.

Koalisi Anti Mafia Hutan, Woods & Wayside International, Hutan Kita Institute, World Wildlife Foundation, WALHI, Wet-
lands International, Eyes on the Forest, Auriga, Forest Peoples Programme, Jaringan Kerja Penyelamat Hutan 
Riau, ELSAM, Rainforest Action Network (2019), Will Asia Pulp & Paper defeault on its “zero deforestation” com-
mitment? [https://files.worldwildlife.org/wwfcmsprod/files/Publication/file/p0477dtma_OKI_Mill_Report.pdf?_
ga=2.222728275.91166374.1629367571-679007888.1629367571]

Kuznets, S. (1955) “Economic Growth and Income Inequality.” The American Economic Review 45 (1): 1–28.

Lee J.S.H., Abood S., Ghazoul J., Barus B., Obidzinski K., Koh L.P. (2013) Environmental Impacts of Large-Scale Oil Palm Enterpris-
es Exceed that of Smallholdings in Indonesia, Conservation Letters 7(1): 25-33.

Leimona, B., Fadjar, U., Hendratmo, and Utama, I.B. (2019) “Sustainable lowland commodities through investment in micro, small, 
and medium entrepreneurs (MSME) in Indonesia.” In SLADI Policy Brief Series No. 6. Bogor, Indonesia: World Agroforest-
ry (ICRAF) Southeast Asia Regional Program.

Liu, Lok Ching, C., Kuchma, O., and Krutovsky, K.V. (2018) “Mixed-species versus monocultures in plantation forestry: Develop-
ment, benefits, ecosystem services and perspectives for the future.” Global Ecology and Conservation 15: 1-12.

Maryudi A., Nawir A.A., Permadi D.B., Purwanto R.H., Pratiwi D., Syofi’i A., Sumardamto P. (2015) Complex regulatory frame-
works governing private smallholder tree plantations in Gunungkidul District, Indonesia. Policy Economics 59:1–6.

Maryudi A., Nawir A.A., Sekartaji D.A., Sumardamto P., Purwanto R.H., Sadono R., Suryanto P., Soraya E., Soeprijadi D., Affianto 
A., Rohman R., Rijanto S. (2017) Smallholder farmers’ knowledge of regulations governing the sale of timber and supply 
chains in Gunungkidul district, Indonesia. Smallscale Forestry 16:119-131.

Mather, A. 1992. “The forest transition.” Area 24 (4): 367–379.

Maurer, K. (2014) in Kohn D (ed.) Finance for Food: Towards New Agricultural and Rural Finance. DOI 10.1007/978-3-642-54034-
9_7

iettinen J., Shi C., Liew S.C. (2016) Land cover distribution in the peatlands of Peninsular Malaysia, Sumatra and Borneo in 2015 
with changes since 1990. Global Ecology and Conservation 6:67–78. https://doi.org/10.1016/j.gecco.2016.02.004.

Murniati, M., and Suharti S. (2018) “Towards zero burning peatland preparation: Incentive scheme and stakeholders role.” Biodi-
versitas 19 (4): 1396-1405. doi:https://doi.org/10.13057/biodiv/d190428.

Nabhani, I., Daryanto, A., Yassin, M., and Rifin, A. (2015) “Can Indonesia Cocoa Farmers Get Benefit on Global Value Chain Inclu-
sion? A Literature Review.” Asian Social Science 11 (18): 288-294.

Nawir A.A. (2013) Commercial community tree-growing inside state forests: an economic perspective from eastern Indonesia. 
International Forestry Review 15(2):200–217.

Oberman R., Dobbs R., Budiman A., Thomson F., & Rossé M. (2012) The archipelago economy: Unleashing Indonesia’s poten-
tial, McKinsey Global Institute [https://www.mckinsey.com/~/media/mckinsey/featured%20insights/asia%20pacific/
the%20archipelago%20economy/mgi_unleashing_indonesia_potential_full_report.pdf] 

Pacheco P., Gnych S., Dermawan A., Komarudin H., Okarda B. (2017a) The Palm Oil Global Value Chain: Implications for Eco- nom-
ic Growth and Social and Environmental Sustainability. CIFOR Working Paper No. 220. Center for International Forestry 
Research, Bogor, Indonesia.

https://doi.org/10.1016/j.gecco.2016.02.004


55Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Perdana A., Roshetko J.M., Kurniawan I. (2012) Forces of competition: smallholding teak producers in Indonesia. International 
Forestry Review 14(2):238-248.

Perdana, A., Hendratmo, S. D., Kusumadewi, D., Puspitaloka, S., Budidarsono, and Erwidodo (2019) “Sustainable value chains of 
lowland commodity species.” In SLADI Policy Brief Series No. 4. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast 
Asia Regional Program.

Pirker, J., and Mosnier, A. (2015) Global oil palm assessment (IIASA Interim Report). Laxenburg, Austria: IIASA.

Purnomo, H., Kusumadewi, S.D., Puspitaloka, D., Hayati, D., Ilham, Q.P., Sanjaya, M., and Dewi, S.(2019) “Sustainable lowland 
governance and political economy.” In SLADI Policy Brief Series No. 7. Bogor, Indonesia: World Agroforestry (ICRAF) South-
east Asia Regional Program.

Purnomo, H., Shantiko, B., Sitorus, S., Gunawan, H., Achdiawan, R., Kartodiharjo, H., and Dewayani, A.A. (2017) “Fire economy and 
actor network of forest and land fires in Indonesia.” Forest Policy and Economics 78: 21-31. doi:https://doi.org/10.1016/j.
forpol.2017.01.001.

Rahmanulloh, A., Sofiyuddin, M., Suyanto, S., and Budidarsono, S. (2013) “Land-use profitability analysis (LUPA).” In Negotia-
tion-support toolkit for learning landscapes, edited by Meine van Noordwijk, Betha Lusiana, Beria Leimona, Sonya Dewi 
and Diah Wulandari. Bogor, Indonesia: World Agroforestry Centre - ICRAF Southeast Asia Regional Program.

Sabastian, G., Subiksa, I., Lusiana, B., Rahayu, S., Widigdo, B., Sofiyuddin, M., Supriyanto (2019) “Sustainable farming practices 
of lowland commodity species.” In SLADI Policy Brief Series No. 3. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast 
Asia Regional Program.

Sahide, M. A., & Giessen, L. (2015, February). The fragmented land use administration in Indonesia – Analysing bureaucratic 
responsibilities influencing tropical rainforest transformation systems. Land Use Policy, 43, 96-100.

Salmayenti, R., Sumarga, E., and Hein, L. (2018) Pilot ecosystem account for Indonesian Peatlands. Sumatra and Kalimantan 
islands. Wealth Accounting and Valuation of Ecosystem Services (WAVES Indonesia). World Bank, 14.

Sheil, D., Casson, A., Meijaard, E., van Nordwijk, M. Gaskell, J., Sunderland-Groves, J., Wertz, K. and Kanninen, M. (2009) The 
impacts and opportunities of oil palm in Southeast Asia: What do we know and what do we need to know? Occasional 
paper no. 51. CIFOR, Bogor, Indonesia.

Singapore Institute of International Affairs (2018) Financing Indonesia’s independent smallholders. Working paper.

Sujarwo, R.M. (2015) Marketing System of Smallholder Rubber in the Jambi Province, Indonesia. Bogor: IPB University.

Suyanto, S. (2007) Underlying cause of fire: Different form of land tenure conflict in Sumatra. Mitigation Adaptation Strategy 
Global Change, 12, 67-74.

Suyanto, S., Applegate, G., Permana, R.P., Khususiyah, N., and Kurniawan, I. (2004) “The Role of Fire in Changing Land Use 
and Livelihoods in Riau-Sumatra.” Ecology and Society (Resilience Alliance Inc.) 9 (1): 15. https://www.jstor.org/sta-
ble/26267651.

Suyanto, S., Sofiyuddin, M., Saharjo, B., Isnurdiansyah, and Dewi, S. (2019) “Sustainable land preparation for lowland agriculture 
in Indonesia.” In SLADI Policy Brief Series No. 2. Bogor, Indonesia: World Agroforestry (ICRAF) Southeast Asia Regional 
Program.

The Springfield Centre (2015) The Operational Guide for the Making Markets Work for the Poor (M4P) Approach, 2nd edition 
funded by SDC & DFID.

van Noordwijk, M., and Lusiana, B. (1999) WaNuLCAS, a model of water, nutrient and light capture in agroforestry systems. Vol. 
60, in Agroforestry for Sustainable Land-Use Fundamental Research and Modelling with Emphasis on Temperate and 
Mediterranean Applications, by D. Auclair and C. Dupraz. Springer, Dordecht.

van Noordwijk, M., Lusiana, B., Khasanah, N., and Mulia, R. (2011) WaNuLCAS version 4.0, Background on a. Bogor, Indonesia: 
World Agroforestry Centre - ICRAF, SEA Regional Office.

Varangis P (2020) Brief: Agriculture Finance & Agriculture Insurance. https://www.worldbank.org/en/topic/financialsector/brief/
agriculture-finance

Wan, J., Li, R., Wang, W., Liu, Z., and Chen, B. (2016) “Income Diversification: A Strategy for Rural Region Risk Management.” 
Sustainability 8: 1064. doi:doi:10.3390/su8101064.

https://www.jstor.org/stable/26267651
https://www.jstor.org/stable/26267651
https://www.worldbank.org/en/topic/financialsector/brief/agriculture-finance
https://www.worldbank.org/en/topic/financialsector/brief/agriculture-finance


56 Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Warren, M., Hergoualc’h, K., Kauffman, J. B., Murdiyarso, D., and Kolka, R., (2017) “An appraisal of Indonesia’s immense peat 
carbon stock using national peatland maps: uncertainties and potential losses from conversion.” Carbon Balance and 
Management 12.

Wasito, Sarwani, M., and Ananto, E.E., (2010) “Persepsi dan Adopsi Petani terhadap Teknologi Pemupukan Berimbang pada Tana-
man Padi dengan Indeks Pertanaman 300.” Penelitian Pertanian Tanaman Pangan 29 (3): 157-165.

World Agroforestry (ICRAF) (2020), What is agroforestry? [https://worldagroforestry.org/about/agroforestry-2].

World Bank (2018) “Water Management for Climate Change Mitigation and Adaptive Development in Lowlands,” Working Paper 
1–5, Sekretariat Tim Koordinasi Penyusunan Perencanaan Nasional Pengelolaan Lahan Rawa Berkelanjutan (Secretar-
iat of the Coordinating Team for the Preparation of National Planning for Sustainable Management of Swamp Land), 
Jakarta.

World Bank (2019) Improving governance of Indonesia’s peatlands and other lowland ecosystems. Jakarta: Sustainable Landscape 
Management Program Indonesia.

a



57Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Annex



58 Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

At the national level, elaboration of an overall framework is useful to guide spatial 
and inter-sectoral planning and diverse investments to simultaneously achieve 
sustainable agricultural production, natural resource management, and livelihood 
development objectives across different types of landscapes. This will involve the 
following elements: 
• Use of “landscape” as a physical-social-ecological unit, based on the consideration of 

different types of ecosystem functions (e.g. watersheds, forests, mangroves, peat 
hydrological units, eco-regions, lowlands), multiple land uses shaped by the inter-
actions of natural factors and human activities, and sub-national jurisdictions that 
could serve as workable units for landscape governance; 

• Identification of key components of an integrated landscape management 
approach, e.g. zoning (production vs conservation parts of the landscape), spatial 
planning for agricultural land management, including considerations for rural con-
nectivity, agricultural suitability and conservation planning, water management, 
identification of options to enhance local livelihoods etc.

• Clarification of institutional mandates and arrangements (e.g. who is responsible 
for  the landscape management approach at the national level; define clear role 
and responsibilities of different stakeholders at the village, district, provincial, and 
national level, including the private sector; what are the vertical and horizontal 
integration efforts needed, etc.), e.g., in watersheds and sub-watersheds, in peat-
land hydrological units and how these relate to existing forest management units 
(FMU/KPH).

• Identification of and support for vocal, articulate champions of landscape approach-
es at the national and sub-jurisdictional levels including multi-stakeholder plat-
forms for resolving entrenched resistance to inter-sectoral cooperation.

• Clarification of which policy and institutional instruments are needed to institu-
tionalize the landscape management approach (e.g. spatial planning and zonation, 
land swaps, forest regulations, land use regulations, environment regulations, 
forest management units (FMU/KPHs), water regulations etc.)

• Identification of principles and criteria to select the priority landscapes at the 
provincial level for investment, including the level of political commitment and 
underlying strategic planning framework (e.g. Green Growth Strategies). 

• Outline of operational and financing strategies for the implementation of the 
strategies in pilot provinces, and for how the results from provincial pilots will be 
used for subsequent national upscaling.

• A strategy for large-scale private sector participation in landscape management. 

At the province level, landscape management and investment plans need to be pre-
pared, in close consultation with stakeholders, to outline needed public investment 
and enabling policies for promoting environmentally sustainable and commercially 
viable agriculture and value chain development. Provincial plans could have two 
elements:

Annex 1. Using landscape planning to promote sustainable 
agriculture at national, province, and local levels
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Proposed actions to enhance the enabling environment, which could include: 
• Multi-stakeholder and multi-sectoral coordination platforms with decision-mak-

ing power. 
• Policies and programs on incentives for sustainable agriculture and natural 

resource management within productive landscapes (using existing mechanisms 
such as the Village Law/dana desa, and others)

• Policies and strategies to resolve land and zoning issues, reduce ambiguity and 
improve transparency regarding land allocation and land rights

• A value chain development strategy that provides incentives to farmers and plan-
tations to adopt Good Agriculture Practices (GAP) and related international certi-
fication mechanisms that reward sustainable and responsible practices, including 
banning fire and deforestation. 

• A private sector engagement strategy that will allow for private sector sustain-
ability initiatives to be recognized and strengthened where feasible, involving 
communities. 

An investment plan, which could include investment in:
• Promotion, capacity building and implementation of sustainable agricultural 

practices, including implementation of international certification mechanisms.
• Prevention of land and forest fires related to land conversion for agriculture
• Agriculture intensification and alternative crops to reflect soil suitability, 

ago-ecological conditions and commercial potential
• Climate-resilient water management infrastructure in low-lying areas where 

peatland conservation and restoration are prioritized, and agriculture areas where 
flood risk should be management.

• Ecosystem restoration and conservation, particularly peatlands, swamp lands 
and mangroves. 

• Upgrading rural primary infrastructure to enhance market access and local value 
addition (primary processing)

At the community/village level, there is need to identify local community-level op-
tions to address key barriers to environmentally sustainable and commercially viable 
agriculture and value chain development. This could include identifying the potential 
roles of Village Funds in enabling rural communities to gain more livelihood benefits 
from sustainable agriculture, landscape management and value chain development. 
The following key barriers would be addressed:
• Gaps in basic infrastructure and related services for agricultural production; 
• Limited access to entrepreneurial skill development for smallholders and medium 

and small enterprises (MSMEs);
• Limited access to markets
• Limited access to technical expertise, which in turn constrains the adoption of 

innovative production and marketing technologies.
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This annex provides detailed information regarding the main methodologies used in 
the study. Specifically, the methodologies for the following components are present-
ed:
• development of potential suitability maps for selected species,
• development of suitability maps for existing farming systems,
• collection of data on farming practices,
• trade-off analyses,
• value chain analysis, and
• development of evidence-based Green Growth scenarios, strategies and interven-

tions.

Potential suitability maps for selected species
ICRAF developed a set of criteria in consultation with stakeholders to select a set 
of commodities from a wide variety of lowland species.  The criteria were: (i) species 
with strong potential for agricultural expansion; (ii) those with particular significance 
for livelihoods; (iii) sufficient areas of existing practice to achieve economies of scale; 
(iv) the availability of technology for systems of sustainable management that meet 
environmental safeguard standards for lowland agriculture; (v) strong potential for 
expansion/upscale; (vi) the availability of post-harvest technologies, facilities and 
processing industries; (vii) species that play a role in the achievement of national and 
provincial governments’ strategies. Table 1 presents the selected commodities, which 
were grouped based on farming systems used at the national level and on each of the 
three islands. 

The suitability and potential level of productivity of 10 selected species (rice, coffee, 
cacao, rubber, oil palm, teak, acacia, eucalyptus, durian, fishery, and others), were 
analyzed and mapped for each of the agro-ecological zones, using data related to 
climate, soil, and topography. Suitability criteria for two specific commodities were 
not available: Areca catechu and Metroxylon sagu, and thus the suitability of these 
two commodities was not mapped. 

The land suitability analysis utilized a GIS-based approach to determine the suitabil-
ity of a specific area for a particular commodity species based on a set of optimum 
growth requirement criteria for the species under study. An approach originally 
developed by FAO (1976) was adopted, whereby for each specific commodity species, 
land is classified into five degrees of suitability: (i) S1: highly suitable, (ii) S2: moder-
ately suitable, (iii) S3: marginally suitable, (iv) N1: marginally not suitable and (v) N2: 

Annex 2. Methodologies used in the study

Table 0. Selected lowland commodity species by islands and by commodity groups
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Figure 1. Schematic diagram of land suitability analysis

Table 2 Legend of Suitability Class

permanently not suitable (Table 2). Actual land suitability classes for each commodi-
ty were developed by comparing suitability criteria (including air temperature, water 
availability, nutrient retention, rooting medium, risk of erosion and toxicity) for each 
suitability class and data on land quality and applying Liebig’s fundamental “Law of 
the Minimum” (Pirker & Mosnier, 2015) approach.

The suitability analysis of the 10 commodities was developed based on the crite-
ria described in Hardjowigeno and Widiatmaka (2007) (Annex 2.2 of the Technical 
Report). The land quality data used in this analysis are secondary data, as listed in 
Annex 2.1 of the Technical Report. The actual land suitability classes did not consid-
er potential improvements on the limiting factors for a certain degree of suitability 
class, while potential land suitability classes considered a potential improvement on 
the limiting factors. The 10 resulting suitability maps are presented in Annex  2.1 of 
the Technical Report. Figure 1 shows the schematic diagram of the land suitability 
analysis process. 
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Suitability maps for existing farming systems
Farming systems where identified using land cover maps, a literature review, a 
descriptive analysis, and data regarding Indonesia’s predominant farming systems, 
combined with statistics and data related to agriculture, estate crops and forestry 
at the national level. There were 23 classes of land cover types that were grouped 
into nine broad farming systems, based on the statistical data for districts where 
lowland areas cover more than half of the total terrestrial area. To assess the spatial 
distribution of the lowland farming systems in Indonesia, time-series land use/cover 
maps and other spatial datasets were used, as described in Annex 2.1 of the Technical 
Report. The farming system’s technical definitions were adopted from FAO (Dixon, 
Gulliver, & Gibbon, 2001), while the identification method was developed based on 
the best available data during the study period.

To analyze whether the existing lowland farming systems are located in suitable 
areas, a spatial analysis was conducted using the suitability maps and the farming 
system maps. The degree to which suitability and existing types of farming system 
match was captured in terms of the biophysical contexts and grouped into three 
categories: (1) the existing farming system types do not match with the biophysical 
suitability and the limiting agronomical factors cannot be addressed; (2) the existing 
farming system types are not biophysically suitable but it is possible to address the 
limiting factors; and (3) the existing farming system types are biophysically suitable. 
Figure 2 shows the areas of each of these three types of biophysical contexts, with 
the natural forest farming system assumed to be type 3. The limiting factors include: 
(1) temperature; (2) water availability; (3) root medium; (4) nutrient retention, (5) 
salinity; (6) toxicity; (7) nutrient availability and (8) risk of erosion. 

Figure 2. Map of biophysical suitability



63Copyright of World Bank 2021

Sustainable Lowland Agriculture Development in Indonesia

Data related to farming practices
Good agricultural practices (GAPs) for key commercial commodities were formulat-
ed for both monocultural and mixed cropping systems. GAPs were identified for a 
number of activities, including land clearing, land management, planting materials, 
water management, fertilizer, pest and disease management; crop management; and 
harvesting and post-harvesting practices. Methods included focus group discussions 
(FGD), network analysis, literature reviews, biophysical modelling, economic cost 
benefit analysis, and profitability analysis.

Collection of data and information regarding what farming practices are implement-
ed, why they are practiced, what their direct consequences are and what are their im-
pacts involved the use of a tool known as BARP-FS (Broad-Agroecological zone-Re-
sources endowments/ infrastructure-Practices in Farming System), which can be 
accessed at bit.ly/KuesionerSLADI. The testing of the BARP-FS tool was conducted 
through FGDs conducted during the first SLADI workshop held in Bogor. This process 
involved four groups, each consisting of stakeholders and experts from the national 
agricultural system, regional stakeholders and agricultural system experts from 
Sumatra, Kalimantan and Papua. The FGD aimed to test the tool to identify existing 
farming practices and associated issues and challenges and to develop solutions to 
these issues.

The BARP-FS tool involves an online survey consisting of a series of structured ques-
tionnaires. The tool allows practitioners and local experts from Sumatra, Kalimantan, 
and Papua to provide information remotely, and thus enabling optimal access to their 
inputs. Inputs from field actors are extremely important to gain an understanding of 
existing conditions and the impacts of the national policies at the site level. BARP-FS 
was built through the open source platform, Kobotoolbox. The questionnaire consists 
of four parts:
a. Respondent information: name, gender, nickname, age, occupation, domicile, year 

of residence, origin. Respondent information is important to determine the confi-
dence level of data being gathered;

b. Geographical information: location information (islands, provinces, districts, 
sub-districts, villages and watersheds) and landscape characteristics (presence of 
swamps, tides, peat, land fires, irrigation, and sea water intrusion);

c. Socio-economic characteristics: information related to farmer groups, coopera-
tives, BUMDes, migrant, social conflicts, and concession areas;

d. Current farming practices: deviations from Good Agricultural Practices (GAP), 
limiting factors, enabling factors, and intervention options.

FGDs were conducted on the basis of geographical coverages, with four FGDs running 
simultaneously for participants from Sumatra, Kalimantan, and Papua and at the 
national level. The following five areas were covered:
1. List of issues within the existing farming practices. At the beginning, participants 

in each FGD were requested to select three out of nine Broad Farming System 
types (i.e., paddy, annual crop, fruit and medicinal plants, timber, export com-
modities, natural forest, shrub and grassland and aquaculture). For each of the 
three selected types, participants were asked to list the issues encountered with-
in each farming practice. Their responses were then grouped by the facilitators 
to prevent duplicate responses and overlaps. Following this, the FGD participants 
discussed and verified the results of this process.

2. Capturing local perspectives. The FGD participants were requested to discuss 
their general perspectives on farming practices in each of the areas of geograph-
ical coverage. They were also requested to weigh the importance of each issue in 
the local context.

3. Synthesis of structural factor networks. The issues were then mapped to formu-
late causality diagrams (in the form of spaghetti diagrams). The structural links 
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between the issues and the causes (which are defined as factors) were developed 
through a set of guiding questions. The issues and factors were represented by 
nodes. After that, the stakeholders connected the nodes. A network of relation-
ships between factors and issues was identified following this process. 

4. Analyzing network of factors, issues, and interdependencies. Participants were 
then requested to assign weights to each line in the network, from the most influ-
ential relationship to the least influential. The network was considered complete 
once all the nodes, lines and weights were defined in the diagram. 

5. Identification of policy levers. In this step, through metrics quantified from the 
network analysis, we identified which issues were most connected to others. 
Relevant policies related to each issue were identified on the basis of the need to: 
(1) eliminate a number of central issues in a particular farming system, (2) effec-
tively strengthen factors that could improve a particular farming system, and (3) 
strategically eliminate the root cause of particular issues in a particular farming 
system. 

In addition to data collected from stakeholders, the literature related to Good 
Agricultural Practices (GAP) in farming systems in the agro-ecological zones of the 
lowland areas was reviewed to gain an understanding of how intervention options 
related to the implementation of GAP could increase the ability of farmers to access 
land, good agricultural inputs, water management practices, and farm management 
practices; and by determining the extent to which they could be supported by gov-
ernment agencies and private sector operators through participation in partnership 
schemes.

Trade-off analyses
Information related to management practices and their cost was obtained through 
surveys in the field. Data related to production from modelling results were also com-
pared with the actual results from the field, particularly in the case of agroforestry 
systems. Analyses of economic trade-offs across varieties of farming practices and 
management scenarios of selected lowland commodities were conducted through 
simulating the profitability of lowland farming systems if managed under the current 
common practices (referred to as Business-As-Usual/BAU practices) and good agri-
cultural practice (GAP) in both monoculture and agroforestry systems. GAP scenarios 
assumed the use of good quality genetic material, best practice fertilization, includ-
ing pesticide application, and use of labor in calculating the profitability of lowland 
farming practices.

A range of alternative techniques that minimize the use of fire and reduce the 
amount of smoke generated, including zero-burning and controlled burning tech-
niques, to clear land was identified. These techniques were identified based on 
reviews of existing data, interviews with experts, focus group discussions, and the 
collection of primary data at the field level. An analysis of the cost-effectiveness 
and impact on soil fertility, pests, and diseases, CO2 emissions, and fire was used to 
conduct an analysis to determine trade-offs between cost and environmental impact 
across various land clearing methods.

The study reviewed the availability, accessibility, and quality of existing data from 
more than 80 published and unpublished articles. Based on the results of the litera-
ture review, interviews were conducted with experts through focus group discussions 
on topics related to zero burning techniques, cost comparison between different 
techniques to clear land, and the advantages and disadvantages of both burning and 
zero burning practices. Focus group discussions with experts were conducted twice. 
The study conducted field surveys in Sumatra, Papua and Kalimantan to collect data 
related to commodities prices, wage rates, and farming budgets for selected com-
modities. In addition, ICRAF’s existing data related to the cost of farming systems 
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was used to conduct a cost comparison of different types of land clearing techniques. 
The impact of intervention options was analyzed by comparing the current practices 
with the intervention options in terms of economic indicators such as net present 
value, cost of establishment and marginal rates of return. 

Trade-off analyses were conducted for a range of farming practices and management 
scenarios across the selected lowland commodities by estimating the profitability 
of each and comparing them. Current common practices are referred to as Busi-
ness-As-Usual/BAU practices, while those associated with the proposed interven-
tions are labelled Good Agricultural Practices (GAP). Due to the multiple benefits 
beyond the profitability of managing a plot in agroforestry system, both monoculture 
and agroforestry system management was analyzed, according to both BAU and 
GAP. 

To determine the level of profitability in the case of a cost benefit analysis for a par-
ticular farming practice, productivity is a main factor. However, farming practices are 
not the only factors that determine productivity. Biophysical context (in this case soil 
texture, rainfall, and suitability) also plays a significant role in determining potential 
production. WaNulCAS and Oryza models and statistics data were used to calculate 
this estimate. Figure 3 depicts the set of activities and data required to conduct the 
trade-off analysis. Further details are provided below.

Figure 3. Workflow of trade-off analysis
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Estimating productivity of lowland commodities
Two productivity estimates for each commodity were presented: (i) the current level 
of productivity or business as usual (BAU) and (ii) the potential level of productivity 
reached when GAP is implemented (GAP). The BAU productivity for each commodity 
was calculated from the most recent, publicly available production and area produc-
tion statistics. When possible, district-level statistical data in the lowland areas was 
used. To produce the GAP productivity estimates, modelling and a literature review 
were carried out. A modelling approach was used for commodities that are commonly 
managed, with the physiological and production information required for the model 
parametrization being available. For sago and pinang, due to constraints related to 
data availability and model parametrization, the analysis relied on a literature review 
pertaining to various agronomical experiments. Two simulation models were used: 
Oryza model (Bouman, et al., 2001) for rice and WaNuLCAS model (van Noordwijk & 
Lusiana 1999; van Noordwijk et al., 2011) for oil palm, rubber, cacao, coffee, pepper, 
eucalyptus, acacia and sengon. 

Profitability Analysis
The study utilizes two profitability indicators: (1) return to land; and (2) return to la-
bor. The study uses NPV estimates to measure returns to land because they are the 
‘surplus’ remaining after accounting for costs of labor, capital (through discounting), 
and purchased inputs. Return to labor is the wage rate that sets the NPV equal to 
zero. Returns to labor that exceed the agricultural wage rate mean the activity will 
be attractive compared to other forms of off‐farm work.
The main approach used to determine financial feasibility in this study was the 
Land-Use Profitability Assessment (LUPA). LUPA is an analytical framework used to 
conduct an economic assessment of land use systems, implemented at the land-
scape level. LUPA estimates monetary surplus (profitability) for each land area as 
the result of investment allocated by the operator, including both smallholders and 
large-scale operators. In relation to REDD schemes and ecosystem services, and 
assessment of economic benefits, combined with measurements of carbon stocks in 
landscapes, can be used to analyze the trade-offs between land use and the amount 
of emissions produced (Rahmanulloh, Sofiyuddin, Suyanto, & Budidarsono, 2013). 

Net present value (NPV) is the most common indicator used to compare the level of 
profitability from different types of investment in the profitability analysis. The NPV 
of an investment is defined as the sum of the present values of the annual cash flows 
minus the initial investment. The annual cash flows are the net benefits generated 
from the investment during its lifetime. These cash flows are discounted or adjusted 
by incorporating the uncertainty and time value of money (Gittinger, 1982). NPV is 
one of the most robust financial evaluation tools available to estimate the value of an 
investment. The investment for a specific land use is determined to be profitable if 
the NPV is higher than 0. The formula to calculate the NPV is:

where Bt is the benefit at year t, Ct is the cost at year t, t is time denoting year and i 

is the discount rate. 

The profitability calculations in the study are based on 2019 macroeconomic data. 
The exchange rate was IDR 13,853 per USD 1 at the time the data was collected. The 
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wage rate for agricultural work is USD 5.7. Real interest rates (that is, interest rate 
net of inflation) are the discount factors used to value future cash flows in current 
terms. A private discount rate of 7% was chosen as the initial value for a range of 
different land use activities. 

Value Chain analysis
Thirteen potential lowland commodity species were selected based on criteria that 
reflect the performance of each commodity and its contribution towards promoting 
sustainable lowland agriculture. Particular attention was given to tradable farm com-
modities produced on peat, mangrove, and non-peat lands in lowland areas. The 13 
selected commodities are: (i) annual food crop: rice (Oryza sativa), (ii) tree food crops: 
coconut (Cocos nucifera), coffee (Coffee canephora), cacao (Theobroma cacao), sago 
(Metroxylon sagu), oil palm (Elaeis guineensis); (iii) tree non-food crops: rubber (Hevea 
brassiliensis); (iv) timber: eucalyptus (wood from Eucalyptus spp.), acacia (Acacia 
mangium and Acacia crassicarpa), albizia (Paraserianthes falcataria); (v) fish: patin 
(Pangasisus hypophthalmus), and (vi) livestock: chicken. 

Assessments on value chains were conducted to identify domestic market oppor-
tunities, market access, and value addition on commodities that are adapted to 
the lowland landscape, with a focus on three major Indonesian islands, these being 
Sumatra, Kalimantan, and Papua. The assessments utilized a systematic approach 
to identify these commodity value chains, with this approach having been used for 
many rural market system development case studies (see The Springfield Centre 
(2014)). The system is outlined in the Operational Guide for the Making Markets 
Work for the Poor (M4P) Approach, 2nd edition, which defines the following con-
structs.
1. Core value chain: A set of activities that an organization carries out to create 

value for its customers, which include market players their roles
2. Supporting services: A set of functions that provide services to benefit the activi-

ties to create value, such as infrastructure, information, skills and technology
3. Enabling factors: Features required to enable services and activities to work 

appropriately, such as standards, regulations, informal rules and norms.

Table 3. Macro-economic parameters 
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Evidence-based Green Growth scenarios, strategies and inter-
ventions
To develop GGP strategies and interventions, the study facilitated a number of 
diagnostic processes. The BAU trajectory was assessed by examining and analyzing 
the secondary data and information and statistics related to geo-spatial plans and 
policies and by collecting primary data and producing a stakeholder map for each 
province. This was followed by an assessment of the capacity of the stakeholders to 
conduct scenario planning, and then finally by the simulation of scenarios through 
the use of the LUMENS tool to project the impacts of various development scenarios. 
Because of the systems approach and the nature of the analysis, the data require-
ments were relatively demanding. The list of required data is presented in Annex 5.2 
of the Technical Report. 

Land Use Planning for Multiple Environmental Services (LUMENS) is a publicly avail-
able software developed by ICRAF. This software can simulate land use and develop-
ment scenarios and project ex-ante impacts. The scenarios that can be accommo-
dated by LUMENS include targeted GDP growth, growth for each of the agricultural 
sectors, new production, the development of processing and distribution infrastruc-
ture, changes in productivity per unit areas through intensification or the implemen-
tation of agroforestry, changes in land access, restoration and many others. LUMENS 
is designed to be user friendly and operable by the local planners and is accompanied 
by modules to facilitate self-learning. The software is in the public domain, and is 
normally accessible at http://worldagroforestry.org/output/lumens, although it is 
currently being migrated to a more stable provider. 

Overall, the LUMENS tool produces 17 sustainability indicators, including environ-
mental indicators (deforestation, tree cover, erosion, flow persistence as watershed’s 
buffering capacity performance, fragmentation index as habitat quality for biodiver-
sity, areas with high fire risks, GHG emissions and sequestrations from peat and non-
peat areas), economic indicators (GRDP, labour, income, profit, ratio of income and 
profit), and social indicators (ratio of land managed by smallholders and large scale 
companies, agroforestry areas). Annex 5.2 of the Technical Report provides a full 
description of the projected indicators under both BAU scenarios and GGP scenarios 
for all three provinces, across all ecosystems.

Table 4. Technical steps in developing green growth strategies and interventions
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