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Background 
Soil organic carbon (SOC) is the main component of 
soil organic matter, and a crucial contributor to food 
production, mitigation and adaptation to climate change, 
and to the achievement of the Sustainable Development 
Goals (SDGs). SOC affects most of the processes relevant 
to soil functions and food production. However, SOC 
mineralization can be an important source of greenhouse 
gas emissions.  Changing SOC content not only changes 
the provision of ecosystem services required for crop 
production, but also affects soils’ capacity to buffer 
against environmental changes, as it regulates the 
resilience of agricultural systems to climate change. 

Despite the current focus on SOC, there is still fairly 
limited knowledge about SOC baselines and changes, 
and about the detection of vulnerable hot spots for SOC 
losses and gains under climate change and changed land 
management. To enhance knowledge on SOC at the global 
and national levels, the Global Soil Partnership (GSP) 
of the Food and Agriculture Organization of the United 
Nations (FAO) conducted a global SOC assessment. The 
assessment was based on improved countries’ capacity 
to produce national SOC maps, which were subsequently 
combined into a new global SOC map (GSOCmap).  This 
task directly relates to SDG 15 Life on Land, and indicator 
15.3.1 (Proportion of land that is degraded over total 
land area), and supports the endorsed metrics for the 
assessment of land degradation neutrality (LDN).

This stock-take is aimed at reviewing activities that have 
been done in Indonesia for SOC mapping. Indonesia is 

Indonesia’s NDC commitment/
goal in Agriculture, Forestry and 
Other Land Use (AFOLU) sector

Mitigation 

 f Decrease planned and unplanned deforestation rate.
 f Use of low-emission crops.

 f Implementation of water-efficient concept in water 
management.

 f Manure management for biogas.

 f Feed supplement for cattle. 

Adaptation  

 f Reduce risks on all development sectors (agriculture, 
water, energy security, forestry, maritime and 
fisheries, health, public service, infrastructure, and 
urban system) by 2030.

 f Local capacity strengthening, improved knowledge 
management, convergent policy on climate change 
adaptation and disaster risks reduction, and 
application of adaptive technology.
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the fourth most populated country in the world and 
it is a major producer of agricultural products. With 
only 45 percent of the population living in rural areas, 
agriculture is largely dominated by smallholder farmers 
(>90 percent), it takes up 32 percent of the total land 
area of the country and accounts for 14 percent of gross 
domestic product (GDP). Yet, agricultural production faces 
several major challenges. The proportion of income from 
off-farm activities is increasing, while agriculture remains 
a labor-intensive sector with high costs for inputs. At the 
same time, there is limited re-investment, limited access 
to infrastructure, and declining farm size and high food 
losses. These factors pose a challenge to food security and 



farm productivity, and are further threatened by issues 
related to biosecurity and climate change.

To achieve community food security and increase 
economic growth and diversification of the sector, the 
Ministry of Agriculture requires information about 
parameters such as land areas under cultivation, 
productivity and production, commodity prices, stability 
of food systems including threats to production, 
diversification of consumption, and food safety. 
Meanwhile, national land experiences degradation, with 
as much as 48.2 million ha or 25.1 percent of total land 

being severely degraded to a critical stage (Wahyunto and 
Dariah, 2014). There are four provinces with extensive 
degraded land (>3 million ha), namely Provinsi Kalimantan 
Timur, Kalimantan Barat, Riau, and Sumatera Utara. 

SOC content is an important indicator for assessing 
land degradation (Wahyunto and Dariah, 2014) as well 
as a crucial factor for improving land productivity and 
crop production. Thus, SOC mapping provides baseline 
data for the formulation of sustainable management 
strategies to improve land productivity and at the same 
time reduce land degradation.    

Link to NDC implementation
Indonesia has committed to reduce its emissions in the AFOLU sector by implementing several measures, mainly 
related to soil organic carbon.

Objectives
The objective of the National SOC mapping in Indonesia is to identify spatial distribution of SOC content nationwide, 
using the existing soil map and the data from soil observations.  The map is used to derive soil organic carbon stock for 
topsoil.  The resulting map was submitted to FAO and incorporated in the Global Soil Organic Carbon Map (GSOCmap). 

One of the main objectives was to increase the capacities of national institutions in Indonesia to perform SOC mapping 
and accounting.  In this regard, Indonesian scientists attended a FAO workshop in Bangkok in 2017, and an additional 
training workshop was organized by Balai Besar Penelitian dan Pengembangan Sumber Daya Lahan Pertanian/BBSDLP 
(Indonesian Center for Agricultural Land resource Research and Development/ICALRD), together with the FAO/GSP in 
Yogyakarta in 2019, to instruct national experts in digital soil mapping. 

Methodology and process
Maps using reconnaissance soil map at scale of 1:250 000 were published by BBSDLP in 2015 and 2013 (for Bali only). 
These maps are compiled and harmonized with maps from previous soil survey activities. The land cover and land use 
maps were sourced from Badan Pertanahan Nasional (National Land Agency) in 2012 at the scale of 1:250 000.  
Soil chemical properties, mainly SOC content and bulk density, are extracted from the Indonesian Soil Hydraulic 
Database (Sulaeman and Hikmatullah, 2006). The mapping process was done in the Laboratorium Informasi Geospasial 
dan Analysis System of BBSDLP. The resulting maps were reviewed by experts from BBSDLP, the University of 
Padjadjaran, the University of Brawidjaya, IPB University, and the University of Gajahmada.

The mapping exercise was executed at three levels, namely global, regional and regency levels.

FAO/GSP Workshop in Bangkok 2017 BBSDLP/FAO/GSP Workshop in Yogyakarta 2019 
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Global level
The data input used for level 1 (global level) is a soil 
polygon map at the scale 1:250 000 published by 
BBSDLP.  Data of soil observations were extracted from 
BBSDLP’s database, including 15 750 samples of land 
use/land cover data from national land use/land cover 
map from the Badan Pertanahan Nasional.

The Indonesian soil map was created using a land unit 
approach, meaning that soil mapping units (SMU) 
were delineated using land form/land unit boundaries. 
Each SMU contains one to three soil types, from the 
soil taxonomy classification system (Soil Survey Staff, 
1999). Each soil type is assigned its coverage in the 
SMU, either as predominant (covering >80 percent 
of SMU), dominant (covering 60-80 percent of SMU), 
minor (covering 30-60 percent of SMU), fair (covering 
15-30 percent of SMU), or trace (covering <15 percent of 
SMU). Only one soil type was selected, either dominant 
or predominant, for representing the respective SMU. 

From this soil map, the soil type map and parent 
material map were derived. Then both maps were 
intersected with the land cover/land use map, resulting 
in a map that contains information on soil type, parent 
material, and land cover/land use information. 

The soil observation data was extracted from the 
national database and the observation data was grouped 
based on soil group, parent material and land use type. 
This dataset allowed the extraction of a number of 
information, namely the soil texture class, SOC content 
and soil bulk density (BD). A statistical analysis for each 
group led to the creation of a dataset with information 
on the soil group, parent material, land use type, median 
value of SOC, and median value of BD. Thus, the dataset 
became the lookup table for further steps.

As a next step, the SOC content and bulk density were 
assigned to each polygon by considering the lookup 
table, to come up with SOC map and a BD map. From 

General steps of a SOC mapping based on soil legacy data

Rule
formulation

Re-
classification Gridding Verification

Tool:
Saga GIS
ArcGIS
R
Excel

Finalization

Legacy data as input for national SOC mapping - 
Conforms to UN Indonesia map, January 2004

Harmonized Soil Obs.

SOC map and BD map, SOC stocks were derived for the 
top soil following FAO/GSP specifications.  

Further mapping on evaluation by comparing the 
resulting map with new soil observations was prepared, 
assessing pedogenic explanation, and experts’ group 
evaluation in focus group discussion.  The map was 
improved, and the final version was submitted to FAO, 
where experts reviewed and harmonized the result with 
other countries’ maps, and then included it in the GSOC 
map global layer. 

Source: Sulaeman and Nursyamsi 20172017  



National level
For the level 2 (national/provincial level) a similar 
methodology was used, but at a larger scale. For this 
layer the input data were the soil map at the scale 
of 1:50 000 with its map legend, land use map, and 
selected soil observations. The coverage of the map is 
provincial and regional level. 

Regency level
The level 3 (regency level), used a digital soil mapping 
technique based on legacy soil data. Soil map of 1:50 000 
were used as input, in addition to soil observation, and 
land use/land cover were interpreted on the spot.  
A map was created layer by layer following the global 
soil map project specification, and it was published in  
a grid of 30 cm x 30 cm. 

Achieved results
The Indonesian SOC map data is published in three  layers:

 f Layer 1: Global level

 f Layer 2: National/Provincial level

 f Layer 3: Regency level

These published layers differ in terms of data input, 
mapping technique, resolution, and data detail. For 
example, the global layer displays only top soil data, 
while the regency layer displays different depths,  
e.g. 0-5 cm, 5-15, cm, 15-30 cm, 30-60 cm, 60-100 cm,  

0-20 cm, 20-50 cm, 0-30 cm. Spline on soil observation 
was performed for depth differentiation, and all data are 
stored and managed in national geo-database (Malone 
et al., 2009).

Layer 1 is global layer where the Indonesian SOC map is 
incorporated into the GSOC map of FAO .

National expert group meeting to verify and improve 
national SOC map 

Indonesian map on GSOC map

Source: http://54.229.242.119/GSOCmap/ - Conforms to UN Indonesia map, January 2004.
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Indonesian SOC map and its uncertainty for national layer

Source: Sulaeman and Nursyamsi (2017) - Conforms to UN Indonesia map, January 2004.

Layer 2 is a regional layer where the SOC maps covers provincial level.

SOC map of West Kalimantan: 0-30 cm depth      SOC map of West Kalimantan: 30-60 cm depth

Layer 3 is at regency layer, covering district and village 
level. Indonesia has 511 regencies, and only few regencies 
have this map. The available SOC map is for 0-5 cm depth, 
5-15 cm depth, 15-30 cm depth, 30-60 cm depth, 60-100 
cm depth, 0-30 cm depth, 0-20 cm depth, 20-50 cm depth.

Example of SOC map of Tanah Laut Regency,  
South Kalimantan Province

Implications of the results
The result of this stock take is the creation of a 
comprehensive soil organic carbon map, describing 
SOC content countrywide and providing an improved 
understanding of the global and national soil carbon 

stocks. It also allowed achieving improved soil data 
management related to soil carbon, helping in improving 
recommendations for subsidy on biofertilizer, and thus 
enhancing soil nutrient management. 

In the framework of Indonesia’s adoption of a climate-
smart agriculture (CSA) approach to agricultural 
development, the SOC map is helpful in formulating CSA 
techniques tailored to local conditions. SOC map can be 
used to prioritize technologies in specific areas, such as 
detecting areas suitable for organic farming due to their 
higher SOC content, or areas suitable for integrated farming 
such as cattle-crop integration due to a lower SOC content.

Remaining issues and way 
forward
Data input and detail of data input differ among regions 
and among the three mapping levels, and need to be 
harmonized. A data gap analysis needs to be performed 
for layer 2 and layer 3 maps, to avoid discrepancy 
between SOC values for the same site. 

The next step after assessing SOC status is working 
on its preservation and improvement through SOC 
sequestration. Currently, FAO/GSP is working on the 
methodology for national modeling and mapping of the 
SOC sequestration potential (GSOCseq). The FAO/GSP 
Soil Recarbonization facility (RECSOIL program) is aimed 
at attracting investment to SOC sequestration through 
sustainable soil management. 

Conforms to UN Indonesia map, January 2004.

Conforms to UN Indonesia map, January 2004.
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Lessons learned 
The main lesson learned from this stock take exercise 
is that data collection and harmonization are crucial 
aspects of the process for several reasons. 

 f Data collection requires relations among different 
data owners, and mutual understanding and good 
communication are key to ease the process. Data 
owners should be kept informed on the use of their 
data and on the outcomes of the process. At the 
same time, it is important to ensure the security 
of data. Ideally, data collection should become 
part of an institutional program with regular data 
maintenance.

 f Once data is collected, it is essential to look into 
the interoperability of the data. In the present 
case, data screening, clearing and checking are 
tedious and time-consuming, which could be eased 
with enhanced communication, coordination and 
agreement among data owners.

 f The dissemination of the final outputs has to ensure 
the utilization of the correct language and terms 
to reach as many beneficiaries as possible, from 
farmers and extension workers, to law makers.

Recommendations to other 
countries 
Based on this experience in stock take and SOC 
mapping, several recommendations can be made to 

other countries undertaking a stock take and SOC 
mapping:

1. Create a good soil database that follows international 
standards. This database may contain soil maps, soil 
observations, soil properties, land use and land cover 
maps. The data can be gathered from multiple sources, 
especially public ones. 

2. Use any available data and initiate the stock take and 
SOC mapping. Over time, with increasing soil database 
content, the SOC map can be validated and then revised.

3. Build a good, effective team that can help not only 
developing but outreaching. A good team should include 
senior researchers, young researchers, and young 
technicians. Technicians’ skills in information technology 
are helpful to accelerate the mapping process, while 
senior researchers’ experience in mapping can control 
and improve the resulting map.

4. Identify and involve stakeholders from the early 
stages of the mapping process and keep them updated. 
Main stakeholders can be data owners from different 
divisions, universities, ministries, or research institutes. 
Not only their data are useful but also their knowledge 
could be beneficial for map validation.  Keeping them 
updated on the process is also crucial as they can help in 
disseminating the results. 

5. Use the global SOC map as reference and do down-
scale using available techniques. New soil observations 
and soil samples may be gathered for areas in which the 
global scale is not reliable.

Some rights reserved. This work is available  
under a CC BY-NC-SA 3.0 IGO licence ©
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Case study developed as part of the Thematic Working Group  
on Agriculture, Food Security and Land Use (TWG) under the NDC Partnership
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