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1. Introduction 
 

The 25th Committee of Agriculture - COAG (FAO, Rome, 26-30 September 2016) 
and the 155th FAO Council (5-9 December 2016), assigned to the Global Soil Partnership 
(GSP) of FAO the task to establish the Global Soil Information System and prepare the 
Global Soil Organic Carbon Map (GSOC) by 2017. The GSOC map will be developed 
using a distributed approach which will strongly rely on country inputs to build a global 
map from national soil organic carbon (SOC) maps. To this end, countries were invited to 
develop national SOC maps according to predetermined specifications developed by FAO. 
This would also allow countries to develop nationally important products in order to report 
on SDG 15.3.1 on land degradation and support the endorsed metrics for the assessment of 
land degradation neutrality (LDN).  

 
The development of national SOC maps was included in the implementation plan for 

the Asian region, which was ultimately endorsed at the Third Asian Soil Partnership (ASP) 
meeting (Bangkok, 14-16 December 2016). For the purpose of supporting countries in 
developing the national SOC maps, the GSP together with the Soil and Fertilizer Society 
of Thailand (SFST) and the Land Development Department (LDD) of Thailand decided to 
organize a regional on-the-job training.  

The training on “Digital Soil Organic Carbon Mapping: towards the development of 
national soil organic carbon stock maps” was organized in Bangkok, Thailand from 24 to 
30 April 2017 and was opened by Mr. Lertviroj Kowattana (Deputy Permanent Secretary 
of the Ministry of Agriculture and Cooperatives), Ms. Benjaporn Chakranon (Deputy 
Director-General of Land Development Department), Dr. Pitayakon Limtong (President of 
the Soil and Fertilizer Society of Thailand) and Ms. Kundhavi Kadiresan (FAO Assistant 
Director-General and Regional Representative for Asia and the Pacific). The GSP 
Secretariat funded the Soil and Fertilizer Society of Thailand to organize the workshop 
through a Letter of Agreement. A summary of the activities performed during the training 
and the financial report are herewith presented. 

 

2. Soil Organic Carbon (SOC) mapping 
 

Soil organic matter (SOM) is composed of about 58% carbon and is a crucial soil 
component which affects most of the processes relevant to soil functions and food 
production. Changing SOM (and hence SOC) affects the capacity of soils to buffer against 
environmental change and changes the provision of ecosystem services required for crop 
production. SOM therefore regulates the resilience of the agricultural system to climate 
change.  

 
SOC has received great attention during the development of the greenhouse gas 

(GHG) reporting program of the IPCC since the mid-nineties. This was done to address 
the contribution of intensive land management and the vast amount of degraded land to 
GHG emissions, since these have caused tremendous historic losses of SOC, resulting in 
high potentials for future carbon storage. Recently, an increasing number of authors have 
stressed the crucial role of healthy soils, with soil carbon being the most important 
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indicator, for food security and resilience against climate change. Hence, above- and 
belowground carbon (SOC) became sub-indicators for SDG target 15.3.1 (degraded land).  

 
The 2015 Status of the World’s Soil Resources (SWRS) report highlighted that, 

although more carbon is stored in soil than in the atmosphere and plant life combined, a 
large portion (33%) of the world’s soils are degraded and organic matter has been lost. 
The reversal of soil degradation through the build-up of SOM and the sustainable 
management of soils therefore offers large potential to contribute to climate change 
mitigation by sequestering atmospheric carbon into the soil. In addition, this process 
would increase the capacity of soils to buffer against climate change which, in turn, would 
improve the resilience of agricultural systems to climate change.  

 
Despite the attention given to SOC, knowledge on SOC baselines and changes, and 

the detection of vulnerable hot spots for SOC losses and gains under climate change and 
changed land management is still fairly limited. Accurate baselines are still missing for 
many countries, and estimates about the role of soils in the global carbon cycle are still 
only based on rough estimates with large uncertainties. Global SOC estimates exist, but 
there is high variability in reported values among authors, caused by the diversity of 
different data sources and methodologies (Henry et al., 2009). Despite these existing data 
sources, the size and dynamics of the global SOC pool is still fairly uncertain.  

 
Despite the efforts made by the UNFCCC and the Kyoto Protocol to have countries 

reporting on greenhouse gas (GHG) emissions, reporting on SOC is still optional so that 
little data are available. It is likely that, due to the increasing importance of SOC for the 
global terrestrial GHG cycle, countries have increased their interest (and may reach 
respective agreements in future UNFCCC negotiations) to improve reporting on SOC 
pools. This is especially true because there are large carbon storage potentials created by 
unsustainable management, land-use change and land degradation. Additionally, 
increasing SOC levels also improve the resilience of soils to climate change effects (e.g. 
drought; increased SOC improves various soil functions including water holding capacity 
and nutrient availability).  

 
Efforts to increase SOC by increasing organic matter levels in soils require baseline 

data (location of degraded sites, hot spots for restoration) to plan action on the ground, 
and monitoring to verify that the intended impacts are achieved. In order to estimate 
baselines and changes of SOC per land area, very often in GHG inventories, typical values 
for soils under certain land use are used (Tier 1 and Tier 2; see below). However, this is 
still very coarse, and many scientists warn that this approach would not provide reliable 
estimates of SOC changes after land use change. It is thus recommended to improve the 
knowledge about SOC through the development of a high-resolution spatial assessment 
of SOC as a baseline. 

 
The quality of spatial SOC estimates largely depends on the number of soil profiles, 

the quality and resolution of soil maps (the higher the resolution, the better), and the 
quality of data available to derive carbon stocks. In addition, SOC estimations require 
information on the soil bulk density and the amount/proportion of coarse fragments 
[rock/stone content]. Building on the need for reporting on SOC levels and sharing data, 
the development of a global SOC map benefits activities at national, regional and global 
levels by:  
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- Enabling training for countries in need of technical support (e.g. regarding the 
collection, statistical evaluation and modeling of SOC data);  

- Developing data to update the SWRS report on SOC through a country-driven 
baseline, and to initiate future assessments of SOC change;   

- Supporting national GHG reporting: develop a valid, measurement-based inventory 
of reference SOC stocks for IPCC-Tier 2 assessments (see Chapters 4 and 7);  

- Further utilizing SOC mapping to estimate the soil carbon sequestration potentials 
(e.g. through modeling) and the vulnerability of soil functions under climate change 
(with SOC as indicator);  

- Contributing to the Sustainable Development Goals: to develop national SDG-15.3.1 
Tier 3 data for the sub-indicator of soil carbon; and   

- Conducting harmonized assessments at different levels of action: GSP regional soil 
partnerships: FAO regional and country offices, national soil information institutions 
(GSP Pillar 4 INSII), national statistics offices (already involved with FAOSTATs), 
and GEOSS design principles for global data layers. 

 

2.1 Characteristics of the global SOC map by the GSP 

GSP members will jointly develop a global SOC map as a baseline for the amount 
and distribution of SOC in soils around the world. This map will be developed following 
the general GSP principle of being a country-driven initiative.  

 
Map components: The new global soil carbon map will have map of global SOC 

stocks 0-30 cm depth (1 km resolution), sub-divisions in thinner depth slices, or 
extensions beyond 30 cm depth are acceptable, depending on national sampling strategies 
and available data. 

 
Compatibility with other specifications and guidelines: the product 

specifications are compatible with other spatial thematic layers shared under the Global 
Earth Observation System of Systems (GEOSS), United Nations Spatial Data 
Infrastructure (UNSDI), and others such as the new framework for SDG indicator 
assessments.  
 

3. Execution of the workshop 

The training lasted six days (see Agenda in Annex 1) and was implemented by Mr. 
Yusuf Yigini (GSP/FAO), Ms. Lucrezia Caon (GSP/FAO) and Mr. Ate Poortinga 
(SERVIR-Mekong). The objectives of the training. A brief technical report on the 
workshop is available in Annex 2. The main training objectives per day are reported in 
Table 1. 
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Table 1 Training objectives 

Training objectives day 1 
● To introduce participants to the development of the Asian Soil Information System  
● To introduce the concept of soil legacy data and its use in Digital Soil Mapping  
● To share information about data management and modelling  
● To introduce GSP Pillar 4, Global Soil Information System, GSOC:  

- Introduction to the GSP Pillar 4 and the Global Soil Information System  
- Introduction to the Asian Soil Information System  
- Introduction, Scope and the Extent  
- Introduction to Digital Soil mapping (DSM)  
- Data types, Formats and Data Preparation  
- DSM Software Environment (Commercial and Open Source Programs and 

Standalone Tools)   
 

Training objectives day 2 
 To introduce participants to spatial modelling  

- Introduction to R & R-Studio  
- R Basics 

o Introduction to DSM Training Soil mapping and  
o DSM Introduction to R and R-Studio 
o Installation of R, R-Studio, R Packages, Troubleshooting  
o R Basics: Objects, Commands, Expressions, Assignments, Operators  
o R Basics: R- Data Types and Exercises 

 
Training objectives day 3 
 To introduce participants to data mining and data preparation 

- R basics: R- data Types, Exercises  
- Vectors, Arrays, Matrices  
- Data Frames, Data Import, Data Export 
- Graphics with R: The Basics, Plot Function 

 
Training objectives day 4 
 To introduce participants to DSM modelling techniques  
 To develop/obtain DSM scripts for property mapping   
 To support participants in improving their R capabilities for DSM 

- Data Manipulation in R Combining Data, Indexing, Sub-setting,  
- Exploratory Data Analysis Basic Statistics, Plots, Normality 
- Introduction: Linear Models in R  
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Training objectives day 5 
 Getting familiar with Modelling  
 SOC Modelling Methods, DSM Approaches 

- Linear Models in R   
- R and Spatial Data  
- Basic Spatial Operations: Points, Rasters 
- R - DSM Related Packages, R - Preparatory, Exploratory Analysis for DSM 
- Modelling Soil Properties:  
- R - Spatial Multiple Linear Regression,  
- R - Regression – Kriging,  
- R - Random Forests 

 
Training objectives day 6 
 Modelling Soil organic Carbon  
 Validation, Uncertainty  

- R - Spatial Multiple Linear Regression,  
- R - Random Forests,  
- R - Regression - Kriging  
- Validation and Uncertainties 

 
  

4. Technical considerations and remarks 
 

This section presents some technical considerations and remarks made by the 
participants during the workshop. A broader overview of the opinions of participants on 
the execution and organization of the workshop is presented in Annex 4. 

a) Many participants to the workshop suggested to collect soil samples and to do soil 
analysis data at local level on a yearly basis so to develop updated SOC maps. 
Maps should be in high resolution in order to capture spatial vulnerability areas, 
especially on highland and hilly areas.  

b) The training time is too short while the workload per day is a little too much such 
that the participant cannot absorb; there is a need to add site-seeing, at least for 
one day. 

c) There is a need to develop the ASP pillar 4 website and a social network to 
contribute to these activities.  
 

d) It is necessary to harmonize national soil information systems in the Asian 
member countries.  
 

e) The instruction is not clear and not correct; it needs to give more explanation. It is 
better if the instructor guides by explaining each important step and show 
command on R studio together. There is plenty of missing information in the 
material, especially for the beginners. 

  



10 
 

 
 

Annex 1: Workshop Agenda 
 
 
 
 
 
 

GSP - Asian Soil Partnership  
Training Workshop on Soil Organic Carbon Mapping  

Bangkok, Thailand, 24-29 April 2017  
Tentative programme  

 
Day 1, 24/04/2017 – OPENING, INTRODUCTION 

 
Training objectives:  

● To introduce participants to the development of the Asian Soil Information System 
● To introduce the concept of soil legacy data and its use in Digital Soil Mapping 
● To share information about data management and modelling 
● To introduce GSP Pillar 4, Global Soil Information System, GSOC 

 
Instructors:  

 
TIME TOPIC INSTRUCTORS 

09: 00 - 9:30 OPENING AND WELCOME FAO Representative 
MOAC and SFST 
Representatives 
 

9:30 – 10:00 Introduction to the GSP Pillar 4 and the Global Soil 
Information System 

Ms. Lucrezia Caon, FAO  

10:00 – 10:30 Introduction to the Asian Soil Information System Ms. Lucrezia Caon, FAO  

10:30 - 11:00 COFFEE BREAK  

11:00 - 12:00 Introduction, Scope and the Extent Mr. Yusuf Yigini, FAO 

12:00 - 13:00 Introduction to Digital Soil mapping (DSM) 

13:00 - 14:00  LUNCH  

14:00 – 16:00 DSM Software Environment (Commercial and Open 
Source Programs and Standalone Tools)  

Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, FAO 

16:00- 16:30  COFFEE BREAK  

16:30 - 17:30  Data types, Formats and Data Preparation Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, FAO 
 

18:00 Welcome dinner LDD 
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Day 2, 25/04/2017 – Theme – Spatial Modelling and Setting-Up the Software Environment 
 
Training objectives:  

● To introduce participants to spatial modelling 
● Introduction to R & R-Studio 
● R Basics 
 

TIME TOPIC INSTRUCTORS 

8:30 - 10:30 Soil mapping and DSM 
Introduction to R & R-Studio 

 
 
 

10:30 - 11:00 COFFEE BREAK 

11:00 - 13:00 Installation of R, R-Studio,  R Packages, Troubleshooting 
Hands-on: R, R Studio, R-Packages  

 
 
 

13:00 - 14:00 LUNCH 

14:00 - 16:00 R Basics: Objects, Commands, Expressions, Assignments, 
Hands-on: R Basics 

 
 
 

16:00- 16:30 COFFEE BREAK 

16:30 - 17:30 R- Data Types 
Hands-on: R data Types, Exercises 

 
 
 
 
Day 3, 26/04/2017  – Main Theme: Data Import, Plotting, Basics 
 
Training objectives:  

● R, R Basics 
 

Time TOPIC INSTRUCTORS 

8:30 - 10:30 R- Data Types 
Hands-on: R data Types, Exercises 

 
 
 

10:30 - 11:00 COFFEE BREAK 

11:00 - 12:00 Vectors, Arrays, Matrices 

12:00 - 13:00 Hands-on: Vectors, Arrays, Matrices 

13:00 - 14:00 LUNCH 

14:00 - 15:00 Data Frames, Data Import, Data Export 

15:00 - 16:00 Hands-on: Data Frames, Data Import, and Data Export 

16:00- 16:30 COFFEE BREAK 

16:30 - 17:30 Graphics with R: The Basics, Plot Function 
Hands-on: Graphics 
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Day 4, 27/04/2017 – Soil Property Mapping, Modelling 
 
Training objectives:  

 To introduce participants to DSM modelling techniques 
● Data Exploration, Data Manipulation 

 
TIME TOPIC INSTRUCTORS 

8:30 - 9:30 Data Manipulation in R 
Combining Data, Indexing, Sub-setting, 

Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, FAO 
 9:30 - 10:30 Hands-on: Data Manipulation 

10:30 - 11:00 COFFEE BREAK 

11:00 - 12:00 Exploratory Data Analysis 
Basic Statistics, Plots, Normality 
Hands-on: Exploratory Analysis 

12:00 - 13:00  
–  

 13:00 - 14:00 LUNCH 

14:00 - 15:00 Hands-on: Exploratory Analysis 

15:00 - 16:00  
 
 

16:00- 16:30 COFFEE BREAK 

16:30 - 17:30 Introduction: Linear Models in R 

 
Day 5, 28/04/2017 – Main Theme: SOC Modelling 
 
Training objectives:  

● Getting familiar with Modelling 
● SOC Modelling Methods, DSM Approaches 

 
 

TIME TOPIC INSTRUCTORS 

8:30 - 9:30 Continue: Linear Models in R Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, FAO 

 
9:30 - 10:30 Hands-on: Linear Models  

10:30 - 11:00 COFFEE BREAK 

11:00 - 13:00 R and Spatial Data 
Basic Spatial Operations: Points, Rasters 
Hands-on: Basic Spatial Operations 

 
 
 
 

13:00 - 14:00 LUNCH 

14:00 - 16:00 R - DSM Related Packages 
R - Preparatory , Exploratory Analysis 
for DSM 
Hands-on: DSM Related Packages 

 
 
 
 

16:00- 16:30 COFFEE BREAK  

16:30 - 17:30 Modelling  Soil Properties 
Spline Tool V2.0  
R - Spatial Multiple Linear Regression 
R - Regression - Kriging 
R - Random Forests 

Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, FAO 
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Day 6, 29/04/2017 – Main Theme: Regression Kriging 
 
Training objectives:  

● Modelling Soil organic Carbon 
● Validation, Uncertainty 

 
 

TIME TOPIC 

08:30 - 10:00 Hands-on: R - Spatial Multiple Linear Regression 
R - Random Forests 
R - Regression - Kriging 

Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, 
FAO 
 

10:00 - 10:30 COFFEE BREAK  

10:30 - 13:00 Validation and Uncertainties Mr. Yusuf Yigini, FAO  
Ms. Lucrezia Caon, 
FAO 
 

13:00 - 14:00 LUNCH  

14:00 – 17:00 Hands-on: Regression Kriging - Soil Organic Carbon 
Participants will be working on their own data (National Soil 
Profile DB, Environmental Covariates, ISRIC Grids  
ftp://gsp.isric2.org  
user: gsp 
pass: gspisric 

ALL 

17:00 – 17:30 Wrap-up, The way forward to the GSOC  

18:00 Farewell dinner at the hotel LDD 
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Annex 2. Brief Technical Report  
Opening and Welcome by FAO Representative MOAC and SFST 
Representatives 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Introduction to the GSP Pillar 4 and the Global Soil Information System  
 
The GSP partners are engaged in the development 
of the global soil organic carbon (GSOC) map, 
which relies on the use of existing national soil 
organic carbon data. This activity is closely linked 
to the development of a Global Soil Information 
System under the umbrella of Pillar 4 of the GSP, 
which is to enhance the quantity and quality of soil 
data and information. Due to the urge to act for 
mitigating and adapting to climate change, and 
jointly work towards the achievement of the 
sustainable development goals (SDGs), this 
activity is pursued with high priority. 
 

Introduction, Scope and Extent of the Digital Soil Mapping (DSM)  
 

Digital Soil Mapping (DSM) is the creation and population of spatial soil 
information systems by numerical models and referred to as predictive soil mapping is the 
computer-assisted production of digital maps of soil types and soil properties. Soil 
mapping, in general, involves the creation and population of spatial soil information by 
the use of field and laboratory observational methods coupled with spatial and non-spatial 
soil inference systems. Digital soil maps are linked to an underlying digital elevation 
model whereby grid cells of the model are populated with soil attributes. 

The model is used for quantitative prediction of soil classes or continuous soil 
attributes based on empirical observations and not trying to explain the factors of soil 

Figure 1. from the left side Ms. Benjaporn Chakranon 
(Deputy Director-General of Land Development), Mr. 
Lertviroj Kowattana (Deputy Permanent Secretary of 
the Ministry of Agriculture and Coopertatives), Ms. 
Kundhavi Kadiresan (FAO Assistant Director-General 
and Regional Representative for Asia and the 
Pacific), and Dr. Pitayakon Limtong (President of the 
Soil and Fertilizer Society of Thailand).  

Figure 2. Group picture 

Figure 3. Introduction to the GSP Pillar 4 and the 
development of national SOC maps 
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formation. In addition, soil itself can be used as a factor because soil can be predicted 
from its properties, or soil properties from its class or other properties. 

The equation simply states that the soil type or attribute at an unvisited site (S) can 
be predicted from a numerical function or model (f) given the factors just described plus 
the locally varying, spatial dependent residuals (ε).  

 
S  f S, C, O, R, P, A, N ε 

 
S = Legacy soil data (Soil Samples, Profiles, Soil maps) 
C, O, R, P = Spatial data on soil forming factors 
F = Soil Inference Models 

Legacy soil data is a model that can use for calibration and validation of soil data 
and has potential in reducing cost of new samples. In addition, it is also a core of predictors 
i.e. soil forming factors that enrich interpretation of spatial models which can be used as 
a baseline data for monitoring. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data types, Formats and Data Preparation  
 
Land use and/or land cover data are unarguably the one of the most vital data for 

any statistical effort to map soil properties. There are many of various sources of data on 
land cover including global and continental products, such as GlobCover, GeoCover, 
Globeland30, CORINE Land Cover.  

DEM Source Datasets Currently, two global level 30m DEMs are freely available; 
the Shuttle Radar Topographic Mission (SRTM) and the ASTER Global Digital Elevation 
Model (GDEM). They provide topographic data the global scale, which are freely 
available for users. 
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OneGeology: The world geological maps are now being integrated via the 
OneGeology project which aims at producing a consistent Geological map of the world 
in approximate scale 1:1M (Jackson, 2007). 

USGS has several data portals e.g. that allow browsing of the International Surface 
Geology (split into South Asia, South America, Iran, Gulf of Mexico, Former Soviet 
Union, Europe, Caribbean, Bangladesh, Asia Pacific, Artic, Arabian Peninsula, Africa 
and Afghanistan) USGS jointly with ESRI has released in 2014 a Global Ecological Land 
Units map at 250 m resolution. This also includes world layer of rock types. This data can 
be downloaded from the USGS site. 

National parent material and geology maps may be used. Other available datasets 
and data portals are given on the ISRIC WorldGrids website (worldgrids.org). 

Each approach has been adapted to the structure of the national soil data bases, 
information about soil associations within mapping units, and the degree of stratification, 
climatic or eco-regions, land cover types, and combinations among them. 

 

DSM Software Environment  
(Commercial and Open Source Programs and Standalone Tools)  

 
GSP GSOCMap Cookbook Manual using open source software. The software to be 

used for digital soil mapping such as Spine, SAGA GIS, QGIS and R Studio that will be 
used for workshop. For training the first step is installing and manually configuring the 
software. 

R:  https://cloud.r-project.org/index.html  
R Studio:  https://www.rstudio.com/products/rstudio/download/  
QGIS: QGIS:  http://www.qgis.org/en/site/forusers/download.html  
SAGA GIS:  https://sourceforge.net/projects/saga-gis/files/  
ArcGIS:  http://www.esri.com/software/arcgis/free-trial  

(registration 60 day trial) 
Spline ToolV2.0: http://www.asris.csiro.au/downloads/GSM/SplineTool_v2.zip 

R is a language and environment for statistical computing. R provides a wide variety 
of statistical (linear modelling, statistical tests, time-series, classification, clustering) and 
graphical methods, and is highly extensible. 

QGIS is a user friendly Open Source Geographic Information System (GIS) 
licensed under the GNU General Public License. QGIS is an official project of the Open 
Source Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, Windows and 
Android and supports numerous vector, raster, and database formats and functionalities. 

SAGA is the abbreviation for System for Automated Geoscientific Analyses. SAGA 
is a Free Open Source Software (FOSS), which generally means that you have the 
freedom. 

 

Theme – Spatial Modelling and Setting-Up the Software Environment 
Soil mapping and DSM Introduction to R & R-Studio  

 
R is a language and environment for statistical computing. R provides a wide variety 

of statistical (linear modelling, statistical tests, time-series, classification, clustering) and 
graphical methods, and is highly extensible.  
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The advantages of R is free and open source software, free and open source 
software, allowing anyone to use and, importantly, to modify it. R is licensed under the 
GNU General Public License, with copyright held by the R Foundation for Statistical 
Computing. R has no license restrictions (other than ensuring our freedom to use it at our 
own discretion), and so it can be run anywhere and at any time. The graphical capabilities 
outstanding, providing a fully programmable graphics language that surpasses most other 
statistical and graphical packages. The validity of the R software is ensured through 
openly validated. Because R is open source, unlike closed source commercial software, it 
has been reviewed by many internationally renowned statisticians and computational 
scientists.  

Anyone is welcome to provide bug fixes, code enhancements, and new packages, 
and the wealth of quality packages available for R is a testament to this approach to 
software development and sharing. Currently, the CRAN package repository features 
10489 available packages from multiple repositories specializing in topics like 
econometrics, data mining, spatial analysis, and bio-informatics. R is cross-platform. R 
runs on many operating systems and different hardware. It is popularly used on 
GNU/Linux, Macintosh, and Microsoft Windows, running on both 32 and 64 bit 
processors. R plays well with many other tools, importing data, for example, from CSV 
files, SAS, and SPSS, Minitab or directly from Microsoft Excel, Microsoft Access, 
Oracle, MySQL, and SQLite. It can also produce graphics output in several image 
formats, and table output for LATEX and HTML. R has active user groups where 
questions can be asked and are often quickly responded to; often by the very people who 
developed the environment this support is second to none. New books for R (the Springer 
Use R! series) are emerging, and there is now a very good library of books for using R 

The disadvantages of R has a steep learning curve, it does take a while to get used 
to. But no steeper than for other statistical languages. R is not so easy to use for the novice. 
There are several simple-to use graphical user interfaces (GUIs) for R that enable point 
and-click interactions, but they generally do not have the polish of the commercial offerings. 
Documentation is sometimes patchy and not easy to understand. Some R commands give 
little thought to memory management, and so R can very quickly consume all available 
memory. This can be a restriction when doing data mining at large scales. There are 
various solutions, including using 64 than 32 bit OS. There is, in general, no one to 
complain to if something doesn’t work. R is a software application that many people freely 
devote their own time to developing. Problems are usually dealt with quickly on the open 
mailing lists, and bugs disappear with lightning speed. Users who do require it can 
purchase support from a number of vendors internationally. It is sometimes difficult to 
manage if your code grows bigger. It is possible if you really pay attention to strict rules 
which are not imposed by the language. 
 

Installation of R, R-Studio, R Packages, Troubleshooting  
 
Installing R 

 Go to R: https://cloud.r-project.org/index.html pick an installation file for your 
platform. And installation by clicking on the downloaded.exe file.  

 For Windows OS click on the link “Download R for Windows” start the 
installation by clicking on the download.exe file. R can install in more than 20 languages. 

 Read GNU-GPL license information  
 Select Destination Location 
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 Select Components (leave defaults) 
 Start-up options (leave defaults) 
 Select Additional Tasks (leave defaults) 
 Installer will Install R on computer 
 After installation finished  
 Click on the “R” icon on the desktop or in the start menu  

Installing R Studio  
R Studio’s Open Source Edition can be downloaded at 

https://www.rstudio.com/products/rstudio/download/ On the download page, “RStudio 
Desktop”  

 Pick the version that is listed as recommended for system.  
 Run the Rstudio Installer by clicking on the downloaded.exe file. 
 Select install location  
 The installer the software 
 Finish when the wizard finished the installation 
 After the installation, RStudio, because it will automatically start also R. 

R Packages 
The primary source for the R packages is CRAN’s official website. For spatial 

applications, many packages are available. Information about the available packages on 
CRAN with the available. Packages () function. The function returns a matrix of details 
corresponding to packages currently available at one or more repositories. For example, 
the Task View for Analysis of Spatial Data can be accessed at: https://CRAN.R-
project.org/view=Spatial 

 

R Basics: Objects, Commands, Expressions, Assignments  
 
R as a Calculator 

The most basic use of R is to use it as a simple calculator.  
 

R- Data Types  
 
Trigonometric Functions 

These functions give the obvious trigonometric functions. They respectively 
compute the cosine, sine, tangent, arc-cosine, arc-sine, arc-tangent, and the two-argument 
arctangent.  

This code doesn’t give you the correct result, however, because R always works 
with angles in radians, not in degrees.  

The correct way to calculate the cosine of an angle of 120 degrees, then, is this: (1 
rad = 180°/π) 

There are also some special values to be aware of:  Missing value indicator! In R, 
missing values are represented by the symbol NA (Not Available). Impossible values 
(e.g., dividing by zero) are represented by the symbol NaN (not a number). Unlike SAS, 
R uses the same symbol for character and numeric data.  

R stores everything as an 'object'. Here we create an object called 'interest' for future 
use. It stores the compound interest rate based on a 5% per year rate and a 30 year period. 
Some notes about naming: R is case sensitive - interest is not the same as Interest. 
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Main Theme: Data Import, Plotting, Basics  
Vectors, Arrays, Matrices  

 
Vectors in R 

Vector is an object that stands on your working environment. Vector arithmetic in 
R has the advantage of allowing the same operation to be performed on all the elements 
of the vector with a single call, avoiding loops. Arithmetic operations of vectors are 
performed member-by-member (memberwise).  
Vector Arithmetics 

If two vectors are of unequal length, the shorter one will be recycled in order to 
match the longer vector.  
Creating vectors /vector types 

The simplest method to create vectors is to use c. Common alternatives are vector 
and seq. Vectors can be of several types: numeric vectors,  logical vectors, character 
vectors and combination of vectors 
Plotting vectors 

The plot() function. The Generic plot() function can deal with the task of plotting 
several types of R objects. The most common use is to plot single or paired numeric 
vectors.  
Naming Vectors 

Adding names to the elements maybe useful is some situations. For example if one 
is dealing with model parameters it may be easier to use the parameters names. Names 
can also be used for sub-setting. 

 

Data Frames, Data Import, Data Export  
 
Data Frames  

A data frame is a table or a two-dimensional array-like structure in which each 
column contains values of one variable and each row contains one set of values from each 
column. 
Characteristics of a data frame. The column names should not be empty. The row names 
should be unique. The data stored in a data frame may be numeric, factor or character. 
Each column contains same number of data items. For example 'Soil Organic Carbon Data 
from Macedonian Database. 
 

Graphics with R: The Basics, Plot Function  
 
R - Working with Graphics 

There are other graphic engines available through various R packages. They provide 
alternative ways of defining graphs, contain extra functionality, or make use of different 
paradigms about the elements of plot building. 
R – Lattice 

The lattice package, written by Deepayan Sarkar, attempts to improve on base R 
graphics by providing better defaults and the ability to easily display multivariate 
relationships. In particular, the package supports the creation of trellis graphs - graphs that 
display a variable or the relationship between variables, conditioned on one or more other 
variables.  
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Graphics with ggplot2 
The ggplot2 package is language for creating elegant and complex plots. The 

Grammar of Graphics, ggplot2 allows you to create graphs that represent both univariate 
and multivariate numerical and categorical data in a straightforward manner. Grouping 
can be represented by color, symbol, size, and transparency.  
qplot() 

The qplot() function can be used to create the most common graph types. While it 
does not expose ggplot's full power, it can create a very wide range of useful plots. 
 

Soil Property Mapping, Modelling 
Data Manipulation in R Combining Data, Indexing, Sub-setting  

 
Spline Tool V2.0 

This tool can be alternatively used for modelling soil attribute depth functions. The 
version v2.0 developed by CSIRO Land and Water. This standalone tool has an easy-to-
use graphical user interface and allows user to estimate soil properties for standard depth 
intervals using mass preserving splines from input profiles with irregular or non-contiguous 
depth intervals. The Spline Tool uses comma delimited input text files (see input.txt for 
formatting – depth must be in centimeters) and generates cmsout.txt, stdout.txt and 
single.txt. Check boxes on the settings tab allow the user to select which output files to 
export. The spline tool currently inputs and outputs one soil property (i.e. one of pH, clay 
content, etc) only. The cmsout.txt file contains soil attribute values for 1cm intervals to a 
depth of 200cm. The maximum depth of the output is limited by the maximum input depth. 
The stdout.txt file contains soil attribute values for the standard depth specified by 
GlobalSoilMap.net as the default setting. The default depths are: 0-5, 5-15, 15-30, 30-60, 
60-100, 100-200 cm. Custom depths (GSOCMap mandatory depth- 30 cm) can assigned 
from the settings tab. 
Installation 

To install the Spline Tool simply extract the .zip content into a new folder.  
http://www.asris.csiro.au/downloads/GSM/SplineTool_v2.zip or https://goo.gl/7XRQ7O 
Data Preparation 

Browse your .csv file and Import button to load data. The Spline Tool uses comma 
delimited input text files and generates cmsout.txt, stdout.txt and single.txt. The spline tool 
currently inputs and outputs one soil property at each time. The cmsout.txt file contains soil 
attributes values for 1 cm intervals to a depth. The tool uses GlobalSoilMap.net depths as 
default but these standard depths can be easily changed on the settings Tab. 0.30 cm should 
be use for GSOC Map mandatory depth. 
 

Exploratory Data Analysis Basic Statistics, Plots, Normality  
 
Exploratory Data Analysis 

We will continue using the DSM_table object that we created in the previous section. 
As the data set was saved to file you will also find it in your working directory. Here after 
soil carbon density will be referred to as Value. Now look at some of the summary statistics 
of SOC. The observation that the mean and median are not equivalent says that the 
distribution of this data is not normal. Here we see that the data is positively 
skewed.Anderson-Darling Test can be used to test normality for normally distributed data 
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the p value should be > than 0.05. This is confirmed when we look at the histogram and qq-
plot of this data 

Most statistical models assume data is normally distributed. A way to make the data 
to be more normal is to transform it. Common transformations include the square root, 
logarithmic, or power transformations. 

 

Main Theme: SOC Modelling 
Linear Models in R  

 
Linear Models 

Simple linear regression uses an independent variable to predict the outcome of a 
dependent variable. This is the most basic form of regression, numerous complex modeling 
techniques can be learned by understanding this basic complex. In R several classical 
statistical models can be implemented using the function: lm (linear model). The first 
argument in the lm function (formula) is where you specify the structure of the statistical 
model. Common structure of a statistical model is:  

y ~x  Simple linear regression of y on x  
y ~ x + z  Multiple regression of y on x and z 

To demonstrate simple linear regression in R, we will again use the Macedonian Soil 
Dataset. Here we will regress Soil Organic Carbon on DEM. Hypothesis here is that 
elevation is a good predictor of SOC. 

There appears there is not meaningful. To fit a linear model, we can use the lm 
function. The output from the lm function is an object of class lm. An object of class "lm" 
is a list containing at least the following components. To extract some of the information 
from the summary. Once we have fit a model in R, we can see predicted values using the 
predict() function. Plot() the observed vs. predicted from the model. We will regress SOC 
on Precipitation, Slope and Elevation. First subset these data out, and then get their summary 
statistics. For relationships between variables in a data frame is with the corfunction. To 
visualize these relationships, we can use pairs. 

 

R and Spatial Data Basic Spatial Operations: Points, Raster  
 
R - Getting Spatial 
Spatial Data Frame 

We will be working with a data set of soil information that was collected from 
Macedonia (FYROM). https://goo.gl/EKKMAF. There are other plotting options available, 
so it will be helpful to consult the help file (?). Here, we are plotting the SOC concentration 
measured at each location. We can use the coordinates() function from the sp package to 
define which columns in the data frame refer to actual spatial coordinates—here the 
coordinates are listed in columns X and Y. 
Coordinate Reference System 

To clearly tell R this information we define the CRS which describes a reference 
system in a way understood by the PROJ.4 projection library http://trac.osgeo.org/proj/. An 
interface to the PROJ.4 library is available in the rgdal package. Alternative to using Proj4 
character strings, we can use the corresponding yet simpler EPSG code (European 
Petroleum Survey Group). rgdal also recognizes these codes. If you are unsure of the Proj4 
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or EPSG code for the spatial data but know the CRS, should consult 
http://spatialreference.org/ for assistance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coordinate Transformation 

To look at the locations of the data in Google Earth, we first need to make sure the 
data is in the WGS84 geographic CRS. If the data is not in this CRS (which is the case for 
our data), then we need to perform a transformation. This is done by using the spTransform 
function in sp. The EPSG code for WGS84 geographic is: 4326.  

We can then export out our transformed pointdata data set to a KML file and visualize 
it in Google Earth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Raster 

Most of the functions for handling raster data are available in the raster package. 
There are functions for reading and writing raster files from and to different formats. In 
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digital soil mapping we mostly work with data in table format and then raster this data so 
that we can make a continuous map.  
Read Raster in R 

For doing this in R environment, we will load raster data in a data frame.  This data 
is a digital elevation model provided by ISRIC for FYROM. Plot of this raster and overlay 
the point locations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Export Raster in KML 

We may also want to export our mac.dem to KML file using the KML function. Note 
that we need to reproject our data to WGS84 geographic. The raster re-projection is 
performed using the projectRaster function. KML is a handy function from raster for 
exporting grids to kml format. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Import Rasters 

The other useful procedure we can perform is to import rasters directly into R so we 
can perform further analyses. rgdal interfaces with the GDAL library, which means that 
there are many supported grid formats that can be read into R. 



24 
 

 
 

http://www.gdal.org/formats_list.html. The imported raster read.grid is a Spatial Grid Data 
Frame, which is a class of the sp package. To be able to use the raster functions from raster 
we need to convert it to the RasterLayer class. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DSM Related Packages R - Preparatory, Exploratory Analysis for DSM  
 
Data Preparation for DSM 

In order to carry out digital soil mapping techniques for evaluating the significance of  
environmental variables in explaining the spatial variation of the target soil variable (for 
example SOC) , we need to link both sets of data together and extract raster values from  
covariates at the locations of the soil point data.  

The sp parameter set to 1 means that the extracted covariate data gets appended to the 
existing SpatialPoints DataFrame object. When the covariates in common resolution and 
extent, rather than working with each raster independently it is more efficient to stack them 
all into a single object. If the raster are not in same resolution and extent you will find the 
other raster package functions resample and projectRaster as invaluable methods for 
harmonizing all your different raster layers. 
 

Modelling Soil Properties Spline Tool V2.0 R - Spatial Multiple Linear 
Regression R - Regression – Kriging R - Random Forests  
 
Random Forest 

An increasingly popular data mining algorithm in DSM and soil sciences and even 
in applied sciences in general is the Random Forests model. This algorithm is provided in 
the randomForest package and can be used for both regression and classification. Random 
Forests are a boosted decision tree model. Fitting a Random Forest model in R is relatively 
straightforward. We will use the randomForest() function and a couple of extractor 
functions to tease out some of the model fitting diagnostics.   

Generally, we confront this question by comparing observed values with their 
predictions. Some of the more common “quality” measures are the root mean square error 
(RMSE), bias, and the R2 value. 
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Main Theme: Regression Kriging  
Validation and Uncertainties  

 
Cubist Model 
Cubist is a prediction-oriented regression model. A tree is grown where the terminal 
leaves contain linear regression models. These models are based on the predictors used in 
previous splits. A prediction is made using the linear regression model at the terminal 
node of the tree.  

In R fitting a Cubist model is relatively easy - although it will be useful to spend 
some time playing around with many of the controllable parameters that the function. In 
terms of specifying the target variable and covariates, we do not define a formula as we 
did earlier for the MLR model. Rather we specify the columns explicitly - those that are 
the target variable (x), and those that are the covariates (y). The output from fitting a 
Cubist model can be retrieved using the summary function. This provides information 
about the conditions for each rule, the regression model for each rule, and information 
about the diagnostics of the model fit, plus the frequency of which the covariates were 
used as conditions and/or within a model. 

Creating the map resulting from the edge.cub.Exp model can be implemented as 
before (randomfrorest) using the raster predict function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Regression Kriging - Participants working on their own data  
(National Soil Profile DB, Environmental Covariates, ISRIC Grids 
http://gsp.isric2.org, user: gsp, pass: gspisric)  
 
3D soil property mapping using the GSIF package 

Global Soil Information Facilities is an initiative of the ISRIC - World Soil 
formation Institute and Africa Soil Information Service (africasoils.net) team. Purpose of 
this tutorial is to demonstrate major processing steps used within the GSIF framework for 
generating soil property and soil class maps from point data, and with the help of multi-
scale covariates.  

ISRIC - GSIF package Tutorial http://gsif.isric.org/doku.php/wiki:tutorial_eberg 
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Wrap-up and the way forward to the GSOC 
 

The main objective of developing 
national Soil Organic Carbon Maps are (i) to 
know about the fertility of the soils (SOC could 
be used to monitor soil quality), (ii) to report to 
the different conventions and SDGs on soil 
degradation, (iii) to make decisions on climate 
change, and (iv) to support countries in 
developing their national soil information 
systems. This activity ultimately benefits 
countries by building their capacity on soil 
assessment and monitoring, and developing 
policies on soil, which would rely on the use of 
reliable and updated soil information in line 
with international standards.  
 

This activity does not aim to get any data from the countries but to compile national 
maps resulting from the analysis of the data available so to develop the global soil organic 
carbon map by the 5th of December 2017. To this end, in 2016 national governments 
already agreed on developing and sharing national SOC map developed according to the 
FAO standards at the Fourth GSP Plenary Assembly. However, the GSP Secretariat, asked 
participants to inform them whether a letter requesting governments to share the SOC map 
produced through this activity was needed (if yes, who should this be addressed to?).  

 
The GSP Secretariat also informed participants that an intellectual property (IP) 

policy is under development and that they can contribute to its development by 
commenting to it and accommodating it to their needs. The final version of the document 
to be ready by June 2017. 

 
The deadline to send the national SOC maps to the GSP Secretariat is 31 August 

2017. This would give time to the GSP Secretariat to compile and finally launch the global 
SOC map by 5 December 2017 (World Soil Day) 2017. In case countries fail to submit 
their map, their country will be left blank in the global map and a notification will be sent 
to their national authorities. However, the GSP is offering support to countries in need by 
making all the material of the training available and by keeping FAO trainers on SOC 
mapping available for consultation. 
 

  

Figure 4. Trainers closing the workshop 
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ASP Participants 
 
Bangladesh 
Mr. A.F.M. Manzurul Hoque  (manzur_hq@yahoo.com; hoquemafm@gmail.com) 
Senior Scientific Officer, Soil Resource Development Institute (SRDI),  
Ministry of Agriculture, Krishi Khamar Sarak, Dhaka-1215, Bangladesh 
 
Bhutan 
Mr. Tsheten Dorji  (tshetendorji08@gmail.com) 
Senior Soil Survey and Land Evaluation Officer, NSSC  
Bhutan Mr. Dawa Tashi  
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Mr. Noranizam Bin Mohd Sahil  (Niezam8@gmail.com) 
Soil Resource Management and Conservation Division, Department of Agriculture,  
30, Persiaran Perdana Precint 4, 62624 Putrajaya, Malaysia 
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Ms. Bazarradnaa Enkhtuya  (ider98@yahoo.com) 
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Nepal 
Mr. Roshan Babu Ojha  (roshanbachhan@gmail.com) 
Nepal Agricultural Research Council 
 
Philippines 
Mr. Baldwin Pine  (baldwinmp@gmail.com)  
Soil Conservation and Management Division 
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Dr. Harsha Kadupitiya   (kadupitiya@gmail.com) 
Head GIS & RS Division, Natural Resources Management Centre, 
Department of Agriculture, Peradeniya, Sri Lanka 
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Mr. Wattana Pattanathaworn  (udomsri_sat@hotmail.com) 
Office of Soil Resources Survey and Research, Land Development Department,  
Ministry of Agriculture and Cooperatives, Thailand 
 
Vietnam 
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Annex 4: Impact of the workshop  

At the end of the training, participants were asked to complete a survey on their 
level of satisfaction. Results are herewith reported. 

 

Overall evaluation of the Workshop 
Rate of 

satisfaction 
The objectives of the workshop were clearly stated 81.8%. 
The Workshop was effective in teaching the participants to use 
the tools in their work 

76.4%. 

The Workshop has increased the participants’ knowledge of R 
program 

83.0% 

The Workshop has increased the participants’ knowledge of 
SPLINE 

74.8% 

The Workshop has increased the participants’ knowledge of 
ArcGIS 

50.4% 

The training content was relevant to the participants’ working 
interest 

81.8% 

The training materials were sufficient for guiding the 
participants towards the development of the national SOC map 

70.4% 

The participants are confident that when they go back home 60.9% 
There were enough opportunities for participants to share 
opinions and perspective 

68.4% 

The participants’ expectancy on the training was fully met 69.6% 
The conference room facilities were satisfied 73.2% 
The accommodation facilities were satisfied 80.8% 
The food condition was satisfactory 83.8% 

 
Opinions on the utility of the workshop for developing the SOC map: 

- The period of the workshop should be extended a few more days. 
- If further workshops are to be organized, it is recommended to involve the same 

experts that attended this workshop so to go deeper into SOC digital mapping. 
- The work of the participants should be evaluated and their evaluation should be 

sent to their supervisor. 
- Discussion between concerned divisions, committees and staff should be held. 
- On-the-job training is preferable. 

 
Opinions on R programming: 

- Prior to the workshop, one participant did not know about R and R package, but 
after the workshop, he realized that it is easy to use and can save time to 
calculate the data. 

- One participant would like to learn other software as well. 
- One participant would like to learn about meta-data analysis by using R. 
- One participant would like to learn how to apply new techniques such as R-studio 

and SPLINE tools to help developing SOC map. 
- Additional courses to understand the background process in R should be offered. 
- A more in-depth course on DSM should be offered. 
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Opinions on national SOC mapping programme: 
- It was suggested that participants work on all exercises with their own country 

data. 
- Digital soil mapping (fertility mapping) and soil information system should be 

added to the course. 
- It is very important to predict climatic change and sustainability of soil fertility. 
- The programme should manage land use system and also improve soil fertility. 
- The programme should mitigate the climate and predict a climatic change in the 

future. 
- Training on how to sample and develop the SOC map in each country should be 

offered. 
 
Opinions on data management and manipulation (how to collect and manage 
database for SOC): 

- After the training, organize workshop in each country to understand more on 
programs. 

- Research methodology to study SOC and national database in each country, e.g. 
soil map, land cover map, should be offered. 

- Preparation of database in proper and requisite format to share guidelines of GSP 
for the preparation of SOC map should be initiated. 

- A course on the use of quality and quantity of data used for eradication of soil 
organic carbon, which is specific before using DSM, should be offered. 

- All available data at the national level should be compiled. 
- Institutional linkage for data sharing should be developed. 

 
Suggestions and remarks on the workshop: 
 It is very good. 
 Thanks for providing the opportunity and all assistance. 
 The workshop is very well organized 
 The workshop is very technical and helpful. 
 The workshop is organized in the proper time. 
 Should have more explanation and time. 
 The duration of the training should be increased. 
 There should be more programs to use for DSN. 
 Should have a training on how to prepare data before running SOC map 
 It would require more than a workshop to understand R and develop the SOC map. 
 Member countries should verify the data quality before organizing them in the 

FAO/ASP classes. It is advised to prepare the data to be used before developing 
global SOC map. 

 Is it possible to use the real data in the training because it helps to decide whether 
or not the data are correct, and how to improve them. 

 
 
 
 




