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Summary

This Lesson is the second step of the capacity-building program, which is designed to build national
capacities as well as harmonize procedures for developing information of salt-affected soils at the
national and global levels. The overall goal of this Lesion is to support participants in software
installation and using the software to organize input data for assessing salt-affected soils at the
national level. At the end of the lesson, the participants are expected to have installed software and

organized database for mapping salt-affected soils in their countries.

Summary outputs for organizing input national information for assessing salt-affected soils

Installed software for database organization

Spreadsheet software MS Excel
GIS database software QGIS and SAGA
Data harmonization software ILWIS and R
. . One week
Organized input data
Soil indicators of salt problems EC, ESP, pH

Boundary shapefile

GIS layers .
E Spatial layers
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1 Introduction

1.1 Overview

Proper data organization is an important pedometrics step in digital soil mapping and more so in
identification of the true extent of salt-affected soils. Most soil profile data collection are organized in
varying soil-depth steps and irregular soilscape patterns. Adequate understanding and modelling of
soil variations are enhanced with well-organized input database. Furthermore, properly organized
data minimizes syntax errors at the data analysis stage. The focus of this Lesson is to facilitate
participants in harmonized organization of input database for assessing salt-affected soils. The input
database to be organized was developed during Lesson one of the Capacity Building program. This
Lesson, therefore, requires outputs from Lesson one. The Lesson is intended for participants who have
completed Lesson one or participants with complete database for mapping salt-affected soils. Its
output is a spatially compatible GIS database for national assessment of salt problems.

1.2 Objective
The overall objective of this Lesson is to establish a spatially compatible GIS database for national
assessment of salt-affected soils in each member country.

1.3 Expected outcomes
By the end of this Lesson, the participants are expected to:

i Install and operationalize GIS database software for mapping salt-affected soils
ii. Spatially harmonize input data into a GIS database for mapping salt-affected soils

2 GIS database for assessing salt-affected soils

2.1 Software for GIS database organization

Software is part of the tools and methods for digital soil mapping framework. The following software
were downloaded during Lesson one: QGIS, ILWIS, and R. This section discusses some other potential
applications of these software in database organization.

2.1.1 Applications in QGIS

QGIS is a versatile and relatively fast software with many GIS functionalities such as GIS database
development and organization, GIS operations (layer trimming, projections, format conversion, views,
etc.), remote sensing applications (such as image download, correction, pre-processing, classification,
band analysis, etc.), map layouts, among others. Its documentation and tutorials for beginners are
freely downloadable at https://qgis.org/en/site/forusers/download.html (accessed on 30" October
2019). The software also has a rich contribution of freely downloadable add-on packages known as
plugins and a vibrant user-support (for example, through https://gis.stackexchange.com/).

QGIS has a Graphical User Interface (GUI) for easy access to its functions. The functions are easily
accessible through panels or shortcut icons by simple clicks/selection.



3 Resources
The following resources are useful for implementing the activities during data organization

(a) Software (QGIS, ILWIS, Spreadsheet software)
(b) Own dataset (soil profile and GIS layers)
(c) Lecture materials

4 Activities
4.1 Software installation

4.1.1 Installing QGIS

Step 1: Go to the site https://agis.org/en/site/forusers/download.html| and download the latest
release depending on the computer OS. For example, for Windows 64 bit, download QGIS Standalone
Installer Version 3.10 (64 bit) will be as shown in Figure 4.1.

@ CBLD - Version 004 - All Docurn X | il Lesson 2 - Data organizationan: X  ( Download QGIS x P - X
& O B https://qgis.org/en/site/forusers/download.html e = @

3123
!\ T DISCOVER QGIS FOR USERS GET INVOLVED DOCUMENTATION English
3.10.

& *\ 0SGeo4W Network Installer (32 bit) a'
\\/

In the installer choose Desktop Express Install and select QGIS to install the /atest release.
To get the long term release (that is not also the latest release) choose Advanced Install and select qgis-Itr-full
To get the bleeding-edge development build choose Advanced Install and select qgis-dev-full

Standalone installers from OSGeo4W packages

Latest release (richest on features):

£ 3 Qe QGIS Standalone Installer Version 3.12 (64 bit) a
sha256 o
& Qe QGIS Standalone Installer Version 3.12 (32 bit) a
sha256 &
Long term release repository (most stable):
= QQ QGIS Standalone Installer Version 3.10 (64 bit) a
sha256 &
Figure 4.1: Screenshot of site for downloading QGIS (source:

https://agis.org/en/site/forusers/download.html)

Step 2: Launch the installer

Step 3: The software (QGIS Desktop with GRASS) is available in a QGIS folder

4.1.2 Installing ILWIS
Step 1: Go to the site https://www.itc.nl/ilwis/download/ilwis33/ and download
ILWIS3.3Academic.exe (19.3 MB) and ILWIS 3.31 Update (for ILWIS 3.3 only) (Figure 4.2)

Step 2) Install ILWIS3.3Academic.exe (19.3 MB) first and do not start the software yet.

Step 3) Install ILWIS 3.31 Update (for ILWIS 3.3 only). During installation, it will request to locate ILWIS
3.3. Navigate to C:\Program Files (x86)\ILWIS 3.3 Academic and scroll down to choose the blue colored
file llwis30.exe. Complete the installation



Step 4) Launch the software (whose icon should now be on the desktop).

£ CBLD - Version_004 - All Docum: X | [l Lesson 2 - Data organizationanc X = UT. Download | ILWIS 3.3 x P - X
<~ O B https://www.itc.nl/ilwis/download/ilwis33/ & Y& &= @

COOKIES

The University of Twente websites use cookies (read more) to analyse website usage and improve usability. We also use third party tracking-cookies to
measure user preferences, enable content sharing on social media and interest-based advertising. If you hit ‘accept’ you allow to us to place the different

types of cookies.

ACCEPT COOKIE SETTINGS

UNIVERSITY

some bugs were Tixed.

OF TWENTE < « ILWIS 3.31 update (for ILWIS 3.3 only!)
Q ILWIS 3.3 Installation
~ UP Single file download and installation

Download Download the ILWIS 3.3 self-extracting executable ILWIS3.3Academic.exe listed below.

When the file has been downloaded, start the executable by double-clicking it. The
1ILWIS 3.3 installation files will be unpacked, then the ILWIS 3.3 installation is automatically
started. To install under Windows NT/2000/XP, administrator rights are required.

ILWIS 3.31 Update

FEEDBACK

W 1LWIS3.3Academic.exe (19.3 MB)

Geodetic tools
Multiple part download and installation

In cace van have an ninctahle internet connection downlaad the fifteon (1R) filog lictod

Figure 4.2: Screenshot site for downloading ILWIS (source: https://www.itc.nl/ilwis/download/ilwis33/)

4.1.3 Installing R

Step 1: Go to the site https://cran.r-project.org/ and download the installer suitable for your operating
system (Figure 4.3). For Windows, choosing Download R for Windows takes you to another site from
which you choose Install R for the first time. Another window for download opens.

@ CBLD - Version_004 - All Docum: X | Ol Lesson 2 - Data organizationan: X = <R The Comprehensive R Archive N X | =+ - X
& O & https;//cran.r-project.org e @ @

P The Comprehensive R Archive Network

Download and Install R

IPrecompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely
'want one of these versions of R:

CI_“N * Download R for Linux
M'Lrovrs N * Download R fo
\T\hi VVne\\'. * Download R foi
ask Views
Search R is part of many Linux distributions, you should check with your Linux package management system in addition to the
dbout R link above.
About
R Homepage Source Code for all Platforms
The R Journal - 5 . ) 3 ) . L .
IWindows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source
Software icode. The sources have to be compiled before you can use them. If you do not know what this means, you probably do
R Sources not want to do it!

M;—: . ¢ The latest release (2020-06-06, See Things Now) R-4.0.1 tar.gz, read what's new in the latest version.

Other * Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).
ﬁ‘:\'l"’;’l‘;"’“’ ion ¢ Daily sx\aPsl\ots of clu:rgn( patched auc! development versions are available here. Please read about new features
FAQs and bug fixes before filing corresponding feature requests or bug reports.

Contributed « Source code of older versions of R is available here.

« Contributed extension packages

Questions About R

« If you have questions about R like how to download and install the software, or what the license terms are, please
read our answers to frequently asked questions before you send an email.

Figure 4.3: Screenshot of site for download R (source: https://cran.r-project.org/)




Step 2: Install the window installer, choose the language (preferably English), bit rate for your
computer, and choose No (Accept default) for the start-up options.

4.1.4 Installing RStudio
Step 1: Go to the site https://www.rstudio.com/, click download RStudio, the preferred version (like
Free RStudio Desktop) and download.

Step 2. Launch the installer and install the software

4.1.5 Installing R package
Step 1: Start RStudio and click the Packages Icon in the bottom right corner, the click /nstall. A window
for install Packages window pops up (Figure 4.4).

Step 2: If connected to internet, type the name of the package to install (for example sp)

Step 3: Click Install button and the package will be installed and ready for use

~/MyNewProject - RStudio - O X

File Edit Code View Plots  Session Build Debug Profile  Tools Help

I QO - x|~ B B Go to file/function ~ Addins ~ Rl MyNewProject ~
© 7] Untitled1 -] Environment  History  Connections -]
SourceonSave = O /- = | %% | P Source - &= 7 Import Dataset ~ Y List ~ e

1 - .
Global Environment ~

Install Packages

Install from: ?) Configuring Repositories
Repository (CRAN) v
Packages (separate multiple with space or comma): ELBRRICEN) Packages! [RECIPRIRVICNCY =0
sp Install @ Update ﬂ Packrat
Name Description Version
sp
N User Librar
1:1 ( |SP2000 Documents/R/win-library/3.6 [Default] v} y
sp23design abind Combine Multidimensional Arrays 1.4-5
Console X 1 X X
spaa dencies acepack ACE and AVAS for Selecting Multiple 14.1
: SpaCCr Regression Transformations
R is free g - ade4 Analysis of Ecological Data: Exploratory ~ 1.7-13
You are wel |space . . "
Type 'licen Install Cancel and Euclidean Methods in Environmental
X spaceNet i i Sciences
R is a collab RGB with many contributors. . ) )
Type 'contrib SPaces re information and adehabitatHR Home Range Estimation 0.4.16
'citation()’ R or R packages in publications. . . N
spacesXYZ adehabitatLT Analysis of Animal Movements 0.3.24
T d ' » 'hel " f =Ti help, .
'ﬁ?p.s::??() spacetime rows:rpgtergc:nt;E:W,: P adehabitatMA  Tools to Deal with Raster Maps 0.3.13
Type 'aQ)" tqspacey aqp Algorithms for Quantitative Pedology 1.18.1
> spacyr arm Data Analysis Using Regression and 1.10-1 M

Figure 4.4 Screenshot on package installation from RStudio application

4.2 Database organization

4.2.1 Organizing spreadsheet data
Spreadsheet data should be organized to allow sequential computer scanning during data analysis.

1. Let the first column be the variable for indexing the serial order of the data.

2. Other variables in the database are consecutively ordered beginning with profile ID, Location
description (if any), Latitude and Longitude, and sampling depth-range (Figure 4.5).

3. The depth-range is split into two variables: Upper and Lower. Upper denotes the first part of
the depth-range while Lower denotes the last part of the depth-range. The value of Upper in
one sample should be the same as the value for Lower in the preceding sample for the same
profile ID (Figure 4.5).



4. Other variables such as Depth Code (or Horizon number), soil texture components, organic
carbon, pH, EC, ESP, and additional soil properties such soluble ions (and/or exchangeable
sodium ions and CEC) are also included in that order (Figure 4.5). The Depth Code (or Horizon)
should have consecutive numbers beginning from one to the last sampled depth/horizon in

each profile. This arrangement creates repeated numbers/codes of the profile ID and
Longitude and Latitude values (Figure 4.5).

A B c D E F G H I J K L M N o) P Q R

1 Sample |Pits [ de |Latitude |Depth |Upper [Lower [Horizon |[clay pH EC SAR ESP solca  [solMg [solNa [soa [solct s
2 1 1 4513 3193010 0 10 1 9 7.7 0.6 3 3 3.1 15 25 0 2.8
3 2 1 4513 31.9310-30 Cd -2 12 7.6 4 11 12 28 8.5 12 1.9 5.8
4 3 1 4513 31.9330-60 ﬁ 60 322 7.5 05 3 4 28 15 Y —

5 4 1 4513 31.9360-100 60 "T100-~—___ 4 S Similarity

6 5 2 5665  23.890-10 0 10 Y i = Y R e 10 141 3 45 | between

7 6 2 5665 23891030 10 30 2 31 78 UT~——__4 -5 45 15 25| [ ower and

8 7 2 5665  23.89 30-100 30 100 3 B ol

9 8 3 5574 39.450-35 0 35 1 22 7.6 0.9 5 5 62  7-==wu3] Upper for

10 9 3 5574 39.453560 35 60 2 25 7.8 0.4 2 2 22 15 2 | adjacent

11 10 3 5574 39.4560-100 60 100 3 EP) 7.9 0.4 2 2 21 15 2| depths in

2 1 62.56  34.150-20 0 20 T 7 7.5 03 2 2 13 1 15

13 12 B 6256 34.15 20-60 20 60 = 10 7.7 0.2 1 1 0.7 1 15 | the same

14 13 | 6256 34.1560-100 60 100 3l 23 7.9 03 2 3 17 1 15 | profile ID

15 14 5 7062 ~-71.150-20 0 20 1 10 T8~~__22 9 9 158 4 6 s
16 15 5 7062 71152050 "-—-20.____ 50 2 12 7.7 1B ~~_ 7 6 114 3 5 01 142
17 16 5 7062  71.15 50-100 50 100] ~——=3k-____ D E

18 17 6 6456  28.920-15 0 15 1 2 TTa--—22 10 10 °--163 35 ss | Sequential
19 18 6 6456 28921530 15 30 2 25 7.5 12 "o ———2___ 83 ~~~25[ 4| Horizon

20 19 7 3447 5244020 0 20 1 21 78 107 14 8 eiTTTes Tl e
21 20 7 3447 52.44 2050 20 50 2 23 7.5 22 9 9 148 4 6

2 21 8  69.98  42.14030 0 30 1 2 7.9 0.4 2 3 23 15 2 | agiven

23 2 8  69.98  42.1430-70 30 70 2 25 7.7 0.9 6 7 6.4 15 25 | Profile ID

2 23 8  69.98  42.1470-100 70 100 3 24 7.5 3.9 10 10 261 7.5 13

Figure 4.5: Input spreadsheet data format

It is important to ensure that:

e Upper, Lower, and Horizon of each profile ID increase down the soil profile
e [atitude, Longitude and Profile ID remain constant for each Profile ID
e Upper is equivalent to the first part of the Depth range and Lower is the second part of Depth

4.2.2 Organizing GIS data
(a) Harmonizing coordinate reference system

Harmonization of coordinate reference system (CRS) is done by Reprojection, which is the terminology
often used in GIS for transforming one CRS to another. The following points need consideration when
reprojecting GIS layers:

e Identifying the CRS to use on all GIS layers (here known as harmonized CRS)

e Itisimportant to choose UTM projection for harmonizing all layers CRS

e CRSof each GIS layer and individual need for reprojection should be noted before reprojection
e Reprojecting vector layers requires specifying the CRS when the layers are saved anew

e When reprojecting raster layers, source CRS (current) and target CRS need to be specified

The steps for reprojecting vector and raster layers is given in Figure 4.6.
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Steps for reprojecting vector layer

Right-click the layer in the layer panel
Select Export, then Save features As...

A new window Save Vector Layer as.. opens
In File name...click the 3-dot button

In CRS, scroll to choose Target CRS

O NP WNR

Click OK

(b) Harmonizing layer format

Browse to desired location and specify file name
Click Save and return to the Save vector layer as..
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Notset
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Run 2 Batch Process fan

Figure 4.6: Reprojecting GIS layers in QGIS

Not all GIS layers are available in uniform file format. Sometimes, some soil forming factors such as
soil map, geology, and land cover types are only available as polygon vector files. Harmonizing GIS
layer formats attempts to convert vector files to raster formats. Except for soil profile data, all GIS
layers for mapping salt-affected soils need to be raster layers. Vector-to-raster conversion is a GIS
operation used for harmonizing vector polygons into raster data types. Some of the pre-requisite

operations before vector-to-raster harmonization include projection harmonization, identification of
the target polygon attribute to use in the conversion, decision on the target pixel resolution of the
final raster map, and cleaning of missing entries, topology errors, and associated errors in the data
entry. Figure 4.7 illustrates the steps for vector-to-raster conversion in QGIS.
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8. A Rasterize window will appear when the SAGA function is activated

9. Choose the vector file in the scroll-down under Shapes option B

10. Select the attribute for rasterizing 1 Fostngont (4bre)

11. Change the cellsize to the desired value. Here remember to use )
suitablevalues depending on the harmonized CRS —

12. Click Run to launch the process
13. A Rasterize layer will be added into the View after successful process .
14. Save the output as geoTIFF a0 Btch rocess an G

Figure 4.7: Steps for vector-to-raster conversion in QGIS

(c) Image correction

Freely downloadable remote sensing images have varied characteristics that need harmonization
before application in spatial modelling of salt-affected soils. These characteristics range from
differences in spatial extent, image digital numbers, image conversion models to land surface
reflectance, and downloaded file format. Most downloaded images are wrapped in compressed files
such as .zip, .rar or .gz. They should be unpacked into commonly used GIS file formats such as geoTIFF,
ASCIl, HDF, etc. Software such as WinZip or WinRar or 7-Zip unpacks the compressed files into a
preferred destination folder (such as C:/Salinity/Output). Sometimes the unpacked file may still
contain compressed files and another unpacking may be necessary to extract the GIS files. It is
important that different zipped files are unzipped into different folders to avoid over-writing metafiles
and for processing each file independently. Semi-Automatic Classification Plugin (SCP) in QGIS
provides a quick way for simultaneous geometric and radiometric correction of remote sensing
images. The plugin has many functions for handling different types of remote sensing images such as
Landsat, Sentinel-2, Sentinel-3, ASTER, MODIS, etc. Figure 4.4 illustrates how these types of images
are corrected using SAC plugin in QGIS.

(d) Digital terrain modelling

Terrain modelling focuses on determining relief parameters influencing soil formation or translation
of soil salts during leaching, runoff or wind erosion. Relief parameters are primary or secondary
attributes. Primary attributes are derived from the altitude and directional location of the topographic
surface. They include slope, aspect, curvature, flow accumulation and up-slope flow contributing area.
Secondary attributes are obtained from the altitude and derivatives of the primary attributes. They
include indices such as topographic wetness index, compound topographicindex, stream power index,
etc. SAGA software has a module for developing 14 terrain parameters from DEM input (Figure 4.8)

7
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Figure 4.8: Image processing using semi-automatic classification plugin
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Figure 4.9: Steps for digital terrain analysis in SAGA



(e) Final GIS database

All spatial data in the GIS database should have uniform CRS (i.e. harmonized CRS). In addition, all
raster layers should have uniform pixel resolution. Uniform pixel resolution is obtained by resampling
all the raster layers to the preferred spatial resolution. A map-list in ILWIS is one way of ensuring that
all harmonized raster layers have uniform CRS and pixel resolution. Figure 4.10 gives the steps for
creating a map-list of harmonized raster layers
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5 Outputs

Each participant is expected to produce the following at the end of this lesson:

Figure 4.9: Creating spatially harmonized GIS database in ILWIS

1. Organized database of indicators of salt-affected soils (EC, pH, ESP)
2. Organized database of GIS layers (land cover, climate, geology, images, DEM, soil map, etc.)
3. Installed computer software for mapping salt-affected soils







