YRKESHOGSKOLAN

NOVIA

Methodology for Land Suitability
Analysis:

Mapping of Suitable areas for growing Early-potato, Apples,
Pastures (Grazing Land) and Cultural Grains in Uusimaa

Eduardo Grisales-Jaramillo

Serie R: Rapporter




Eduardo Grisales-Jaramillo, Novia University of Applied Sciences

Methodology for Land Suitability Analysis: Mapping of Suitable areas for growing Early-potato,
Apples, Pastures (Grazing Land) and Cultural Grains in Uusimaa

Yrkeshogskolan Novia, Wolffskavdgen 31, 65200 Vasa, Finland © Yrkeshogskolan
Novia och Eduardo Grisales-Jaramillo,

Novia Publikation och produktion, serie R: Rapporter 9/2022
ISBN 978-952-7048-89-4 (Online) ISSN: 1799- 4179

CCBY 4.0



Contents

INEFOAUCTION ettt b bt et h e e et e st e b e bt s bt b et e s et e e e st eseenenaeene e 4
Data COlECTION AN SOUICES ..ottt ettt ettt et et sb et be et et s bt et e sbeeat e besbeentesbeeaeas 4
CORINE LANd COVEI 2018 ..ottt ettt ettt ettt et e e et e et e enteseeseensesseensensesstensassesneensenneenes 4
Land SUrface TEMPErature (LST) .o..cicieieieieeieeieeteieiet ettt ettt ettt ettt sesbe st e s e enaeseeseeseesensessens 5
Digital Elevation Model (DEM) .....c..ccoiiiiirinietcteietetete sttt sttt ettt 5
Y o1 Y/ o =T PR SRSS 6
Topography Components (water bodies and roads)...........coccoerererierieiiininnecee e 6
Data PrOCESSING ...oiiiiiiiiiiiiiii e 6
DEM (Potato — Apple —Pastures — CUltUral Grains) ........ccceecueeieieniieieeceeee et 7
1] Lo o1 TSRS 7
AASPECE ettt ettt h e bt h e bt e bt e bt e bt e eh e e ehteea bt e bt e bt e bt e ehteeateeate e bt e bt e ebeeshteeateeabeenne 8
1Y o1 5 o T USSP 9
Land SUIMAce TEMPEIATUIE ......c.ecuieiiiiieieieeieitete ettt ettt e te s s te st e eseeseeseeseesessensensenseneesens 10
Water proximity and road accessibility (Grazing 1and)...........ccccoveirinininininiieneeeeeee 12
Raster Calculator EXECULION .....ecviiiiieieece et s s s 13
ATCGIS ONIINE..ietee ettt st et b e st e et bt e e s e e s bt et e s b e e st e b e she e e e bt esee e e sneeanenees 15
LINKS TO The IMAPS .. ettt ettt et b et e st s b et e s bt e st et e eae et e ebe et e nteeneentens 16



Introduction

This document describes a methodology integrating Geographical Information Systems (GIS) and a
Multi-criteria Evaluation (MCE) applied to the identification of suitable areas for growing early-
potatoes, apples, pastures (grazing land) and cultural grains. These crops are within the range of
crops that can be cultivated in Uusimaa and reinforce a sustainable food- system and the local
economy. The analysis and classification of the fields is divided in three categories: highly suitable
areas, acceptable areas, and areas with low suitability for the cultivation of the crops mentioned

above.

The criteria for analysing each crop can be different, but they all relate to soil and climate
conditions. These soil and climate aspects are adapted from studies with similar approach and
conditions. The literature helps to identify the type of data needed and to set threshold values for
the criteria. The importance of each criterion in the analysis might vary from crop to crop. For
instance, one crop can tolerate colder temperatures than others, in this case, temperature as a
parameter does not have the same weight in the prioritisation process. The value of certain

parameter is given according to the needs of that crop.

The GIS software is used to process all input data and to standardise variables of different scales.
The resulting fields are preferably displayed in a traffic-light classification. Ideally, one map per
crop. The type of data, its processing and sources, the parameters/criteria will be explained further

down in this document.

Data collection and sources

CORINE Land Cover 2018

It is an inventory of satellite images (mosaics) and spatial data on land use covering the whole of
Finland. SYKE has been producing the latest material with high accuracy. Data can be retrieved

from the following link:

https://www.syke.fi/en-US/Open_information/Spatial datasets/Downloadable spatial dataset



https://www.syke.fi/en-US/Open_information/Spatial_datasets/Downloadable_spatial_dataset

Land Surface Temperature (LST)

The LST measures the emission of thermal radiance from the land surface where the incoming
solar energy interacts with and heats the ground, or the surface of the canopy in vegetated

areas. This quality makes LST a good indicator of energy.

In contrast to surface temperature is air temperature, which is measured at a standard height of 1.2
m (4.0 ft) above the ground surface. Air temperature can be quite different from surface
temperature. In general, air temperatures above a surface reflect the same trends as ground

surface temperatures, but ground temperatures are likely to be more extreme.

The European Space Agency (ESA) maintains satellites in orbit with different instruments for
measuring components of the climate, atmosphere, etc. The Sentinel-3 offers a variety of products;
the LST is one of them. The LST is collected twice a day for the Satellite, and it is available from the

Open Access Hub in the following link:

https://scihub.copernicus.eu/

The datasets can be extracted and processed in Rstudio with the package rOpenGov, The R software
can be downloaded for free from its own website. The Sentinel Application Platform (SNAP). The
SNAP architecture is also useful for Earth Observation processing and analysis and can be downloaded

from the following link:

https://step.esa.int/main/toolboxes/snap/

https://www.r-project.org/

Digital Elevation Model (DEM)

It is a 3D representation of a terrain's surface. This dataset is a raster file, and it is essential to obtain

aspect and slope of a terrain.
Source: National Land Survey of Finland (free download services). Grid
Resolution: 10x10

Link: https://tiedostopalvelu.maanmittauslaitos.fi/tp/kartta?lang=en



https://scihub.copernicus.eu/
https://step.esa.int/main/toolboxes/snap/
https://www.r-project.org/
https://tiedostopalvelu.maanmittauslaitos.fi/tp/kartta?lang=en

Soil type

The soil type describes the texture of the soil. The dataset comprises 2 layers: topsoil and
subsoil. This final maps only included the topsoil data, which has a depth of 1 meter

approximately and a minimum polygon size of 4 hectares. The main mapping scale is 1:10000.
Source: Geological Survey of Finland / Geology Research Centre.

Scale: 1/10 000 — 1/50 000

Link: https://hakku.gtk.fi/en/locations/search?location_id=1

Topography Components (water bodies and roads)
Two layers are needed from the whole component of topography, water bodies and roads. The Geological

Survey of Finland allows to download the whole topography at different scales, after downloading the
dataset, it is possible to extract the two layers needed (layers named in Finnish). The dataset can be

downloaded from the following link:

https://tiedostopalvelu.maanmittauslaitos.fi/tp/kartta?lang=en

Data processing
It isimportant to mention that all data was extracted from open sources. Some datasets were used

in multiples maps, for instance, the Land Surface Temperature dataset was used in the potato map,

apples map and cultural cereals map, it is a sensible aspect for those crops.

The data processing is almost the same for the four maps. There are some variations of the values of

criteria according to the crop needs.

The previous GIS software (ArcMap) presented difficulties when processing certain raster formats
and the license for data interoperability function was not active. At the same time, due to technical
limitations (low RAM in the computer), the processing time was taken long periods in ArcMap,
often crashing when executing a function with a large dataset. Therefore, the option was to switch

to ArcGIS PRO 2.6.


https://tiedostopalvelu.maanmittauslaitos.fi/tp/kartta?lang=en

The following section explains the data processing. As mentioned before, different datasets were
processed in the same manner and used for different crops. Therefore, the processing of one
dataset can contain two or more crops in the same explanation, the only difference is the threshold

values and the weight or importance attached to that parameter.

DEM (Potato — Apple — Pastures — Cultural Grains)

The DEM was added into the ArcGIS PRO with a raster cell size of 10x10 m. The extracted mosaics must
be merged with the Merge Mosaic Dataset Items function from the data management tool. It groups
multiple items in @ mosaic dataset together as one item, the new output dataset. The tool can be found

by typing merge mosaic in the search toolbox (Ctrl+F) (figure 1).

® Merge Mosaic Dataset Items P

Parameters Environments

Mosaic Dataset (Required) x

The masaic dataset that has the items that you want to merge. Query Definition

Figure 1. Merge Mosaic Dataset tool from the Data Management functions.

Slope
The purpose of having a DEM is to obtain the slope and aspect of the fields. The slope identifies the

gradient or steepness from each cell of a raster. It is obtained by running the slope function from the
spatial analyst; as before, it can be found in the search toolbox. The input raster will be the raster
dataset from where the slope is derived, meaning the DEM (figure 2). The output measurement can

be either in degrees or percentage.



Figure 2. Slope tool from the Spatial Analyst functions. Accessed from the search toolbox (Ctrl+F) — The
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classification of the slope is divided in 5 categories as shown.
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Table 1. Slope: classification of the values in 3 categories.

Slope classificationin | Potatoes Apples Pastures Grains
downbhill percentage

%

Highly Suitable =<g =<7 =<1g =<5
Acceptable =<9 =<10 =<20 =<9
Low Suitability >9 =<15 >20 =>14

Aspect

The aspect identifies the compass direction that the downhill slope faces for each location. This

function is based on the DEM and can be found by typing aspect in the search toolbox (figure 3). As

before, the input raster is the DEM.
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Figure 3. Aspect tool from the Spatial Analyst functions.
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For the aspect layer, the terrains facing north correspond to 0° and 360°. Therefore, as it

goes clockwise, 9o° is east, 180° is south and 270° is west. The following table describes

suitable downhill direction for each crop:

Table 2. Aspect/downbhill direction: classification in 3 categories.

Aspect classificationin | Potatoes Apples Pastures Grains

degrees

Highly Suitable 115 - 235 115 - 235 - 100 — 260

Acceptable 90—114/236- | 90—114/ - 80-99/261
270 236 - 270 - 300

Low Suitability 0-89/271- 0-89/271- |- 0-79/301-
360 360 360

Soil Type

The soil type and EU Official subsidised fields data were converted from polygon format to raster

datasets with the polygon to raster conversion tool as shown in figure 5. The conversion of files into

a single format is necessary to operate the raster calculator.

Table 3. Soil type suitability classification

Soil Type Categories Potatoes Apples Pastures Grains
Highly Suitable Loam-sand+ | Loam-sand + | - Sandy -
Moraine Clay/Moraine Loam
Acceptable Sand + Clay Sand + Clay - Sand-Clay/
Silt
Low Suitability Clay +Silt/ Clay +Silt/ - Clay-Silt/
Sand Sand Sand




B
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Figure 5. Polygon to raster conversion tool. Converts polygon features to a raster dataset.

Land Surface Temperature

The LST datasets are downloaded from the ESA Open Hub and processed in ArcGIS PRO. The
previous GIS software (ArcMap) used for processing data, did not allow to import data directly from
Sentinel-3 Open Hub, therefore, it was necessary to download The Sentinel Application Platform

SNAP for processing all LST data.

One dataset per day was downloaded from April 25 to April 20", during the years 2018, 2019 and
2020. It was possible to choose morning hours, from 5.am to 8 am, where frost is most likely to

happen.

Each dataset has different spectral bands, they differ in wavelength and spatial resolution. The
band needed is LST with a spatial resolution of 1 Km. The data images can be accessed from
Rstudio with the package getSpatialData, this package enables generic access to multiple data

distributors with a common syntax for 159 products.

If the datasets are being visualised in a different GIS software that does not allow the direct import,
as mentioned before, it is also possible to process the images in SNAP. Once the dataset is
downloaded and unzipped, it can be imported to SNAP, where the image is cropped as shown in
figure 7. It is important to note that in this case, the dataset must be reprojected in the coordinate

system WGS84. The reprojection is necessary to be able to project them in
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ArcGIS PRO as shown in the figure 6. The applied changes significantly reduced the size of

the file.
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Figure 6 Reprojection of the dataset

alg AL XEo h 0@ SN THY@ g~

Product Explorer * | Pixelinfo | — | [ s x|
| [1] 538_5._2_LST___20200407T090405_20200407T 104504 _20200408T 1646: ~ | |
{2 Metadata
4 O Index Codings
i (52 Plag Codings
4 (3 vector Data
) 2 Tie-Point Grids
) G8 Bands
[ ~ovi
W Towv
I biome
Wl fraction
]
W s
@ exception g
B Spatial Subset | Band Subset Tie-Point Grid Subset Metadata Subset
MW vn
@ bayes_in
[

ncartainty | specify Product Subset >

< Pixel Coordinates Geo Coordinates

Navigation - [1] ...| World View | cotour Man... x | uncertainty Vis. Nortf intihuda baund: L Bk
Waest longitude bound: 53,403 %
Editor: () Basic (@ Sliders () Table
South latitude bound: 76.934 1%
East longitude bound: 78.092/3
Scene step X 18
Scene step Y: 115
Subset scene width: 1500.0
Subset scene height: 40394.0
Source scene width: 1500
Source scene height: 40394

[ i full widith

Use Preview
(] Fix full height

Estimated, raw storage size: 4001, 74

ok || cancel Help

Figure 7. Subset of the LST band

From the file tab in the main menu of SNAP, the images can be exported to ArcMAP.

Once the datasets are exported to GIS Software, the mean values are calculated per year, this could

potentially show which areas have higher temperature in the selected time frame and combined

with the standard deviation, it is possible to find areas where the variation is low from year to year.

These calculations are done with the Cell Statistics tool.
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Land Surface Temperature is classified in 3 categories according to each crop temperature

requirements:

Table 4. Classification of LST thresholds

LST values per Potatoes Apples Pastures Grains

category in Celsius

Highly Suitable 3to10 oto12 otogor
more

Acceptable oto2 -4to-1 -10to100r -5to-1

Low Suitability =<-1 =<-g more =<-6

Water proximity and road accessibility (Grazing land)

These criteria are applied only to the grazing land map. Beef cattle may graze in one area but move
to another area to rest or to drink water. For that, the road accessibility and water sources are

determining criteria in this assessment.

The selection by location tool allows to choose a method of selection. The goal is to select those
non- agricultural fields and agroforestry areas with broad-leaved trees (indicator of soil fertility and
nutrient rich forest) which contain, intersect, touch a boundary or are within a close distance from

the target element (freshwater bodies and dirt roads, small roads, and animal routes).

Figure 8. Select by location tool. The features that will be evaluated against the Selecting Features

parameter. The selection will be applied to these features.
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Table 5. Classification in 3 categories

Roads

Proximity to
water bodies

Highly Suitable Direct access

Within the
field

Acceptable Within a

Within the

distance field or3oom
of soom
Low Suitability >5oom >300mM

Raster Calculator Execution

The raster calculator builds and executes a single map algebra expression using Python syntax in

calculator-like interface. This tool from the spatial analyst function can be found in the search

toolbox.
i "2l A Search
&
o, 3 q
{,.:“t + LB ‘E}:|J' Local Search
A
-] S ALL Maps Dats Jools Images
: |rastar calculator Q

Any Extent v
Search returned 38 items v SortBy v

‘; Raster Calculator

#,, Calculate Field (Data Management) (T...
Calculates the values of a field for a featu...

JQME Algebra expression

| Layers and variables
<> Land Suitability
<> Suitable Conditions

Output raster

[ c:\users\w2000192\documents \arcgis \de fault. gdb \slope =Saspec

Figure 9. Raster calculator tool.

Environments... << Hide Help

toolboxes\system toolboxes\data manage...

#, Raster Calculator (Spatial Analyst) (T...
Builds and executes a single Map Algebra ...

toolboxes\system toolboxes\data manage...

#,, Calculate Statistics (Data Managemen...
Calculates statistics for a raster dataset ...
toolboxes\system toolboxes\data manage...

Computes the visibility levels of raster d...
toolboxes\system toolboxes\data manage...

“, Define Overviews (Data Management)...
Lets you set how mosaic dataset overview...
toolboxes\system toolboxes\data manage...

#, Band Collection Statistics (Spatial Anal...
Calculates the statistics for a set of raste...

#, Build Pyramids And Statistics (Data Ma...

toolboxes\system toolboxes\spatial analys...

§ Batch Calculate Statistics (Data Manag...
Calculates statistics for multiple raster da...

“'vw Calculate Cell Size Ranges (Data Mana...

toolboxes\system toolboxes\spatial analys...

The syntax expression used for obtaining the outcome raster map for each crop included all criteria

or variables described above and their threshold values described before. The expressions as

follows:
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Potato ((Slope<=5)) & ((Aspect>=90) & (Aspect<=270)) & ((Soil type == 245) & (Soil type
== 249) & (Soil type == 253) & (Soil type == 268) (Soil type == 272) & (Soil type
==276) (Soil type == 279) & (Soil type
==283) & (Soil type == 287) & (Soil type == 288) & (Soil type == 291) & (Soil type
==294) & (Soil type == 296) & (Soil type == 301)) & ((Land Cover == 17) & (Land
cover == 21) & (Land cover == 22)) &

((LST-mean >=0) & (LST-STD <=5))

Apple ((Slope=<7)) & ((Aspect=>90) & (Aspect=<270)) & ((Soil type == 245) & (Soil type
==249) & (Soil type == 253) & (Soil type == 268) (Soil type == 272) & (Soil type
==276) (Soil type == 279) & (Soil type == 283) & (Soil type == 287) & (Soil type
==288) & (Soil type
==291) & (Soil type == 294) & (Soil type == 296) & (Soil type == 301)) & ((Land
Cover == 17) & (Land cover == 21) & (Land cover
==22)) & ((LST-mean >=0) & (LST-STD <=12))

Pastures ((Slope=<15)) & ((Aspect=>90) & (Aspect=<270)) & ((Soil type == 245) & (Soil
type == 249) & (Soil type == 253) & (Soil type == 268) (Soil type == 272) & (Soil
type == 276) (Soil type == 279) & (Soil type == 283) & (Soil type == 287) & (Soil
type == 288) & (Soil type
==291) & (Soil type == 294) & (Soil type == 296) & (Soil type == 301)) & ((Land
Cover ==17) & (Land cover == 21) & (Land cover
==22)) & ((LST-mean => -10) & (LST-STD =<10))

Grains ((Slope<=6)) & ((Aspect>=90) & (Aspect<=270)) & ((Soil type == 245) & (Soil

type == 249) & (Soil type == 253) & (Soil type == 268) (Soil type == 272) & (Soil
type == 276) (Soil type == 279) & (Soil type == 283) & (Soil type == 287) & (Soil
type == 288) & (Soil type

==291) & (Soil type == 294) & (Soil type == 296) & (Soil type == 301)) & ((Land
Cover ==17) & (Land cover == 21) & (Land cover

==22)) & ((LST-mean >=0) & (LST-STD <=5))
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ArcGIS Online

It is a cloud-based mapping service in which is possible to share maps from ArcGIS PRO amongst other

services.

Before sharing a map, it is essential to have an account in ArcGIS Online. The account can be
created by the administrator of the license. By signing-in to ArcGIS PRO, the map can be published

as a service in the ArcGIS Online. The service is hosted by Yrekeshdgskolan Novia

In the ArcGIS PRO service editor, it is required to fill-in features such as item description,

capabilities of the service and sharing attributes as shown in figure 10. The following describes

how the service was set:
-Capabilities: Tiled service
-Cache settings - Tiling Scheme: ArcGIS Online, Bing Maps, Google Maps.

Level of detail: minimum and maximum scales for this tiled map/image service. The chosen levels 7 to
19 were cached. The size of the cache is calculated before the service is published. Therefore, it is

necessary to make sure there is enough space in the hosting cloud server.

@ uusimaa.mxd - ArcMap

File | Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

O3 New.. N .m0 v EEEEC b i) B
2 Open... Ctri+0 . :
5 e ! RO BIZNASS &
| @ save Curl+S s x TS
Save As... i 4 | | Connection: My Hosted Services Service Name: Uusimaa @limport o Analyze 37 Preview 4l Pubish
Save A Copy... = P
Parameters
[ sharehs | @ Map Package... \ Caching
Add Dats » [E Service | cottter
B9 Sign Out - eduardo.grisales Novia = 3 | TiedMapping Heni B e T e o
ervice
B3 ArcGIS Online... Cadivg Cache Settings
B Publish this map as a service on
[3 Pageand Print Setup.. the web using either ArcGIS Server |4 Advanced Settings Tiing Scheme: ArcGIS Oniine / Bing Maps / Google Maps v
B Print Preview.. or ArcGIS Online. This command i Ttem Description
= is disabled if you are currently in Levels of Detai
& Pint.. Layout view. Sharing
e Choose the minmum and maximum scales for this tied map / mage service. Alllevels between the mnmum
xport Map... and maximum scale levels wil be cached.
[ Analyze Map... i z
- I " ' ' | i ' A\ v
{*f Map Document Properties... i L)
1 C\Users\u20001...\Uusimaa.mxd Minkiagen schlc level o yee)
2 C\Users\u20001..\Uusimaa.mxd Level: 7 Level: 19
3 C:\Users\u2..\Temperature.mxd Scale: 1:4.622.324,434309 Scale: 1:1.128,497176
4C\..\UusimaaSuitableAreas.mxd

Exit Alt+F4 b
m0-286 i
B 236-5 iy

B35-713 oA States / Provinces
m713-10 7
mi0-32 AL
BB CeomE R Che Estmated Cache Sze: T8 Calaudate Cache Sze
LeveMEng W

] Agro-forestry areas
1 Other Land Use
] Arable land outside farming subsidies

4 (@) Build cache automatically when the service is published
(O Build cache manually after the service is published
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Figure 10. Map shared as tiled service.

The map can be viewed in ArcGIS Online and shared with other users within the organisation and/or
everyone as shown in figure 10.

= C 0 @ Notsecure | noviamaps.arcgis.com/home/webmap/viewer.html?useFxisting=18llayers=0be282c623be4bb19c24669f8cff14d5

Share

Choose who can view this map.

Your map is currently shared with these people.

v| Everyone (public)

v| Yrkeshogskolan Novia

Link to this map
http://arcg.is/0yGa: Ed Facebook [ Twitter

v| Share current map extent
Embed this map
EMBED IN WEBSITE CREATE A WEB APP

Figure 11. ArcGIS Online. Sharing attributes of an online tiled service.

Links to the Maps

Early-potato => https://arcg.is/iXfmfqgo

Apples => https://arcg.is/1y80G0O1

Pastures => https://arcqg.is/1Knigjo

Cultural Grains => https://arcq.is/1S4rGj
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