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This deliverable of the e-SOTER project aims tocdbs a methodology to develop a
SOTER-conform landform and parent material defingalygons at 1:1M scale. The
procedure uses the combination of legacy data #ret environmental covariates like SRTM
and remotely sensed multitemporal images and Digad mapping tools. The developed
procedure was tested on four windows, two onesurofie, one in Morocco and one in
Southern-China.
The deliverable has the following parts:
1. Four windows with the produced SOTER geometry basedhe terrain and parent
material data
2. One report describing the procedure
3. One Arcinfo “aml” package to run the procedure gs8RTM and Legacy soil and
parent material data and their description
4. One ArcGIS tool for developing the necessary paneaterial layers

The main aim of the e-SOTER project is to develomethodology to overcome the data
limitations and create a better harmonized, mormeprehensive and consistent product using
state of the art data processing, remote sensidgeamain modeling tools. The work has

several antecedent steps, which the work propogeleoproject description is based on. One
of the major reference material was written by Elodos et al (2005) and aimed to delineate
physiographic units following the SOTER mapping esdle. This material has been tested
previously and some slight modification has beepliag on the methodology within the e-

SOTER framework. However, this physiographic ulgtineation approach is not complete
without having parent material information to digegpgate the physiographic units into the so

called SOTER-units, which are defined by both farrand parent material information.
>



Work Package 1. of e-SOTER has aimed to developthadology (1) to import and spatially
integrate existing soil parent material informatieith the SRTM-based physiographic units
and (2) to develop a methodology to derive a mimmaet of parent material information
assisting the SOTER unit delineation. The work lteeen divided into sub tasks.

The objective of the first taskl'1.1) is the development of an artifact-free DEM. DEMs
derived from SRTM synthetic aperture radar measargsn processed by interferometry
suffer fromthermal noiseThis will be reduced using enhanced filter techemdeveloped by
Seligeet al (2006). Reflection of the radar signal by the vagieh canopy also produces a
false surface; corrections will be applied usingdpe-wide land cover data. The objectives
of the second taskT1.2) is the morphometric characterization of landforinased on the
existing SOTER landform criteria using elevatiomppg, relief intensity and dissection
parameters, and further developing the digital, BFRbased procedure of Dobes al (Dobos

et al. 2005); and the creation of landform units. The ofiyes of the third task ar@1.3.1)
the determination of soil parent material withiegk landform units, based on low-resolution
satellite imagery (AVHRR, MODIS, SPOT VegetatiomdaDEM data in combination with
legacy soil parent material data usin@ra.3.2) classification of parent materials relevant for
soil development and based on the system developd®iIGR (2005). The objective of the
fourth task(T1.4) is the creation of terrain units by combining lasmdf and soil parent
material units. Research will focus on the genea#éilbn and aggregation processes and on
methods of cleaning and structuring the geometaita céets for the four 1:1 million scale
windows.

As a results of the subtasks Deliverable 1.1. haa tbe completed a 1:1 million-scale
SOTER geometric databases of the terrain unitshf@rfour windows: combining landform
and parent material derived from 1) a quantitatib&M-based algorithm for landform
classification applied on a complete, artifact-foigital elevation model for Europe South of
60 degrees, for Morocco and for South China, anan2)hods to derive parent material
classes and delineations using RS and legacy dwtaaasimplified soil parent material

classification relevant to soil development andgrenance.
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A Digital Elevation Model (DEM) is a generic termrfdigital topographic and/or bathymetric
data, in all its various forms. It contains elewatdata of a certain surface which can be above
or below sea level and maybe include forest casopred/or man-made terrain features. A
special kind of a DEM is one which only providewaton data of the solid surface of the
earth. This bare-earth DEM is called a Digital &rrModel (DTM).

In the year 2000 the Shuttle Radar Topography Mis$5RTM) took place. An international
research consortium lead by NASA created the ficshogeneous DEM for the planet earth.
From space shuttle Endeavour a radar instrumentssgmals to the ground. It received the
reflection twice: on the space ship itself andha&t ¢nd of a 60m long mast. From these two
measurements the elevation of the surface couldebged with an horizontal resolution of
approximately 30m. In this manner 80% of terreksiaface of our planet could be covered.
The product that mission achieved is of very highug for all earth sciences in general. With
an reduced resolution of 90m all the data is preditbr free in the WWW. See more details
at the SRTM Homepage of NASA

# $! ! & %

SRTM DEM derived from radar interferometry represtae earth's surface only in areas with
low or sparse vegetation and low building densitiBarticularly forest canopies cause
problems for terrain analysis. If you are workimgai continental scale this is not a problem.
For e-SOTER however the plan is to work on muchdaiscales so the vegetation features
represented in SRTM DEM come up. Especially in &ovds the differences in elevation are
mainly caused by the change of forest - non famesas. This can produce misinterpretations.
To model the distribution of soil conditions e.gr ffarming, hydrological planning or

environmental protection purposes a DTM (not a DEMhneeded. For example you can

*



simulate surface runoff to get an idea about the and shape of watersheds which affects the
soil properties inside. If forest canopies remairihie elevation model used for modelling of
surface runoff a misled stream network will be dedi and forests in lowlands will act as
watersheds.

(s I( %
The objective of SRTM DEN processing is the coneeref a DEM of the vegetation surface
into a DEM of the earth's surface.

The presented figures demonstrate the effects thf iging unprocessed SRTM DEM and the
enhanced SRTM DTM for the modelling in context S@TER.

Figure 2.1. SRTM DEM Oiriginal

Figure 2.1. represents a shaded relief map defread original SRTM elevation data (DEM).
Besides forest canopies DEM produced with radanrielogy normally contain a typical
“noise”. This can be recognized by an edgy appearaf the surface what does not exist in
reality.



Figure 2.2 SRTM DEM processed

Figure 2.2. is based on the enhanced SRTM DTM dftéa the processing procedure. One
difference of the result is the "noise" eliminatiosing advanced filter technique. By using a
special algorithm the surface is smoothed but tleephrological features of the surface are
preserved.

However the main advantage of the processed SRTMI BTthe removal of the features
caused by forest canopy. For this objective theedbrelevation has to be estimated.
Calculating the elevation of forest canopies froRTSBI DEM without having any
information about tree/forest heights certainlaimission impossible”. But the estimation of
forest elevation - to a certain degree - is possiBlor the estimation of forest elevation
information about the location (not hight) of faré®dies is needed (fig. 2.3). The estimation
of forest elevation is only possible at the folestders. The flatter the terrain the better is the
result of the estimation. The estimated elevatibtha forest borders is then interpolated for
the complete forest body — sure with inaccuracyhwithe centre of large forest bodies. At
last the estimated values of the forest elevatiensabtracted from original SRTM elevation

and so the misguiding shapes caused by vegetagae@moved from the data.



ORTES] |

p
. 9
-

. %

"
s

Figure 2.3. Forest Map

The information of the distribution of forest boslies provided by the FMAP2000, a product
of the Joint Research Centre (JRC) of the Eurogeammission. The properties of that
digital data make it very applicable for the usage-SOTER SRTM processing.

The developed algorithms now make use of the inddion in the following way: only for

forest bodies provided by FMAP2000 the forest diewvais estimated. All areas outside stay
untouched. However, one difficulty remains: not fallest bodies result in heightening the
elevation of the DEM. Circle 1 shows a forest badyich results in heightening, circle 2
shows a forest body without heightening the SRTNffage. This can be observed by
comparing both circles (1 and 2) in figures 2.1d &®2. This meant that the information of
FMAP2000 about the location of forest bodies contit be equated as the location of
vegetation features in SRTM DEM. The clue is thenbmation: to search and find the

“lump” in the elevation values only where foresti®s are located.
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Figure 2.4. Potential Soil Wetness and Stream Lindsrived form SRTM DEM Original
(fig. 2.1.)

Figure 2.4. and 2.5. show the terrain paramete¢erpial soil wetness index' derived from the
DEM/DTM. This is a useful parameter for questiohattdeal with distribution of water on
and close below the surface. Although this paramist¢heoretical and provides important
information (it does not claim that certain arees ia reality 'wet' or 'dry’, but it gives hints
about the relative distribution). Sites with a potal better water supply can be delineated

from others that have potential dryer conditions.

Also stream lines derived from DEM/DTM are presente that figures. They show the

course of theoretical linear water runoff on theNDBTM surface. These lines should meet
the natural water streams like rivers but in fdeyt do not. This is because the modelled
surface isn't the earth's surface. Minor deviatians unavoidable but should not go beyond

the scope.

The two described data bases, the DEM and the D&Mult in crass different derivations in
case of stream lines and wetness index. In the aas&ream lines “dams” (in fact forest
canopies in the DEM) block the runoff of the lingse e.g. circle 3 in comparison with fig.
2.5), resulting in redirection of the complete atrenetwork in the Great Hungarian Plane.



The forest canopies act as drainage divides. ThesFdodies also cause low values of
wetness index in Tisza valley where high valuestarbe expected (see centre of fig. 2.4).

Both derivations in fig. 2.4. show unacceptablaiitss

Figure 2.5. Potential Soil Wetness and Stream Linderived form SRTM DEM processed
(fig. 2.2.)

Much more plausible are the results when the psateSRTM DTM is used. The low values
of wetness index caused by forest bodies (centfig.02.4.) mostly turned into high values in
the Tisza valley. Only a few redirections occur fmme stream lines. Plausible results of
terrain analysis in earth sciences are now avalabd the designation of homogeneous e-
SOTER landform units is improved.
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The developed procedure was following the referenegerial of Dobos et al. (2005). The
only slight modifications that had to apply on th®cedure was the (1) change in the PDD
procedure and the (2) removal of PDD as a difféaéing criteria for areas having higher than

a 100 meter relief intensity.

The Potential Drainage Density (PDD) is the terramdeling based analogy of the dissection
function used in the SOTER methodology. The genieled is based on the drainage line
derivation methodology commonly used in the ternaiadeling society. It has for major
steps, the flow direction, flow accumulation, theesholding of the flow accumulation to
create the drainage line network, and the measumenfethe drainage line density within
defined sized area. The PDD, as it was originaflyeloped, used the Arcinfo approach for
the flow direction and flow accumulation definitiam a filled (sink removal) SRTM. This
procedure produces parallel straight lines for dedy flat areas, like the ones filled up by
the Arcinfo fill algorithm. These straight linesgoluce very high PDD values for the
corresponding area. The phenomenon is actually, iggtause this high PDD occur only in
the filled depressions, where water flow in a cogeat way and thus results in a naturally

high PDD value anyway. However, this approach pcedua slight geographic shift of the



high—PDD patterns, because the higher elevatedel®orof the flat area, from where the
drainage lines arrive, has lower PDD values ugh&point where the drainage lines starts to
form, approximately to the distance of the thredhadlls. Therefore the higher elevated side
will have a close to the threshold wide low-PDDrmor before the drainage lines starts to be
formed.

Therefore, the channel line developing procedure leen changed and the old version of

PDD was replaced with this newer version.

3 ( ( + +
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Remark: Up to date the open source GIS software A&Glistributed as version 2.0.4. The
channel lines module is at the moment only impletectim SAGA version 1 what means it is
not executable in SAGA version 2.0.4. The migratadnSAGA modules of scilands from

SAGA version 1 to 2.0.4 is still under progress.

A water flow line (synonyms: channel line, streane] thalweg) is a line, which is connecting
the deepest points in an open hollow (valley) om darth's surface. Considering a water
impermeable surface, a continual sprinkling woedd to a linear discharge along this lines.

This is true in the case of streams and rivers.

I
The automatically derived flow lines simulate thmucse of streams and rivers. Therefore,
they can be used in Digital Terrain Models (DTM)gabstitute not existing digital stream
networks. In addition automatically derived flownds constitute an important
supplementation for existing stream networks. Ipeshelence to the climate environment and
the weather conditions, the discharge, in partrcmamall streams, can vary in a large scale.
This means that the stream may perennial, peribdicaepisodically contains water. In
particular episodic stream channels in the moustaivhere discharge only occurs during
seldom heavy rainfall, are often not representethen digital stream networks. However,

+



these episodic stream channels are relevant fdtabe control and the protection of erosion.
Automatically derived flow lines can show systeroally, where liner superficial discharge

may occur in side-valley and in slope depressions.

"# !

Water flow lines represent beside the drainageddsrithe most important framework lines for
the geomorphology and terrain analysis. Flow liaesthe local base level of erosion, where
all processes of transport (soil, water and sojutesthe slopes and in the drainage basin are

related to.

$ % &
Since many years different algorithms have beereldped to determine flow lines on the
basis of Digital Terrain Models. However, the résualften kept insufficient because not every
necessary aspect was considered to receive plausi lines. To find a remedy for this
case, partner Scilands developed sophisticatednitpeds. Beside others, the following

aspects were taken into account:

Pre-processing of the Digital Terrain Model (forample to create 'exits' for closed
hollows), to ensure a continual decline for thevflmes;

The intensity of the convergence of the superfidiatharge and the consideration of
potential existing divergences (like they occualatvial fans);

The simulation of discharge and the calculationdadinage basins using 'multiple
flow'-methods;

Using different criteria for the start and end pejmesp. the course of flow lines, like
for example minimum-convergence-index, minimum siafe the drainage basin,
minimum length of the flow line, maximum lengthdif’ergent segments;

Hierarchic structure of flow lines by the size afithage basins (which flow lines

meets with which superordinate flow line).

All flow lines as vector data are provided with tié&ibute data as shown below:

ID = No. (individual id) of the flow line
Tree_ID = ID of flow line "tree" (drainage basim)which the flow line belongs



Parent_ID = ID of the superordinate flow line
Order_No = hierarchy (order) No. of the flow line

Drainage Area= size of the drainage basinkohthe flow line

notes:

1) There areno objective criteria for the starting points obdl lines The start parameter (for
example minimum-convergence-index, minimum sizetled drainage basin) has to be

adjusted optimal to the specific problem.

2) The created algorithms for the delineation ofafliines provide in contrast to many other

methods plausible results even in flat sloped areas

Previous tests of the Dobos et al. (2005) proceduage indicated some need for
modification. By nature, the quantitative procedurerprets the landscape based on four
different stand-alone terrain parameters, the freimensity, slope, elevation and the
dissection. These four were found to be the magtifgcant factors to identify natural
landscape units. However, when the geomorphologit delineation is manually done, the
interpreter has a complex view on the landscape wmts are formed in his mind, not
necessarily taking the quantitative thresholds cunsideration. The interpreter aims to find
the best-corresponding complex units as one, whiequantitative procedure creates four
sets of delineations and combines to form a finalygon system. This latter approach
produces several analogue, but not perfectly §tlines, almost similar, but often not the
identical delineations of the same units, resultpayallel, redundant approaches in the
procedure, and a lot of extra work for aggregathg slave polygons. That was the case for
the PDD, where it was used on a high relief argath@ mountainous and hilly regions, slope,
relief and elevation do a perfect job for diffeiating between the different
geomorphological units. Adding the PDD is just @meenplicating the procedure, while no

add-on information is produced. Contrary to thehhiglief areas, PDD is one of the most



significant parameter for the terrain differentoation a low relief area, where the slope, relief
and the elevation have only slight variations. Elfi@e the decision to pre-stratify the mapped
area into high and low relief has been made. Tioldsbf 100 meter/square km was chosen to
classify the area into the two groups. Elevatidope and relief were used for the high relief
areas, while these three were completed with thB Bid all four were used together for the
low relief areas. This approach significantly desed the number of slave polygons top

handle.



One of the major aims of the parent material clasdion revision was to simplify the
existing one and adopt the system to take altemdM input data where no complete PM
information is available. One of the major limitais of the existing PM classification is the
lack of knowledge to be used by a soil scientisthanfield. The majority of the soil scientist
has not enough field knowledge to differentiate aladsify certain rock types, even if they
occur in a none-mixed way. However, the situatisnoften further complicated by the
processes of mixing, moving, erosion and deposibbrihe weathered material from the
original formation. Classification of these diffateorigin rocks and parent materials is the
expertise and responsibility of the geologist. Rosoil scientist, the most important is the
weathered, unconsolidated material, from whichsthieis actually forming of. Unfortunately,
there is a great diversity of interpreting the PiMtihe national and international system,
mixing the term with underlying rock and many natibsystems provides information on the
latter one, rather than on the actual parent natefhe US system and definition clearly
defines, that parent material is only the unconsbéd material, from which the soil is
forming on, and that is the material which can bsaiibed in the appropriate details by soil
scientists. That is why the new classification aaaentrating on the unconsolidated material

and its major properties, like texture, carbongatus and genetics (Fig. 4.1.).
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The new system to be developed within e-SOTER bamaintain its original mapping
scheme, where the major components for the deloreaif the geometric units are the
physiography and the parent material. The majortditnons of the traditional SOTER
products, as it has been identified so far, isittt®nsistency of the international SOTER
coverages. SOTER is defined to incorporate existiag into a harmonized database. It is
more like a correlation and harmonization systeanth mapping procedure. However, the
spatial basis of correlation is the SOTER unit, aihshould be consistent throughout the
database, but this is not the case. The delineatbbthe SOTER units vary from country to
country. Therefore, the effort to develop a moresistent way to delineate the units was
started utilizing our state of the art terrain moude knowledge and the newly emerged
SRTM data. Using SRTM as a common input data makes that the procedure does not
vary among the countries. These physiographic uraise to be further subdivided by the
Parent Material (PM) information. PM classificatjdike the soil one varies from country to
country as well. Therefore, an international syskers to have very general classes to be able
to incorporate the national units (factor of glotess). And even if the classes are well
defined, the polygons are coming from the natiagyastem, and inheriting their own, and
often different way of delineations and interprietas of the classes. Importing these units
immediately introducing significant spatial incasteincy into the database. The only way to
avoid this problem is to develop PM coverages intmdled, quantitative way, or at least
increase the quantitative portion within the whptecedure. It is rather important, because
legacy data is often limited in existence or adtdgy, hence SOTER cannot be completed
for those areas. A quantitative procedure for PMhdations is urgently needed to complete
SOTER where no PM information available and toease the level of harmonization where

legacy data can be incorporated into the databasslapment.



PM
il ¥

Major class Consolidated/Unconsolidated
Group Texture/
N
Subgroup Calcareous/non calcarious
/1]
Type Genetics

Fig 4.1. Classification scheme for the Unconsokde®M classes

These are the properties that are described ofetdewith high level of reliability, and these
are the ones that make the real differences instileformation process. However, this
approach does not neglect the geological informatiecause the differences in chemical and
crystal structure of the different consolidatedksoand their impact on the soil formation is
still understood and appreciated. However, theildetanformation can be imported only
from existing, interpreted geology maps and datdashich are often none accessible on the

field or for a significant portion of the Earth face.

Therefore the first level of classification stangth the differentiation between the

consolidated and unconsolidated parent materials.

Unconsolidated material: loose inorganic/organic temal, that is by nature
accumulated/deposited in a deeper stratum by watece (fluvial, estuarine, lacustrine,

marine, glacial) or by mass movements (like théue@! materials).



Consolidated material: solid rocks and its shallweathering residuum, having mainly the
typical mountain soil associations like bare ro@gtosol/Cambisol, and by genetics it can be

eluvial, colluvial or bare rock.

(! )

The widening of the content with the weatheringid@égsm is basically an unavoidable
compromise, because the existing soil maps witerganaterial information for this kind of
areas describe only the underlying rocks and gmnesinformation on the properties of
weathered material.

The lithological units of the existing maps ofteot mven described in clear classes, only as
associations or age groups, in which, for exangilale, sandstone and limestone can occur in
the same group (like in a Triassic sea sedimetigsé& three are extremely different as parent
material, so there is no any reliable and reasenably to describe them as one, because the
combined class is so wide that it has no any adeHonmation any more.

The other reason for this definition is coming frohe quantitative procedure. There is no
reliable, available quantitative procedure to demgeology/lithology information in the detail
required by any PM classification, like the prewsoSOTER one. They often occur as
mountains with relatively dense vegetation (no @yRS applications) with higher relief
and elevation, and very high and large scale diyersshich cannot be represented in a
minimum of 25 km unit (defined by the SOTER scale of 1:1M). The amsplidated areas
can be delineated relatively easily with quanti&afprocedures using RS and DEM data, but
further separation of the lithology units is feadsibnly for areas having legacy data.

The new classification starts with the separatiéncansolidated/unconsolidated material
using a quantitative approach. The consolidatedsaage than further subdivided into bare
and none bare rock. The non-bare rock area can fravesubunits, eluvial and colluvial.
However, the spatial mixing of these two is oftencomplex to differentiate between them
(the only potential is to the give proportions witlthe geometric units). This is the detall,
where the quantitative procedure has to stop (LeElenetics, Fig. 4.2.)

In case of having legacy lithology data, the cliassiion can go further and the level of
information defined by the revised lithology cldgsition can be filled in (Major class,
Group, Type).



HIERARCHICALLEVELS

Consolidated/Unconsolidated

e

Genetics Bare rock Colluvial Eluvial

Majorclass Pfut(;nic Vulcanic Metamorphic Clastic | | Sedimentary
Group Group 1, Group 2, Group 3, ... Groupn
Type Type 1, Type 2, Type 3, ... Typen

Fig. 4.2. Classification scheme for the Consolidd® classes

Based on the rationales described above, a newgerkelassification system was developed
based on the existing SOTER structure and the reawadds for adopting the system to a
guantitative procedure. This system was testedjusational databases and severe limitations
were identified due to the hierarchy of the systén. example of the Czech quaternary

database is shown in Fig. 4.3.



B Microsoft Excel - quatern_1mil_SOTER.xls

SED] Eajl  Serkesstés  Meast Beszras  Formatum  Esokiask  Adatok  Ablsk  Sigs

i il $10 o |F 0 AISE==E %m0 S Al
[oE] & US

I | B I G D F G | H
JAGE QUATER_SED SOTER PM major class SOTER PM Group p SOTER PM Type Note
{406 | Warm fluvial sands and gravelly sands (terraces) U F US or UT 7
{407 | \Warm fluvial sands and gravelly sands (terraces) u F US or UT?
408 Warm fluvial sands and gravelly sands (terraces) u F (U ar UT ?
1409 Wurrm fluvial sands and gravelly sands {terraces) U F WS orUT?
(410 Wurm fluvial sands and gravelly sands (terraces) U E USorUT?
411 [ Wurm fluvial sands and gravelly sands (terraces) u E USorUT?
2 Wurm fiuvial sands and gravelly sands (terraces) u F WSorlT?
413 Wurm fluvial sands and gravelly sands (terraces) u F US or UT 2
{414 |Riss glaciofluvial and glaciolacustrine sediments L) Forl ? Subgroup, group?
|415|Riss glaciofluvial and glaciolacustrine sediments LU Forl ? Subgroup, group?
416|Riss glaciofluvial and glaciolacustrine sediments U FarlL ? Subgraup, graup?
|417 |Riss glacioflwvial and glaciolacustrine sediments U Foarl 7 Subgroup, group?
|418|Riss glaciofluvial and glaciolacustrine sediments U Faorl ? Subgroup, group?
|419|Riss glaciofluvial and glaciolacustring sediments U Faorl 7 Subgroup, group?
420|Riss glaciofluvial and glaciolacustring sediments U Forl |? Subgroup, group? |
421|Riss glaciofluvial and glaciolacustrine sediments U Forl | Subgroup, group? |
1422|Riss glaciofluvial and glaciolacustrine sediments L) Forl ? Subgroup, group?
|423|Riss glaciofluvial and glaciolacustrine sediments L Forl ? Subgroup, group?
424 |Mindel glaciofluvial gravelly sands u us G ? Subgroup?
|425 | Mindel glaciofluvial gravelly sands u us G 7 Subgroup?
|426 | Mindel glaciofluvial gravelly sands u us G ? Subgraup?
427 | Mindel glaciofluvial gravelly sands u us G 7 Subgroup?
428 | Mindel glaciofluvial gravelly sands u s G |? Subgroup?
429 | Mindel glaciofluvial gravelly sands u s G |? Subgroup?
(430 | Mindel glaciofluvial gravelly sands U us G 7 Subgroup?
1431 | Mindel glaciofluvial gravelly sands u us G 7 Subgroup?
432 |Mindel glaciofluvial gravelly sands U s G |? Subgroup?
1433 | Mindal glacioflwvial gravelly sands u us G |? Subgroup?
(434 |\Wurm loess u ur E ? Subgraup?
[435 | \Wurm loess u ur E 7 Subgroup?
436 | \Wuarm loess u ut =) 7 Subgraup?
437 |Wuarm loess u ur E ? Subgraup?
{438 | Warm loess U ur E 7 Subgroup?
{439 Warm loess u uT E ? Subgroup?
(440 WM urm loess u ur E |? Subgroup?
W« » M) quatern_1mil / |« 3|

keész UM

Fig. 4.3. The Czech SOTER “correlation”

Column B contains the original descriptive classkethe Czech data, while columns C, D, E
and F represent the major class, group, subgrodpygpe levels of the revised classification.
Keeping the hierarchy, as it is clearly visible the datasheet, would erode a significant
portion of the data, because there are missing $tejme description flow. On the other hand,
these levels are not necessarily linked in ordechecolumn represent a stand-alone level of
information, hence disaggregating the hierarchy asitig the different levels as different,

equivalent-valued properties helps to maintain ashmnformation as possible (Fig. 4.4.).



Transforming the four hierarchical level to -
four independent properties:

1. Consolidation status

2. Texture >

3. Carbonate status
4. Genetics

Overlaying and combining the four layers ~

NO LOSS OF INFORMATION

Fig. 4.4. Disaggregation of the hierarchy of theamsolidated PM classification.
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There are three potential situations that the @atloevelopers are faced with when SOTER

database has to be compiled.

(1) The first case assumes that there is existing aodsaible legacy data for the whole

area to map in an appropriate scale. This situagguires a harmonization effort of
the input data sources as far as its thematidatgiinformation is concerned, and a
procedure to spatially incorporate, link the infpll polygons to the SOTER-units.
This example was tested and studied by INRA, andsa study for incorporating the
1:1M European Soil Database information into theTER database is demonstrated
(Thanks to Joel Daroussin). In this case, a clokél get of descriptive attributes can
be loaded into the database.

(2) The second typical case is when there is limitad flar only a certain portion of the

mapping area. This situation requires a harmominagifort, input data development
effort (digital mapping of PM info) and at the etid procedure to incorporate the info
into the SOTER database. This is the most typiaaédor the windows. The limited
coverage PM info is used as training and calibraiido for creating a full coverage
for the whole area. This approach assumes thatrdes with data represent the whole
range of environmental, PM setups/variations. Healgorithms, rule systems can be
developed to estimate the spatial distribution ld tlasses using environmental
covariates, like SRTM and MODIS data. Here, a kdiset of PM information can be
derived with varying accuracy depending on the mmwhental conditions, and the

guality and quantity of the training info.

(3) The third is the no data situation, when only gaheelationships and rules can be

used to derive some delineations.



The first case have results in a close to comglet®f PM information.

The second case has only a limited set of variablgscan be derived with a relatively high
level of reliability/accuracy. These are the comtaikd status, the texture classes, and the
genetic classes of fluvial, marine/estuarine, @glieolluvial, eluvial, and bare rock. Large
scale studies in a favorable environment can bee don further refinement and more
attributes, but these are site specific and norgdlgeisable procedure exist so far.

The third is the most limited case, when only thenegic classes listed above can be

developed.

This subtask aimed to delineate PM units that Vollihe revised lithology structure of
SOTER (described in the Task 1.3.2.). As it waseed, PM is considered to be
unconsolidated material, which is characterizedtbytexture, carbonate status and genetic

classes (Fig 4.1.)

The three (four with the consolidation/unconsoiiat parameters require four separate
layers to develop. The first layer is the consdédainconsolidated one. That has to be the
first step in the procedure to stratify the aredéomapped into two groups. The two main
areas than require different approaches and diffelassification steps.

 RSimages
— MODIS-multi-temporal 8 days composites, 11 bandsple to the thermal

spectra, 5 dates covering the snow period, eveidiriltlted over the

vegetation period.

« MODO09A1: Band 1-7 (Layers 1-7), 500 m resolution

+ MOD11A2: Band 31-32 (Layers 9-10), LST (Land Sue€fac
Temperature) Day (Layer 1) and LST Night (Layer 500 meter
resolution

 SEE ANNEX I. for the derived parameters and bamt@ssing steps



— Landsat images
« SEE ANNEX IV. for the derived parameters and baratessing steps
» Digital terrain model, SRTM
 SEE ANNEX Il. for the derived parameters and baratessing steps

In order to strengthen the performance of the flagson, multi-temporal images of none-
altered MODIS bands were compiled into a 55 layasrage representing the visible, NIR,
MIR and thermal bands, and also to capture the ¢emhpenvironmental conditions and
changes that reveal to surface conditions andftreréo the soil/PM properties, like speed of
wetting and drying out, cooling down or warming uphich are parameters strongly
correlating with the texture, color, water contantl water holding capacity. However, the 55
layers has a significant portion of information dap, redundant info in the images, hence a
PCA was used to decrease the number of input imaggsiecorrelate the bands information.
The best 15 PCA component was maintained and incatgd into the final image.

There were many attempts recorded in the literatorase band ratios to identify certain
lithology classes or to highlight/enhance litholatdjfferences in Landsat images. These band
ratios were adopted to MODIS and were derived &mheof the 5 dates, resulting an other 15
images, that have been added to the final image.

Previous studied also suggested to use surfacestatape information, like the thermal bands
of the MODIS (Bands 31, 32) and the LST (Land Stefdemperature) products (night and
day) that have been derived from them. The daityperate fluctuation is a function of the
thermal capacity of the surface material, whicthes function of the kind of material, texture,
color and water content, basically the factors we mterested in. Therefore, a new
normalized band combination was developed. Theydteimperature difference were
calculated with simply subtracting the LST nighorfr the LST day, and the values were
multiplied with the ratio of the LST(max for the wlle area)/LST(day) to reduce the effect of
the climatic variation due to the difference in guttal energy intake from the sun. These

were calculated for each dates as well.

SRTM data was used in combination with the MODI8wdel layers as well. Annex Il. gives
the details for the derived parameters. The bamiameters are the followings:
Elevation (sinks are filled up to certain level)

— Slope percent



— Relief Intensity

— Potential Drainage Density

— Groundwater level

— Topographic Wetness Index

— Upland/Lowland

— Convexity (not added to the basic image, used torlyhe colluvial image

derivation)

The listed derivates are either used in the SOTE®auology already, or believed to add
significant information for differentiating betweethe classified parameters. The SRTM
images were degraded to the level of MODIS resmiuéind a 42 layers image containing the
15 PCA layers, 6 SRTM derivatives, 5 normalized Id#fference images and 15 band ratios.

(*& (+)
The developed procedure is demonstrated on the& &ntropean Window.

The first step in the process is the classificatainthe window into two classes, the
consolidated and unconsolidated ones. The appraadiased on traditional RS image
processing/classification technique, Maximum likebbd supervised classification algorithm
using the combined, 42 layers base image (ANNEX Bleveral direct approaches were
evaluated, however no one had a good enough opendtirmance. There are only stochastic
relationships between certain terrain parametedstia@ consolidatedness of the PM and the
same is true for the RS images, especially in #meperate and tropical zones, when the
vegetation masks out the PM signal of the imagbes@& stochastic relationships can be well
utilized in a supervised classification framework.

Training data was limited for the window (Fig. 4.8Ne used three small training areas for
the Checz republic and the Hungarian part of thedewv. The data sources had to be
interpreted and the training areas for the clasedmed. The traditional PM classification
varies a lot by countries, but almost none of thermatches the definition of being
unconsolidated. Parent material for the areas awansolidated rocks with shallow

&



unconsolidated material /soil on the top is congdeconsolidated and named after its
underlying material like, granite, basalt, etcgamlless of what the material is really coming
from, whether it is mixed with other, in situ, aslltvial, etc. Anything, that has a bare rock,
leptosol, cambisol soil association on a mountasreme@a considered solid rock. This fact had
to be taken into consideration ad the trainingsgasvere merged this way, meaning that the
colluvial, eluvial materials, in situ weatheredatglely shallow material is not considered to

be unconsolidated. Fig 4.6. shows the classifioatssults for the Central European window.

Fig. 4.5. The Central European window (yellow baryl the training areas.
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Fig 4.6. The result of the CE window classificati@ue means unconsolidated, yellow is
consolidated PM, orange is water.

The classified image was used to stratify the arathe two major classes. The consolidated
and unconsolidated parts are handled and classifitsiently from this point.

The classified consolidated areas are further divithto three major classes: Bare rock,
Colluvial and Eluvial. These units can be furthesctibed with legacy data, but this is the
final stage for areas where legacy data is nolablai

The bare rock classification was done using the N[Nbrmalized Difference Vegetation
Index) image generated from the peak of the vegetgieriod, like summer in the CE

window, when strong vegetation cover is expectedlyGreas having no soil and thus

(



vegetative cover are expected to have very low NB&ue. A threshold of 0,8 was set to
select the low NDVI areas and these were assigmeddre rock class. The value was set by
comparing the images with Landsat and other higlolotion images. This value and the
procedure in general works very well in the temfeend tropical zones (CE, FR/UK and
Chine windows). The only problematic window is tMoroccan one, where there is a
significant portion of none-vegetated area duehtodlimate, even on a non-bare rock area.
The procedure has to be refined after strong dsscasand reinterpretation of the terms on a
climatic zone basis. Bare rock areas often occomsllsareas, spot, much less than the 25km2
threshold of the polygon limit. However, due to #significance of this class for soil issues
and to the changing database format (being digithEre visualization is not a strong issue
any more). We decided to keep the bare rock pattevhich are bigger than 5 KkmA two
step focal majority function was used with the useis of 3 and 14 respectively to clean the

image and remove the less than threshold sizedrpatt

)

The colluvial areas were delineated using the aptiom that the colluvial material
accumulates in lower sections of the slopes arehdftarts changing the shape of the slope to

be concave. Based on this a two criteria systemseasp with two thresholds:
o Curvature (filled z limit 20 SRTM) <0
o Slope percent > 2 %

Running the selection algorithm results in thewo#dl material image (Fig. 4.7.) The SRTM
image based classification has a relatively higiolgion for the area, with many slope scale
patterns, much less than the minimum polygon Siherefore this information was added to
the PM polygon delineation, but will be added ascdgtive percent cover within the
polygons.



Figure 4.7. Colluvial areas (dark blue) of the CainEuropean window (curvature<0,
slope%>2)

Based on the revised lithology classification, ¢hare three property groups within the
unconsolidated material:

o Texture

gravel, sand, loam, clay, diamicton, (organic mater
o Carbonate status:

calcareous and non-calcareous

o Genetic:

fluvial, eolian, lacustrine, marine, estuarine, cgha till,
glaciofluvial



Out of these properties, the texture and a selestddjroup of the genetic classes were
targeted to define as a minimum set of PM desomgti namely the fluvial/lacustrine, eolian

and marine genetic classes.

The texture classification was done the same wathesonsolidated/unconsolidated layer,

using the 42 layer combined image and training ttatthe supervised classification.

The coverage for the training area was the santleeasne for the consolidated classification

(Fig. 4.5.). The texture layer is shown on Fig 4Bis step of the procedure requires much
knowledge of the area (for validation purposes) alsd of the use of the classification tools

to achieve the best optimal results. No automagir@ach can be developed, expert user is
needed. Any kind of preprocessing, feature selecto extraction, and training data

enhancement procedure are welcome to use.

N
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Fig. 4.8. The classified texture classes for thet@European Window.



The most critical part of the procedure is thenireg data that is often the most critical factor.
The optimum case is when relatively high resoluticaining data is available with clear
classes, equivalent with and correlated with thgputclasses. For the developed part of the
World 1:100K to 1:250K data sources are commonlgilaile ones, which contains
aggregated but still concrete classes (not assmtt These data sources can be used as
direct inputs for the supervised classification.

Smaller scale training data, like 1:500K tol:1Moiten less useful, especially because the
level of thematic aggregation of the class unitsvesy high, and no clear units can be
identified within the units. This kind of informati is structured into associations of clear
units, with some proportional information addedwasd|. This latter case is very common,
especially because these small-scale maps arentigublicly available ones, larger scale
maps cost much to develop or purchase for any pegpdJsing these small-scale data sources
requires some thematic preprocessing and qualagglkchTwo approaches were developed for
this project. A common approach to interpret angbi@iize the associations is to select the
dominant member of the association. However, tldeseinant members are often not really
dominant within the polygon, but simply the one umying the highest portion of the polygon
area. This problem can be handled with selecting tre pure polygons having only one
member in the association. However, this is ndtyeammon, and often due to a less precise
mapping approach. The percent coverage we canvacthes way is very low and the training
dataset is often non-representative. Rocks/Sotlsralty occurring in associations in smaller
mixed patterns of the different types will be unmdpresented, while purely occurring
features, like a Rendzina solil in the limestonet&asAlps has higher representation in the
database. Therefore a threshold of 80 % was satrasmimum percentage of the dominant
soil type proportion within the polygon and onlyetholygons having real spatially dominant
element were selected for training purposes. Tippraach was used to train the
consolidated/unconsolidated and texture classifinatfor the French part of the window,
where no data was available at all, but the intevnally developed datasets, like the 1:1M
soil database.



An alternative approach was the enhancement ofdéttea using Landsat images. The
processing steps of the Landsat images are dedcmb@nnex IV. Landsat images were
preprocessed to remove the clouds, snow and vemetivered areas to maintain only the
bare ground areas. Geology/lithology driven bandiosa were collected from the
corresponding literature and were applied to thedisat images. Landsat tiles were selected
from the early vegetation periods and two —threeth&fm were processed to cover the
representative portions of the window in order @wear the thematic range of the PM classes
for the whole window. These Landsat images werplayged as RGB images to highlight the
major patterns (Fig. 4.9.). This procedure helptheselection of the homogeneous polygons

manually, only the polygons having clear, homogesdaandsat occurrence patterns are used

as training polygons.

Fig. 4.9. The processed Landsat RGB image ovebkathe Czech SOTER polygons. The
green colors are the masked areas.

An alternative approach was a two-stepped classifio. First the screened, filtered small-
scale data was used as training data for the Lamtsssification. (An assumption that the

>



doinat element of the association is really spgtidbminant as well was made. Therefore
only a small portion of the polygon was selectech@as-real member of the dominant class,
and these pixels will be represent the tails ofghabability distributions of the pixel values
within the class histogram. The tails of the nemwjiiiig, overlapping class histograms are cut
by the maximum likelyhood classification algorittand the remaining class histogram will
have a better fit to reality. In the last stepsttiassified Landsat image is used as training for
the MODIS-SRTM classification.

4 0 &

The following genetic layers were developed:
— Fluvial/alluvial/lacustrine/glaciofluvial
* Plain, low slope and low relief intensity areagsé to the groundwater
level
— Marine and Estuarine
* Follows the seashore line and characterized witlbGneter elevation
along the seashore
— Eolian/older terraces/glacial till plain
» Higher relief, higher above the groundwater lewel, influenced by the

fluvial activities.

These are the areas, which have a plain, smootacsuiow relief intensity and an elevation
close to the ground water/surface water level. &ressumptions were translated to terrain
modeling language. The final solution for the dediton has only one criterion, namely the
closeness in vertical distance to the surface/givater level system. Ground/surface water
level grid was simply extracted from the filled SR DEM and the difference is the depth to
the ground water. For the derivation of the grouaidw level see Annex Il. In theory, the
image selects the areas which are less than 3 sredearation above the surface waters in the

neighborhood. The procedure delineates the potigntiaoded areas of both the rivers and



the lakes, basically al kind of surface waters.tTitavhy the fluvial and lacustrine sediments
are combined in this classification. Fig. 4.10.w8kdhe Fluvial areas of the Central European
window. The glaciofluvial areas have similar app@ae to the fluvial ones, only the source
of the material to be deposited is different.

Eolian areas are the ones, which are free fromditap impact and also from significant
ground water impact. Therefore, the non-fluvialaarare the potentially Eolian ones as well,
with slightly higher relief intensity.

The most problematic genetic class is the GladialTill can be till plain that is relatively
plain (low relief), but lying higher than the flaliareas. This can be identified with selecting
areas with higher than 3 meter elevation abovewr level, and have a plain/low relief
surface. The glacial till moraines have much higledief, sometimes similar to the Eolian
areas and lies above the fluvial areas as wellt lEhevhy the Glacial till class was merged

with the Eolian one if there is no more informatitan further specify the genetics of the

polygons.

Fig. 4.10. Fluvial/Alluvial sediments (yellow) fone Central European window,



The marine and estuarine sediments occur in ther@&r zones along the seashore. The
approach was to select the areas from the SRTM EMh have a value between 0 and 5,
and the contiguous areas lies along the sea shibeeprocedure for delineating these areas is

explained in the Annex Il.

4 89 *& 5l &

Input data:

from satellite image classification
0 consolidated-unconsolidated in case of CE window
o0 texture (consolidated, gravel, sand, loam, clagt,msapropel, diamicton,
water)
from SRTM DEM derivation
o alluvial/eolian
0 bare rock

0 marine/estuarine

At the final stage of the PM development procedheepreviously developed input layers
had to be combined using certain priority rulese phocedure is described in Annex V.

The resulting coverage is shown in Fig. 4.11.
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Fig. 4.11. The combined PM raster image for thet@é&uropean Window.
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The key data source for the modelled PM layer sedaon a LANDSAT 42 bands layer
images, combined and oriented based on trainirey &affore, it was necessary to enhance the
Landsat images:

Removal of clouds, snow and vegetation coveredsatealearly identify the bare ground

areas

Consideration of geology/lithology driven band oatirom the literature

Table 4.1. gives a summary of the terminology andi@ied PM classes.

Table 4.1. Overview about the modelled PM classes

parameter

PM model

explanation

PM legacy

comments

unconsolidated
material

loose inorganic/organic material, that is by
nature accumulated/deposited in a deeper
stratum by water or ice (fluvial, esturine,
lacustrine, marine, glacial) or by mass
movements (like the colluvial materials).

loose sediments

definitions in legacy geological data
agree with the modelled PM class.

consolidated

solid rocks and its shallow weathering

hard rock

+ any soil developed from (shallow or

material residuum, having mainly the typical deep) weathering residuum of a
mountain soil associations like bare hard rock still has a consolidated
rock/Leptosol/Cambisol, and by genetics it parent materla!
can be eluvial, colluvial or bare rock. - in order to avoid data lacks _from

geology maps (parent rock is

presented, but the weathered top is

not important for geologists),

eluvial/colluvial is counted

“consolidated” in that it represents

the weathered tops of solid rock
bare rock Procedure: consolidated - geology does not differentiate

- LANDSAT band ratios to pronounce
different geological / parent material
features
http://www.narss.sci.eg/uploads/Journal/0
6-12-2009.pdf

- Masking vegetation/bare ground: low
NDVI (< 0.8) (areas having no soil and

rock, of unknown
area extent in
geological maps

between bare rock (at the ground
surface) and weathered
layers/shallow sediments on top of
rock

- delineation of PM-bare rock needs
a ground check

- management-induced lack of
vegetation (e.g. clear cut) is

*+(




thus no vegetative cover

patchy, threshold: area size > 5
km?

none bare rock

either eluvial or colluvial; cannot be
separated clearly with RS because of high
spatial mixing

could be either
consolidated or
unconsolidated

colluvial

curvature<0, slope%>2 (a plain to concave
surface, with significant slope)

rational: colluvial material
accumulates in lower sections of the
slopes and often starts changing the
shape of the slope to be concave

fluvial/alluvial

terrain analysis: vertical distance to the

sediments® surface/groundwater level system (channel
line system)
eolian inverse of the alluvial:

higher relief, higher above the groundwater
level, not influenced by the fluvial activities

marine/estuary

follows the seashoreline and characterized
with 0- 5 meter elevation along the seashore

unconsolidated
sediment
coupled with
relief

identification of plain, low slope and
low relief intensity, close to the
groundwater level

texture classes |- identifiy bare ground from LANDSAT as above, No automatic approach is possible;
- lithology driven band ratios coupled with the quality of the training data set
- refined delineation using textures of expert and expert-knowledge is crucial
dominating soils of soil map untis knowledge

1) : : ; ; :

It can be concluded that the PM modelling has bpiimarily on LANDSAT image
processing combined with the modelling of relieftaddSRTM). In the following, a
comparison between the modelled PM classes andgjeal maps was conducted. This is the
initial step of a series of investigations abow thilization of legacy geological map data for

eSOTER and digital soil mapping.

The primary focus of the eSOTER methodology develemt for PM mapping in the

resolution of roughly 1:1,000,000 (or +/- 1 km)tasexploit options for using remote sensed
data. Geological data from maps may support theewfent of the delineation procedures
(which are based on vegetation indexes derived Satullite data), but may also contribute
information about the kind of soil developed froneathering of stones (e.g. a loamy soil



developed in the weathering zone of a basalt (hgemous rock) is usually rich in nutrients,
with Eutric Cambisols being typical under a temper@imate). The methodical options to
explore remote sensing in vegetated areas suatnaskcEurope is especially difficult, so that
existing reconnaissance data may be an importdidator for the interpretation, and maybe
also for the quality of the delineations, at Idastsome of the new PM classes.
Before comparisons of the new, modelled PM delineatare conducted, some important
frame conditions need to be considered. Theseerétathe content and structure of parent
material classifications for soil mapping. With aeg to parent material, there are substantial
differences between soil mapping and geologicalpmap These frame conditions determine
that quality of PM identified and presented in mapsboth disciplines. These frame
conditions are intensively investigated in eSOTEsk\package 3. There, the definitions and
structure of the classification of rocks for uses@il mapping is being studied, and a revised
list of parent rock is introduced.
For the comparison conducted here, some frame ttonsliineed to be known:
1. The target resolution is roughly 1:1,000,000sTi# also the scale of the global
OneGeology mapping project, and the scale idedtiiethe GEO workplan for the
world-wide SOTER mapping. For that reason, theonali geological maps were
selected (Germany: 1;1,000,000, Slovakia and CZ0Qd,000, Hungary: 1:500,000).
At this point of the investigation, the feasibiliof this research was applied to the
Central European window first. Upon applicabiliti/tbe method, the procedure will
also be applied to the other windows.
2. It can be concluded from the definitions, theg PM of the soil often does not
correlate with the parent rock presented in gecldgnaps. This is especially true for
land influenced by periglacial processes (depasitd aeolian and glaciofluvial
materials, weathering and in-situ mixing, as walllateral transport via solifluction
and erosion). Very often the effects of these pses are not mapped in geology, but
represent the material in which soils have devealppad in which plants root.



Table 4.2. presents the geological map data usetifostudy.

Table 4.2.:  List of geological maps used for thet€d European Window
. . mean
country scale # r:api)/:r&g Quaternary characterlstflcs flo ;lt\t:e area [kmz]
units (MU) purpose of soi [km2/ MU
Germany | 1:1,000,000 120 no 58,985*) 492
1:500,000 283 no 85,170 301
Slovakia
1:1,000,000 31 yes quaternary geological map 43,554 1,405
1:500 000 20 no 76,452 3,823
Ccz
1:500 000 48 partly parent material map 76,463 1,593
Hungary | 1:500 000 86 yes 37,810 440
7 Map covers parts of adjacent countries

Figure 4.12. presents an overview about the gecdbgdiata used.

Annex xy presents the legend of the CZ map. Batoese maps could be used as comparison

for the new PM classes, the mapping units needéé te-classified. The re-classification has
been conducted separately for each geological map.

The re-classification has aggregated the mappiitg aocording to the following PM classes:
1. consolidated/unconsolidated
2. genesis (peat, rock, alluvial, eluvial, aeolian)

3. texture (gravel, sand, loam, clay, subclasses)



Figure 4.12. Geological maps used for the Celuabpean Window
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Figures 4.13. to 4.16. present the results of theet types of new PM compared to the
geological maps. The results present a map of #ve BM classes from remote sensing
(called model result), re-interpreted classes f@uaternary layers in geological maps where

available, and the main geological mapping units.

b - /0

Figure 4.13. presents the results from the compariztween modelled PM and geological
maps. The modelled results are presented in therlgvaph. It can be seen that the modelled
results correspond quite well to those legacy nvpish contain a Quaternary layer (CZ and
Slovakia). Considering the geological approach eosolidated material, which does not

++



consider any weathered residuum on top of the sob#, the area covered by consolidated
parent material (rock) is much larger compared te modelled PM consolidated. The

modelled unconsolidated material includes shalloils ©n top of consolidated or bedrock.

Figure 4.13. Comparison between modelled PM antbgeal maps: consolidated-
unconsolidated

I

Figure 4.14. shows substantial differences betwhenmmodelled classes and the geological
maps. This is partly to be expected because acupidi the definition above, rock in the
geological maps including the Quaternary maps (@Z Slovakia) seems to correspond to the
eluvial/colluvial modelled PM class. Thus eluviallavial fully matches consolidated
material in the geological maps, and also corredpdo the modelled consolidated PM class.
Eolian has been modelled for the area covered bgnsolidated material, and also some of
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the alluvial area, in geological maps. This meduas the modelled PM class unconsolidated

is either eolian or alluvial.

Figure 4.14. Comparison between modelled PM antbgeal maps: genesis/source of the
PM

Texture has been reported in geological maps anlyhie unconsolidated material. It appears
from Figure 4.15., that the area for which textig@vailable, corresponds to the modelled
unconsolidated material, and exceeds the area exbver geological maps. This is to be
expected and can be explained by differences inettiod eluvuial/colluvial material in

relation to consolidated parent material (rock)eTesults on texture are futher discussed

below.



Figure 4.15. Comparison between modelled PM antbgeal maps: textures

Figure 4.16. discusses individual mapping unitemrefd to the texture layers. It presents the
mapping units of the geological maps, and compiduesesults of the modelled PM textures.
a) Where the CZ map mostly contains marls and calcaretays, the modelled PM map
contains gravel. The residuals of marls (as weltlzles) are usually clay-rich, but
could also yield shallow stony soils at exposedtrs in the relief.
b) Flucial gravals and sands become loam in the medl&M map.
c) Unconsolidated loamy material in the geological mhapomes sandy in the PM map,
and the proportion of clay is largely overestimaitedhe modelled PM map. Smaller
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but important materials such as peat (which is lhsuatentously slightly
overemphasized in order to keep the informatiosnmaller scale maps) are lost in the

modelled PM layer.

Figure 4.16. Detailed comparison between modelddRd geological maps: textures

One of the critical aspects in using legacy PM daien re-interpreted geological maps is
indeed the complexity of geological mapping unigsg( in Schist areas). However, when
looking at the comparisons on texture, fine texdusee rarely mixed with coarse material.

This is especially true for the Quaternary layers.
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Two parallel procedures have been developed andogetwithin the Work Package. The
first method, a hybrid one, delineates the termoilygons with a pure digital soil mapping
(DSM) based approach, while the parent materiabrmétion for further dividing the
SOTER-units are imported form traditionally madgdey PM data. The second approach

simulates the limited/no info case when the whallgon delineation is DSM-based.

0 (&

The first approach is based on the combinatio®RTM derived physiographic units and

legacy parent material data. This approach reqain@®-harmonization/correlation procedure
for the thematic information. The base data waslitii®! scale Eurasian soil database. The
two polygon systems were combined to delineatefitted SOTER-units. The new database
had to be cleaned and small polygons to be remaggt#gated to reach the minimum size of
the polygons. The aggregation procedure requiresewa rule system using a semantic
distance based similarity test to drive the aggregaprocedure and maintain the optimal

homogeneity of the resulting polygons.

0 && &

This program is used to compute semantic distabeéseen zones defined in a polygon
coverage. These distances are needed by the pgGENERALIZE_POLYS and
ELIMINATE_SIMILAR. When a polygon is below the ardhreshold argument of these
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programs, it has to be eliminated, i.e. aggregatedne of its neighbouring polygons.
Choosing the neighbouring polygon into which to reggtion is done by selecting the most
similar one. The similarity between two polygonsnsasured by their semantic distance. The
distances are user defined: they can be definedialignor inferred by rules, or computed by
formulas.

In the case of the e-SOTER procedure used to gen&@TER Physiographic Units, the
semantic distances are computed. The distance eet@ach pair of neighbouring polygons is
the Euclidean distance computed from 4 landfornaip@ters which characterise each of the
two polygons. The landform parameters are the JJBROPE), relief intensity (RI), potential
drainage density (PDD), and hypsometry (HYPS). Epolygon is characterised by the
normalized, mean value of each of these 4 paramelee Euclidean distance (Ed) between

each pair of polygons is calculated as:

Ed = SQRT( SQR(D1) + SQR(D2) + SQR(D3) + SQR(D4) )

where

SQRT = square root

SQR = square

D1 = SLOPEPolyLeft - SLOPEPolyRight
D2 = RIPolyLeft — RIPolyRight

D3 = PDDPolyLeft — PDDPolyRight

D4 = HYPSOPolyLeft — HYPSOPolyRight

and where

SLOPEPolyLeft is the mean normalised slope valuthefpolygon standing to the left of the
arc

SLOPEPolyRight is the mean normalised slope vafu@e polygon standing to the right of

the arc and so forth for each of the four paranseter

The result is stored in the output <similarity &hl If the <similarity table> already exists,

the <distance item> is updated for each pair ofy<dtem> values that are listed in the table. If
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the <similarity table> does not exist, it is firsgenerated using the program
GENERATE_SIMILARITY,
i.e. created and populated with all existing paifraeighbouring <key item> values. Then the

<distance item> is created and calculated.

In the case of the SOTER procedure used to gen&@EER Terrain Components, the
semantic distances are computed. The distance éetaach pair of neighbouring polygon is
computed from a set of parameters which charaetegach of the two polygons. The
parameters are the following: 4 physiographic peters: a slope class, a relief intensity
class, a potential drainage density class, and psdmyetry class; . a 2 level hierarchical
SOTER lithology classification system; and a 3 lavierarchical soil classification system
Each polygon is characterised by the value of @athese 6 parameters.
The rule applied in a former version of the procgedused to be:
small polygon is merged with the neighbouring polygvhich has

priority 1: the same SOIL at detailed level or

priority 2: the same SOIL at intermediate level or

priority 3: the same SOIL at coarse level (as redddllowing F. Nachtergaele)

In the present version the rule becomes as sugbbsteafter where priority is given first to
soil name, then to lithology, and finally to phygiaphy.
The semantic distance between 2 neighbouring pal/given by physiography is inversely
proportional to the number of physiographic pararsthat are equal:

if none of the parameters are equal then the pbseihic distance =5

if 1 of the parameters is equal then the physidgcagistance = 4

if 2 of the parameters are equal then the phyajgc distance = 3

if 3 of the parameters are equal then the phyapigc distance = 2

if all 4 parameters are equal then the physiogcagiistance = 1

The semantic distance between two neighbouringgooly given by lithology is inversely
proportional to the level at which lithology is edu

if the lithology is equal at the finest level (LITH then the lithologic distance = 1



- else if the lithology is equal at the coarsestli¢uETHO1) then the lithologic distance
=2

- else (when lithology is different between the 2ghéouring polygons) the lithologic
distance = 3

The semantic distance between 2 neighbouring pak/ggiven by soil is inversely
proportional to the level at which soil is equal:
if the soil is equal at the finest level (SOILBEN

- the soil distance = 1

- else if the soil is equal at the intermediate |€&€IL1) then the soil distance = 2

- else if the soll is equal at the coarsest levell(BPthen the soil distance = 3

- else (when soil is different between the 2 neighimgupolygons) the soil distance = 4

The overall semantic distance between 2 neighbguolygons is given by combining the
physiographic, lithologic and soil distances. Innpipal, 2 polygons with different soils
should not be merged. But this rule is relaxeditng soil a higher priority (weight) over
lithology and physiography (a soil boundary is sger than a lithologic which in turn is

stronger than a physiographic one). This trandiatthe following formula for combining

distances:

combined distance = (soil distance * 100)+ (littgpbodistance * 10) + physiographic
distance

The result is stored in the output <similarity &l If the <similarity table> already exists,
the <distance item> is updated for each pair ofy<tem> values that are listed in the table.
If the <similarity table> does not exist, it is dir generated using the program
GENERATE_SIMILARITY, i.e. created and populated hvitall existing pairs of
neighbouring <key item> values. Then the <distate®> is created and calculated. For
more information on programs GENERALIZE_POLYS, ELUMATE_SIMILAR and
GENERATE_SIMILARITY, see their respective documeitta.

Description of the procedure can be found in théhm Dobos et al. (2005) and in the “e-

SOTER-procedure-delivery-2010-04-07/readme” filéhef attached aml package.
>



This approach was a typical case of the traditi@@ITER approach, when existing data is
translated and loaded into the SOTER framework. él@n, due to the DSM procedure for
the terrain delineation, the final polygon systepresents a coherent/consistent way of the

terrain unit definition.

The second approach simulates the most commonwhseg data is limited, and covers only
a small portion of the area to map. The genergirocedure is described in Task1.3. (See fig.
1.3.1.8. for an example for the DSM derived PM tayigne Physiographic and PM units are
combined to create homogeneous units. Small sizts lmas to be eliminated via the
aggregation procedure, which requires a new ruggegy using a semantic distance based
similarity test to drive the aggregation procedamel maintain the optimal homogeneity of the
resulting polygons.

The final polygons are shown in Figures 5.1 — 5.8.

0 && &

In the case of the SOTER procedure used to gen8@¥ER Terrain Units, the semantic
distances are computed. The distance between a&ocbf meighbouring polygon is computed
from a set of parameters which characterize eatheofwo polygons. The parameters are the
following:
4 physiographic parameters: a slope class, a reliefsity class, a potential
drainage density class, and a hypsometry class;

and a 2 level hierarchical SOTER lithology clagsifion system.

Each polygon is characterised by the value of efithese 5 parameters.

The semantic distance between 2 neighbouring pal/given by physiography is inversely
proportional to the number of physiographic pararsthat are equal:
if none of the parameters are equal then the pbseohic distance =5

if 1 of the parameters is equal then the physidgcagistance = 4



if 2 of the parameters are equal then the physpgcadistance = 3
if 3 of the parameters are equal then the physplgcadistance = 2

if all 4 parameters are equal then the physiogagisitance = 1

The semantic distance between 2 neighbouring pal/ggiven by lithology is inversely
proportional to the level at which lithology is edu
if the lithology is equal at the finest level (LITH then the lithologic distance = 1
else if the lithology is equal at the coarsestli¢uETHO1) then the lithologic distance
=2
else (when lithology is different between the 2ghéouring polygons) the lithologic
distance = 3

The overall semantic distance between 2 neighbgusolygons is given by combining the
physiographic and lithologic distances. In printi@apolygons with different lithogies should
not be merged. But this rule is relaxed to giviitbdlogy a higher priority (weight) over
physiography (a lithogic boundary is stronger thgrhysiographic one). This translates to the
following formula for combining distances:

combined distance = lithologic distance * 10 + pbgsaphic distance

The result is stored in the output <similarity &hl If the <similarity table> already exists,
the <distance item> is updated for each pair ofy<dtem> values that are listed in the table. If
the <similarity table> does not exist, it is firsgenerated using the program
GENERATE_SIMILARITY, i.e. created and populated hvitall existing pairs of

neighbouring <key item> values. Then the <distatera> is created and calculated.

For more information on programs GENERALIZE _POLYS,IMINATE_SIMILAR and
GENERATE_SIMILARITY, see their respective documeiaa.
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Fig 5.1. The genetic parent material classesefntral European window.

Fig 5.2. The texture classes of the Central Etanp@ndow.
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Fig 5.3. The genetic parent material classesef{thina window.
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Fig 5.4. The texture classes of the China window.
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Fig 5.5. The genetic parent material classeseMbrocco window

Fig 5.6. The texture classes of the Morocco window
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Fig 5.7. The genetic parent material classeseMbrocco window
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Fig 5.8. The texture classes of the UK/Fr window
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DOWNLOADING satellite data from MODIS server (e4ftl01lu.ecsangsv).

o Downloaded composites:
MODO09A1.005
MOD11A2.005

o Downloaded tiles:

CE window:
h18v03
h18v04
h19v03
h19v04

UK/FR window:
h17v03
h17v04
h18v03
h18v04

MO window:
h17v05

CH window:
h28v06
h28v07

Downloaded datesThe downloaded dates should represent the vegeariod,

changing environmental conditions (like soil wes)egeemperature) during the
year, cloud and snow-free images from every seconwth are selected
CE window:
2008.02.02 — 2002.02.18
2009.04.15
2008.06.25
2008.08.28



2006.10.16
UK/FR window:
2008.02.10
2004.04.22
2006.06.02
2003.08.05
2007.10.16
MO window:
2002.02.02
2008.04.30
2008.06.09
2007.08.21
2007.10.16
2000.12.10
CH window:
2008.02.26
2002.10.08
2008.12.02

Images in hdf, hdf.xml format

IMPORTING images from hdf to img format with ERDAS Imagine

LAYER SELECTION

o From MODO09AL1: Band 1-7 (Layers 1-7)
o From MOD11AZ:

LAYER STACK: The above mentioned layers were stacked with ERDAagine with
the resolution and the output type of the finerohetson image (MODO9A1). The

Band 31-32 (Layers 9-10),
Temperature) Day (Layer 1) and LST Night (Layer 5)

resultis a 11 layer, 500 meter image.

(0]

(0]
0]
0]

Layer 1: Band 1
Layer 2: Band 2
Layer 3: Band 3
Layer 4: Band 4

LST (Landurfdce



Layer 5: Band 5
Layer 6: Band 6
Layer 7: Band 7
Layer 8: LST Day
Layer 9: LST Night
Layer 10: Band 31
o Layer 11: Band 32

MosAICING the four tiles for each date, and layer stackihghal channels of all dates,

o O O O o O

which results a usually 33-55-66 layer image depwndn the number of cloud-free
and snow-free dates.
PCA:  Principal component analysis (PCA) was run oa iftlnages to reduce the
number of layers and the first 15 channels wepa.ke
LST: A normalized temperature fluctuation layer wasated for each dates using the
following function: globmax(Istday)/Istday*(LST DayST Night)
BAND RATIOS FROM THE LITERATURE(ORIGINALLY FOR LANDSAT):

o 6/1

o 1/3

o 7/6
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Terrain parameters derived from STRM DEM

Elevation (filled srtm z limit: 20) :
1. Sinks were identified and filled up to 20 meters

2. “0” values were set to 0,0000001 to keep the Or&presenting NoData (it is
important for the ERDAS Imagine and MultiSpec @s&ing)

[con ([fele_uk _utm31] == 0, 0.000001, [fele_uk_@Gthp]

3. export img, cellsize : 482,2727949 (to match tleohation of the MODIS image)

Slope percent:

1. ArcInfo slope function was used. “0” values wereregased to 0.000001 to avoid any
error due to dividing by O later in the proceduce, to keep the value “0” for

representing the background
2. [slp_uk_utm31] + 0.000001
3. export img, cellsize : 482,2727949

NoData as O

Relief (circle: radius 5)
1. Focalmax — Focalmin for a circle of 5 cells radius

2. “0” values were increased to 0.000001 to avoid emgr due to dividing by O later in

the procedure, or to keep the value “0” for repnéisg the background
[relc5 uk _utm] + 0.000001
3. export img, cellsize : 482,2727949

NoData as 0



PDD:

Elevation grid to be resampled to 482,2727949 (M®Esolution)
Creation of a mask for clipping the original comsllater in the procedure:

Reclassification of the Elevation grid: Land arezisgNoData while the sea
pixels with NoData values get a value of 1. Ragigyolygon transformation to

create the sea polygon. (buffer zone is set 450m)

Clip resampled elevation by buffered water maskygah, Clipping geometry =

coastline

Add new field (“code”) for the Channel line (100threshold) layer and assign a value
of “1” for all lines

Feature to raster : base field is “code”, cells#&?,2727949
Mosaic channel line raster & coastline raster

Focal sum: (circle: radius 15)

Groundwater level

1.

2.

3.

Create a channel line system from the SRTM usithgeshold of 50 pixels.
“Extraction by mask” the pixels of the Elevationdgby the channel line pixels.
Definition of the coastline

Reclassification of the Elevation grid: Land aressgNodata while the sea pixels with
0 values get a value of 1. Raster to polygon t@nsdtion to create the sea polygon

(buffer zone is set to 90 m).

Clip(management) filled srtm, output extent a bdfe tenger polygon, clipping

geometry
*(



5. Mosaic channel line masked SRTM raster (point 2co&stline raster (point 4.)
6. Raster to point transformation

7. Creation of the groundwater level using the inté&apon to raster, natural neighbors

function.

8. Extract the groundwater level grid from the Elevnatito create the depth to

groundwater level grid

9. “0” values were increased to 0.000001 to avoid emgr due to dividing by O later in
the procedure, or to keep the value “0” for repnéisg the background

con ([gwl_uk_utm31] < 0.000001, 0.000001, [gwl_utmn@1])
10. Export img, cellsize : 482,2727949

11. NoData as O

Topographic Wetness index (TWI)
1. In(flow accumulation +0.000001 / slope percent $0@D1)

2. “0” values were increased to 0.000001 to avoid emgr due to dividing by O later in

the procedure, or to keep the value “0” for repnéisg the background
con (Jtwi_uk _utm31] == 0, 0.000001, [twi_uk_utm31])
3. export img, cellsize : 482,2727949

NoData as O

Upland/Lowland

1. [Focalmean ( elevation)] (resolution 482,2727949mdius 10 cells for the

focalmean circle)



2. (Elevation) — (Focalmean)
Positive values represent lowland, while the negadhes are upland.

3. “0” values were increased to 0.000001 to avoid emgr due to dividing by O later in

the procedure, or to keep the value “0” for repnéisg the background

con ([Juplow_fmean-elev_482 uk utm31] == 0, 0.00Q001 [uplow_fmean-
elev_482_uk_utm31])

NoData as 0

Marine and Estuarine sediments
1. Reclassification of (Elevation) into three classes:
below 0, O - 5, and above 5 meters
2. Focal majority (Circle range: 5.)
3. Con (isnull(focal majority), (reclassed srtm), @aajority))

4. Reclassification of the new grid into the value ‘fbt the cells having 0 to 5 meter

elevation, and value “NoData” for the rest of tlefi

5. Extract by mask with the Elevation to reset thesto®se after the majority function

caused shift.
6. Raster to polygon to create polygons with the e@esaievation range (0-5)
7. Creation of sea polygon

Reclassification of the Elevation grid: Land aressgNodata while the sea pixels with

0 values get a value of 1. Raster to polygon tanstion to create the sea polygon.
8. Selection of the 0-5 meter elevated areas alongdhstline:

a. select by location: with the “are within a distarafe..sea polygon” function,
buffer zone set to 10000 m).



9. “Create layer from selected features” to develapfthal Marine /Estuarine layers
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Layers:

— 1-15 MODIS PCA

— 16 elevation

— 17 slope

— 18 relief

- 19 TWI

— 20 groundwater level
— 21PDD

— 22 upland-lowland

— 23 February LST

— 24 April LST

— 25June LST

— 26 August LST

— 27 October LST

— 28 February band 6/1
— 29 February band 1/3
— 30 February band 7/6
— 31 April band 6/1

— 32 April band 1/3

— 33 April band 7/6

— 34 June band 6/1

— 35 June band 1/3

— 36 June band 7/6

— 37 August band 6/1
— 38 August band 1/3
— 39 August band 7/6
— 40 October band 6/1
— 41 October band 1/3
— 42 October band 7/6

*>
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A “two-stepped” classification was done in areakere the input parent material information
is very small scale or not thematic. Masking thédvaesolution LANDSAT images, so that
only the bare ground areas are shown and clasgityiese based on the small-scale parent
material data, gives the small scale maps moreilsletad with this detailed dataset, the

coarser resolution MODIS image can be classifiéetla

DOWNLOADING the LANDSAT images fromhttp://glovis.usgs.gov. Sample tiles

representing all important major geologic featuwese selected for the windows. The
images need to show the most bare ground withdhst lvegetation, so they should
originate from dates when the vegetation is seywveak, small in the spring or has

already dried out or had been harvested and thare snow.

Downloaded tiles and dates:

CE window:

tile: 187-026, date: 2000.10.23.
tile: 187-027, date: 2000.10.23.
tile: 189-026, date: 2000.10.21.
tile: 189-027, date: 2000.10.21.

o O O O o

o UK window:
o tile: 201-023, date: 2002.04.06.
o tile: 202-024, date: 2002.03.28.

MO window:

tile: 200-036, date: 2008.08.15.
tile: 201-036, date: 2002.08.12.
tile: 201-037, date: 2002.08.12.

o O O O
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O O O O O o o

tile:
tile:
tile:
tile:
tile:

tile:

CH window:

120-043, date
120-044, date
122-044, date
123-043, date
123-044, date
124-045, date

: 2001.12.24.
: 2001.12.24.
: 2001.11.20., 2002.01.07.
: 2001.12.29.
: 2001.12.29.
: 2002.11.05.

IMPORTING the TIF files to IMG with ERDAS Imagine.

ReEMOVING band footprint offset stripes (colored stripestba eastern and western

edges of LANDSAT images, which result from the fooits (location and spatial

extent) of each band are not being exactly the santle a model downloaded from:

http://arsc.arid.arizona.edu/resources/image psitg@$andsat/landsat.html

BAND RATIOS: some RGB band ratio composites show the diffegentogical / parent

material features better, then the any of the wailgband composites. The band ratios

used were:

o0 http://www.narss.sci.eg/uploads/Journal/06-12-20600.

band 5/ band 3
band 3/band 1
band 7 / band 5

o Vit penizek, JRC

band 3/ band 2
band 3/ band 7
band 5/ band 7

LAYER STACKING the bands: first the original bands, then the batids:

o For all windows:

1: band 1
2: band 2
3: band 3
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4: band 4

5:band 5

6: band 61

7: band 62

8: band 7

9: band ratio 3/1
10: band ratio 3/2
11: band ratio 3/7
12: band ratio 5/3
13: band ratio 5/7
14: band ratio 7/5

MOSAICING the images using ERDAS Imagine mosaic wizard.

MASKING: Areas which were covered with vegetation, snawvater were masked
out and only the bare ground places were left. TIMNDSAT classification

procedure was not applied to China.

MASKING OF THE VEGETATIONwas done by the following way:

NDVI (Normalized Difference Vegetation Index) waslaulated for the images

(ERDAS - Interpreter — Spectral Enhancement — ksliand choosing NDVI on

LANDSAT TM here and stretching it to unsigned 8eiger). By studying, comparing

the NDVI, the original satellite image and a larave&r map, a pixel value could be
found, that could be used as a threshold, abovehathie pixels indicate the vegetated
areas (sprouting or on the autumn image fallenddaleciduous forests, coniferous
forests, young wheat, corn and other crop seedlings pixel values above this

threshold needed to be masked out of the image.

NDVI threshold values were:

o CE window: 150
o UK window: 150
o MO window: 130

MASKING THE SNOW AND WATER
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NDSI (Normalized Difference Snow Index) was caltethfor the images by the
Model Maker function of ERDAS similar  to the NDVI.
http://www.gis.unbc.ca/projects/illpage/illpagednel

[(2-5)/(2+5) — GIobMIN ((2-5)/(2+5)) / GlobMAX ((B)/(2+5)) — GlobMIN ((2-
5)/(2+5))]*255

By studying the original LANDSAT image and the NDi&lage, a threshold could
again be found above which pixel values indicat@isor water, so these areas were

again masked out of the already NDVI masked image.
NDSI threshold values:

o0 CE window: 185
0 UK window: 150
o MO window: 185
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MASKING THE CLOUD COVER

Masking the cloud cover was done based on the quevinethod. The bands where
the clouds have a high reflectance are band 1 and b and the bands where they
have the least reflectance are the thermal bandsarsd 61 and band 62. From this the

cloud mask was calculated the following way:

(bandl+band:5-band6-band7)/(band1+band5+band6+handhis was then
normalized, stretched to a 0-255 scale by the shAmetion as in the previous
calculations: (raster-GlobanMIN)/(GlobanMAX-GlobaliN)*255.

Pixels above the threshold value were masked otlteoélready NDVI, NDSI masked

images.
Cloud threshold values:

o CE window: 110
o UK window: no clouds on the image
o MO window: 120

TRANSLATING the geological map to the e-SOTER unconsolidaggtlite types in case of
existing polygonal parent material data. After tltanslation, this parent material database
and the masked LANDSAT image were masked with eabler, so that only the not

NoData cells are classified.

CLAssIFICATION of the LANDSAT map using the polygonal parent mialedatabase
as training data with the MultiSpec software inecad CE and UK windows. For
windows with no existing thematic parent materiatadbase, such as Morocco, the
classification was done manually, by drawing tnagniareas based on the scanned
parent material map, the 5/3, 3/1, 7/5 RGB composit the masked LANDSAT
image and the SRTM DEM.

CLAsSIFICATION of the MODIS image:



The classified LANDSAT image then was used as imgidata for the MODIS image
in the final classification with the MultiSpec sotre.

At the end it was decided that classification bas@d ANDSAT images are only used in the
windows where the available parent material infdromais only very small scale or not
thematic. Like in case of Morocco, where the avddadata was only a 1:1 million scanned

geological map.

SOFTWARE USED
ArcMap 9.3

ERDAS Imagine 9.2

MultiSpec 3.1
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Process:

RESAMPLE: Resampling the satellite image classif@ers to 90m, which is the
resolution of all the other SRTM derived data

FOCAL MAJORITY: The original rasters are usuallyl fof scattered pixels,
which have to be eliminated for the vectorizingqass. Hence., a Focal majority
function with a 3 cell radius circle moving windasvapplied to the images.
(ArcMap focal statistics:circle neighborhood, 3lcatlius, statistics type majority,
ignore NoData checked) In case of rock, water, padtsapropel, which cannot be
dissolved into other polygons later, the radius wasto 5 cells. — name fmaj)
CONDITIONAL: ArcMap gives NoData to cells, whereetle were equal number
of cells from two dominant class in the neighborhosed by the focal majority
calculation. These NoData holes should be filledsTvas done with a conditional
function in the raster calculator of ArcMap, takitng values from the original
raster where the majority raster had NoData anuigusie majority raster’s values
at all other places. [Con (IsNull([majority rasfeldriginal raster, majority raster)
— name fmaj_nodata]

EXTRACT BY MASK: Cutting the focalmajority-nodataster, so that all the
input layers are the same size. This was doneAvitMap Extract by mask tool
and the mask data was the original SRTM DEM.

JOIN: Attribute tables loose all their columns epicd and Value, so the rest of
the attribute table fields had to be joined froma tiniginal raster based on the
Value at the end. After the join the data alwayd tuabe exported in another name
to save the changes.

COMBINE: After all layers were put to the same siasolution and projection,
they could be combined using ArcMap’s spatial asiatpmbine.

FOCAL MAJORITY: The combined raster was also mayofiitered with focal
statistics, 5 cell radius circle, majority, igndteData.

CONDITIONAL: The NoData holes were again filled bging the values from the
original raster where the majority filtered radtad no data values with a

conditional in the raster calculator
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9. EXTRACT BY MASK: As the focal majority increasesetlextent of the layer, this
was also cut by ArcMap Extract by mask tool with thask data being the SRTM
DEM.

10.JOIN: The rest of the attribute table was joinedhsy/Value to the majority
filtered, NoData filled, cut raster.

11.ATTRIBUTE TABLE — ADD FIELD - FIELD CALCULATOR: Nowthe
combined raster had an attribute table contairhiegcbdes from all the input
layers. However the new e-SOTER procedure workis #vitlasses to which the
codes had to be converted. This was done by theé Eedculator in the ArcMap’s
Attribute table options. (The details of these wmasses can also be read at point
9.5 Parent Material in e-SOTER procedure by Joeblssin.) These 4 new
classes are:

a. SURFCOND: 30 char, string (Major class in the Regikierarchy of
lithology for e-SOTER)
I. Attribute SURFCOND: surface condition of the pareraterial.

- X Background polygon
- n/a Not applicable
Missing data

- consolidated bare rock or eluvial/colluyi@ minantly
autogene) material

- unconsolidated unconsolidated material, |sEsEment

- water water
b. GENETICS: 30 char, string (Type in the Reviseddmieny of lithology for
e-SOTER)
i. Attribute GENETICS: genetics classes.
- X Background polygon
- n/a Not applicable
- Missing data
- alluvial recent alluvial deposits

- eluvial-colluvial eluvial or colluvial deposits

- eolian eolian deposits or non-re@utvial deposits

- marine/estuarine marine or estuarine deposits

- peat peat, lacustrine sedimentgegetation covered
&>



shallow water
- sapropel sapropel
- rock bare rock
c. TEXTURE: 30 char, string (Group in the Revised &iehy of lithology
for e-SOTER)
i. Attribute TEXTURE: texture classes.

- X Background polygon
- n/a Not applicable

- Missing data

- clay clay

- loam loam

- sand sand

- gravel gravelly sand
-diamicton diamicton

d. CARBONATE: 20 char, string (Subgroup in the Revikestrarchy of
lithology for e-SOTER)
i. Attribute CARBONATE: carbonate status classes.

- X Background polygon

- n/a Not applicable

- Missing data

- calcareous calcareous material

- non-calcareous  non-calcareous material

12. CONVERSION RASTER TO POLYGON: Only the new variabbee kept, all
the previous fields are deleted. The combined ragis then converted to polygon
by ArcMap’s Raster to Polygon conversion. The infld for the conversion was
the Value. Polygon simplification was not applied.

13.JOIN: The rest of the attribute table was againgdibased on the Gridcode of the
polygon data and the Value of the raster data.

14. CONVERSION FEATURE CLASS TO COVERAGE: The polygoarent
material data was converted to coverage to meeetB®TER aggregation
procedure requirements. The type was set to polyganeverything was left

default.



15.POLYGON LABELING: The coverage is not yet readyse by the e-SOTER
procedure as the polygons are not yet labeled.livgpean be done in Arcinfo
a. From the Arc: prompt in the folder where the cogereesides type :
copy coverage_name save
createlabels coverage_name
build coverage_name
Check the result in ArcMap

-~ ® oo T

kill save all
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