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Abstract. The Soil and Terrain digital database (SOTER) stores attribute data on landform and soils, the
United Nations Environmental Program (UNEP) create a soil and terrain digital database with a global coverage at a
spatial resolution of one kilometer approximately.

For a little country as Lebanon such data with a very low resolution cannot be useful, Until recently, only
manual methods were used to delineate SOTER (SOil and TERrain Digital Database) Units [21]. Theai-
mofourstudyisto apply aquantitativemethodtoderive terrain classes that match the physiography SOTER of the Leb-
anese territory at regional scale. According to SRTMdigital elevation model todefinetheSOTERTerrainUnit: hyp-
sometry, slope, reliefintensity and stream density. Several GIS techniques were employed to translate the SOTER
mapping concept. The four features are combined and vectorized to achieve the delineation of the SOTER Terrain
unit’s map at a spatial precision of 90 meters.
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Introduction. Many national organizations collect soil and terrain data. This is done at various scales and
using different mapping approaches, in accord with user requirements.

The Soil and Terrain digital database (SOTER) stores attribute data on landform and soils that are easily ac-
cessible. Initially, the idea of the SOTER begin in the mid-eighties by FAO, with the ISRIC-World Soil Information
and the United Nations Environmental Program (UNEP), to create a soil and terrain digital database [3,15,31] with a
global coverage of SOTER attribute data at a scale of 1:1 million approximately one kilometer of spatial resolution.

As a result of an agreement between ISRIC and Latin American countries in 1994 was the regional SOTER
database for Latin America and the Caribbean (SOTERLAC) at a scale of 1:5 million [19, 30]. Then SOTER data-
bases for Central and Eastern Europe (SOVEUR) [2, 16], Southern Africa (SOTERSAF), [17] and for Central Afri-
ca (SOTERCAF) [14, 27] have been completed at scales 1:2 million. National SOTER databases for individual
countries, like Senegal, Tunisia, Argentina, Kenya, Nepal, China and Jordan at scale 1:1 million were compiled in a
FAO coordinated program of Land Degradation Assessment in Dry lands [8, 14, 29].

National scale SOTER database for Lebanon till now is not made, for this reason our study came to solve
the physiography (landform) side not the lithological one which means the shape delineation of the Lebanese SO-
TER and mapping its structure.

The Physisography (landform) is characterized by 4 differentiating features: hypsometry, slope, relief
intensity and stream density. A GIS method based on the four differentiating features was applied for the delineation
and extraction of the SOTER physisography units from Shuttle Radar Topography Mission (SRTM) digital eleva-
tion models to form a second derivative SOTER physiography map.

ISRIC and its partners (IUSS, FAO, UNEP and national soil survey organizations) developed a uniform
methodology and software tools to compile standardized, harmonized ‘area-class’ maps and associated databases
using available data sources.

These area-class products present derived property estimates for over 15 soil properties (e.g., pH, texture,
caption exchange capacity, organic carbon and nitrogen, bulk density, and water holding capacity) for standardized
depths. These products are widely applied in a range of environmental and agricultural studies.

The target of our study is to delineate these ‘area-class’ of the Lebanese territory using a series of GIS algo-
rithms applied for the first time on this area.

As a first step the methodology uses a stepwise approach for identifying geomorphological terrain features
landforms: hypsometry, slope, relief intensity and stream density.

Classification and combination of these feature comes in a second last step in delineation of SOTER terrain units.

Lebanon is a mountainous land with an elevation interval 0-3080 above the sea level laying on an area of
10452 square kilometer, its physiography ranges from coastal plains in low lands, to very rugged and snow covered
high mountains. In such landscapes, topography is an overruling soil forming factor and responsible for a large vari-
ability in soil characteristics, distribution and soil depth.

Material and methods.

Source materials. This work of a detailed terrain database relied largely on the land system map at national level,
this land system map gives a detailed description of landform at a spatial resolution of 90 meters of original Digital Eleva-
tion Model (DEM) based on Shuttle radar topography mission (SRTM), It produced digital topographic data on 3 arc-
second grid which roughly translates to a 90-meter horizontal spatial resolution and an absolute horizontal and vertical accu-
racies are given as equal to 20 meters (circular error at 90% confidence) and 16 meters (linear error at 90% confidence).

The SRTM data of the study area is given in geographic coordinates (using as horizontal datum the WGS84
ellipsoid). The SRTM grid values are provided in terms of orthometric heights with respect to the geoid model com-
puted from the EGM96 geopotential model.

12



Since SRTM data became widely available and free of charges, many studies utilized them for applications
in topography [13], geomorphology [23, 41, 37], vegetation cover studies [32], and urban studies [20].

Hypsometry. The possibility of using DEM with hypsometric analysis can reveal the characters of eleva-
tion ranges, the evolution of these elevation ranges of different orders may be a consequence of the different factors
of relief formation and the presence of genetically heterogeneous forms of relief. For SOTER delineation map hyp-
sometric analysis is based on DEM interval classification [9].

The elevations interval of Lebanon begins from 0 the coastal plain increasing in altitude to 3080 m the
highest mountain of Kornet Es Sawda.

Table 1
Shows the classes of the Lebanese terrain

Hypsometry class Elevation interval (meters above the sea Level)
1 0-10
10-50
50-100
100-200
200-300
300-600
600-1500
1500-3000
Above 3000
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Slope.Slope is one of the most fundamental measures of landscape characteristics and first vertical deriva-
tive of elevation [12]. Slope refers to the angle of inclination of a land surface above the horizontal.

Slope can be calculated by geographic information systems through many mathematical formulas [6, 36,
22,33, 34, 38]. The accuracy of each method of slope calculation varies, and is dependent on the quality and spatial
precision of the base DEM.

The most common method for calculating slope in a geographic information system raster is to compute the
‘spatial derivative’[4,5]. The derivative expresses the rate of change of the data.The first derivative of elevation is

the slope and is calculated as follows:
2 2
Slope % =100 * (ﬂj + (ﬂj (D
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Where: AZx = change in elevation in the x direction
AZy = change in elevation in the y direction
AX = resolution in the X direction (2*grid cell)
AY = resolution in the Y direction (2*grid cell)
In raster GISs slope is calculated by passing a 3x3 kernel over the grid surface; slope for the center cell E is
computed from the surrounding eight cells labeled A, B, C, D, F, G, H and I as follows:

A B C
D E F
J H I

Many algorithms exist to compute slope.Differences between approaches are based on methods used to ob-
tain the AZ value for center cell E from cells A, B, C, D, F, G, Hand 1.

Slope is one of the most fundamental measures of landscape characteristics and reported as a driving varia-
ble in many ecological studies. It has been found to be related to: soil surface depth, subsoil texture, and internal soil
drainage, profil, and erosion of soil [34, 43, 50, 49, 41-46].

Slope are calculated with the ArcMap algorithm listed above basing to SRTM data set and classified as
suggested by the SOTER Procedure Modification workshop following table 2 classes [9].

Table 2
SOTER classifications as per [9]
Slope class Range of slope percentage

Flat 1 0-2

Gently undulating 2 2-5

Undulating 3 5-10

Rolling 4 10-15

Moderately steep 5 15-30

Steep 6 30-45

Extreme 7 Above 45
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The use of reclassified slope according to the SOTER classes in Table 2, gives too much spatial details by
defining polygons borders between classes.

Stream density (SD).Stream density (SD) is the total length of the permanent and seasonal streams and
rivers divided by a unit size of area (4):

2L
SD ==, ®

Where L is the length and ‘n’ is the number of (streams) rivers [26].

As a parameter in catchment studies stream density can be used in three main ways:

Firstly, it is related to watershed or physiographic characteristics such as relief ratio, rock type and basin shape.

Secondly, it is related to input and output of the drainage basin system.

Thirdly, Stream density may be useful in relation to studies of past [39] and future [42] conditions.

Stream density provides hydro-geomorphologists with a useful measure of landscape dissection and runoff
potential. A low value of drainage density indicates a highly permeable landscape, with small potential for runoff. A
high value of drainage density indicates a highly dissected surface [25].

Drainage density is clearly an important geomorphic variable [21] that has been related to climatic condi-
tions [7], flood peaks [21], mean annual discharge, and sediment yields.

When calculating stream network lengths using topographic maps, spiridonov recommend dividing maps
into a grid of 4 square centimeters [40].

According to the adopted methodology of calculating stream density, we divided the Lebanese territory into
equal squares of 2x2 kilometers within we determined the overall length of the stream network. 2757 squares of 2
kilometers constitute the shape of Lebanon and characteristic the level of details in drawing isodense (isolines of the
same drainage density values).

It has to be clarified here that the term ‘stream density’ is not identical to the one used by geographers and
geomorphologists.It is not based on the real stream network; it is only derived from a DEM.Therefore it does not
take into consideration the loss of surface water due to infiltration into the soil.

In our study, the stream density map of Lebanon was classified in two classes, the less dissected areas con-
vex surfaces and the more dissected areas concave surfaces table 3.

Table 3
Less dissected area have an SD values between 0 and 90 km /km’ and the more dissected areas above 90 km /km’
Class PDD value range (km/km®)
1: less dissected areas 0-90
2: more dissected areas Above 90

Relief Intensity (RI). The degree of dissection is difficult to quantify with the uses of paper maps and tra-
ditional methods (ISRIC, 1993). With the appearance of Digital elevation models and GIS technologies it makes
feasible to derive an artificial stream network, which characterizes the landscape dissection [10].

The data was processed in three steps. In the first step, a flow direction map was derived for DEM, then a
flow-accumulation values and stream network extraction.

The Relief Intensity (RI) is one of the most significant discriminating terrain factors in the SOTER Proce-
dure. It is defined as the difference between the highest and lowest elevations occurring within that area. It is im-
portant to note that relief intensity in a lot of articles is termed as “relative relief” In our study we divided the Leba-
nese shape into a grid of 2 by 2 kilometers with a calculation of all elevations statistics values (minimum, mean and
maximum) inside each square of the grid then with the application of the radial basis function we provide an inter-
polation to build the relief intensity map. The SOTER Procedure Modification workshop came up with a simplified
classification (Table 4) [9].

Table 4
The Relief Intensity classification as suggested by the SOTER Procedure Modification workshop.
Relief Intensity class Altitude range in meters
1 0-50
2 50-100
3 100-300
4 Above 300

SOTER Terrain Unit delineation. The SOTER methodology was initially developed as a land resources
information system for the scale of 1:1 million [47]. SOTER combines a geometric database with an attribute data-
base, storing the SOTER unit’s location. In our recent study we are solving the extraction of the Lebanese territory
geometric database which can be used in the future to build a Lithological SOTER map with the combination of a
soil attribute data. The SOTER concept is based on the relationship between the physiography (landform), parent
materials and soils within a certain area. It identifies landforms with distinctive pattern.
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It is known by many researches that SOTER Unit delineation is based on two primary soil formation phe-
nomena: terrain and lithology. Physiography is the first differentiating criterion to be used to characterize a SOTER
Unit. The term physiography is used in this context as the description of the landforms on the Earth's surface. It can
be best described as identifying and quantifying the major landforms, on the basis of the dominant gradient of their
slopes and their relief intensity. The use of these variables, in combination with hypsometric and stream density, can
delineate the study area in units forming the physiography SOTER map.

Worstell B., Edwin Hammond and Dobos, Montanarella have proposed an approach using DEM for SO-
TER Terrain Unit delineation based on landform classification methods. They used the 1 km resolution SRTM30
data as the base DEM, which is ten times bigger than SRTM 3 spatial resolution used by us which prove our micro-
scale resolution.

The aim was to apply a quantitative method to derive terrain classes corresponding to the SOTER concept
[28] using Shuttle Radar Topography Mission (SRTM) data.

The GIS layers of these attributes were derived from the SRTM digital elevation model by translating and
reformatting the terrain class characteristics given by the SOTER manual.
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Fig.1: The four maps of Lebanon derived from SRTM a) hypsometry, b) Slope, c)Relief Intensity, d)Stream Density

As per figure 1 a) the hypsometry map of Lebanon dividing the terrain in 9 intervals of elevations shows a
big territory of the study area are within the interval of 600—1500 in dark yellow color including Bekaa valley. Fig-
ure 1 c) the slope map highlight horizontal terrain of non-slope 0—2 % of Bekaa, Akar and coastal plains. The relief
intensity map shows a very high amplitude in the mountainous terrain of about 300 meters in dark brown enclosing
the Western Lebanese mountain chain. Contrary a very high stream density values in non-mountainous area such as
Bekaa, Akar, Koura, Beirut, Damour.

The classifications for the four terrain layers are described in the flowchart used to achieve the work figure 2.

After the extraction and classification of the hypsometry, slope, relief intensity and stream density. The
next step in the delineation process was to combine the information from the four SRTM-derived terrain thematic
layers as an output we got a raster derived layer of the SOTER unit, this grid had many small patterns.

DEM resolution tends to generalize the land surface and eliminate the Nano-scale patterns of the surface.
Thus, a generalization procedure was used to obtain the appropriate raster grid.

115



SRTM-DEM

Hypsc:»metry| |51épe] Reliefirlltens_ia Stream :density|

Combination

Mapping

Fig.2: A flowchart of SOTER terrain unit’s delineation

A GIS very useful command of generalization small areas ‘aggregate’. Aggregating several small polygons
together may result in a new polygon. The procedure is repeated until the resulting polygon system remains stable
and all the small polygons disappear. This grid is then vectorized to create a polygon shape file. In the GIS file all
common boundaries between the land units of a similar land system have been dissolved, creating a larger mapping
unit.

Result and discussion. Four terrain parameters were derived from the SRTM digital elevation model fig-
ure 2, after combination of these layers as result of the SOTER terrain unit’s delineation, we built the physiography
map of Lebanon figure 3.

Fig 3: A part of the SOTER Terrain Units polygon map

In figure 3 at the left side on mountainous terrain we can see a diversity of soil units at the lower right area
specifically in Bekaa valley only two types of soil terrain units are detected in dark and clear brown.

The polygon system derived by the procedure follows the main geomorphological trends, and identifies ter-
rain units according to the DEM spatial resolution. As a result of the rigorous, quantitative procedure, the polygons
represent relatively homogeneous units as far as the four terrain parameters are considered. The quantitative SOTER
is fully SRTM based which mean it has the same resolution of 90 meters.

The SOTER physiography map of Lebanon is constitute from 18 units of different terrain structures. The
dominated unit’s type is the concave foot slope one occupying 17% from the whole Lebanese territory.

Other wise 0.2% for the horizontal type of plan areas found in Beirut and Akkar.

If we compare the resulted SOTER physiography map with the UNEP created one we found that it is con-
stitute from 12 units which is very normal in cartographic generalization from a scale to other especially when the
spatial resolution is ten times higher.

Based on this experience, we may conclude, that the digital procedure failed to reproduce the same data-
base with different spatial resolution.

Conclusion. Many studies carried out the usefulness of digital elevation models for soil survey and charac-
terization. The Shuttle Radar Topography Mission (SRTM) project developed a global digital elevation model
(DEM), which is freely available. These sets of data and technologies can help creating a common platform for the
SOTER database development at local scale (country scale).
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We took the opportunity to apply the methodology of SOTER Terrain Unit delineation based on a DEM at
a country scale of Lebanon and compare it in the context of the SOTER global project.

This paper describes this new, quantitativemethod for creating a SOTER Terrain Unit polygon system, the
resulting SOTER database will have the advantages of quantitatively derived databases, namely consistency, homo-
geneity, limited data generalization problems, and will avoid edge-matching and harmonization problems. The re-
sults are satisfying. The delineation of the terrain features is appropriate to the targeted scales. Meaningful and ho-
mogeneous geomorphologic units were identified, hypsometry, relief intensity, slope and stream density. For gener-
alization of the polygon map a computer based GIS tool was applied.

For the first time a geographic information system (GIS) manages the geometric delineation of SOTER
units of Lebanon at a local scale (country scale) based on SRTM data sets. The physiography SOTER map of Leba-
non could be in a continuous part of a future study a classification of the SOTER Unit according to the lithology
needs to be done to complete the delineation procedure for studies of carbon stocks and changes, soil parameter es-
timation and assessment of land degradation.
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