CHAPTER TWO

[bookmark: _bookmark6]TERRAIN ANALYSIS AND CLASSIFICATION

[bookmark: _bookmark7]2.1. Attributes of terrain

Terrain has both physical and human attributes. However, analyzing the physical and man-made aspects of terrain features altogether are very much complex and broad enough to encompass. It is due to the fact that interactions with in the different physical attributes and between the physical and man-made attributes are complex and requires simplification. Therefore, for the purpose of this teaching material much emphasis is given to the physical component of terrain. Terrain analysis and classification is based on the physical characteristics of terrain. There are basically six attributes based on the physical characteristic of terrain. These are relief characteristics; geomorphologic process or genetic characteristics; rock characteristics (Lithology); soil characteristics (Pedology); hydrologic characteristics; and land use and/or land cover characteristics (vegetation).

Relief characteristics: The fundamental relief characteristics: elevation, slope, aspect, and profile are the basis of terrain analysis and visualization. Profile describes the shape of the relief in the direction of the slope. It gives the vertical impression of landscape. For instance, slope and aspect are used for hydrology, conservation, site planning and other infrastructure development. Aspect of relief includes characteristics such as height, exposure to sunlight (facing), slope steepness, and rate of dissection (frequency of elevation change).

Terrain attributes such as slope and elevation have been widely used in soil survey and continue to be a fundamental consideration in the understanding of landscapes. Slope and relative elevation can represent landscape features that have been used to classify and categorize the soils horizontally. Slope and aspect are fundamental geometric properties of the terrain surface at a given point.

Geomorphologic process involves those processes that directly or indirectly influencing various terrain features. These are terrain features end results of both surface and subsurface processes (degradational and aggradational processes) and other endogenic processes (earthquakes, volcanoes, faulting, etc.).

Rock characteristics (Lithology) involve the influence of rock structures on nature of soil, drainage condition, surface texture, etc. Example: Rocks are parent materials for soil formation and can act as a hindrance to stream flow direction and level of dissection.

Soil Characteristics (Pedology) involves soil depth, texture, drainage situation, land use and land cover types, vegetation situation, etc.

Hydrologic Characteristics involves the nature of surface and sub-surface water condition, water quality, etc. Analysis of hydrologic and hydro-geologic attributes of terrain is important in identifying the moisture regime, the rate of erosion, the drainage pattern, etc at a watershed level.

Natural vegetation (land use and/or land cover) is a characteristic of terrain that includes the existing land cover of the physical landscape and the involvement of human beings for various applications. The analysis of the land use and land cover or vegetation characteristics of the physical terrain is important in understanding how a given land uses and land cover type modifies the physical landscape.
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Approaches in terrain Analysis

There are basically two approaches in terrain analysis depending up on their physical properties on one hand and socio-economic environment of the terrain at another. These are: parallel approaches and two stage (successive) approach.

a) Parallel Approach

· Tasks both on physical and Socio-economic environment are undertaken simultaneously
· It requires large number of experts from different disciplines. In this case, geographers fit most of the work because of their background in social and natural sciences.

b) Two Stage (successive) Approach

· Tasks are performed one after the other, i.e., the physical aspect of terrain analysis is prior to the socio-economic environment.
· But, if the tasks are urgent, no budget constraints, no scarcity of human power; we choose the parallel approach because it saves time. But, parallel approach may not be cost effective and there may be management complexity than successive approach.

Approaches in terrain classification

Terrain classification involves the arrangement and grouping of the different areas of the earth’s surface into a variety of categories on basis of similarity of the type of features on and near surface attributes. Based on the above definition, terrain classification is limited to the physical aspect of terrain. The analysis and classification of landform is basic to terrain studies because landform can be defined as terrain features formed by internal and external earth processes and have definite composition and range of physical and chemical characteristics. In this context, it is linked to geomorphology, which generally describes landforms and processes that lead to their formation, and investigates the inter- relationships of these forms and processes in their spatial arrangement overtime. Terrain analysis and classification are primarily concerned with landform to be seen as terrain units for which geomorphic terms can be applied.
The study of terrain may therefore, serve as a basis for further studying in different disciplines. For instance, agriculture, civil engineering, military science, meteorology, urban and rural residential planning, natural resource conservationists, ecologists and archaeology uses different classification techniques to evaluate terrain features. For instance, in forestry, knowledge of terrain that is ‘the land as a working surface’ is required for planning forest operations.

There are three approaches in terrain classifications: the genetic, the landscape, and the parametric approaches.

a) Genetic Approach

· Much attention is given to geologic aspects and geomorphologic processes that creates it but with little attention to landforms, i.e., their geometric/ morphometric analysis.
· This results in a classification system composed of terrain units, systems and provinces, each gives only a general impression of a terrain.
· It serves mainly for reconnaissance surveys.
· It requires huge data because variation in characteristics of terrain attributes is least.
· It ignores the terrain components.

b) Landscape Approach

· It may serve the purpose better particularly if it is based on geomorphologic principles and by taking the landform, lithology and genesis into account.

c) Parametric Approach

· It is frequently too detailed and too academic to concentrate on a clear understandings of the gross interactions in the ecosystem.
· Considers the terrain components
· It is difficult to apply because identification of relationships and pattern of terrain components is not an easy task
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Terrain Classes
Terrain Classification involves the arrangement and grouping of the different areas of the earth’s surface into a variety of categories on the basis of similarity of the type of surface and near-surface attributes. The classification bringing together different land/terrain units based on common attributes of the materials. The classification is limited to the physical aspects of terrain; no cultural (human) aspects are included.

The study of terrain may serve as a basis for further studies in various applied sciences: agriculture, civil engineering, military sciences, meteorology, etc. The classification should be made on various scales of maps because terrain is something in space. If the classification is broader, we need smaller scale map and the opposite is true if we classify a very small part of land. For instance: in large scale maps, area coverage is smaller and maps show more details while in small scale maps, the area coverage is larger and shows less detail.

Terrain classification map show the abiotic environment and coincide quite well with maps made for land system surveys. They are perhaps closest to the general purpose geomorphologic maps like topographic sheets. The mapping units/ terrain classes can be defined in four hierarchic classification levels, which may emphasize different aspects of the geomorphologic and their potential use. The four levels of terrain classification from the smallest unit to the largest are terrain components, terrain unit, terrain system, and terrain province.

i) Terrain components
· They are smallest unit of terrain, where some sort of homogeneity/ similarity exists in terms of relief, lithology, soils, vegetations and geomorphologic processes. But, relief is the most important classification a criterion, i.e., more emphasis is given based on the aspect (facing) of the relief.
· At this level, generalization aerial classification is minor rather detail is made (generalization is important)
· The map scale, which terrain components are shown is 1:10,000 or larger.
· Such map at this level is used for special development projects: engineering, i.e., it provides detailed information.
· It is important for activities where much accuracy is needed.
ii) Terrain Unit
· It reflects both internal and external characteristics, which are distinct from those of the surrounding landforms within the same terrain system that are genetically interrelated. Therefore, relief, lithology and genesis are the main classification criteria.
· The classification is based on the similarity of the above factor in studying the genesis.
· The map scale in which the terrain units are represented lies between 1:10,000 and 1:100,000.
· Terrain at terrain unit level may be used for advisory and detailed development project planning.

iii) Terrain System
· It refers to a landscape unit of characteristic relief development in certain ecology frequently determined by genesis, lithology or climate.
· A terrain system will reflect repetitive patterns of similar and genetically related landforms in the surrounding terrain.
· The map scale suitable for showing terrain system, in principle, is larger than 1:250,000, i.e., medium scale category
· Terrain classification at this scale is used for feasibility surveys of multipurpose land development projects. For instance, analysis at micro watershed level corresponds with this level of classification.

iv) Terrain provinces
· These are the largest units into which complexes of terrain systems and units are combined.
· The suitable map scale is frequently smaller than 1:250,000, i.e., small scale category.
· Such levels of classification on maps may be used for identifying professional look for development projects or as a guide for development planning.
· It can also function as the framework for the more detailed studies.
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Types of terrain
[bookmark: _bookmark11]Major terrain features

Hill: is an area of high ground. From a hilltop, the ground slopes down in all directions. A hill is shown on a map by contour lines forming concentric circles. The inside of the smallest closed circle is the hilltop (Figure 2.1).
[image: ]
Figure 2.1 Hill

Saddle: is a dip or low point between two areas of higher ground. A saddle is not necessarily the lower ground between two hilltops; it may be simply a dip or break along a level ridge crest. If you are in a saddle, there is high ground in two opposite directions and lower ground in the other two directions (Figure 2.2).
[image: ]

Figure 2.2 Saddle

Valley: is a stretched-out or extended groove in the land, usually formed by streams or rivers. A valley begins with high ground on three sides, and usually has a course of running water through it. If standing in a valley, three directions offer high ground, while the fourth direction offers low ground. Depending on its size and where a person is standing, it may not be obvious that there is high ground in the third direction, but water flows from higher to lower ground. Contour lines forming a valley are either U-shaped or V-shaped. To determine the direction water is flowing, look at the contour lines. The closed end of the contour line (U or V) always points upstream or toward high ground (Figure 2.3).


Figure 2.3 Valley

Ridge: is a sloping line of high ground. If you are standing on the centerline of a ridge, you will normally have low ground in three directions and high ground in one direction with varying degrees of slope. If you cross a ridge at right angles, you will climb steeply to the crest and then descend steeply to the base. When you move along the path of the ridge, depending on the geographic location, there may be either an almost unnoticeable slope or a very obvious incline. Contour lines forming a ridge tend to be U-shaped or V- shaped. The closed end of the contour line points away from high ground (Figure 2.4).
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Figure 2.4 Ridge with a hill top represented by letter “A”

Depression. It is a low point in the ground or a sinkhole. It could be described as an area of low ground surrounded by higher ground in all directions, or simply a hole in the ground. Usually only depressions that are equal to or greater than the contour interval will be shown. On maps, depressions are represented by closed contour lines that have tick marks pointing toward low ground (Figure 2.5).

Figure 2.5 Depression
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Minor terrain features
Draw. It is a less developed stream course than a valley. In a draw, there is essentially no level ground and, therefore, little or no maneuver room within its confines. If you are standing in a draw, the ground slopes upward in three directions and downward in the other direction, i.e., following the direction of stream flow. A draw could be considered as the initial formation of a valley. The contour lines depicting a draw are U-shaped or V- shaped, pointing toward high ground (Figure 2.6).


Figure 2.6 Draw

Spur. It is a short, continuous sloping line of higher ground, normally jutting out  from the side of a ridge. A spur is often formed by two rough parallel streams, which cut draws down the side of a ridge. The ground sloped down in three directions and up in one direction. Contour lines on a map depict a spur with the U or V pointing away from high ground towards low ground (Figure 2.7).


Figure 2.7 Spur

Cliff. It is a vertical or near vertical feature; it is an abrupt change of the land. When a slope is so steep that the contour lines converge into one "carrying" contour of contours, this last contour line has tick marks pointing toward low ground (Figure 2.8A). Cliffs are also shown by contour lines very close together and, in some instances, touching each other (Figure 2.8B).

Figure 2.8A. Cliff	Figure 2.8B. Cliff

[bookmark: _bookmark13]Supplementary terrain features

Cut and fill. Cut is a man-made feature resulting from cutting through raised ground, usually to form a level bed for a road or railroad track. Cuts are shown on a map when they are at least 10 feet high, and they are drawn with a contour line along the cut line. This contour line extends the length of the cut and has tick marks that extend from the cut line to the roadbed, if the map scale permits this level of detail (Figure 2.9). Fill is a man- made feature resulting from filling a low area, usually to form a level bed for a road or railroad track. Fills are shown on a map when they are at least 10 feet high, and they are drawn with a contour line along the fill line. This contour line extends the length of the filled area and has tick marks that point toward lower ground. If the map scale permits, the length of the fill tick marks are drawn to scale and extend from the base line of the fill symbol (Figure 2.9).[image: ]
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