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Practical 5. Cartographic modelling:

Land Capability Assessment

Aims:  This practical is designed to:

1. Introduce you to the concept of cartographic modelling using the example of land capability assessment; and

2. Give you hands on experience of overlay analysis in Arc GRID.

Objectives:  The steps involved in this practical are as follows:

1. Display the datasets in ArcMap or GRID;

2. Calculate slope from DEM using slope and use reclass to divide into slope classes(g);
3. Create GRID images of soil wetness class(w), soil limitations class(s) and erosivity class(e) from soil map data using polygrid in Arc;
4. Use GRID to overlay g,w,s,e input layers using MAX function to identify capability class (assume climatic limitations are equal over study area).

5. Display land capability classes with the ITE LCM90 data in ArcMap to compare actual with potential land use
Background

The study area focuses on the Long Preston area of the Ribble Valley and local uplands.  The agriculture is dominated by grazing land with some tilled land and scattered woodland and heath.  Land capability assessment methods can be used with available map data to determine the maximum use the land may be put to.  This can then be compared to the actual pattern of land use using the ITE Land Cover 1990 map.  

Land capability assessment

"The assessment of land capability involves an evaluation of the degree of limitation posed by permanent or semi-permanent attributes of land to one or more land uses. It is an essentially negative approach whereby as the degree of constraint increases, so the land is allocated to lower classes."

 Davidson (1992, p.57)

There are several different methods of assessing land capability, each one being developed with a particular country of region in mind.  The British method of land capability mapping is an adaptation of the US Department of Agriculture method. It is an assessment of the capability of the land from known relationships between crop production and management and the physical factors of soil, topography and climate. It is essentially a negative approach in which land is graded according to mixed qualitative and quantitative measures of limitations to land capability. There are seven land capability classes in the British method. Class 1 has a wide range of uses with few (if any) limitations, while the remaining six classes suffer from increasingly severe limitations and are progressively less flexible in the range of their potential land uses. Land capability subclasses are defined on the basis of one of more permanent or semi-permanent physical factors that limit production. Each of these subclasses is denoted by a letter (w, s, g, e, c) attached to the relevant class number (e.g. 2w or 6gs). The British method of land capability classification is detailed on a separate handout.

Task 1:  Download the data from the GEOG2750 web pages, uncompress into a new workspace using PowerZip and convert the .e00 and .asc files to ArcGIS readable format using IMPORT and ASCIIGRID, respectively.  Display the results in ArcMap or GRID.  In ArcMap the “raster-50k.tif” image may be drawn over the data and transparency set to 70% to provide context.

Preparing your data

The data provided is not yet ready for use for land capability mapping, and needs preparing for use.  The raw data provided includes a 50m resolution raster digital elevation model (DEM) and a vector soil map.  The DEM can be used to derive a slope map which can then be reclassified into a map of land capability gradient subclass (g). The attributes of the soil map include the relevant land capability subclasses for erosivity (e), soil limitations (s) and wetness (w) which can be used to create raster map layers for these land capability subclasses.

Calculating slope and the gradient subclass

Slope can be calculated from a DEM using the slope function in GRID as follows:

GRID: slope50m = slope(dem50m)

Where:  slope50m is the name of the output grid layer containing the calculated slope values in degrees from horizontal, and dem50m is the name of the input DEM.

The resulting slope map can be reclassified into the slope categories required by the British method of land capability mapping, namely: 0>3=1, 3>7=2, 7>11=3, etc.  The reclass function in GRID is used to reclassify maps using a remap table.  This is a simple text file (created using, say, Notepad) containing the breakdown of the classes to be used as follows:

0 3 : 1

3 7 : 2

7 11 : 3

11 15 : 4

15 25 : 5

25 90 : 6

This is then used together with the input raster data as follows:

GRID:  gradient = reclass(slope50m, slope.rcl)

Where: gradient is the name of the output grid layer containing the reclassified slope values, slope50m is the input slope grid layer (calculated from the DEM using the slope function above), and slope.rcl is the name of the remap table created above. Alternatively, both the slope calculation (Spatial Analyst > Surface Analysis > Slope) and reclassification (Spatial Analyst > Reclassify) can be performed in ArcMap via the Spatial Analyst toolbar.  

Task 2:  Use the slope function in GRID or ArcMap to calculate the slope map from the DEM and reclassify this into the gradient slope classes required by the British method of land capability mapping using GRID or ArcMap. Display these in ArcMap or GRID.

Converting the vector soil map into raster format

The soil map provided is in vector format and needs to be converted to a series of raster GRID data layers, each representing one of the three soil-based limitation subclasses, namely: erosivity (e), soil limitations (s) and wetness (w). Attributes in the Arc vector soils coverage describe each soil polygon’s limitation subclass for e, s and w. The polygrid command can be used in conjunction with the vector soil coverage and its e, s and w attributes to create the required raster GRID data layers as follows:

POLYGRID <in_cover> <out_grid> {value_item} {lookup_table} {weight_table}

Where: <in_cover> is the coverage containing polygons to be converted, <out_grid> is the grid to be created, and {value_item} is the attribute in the coverage attribute table used to assign codes to the <out_grid>

For example:

Arc: polygrid soils elimit erosivity

Where:  “soils” is the name of the input vector soils coverage, “elimit” is the name of the grid data layer being created, and “erosivity” is the name of the erosivity subclass attribute.

Remember, the contents of a vector coverage’s attribute database can be viewed using Tables when accessed from the Arc: prompt as follows:

Arc: Tables

Tables: sel soils.pat

Tables: items

Tables: list

Tables: quit

Arc:
Again, an alternative route is available in ArcMap.  The attributes of the soils vector coverage can be viewed by right clicking on the layer in the layer list window and clicking on “Open Attribute Table”.  Vector data can be converted to a raster GRID in ArcMap using Spatial Analyst > Convert > Features to Raster and selecting the input features, field (attribute value), cell size and output raster layer name. 

Task 3:  Convert the vector soils coverage into three raster GRID data layers using the erosivity, limitations and wetness value item (attribute), and display in ArcMap or GRID.

Land Capability Mapping: running a simple cartographic model

Now that the input data has been processed into the form required by the model, the model can be run in GRID.  Remember GRID is a simple to use yet powerful and flexible cartographic modelling package based around algebraic notation at the command line, i.e…

output = f (input)

In the case of Land Capability Mapping the model is a simple overlay model with the sole objective of finding the maximum limitation for each grid cell in the study area.  In GRID it is possible express the Land Capability model as a single line as follows:

Grid:  landcap = max(gradient, elimit, slimit, wlimit)

Where: landcap is the resulting output GRID data layer containing values for the maximum subclass limitation for the input layers specified, and gradient, elimit, slimit and wlimit are the input subclass data layers.

Note: Although there is a Raster Calculator in ArcMap it has limited mathematical/logical capabilities and cannot be easily used to effect the above MAX overlay.

Task 4:  Calculate the maximum land capability subclass limitation for the study area and display the results in ArcMap or GRID.  In ArcMap the “raster-50k.tif” image may be drawn over the data and transparency set to 70% to provide context.

Task 5:  Compare the land capability map with the ITE Land Cover 1990 map.  How does the current land use pattern match land capability bearing in mind that grade1/2 land ought to be used for arable and high quality grazing while grade 3/4 land is restricted to rough grazing.

