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Practical 19. MCE for environmental assessment

Aims:  This practical is designed to:

1. Introduce you to multi-criteria evaluation using GIS; and

2. Introduce you to environmental assessment using a wind farm as an example.

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

1. Decide on criterion/factors required;

2. Pre-process factor maps (including standardisation of factor maps);

3. Decide on factor weights;

4. Build and run MCE model; and

5. Display results.
Background

This practical builds on previous work on wind farm location (practical 16) by addressing the problem assessing the environmental impact of a wind farm based on multi-criteria evaluation (MCE) techniques.  You are expected to identify the relative impact zones for a new wind farm proposed in the Yorkshire Wolds based on the datasets provided and your chosen methodology/logic. 

Preparing the data   

All the data are provided in the practical 19 zip file on the GEOG2750 web pages and need to be uncompressed and imported.

Task 1:  Download the practical 19 zip file from the GEOG2750 web pages, uncompress and import the .asc and .e00 files.  Display these in ArcMap or GRID.  A key and lookup table for the ITE LCM90 data are also provided.

Designing an MCE model

The first step in designing any model is often to draw a flow chart because it is quite complex and this will help you get things right first time.  This should start with all the data inputs and work through a series of operations, choices and user inputs towards the desired output (in this case a wind farm impact map).  The key stages in developing an MCE model are as follows:

1. Decide on data input;

2. Standardize input maps onto common relative numeric scale (e.g. 0-255);

3. Decide on weights to be applied to standardized input maps;

4. Apply weights;

5. Run MCE model on weighted standardized input maps; and

6. Display results as a relative impact map.

You may take the MCE model further by using ranking and reclassification methods to identify relative zones of impact.  Drawing the above as a flow chart will help you organize and pre-process your data before running the MCE model.  

Note: the data provided is mostly in its raw format (e.g. wind farm turbine locations points as .e00 export.asc file, and DEM as ASCII file).  These will obviously need importing, but may also need some form of pre-processing (e.g. distance may be calculated from the wind turbine points).

Task 2:  Think carefully about the problem of assessing the impact of a new wind farm using the data provided.  Draw a flow chart describing your chosen data and methodology including any pre-processing of the data required.  You may also like to start annotating your flow chart with the Arc and Grid commands/functions that you will need to use, but note that some of these will be new to you and are introduced below.

Task 3: Pre-process the data provided to create the input maps required by your flow chart (e.g. if a map of distance from wind turbines is required as an input by your MCE model, import the turbines point  .e00 file and calculate the distance from these locations to create a continuous distance surface).

Standardizing input data

MCE requires that all input data are mapped using a common scale of measurement since combining a map of altitude measured in metres with slope measured in percent or degrees is nonesense.  As it is unlikely that all input data will be measured in the same units it is usual in MCE to standardize (normalize) all input data onto the same relative scale.  This is usually 0-255, but other scales can be used (e.g. 0-1.0 or 0-999) so long as they are the same for all inputs.  This is often achieved using a linear stretch such that an input map with values ranging from, say, 25-871 metres, is transformed linearly to the chosen standardized scale, say 0-255.  This standardized scale has no units and represents relative values.

Standardization can be carried out in Grid using the slice function as follows:

Grid: standard = slice(input, eqinterval, 256, 0)

Where:  standard is the name of the output grid coverage, input is the name of the input grid coverage to be standardized, eqinterval is a keyword specifying that input data will be standardized using an equal interval method, 256 is the number of values/intervals the data will be split into, 0 is the value of the base or starting interval.

Important note:  Polarity is important in MCE.  If an input map describes a beneficial factor (e.g. the greater the distance the less the impact) then this needs to be standardized such that high values are ​low (i.e. low impact = good) in the standardized version.  If an input map describes a non-beneficial factor (e.g. the higher the population density then the greater the impact) then this needs to be standardized such that high values are assigned higher values in the standardized version (i.e. high impact).  It is not always safe to assume high = good since there are both negative and positive applications of MCE techniques (e.g. assessing site suitability = positive, while assessing potential impact = negative), so input maps describing beneficial factors in a negative application such as assessing the impact of a wind farm) need to have their polarity reversed.  A simple way of doing this in Grid using the abs (absolute) function after standardization is given as follows:

Grid: output255 = abs(input255 – 255)

Where: output255 is the name of the output grid coverage containing the standardized input data with reversed polarity and input255 is the standardized input data.

There is a way of achieving the same result in ArcMap.  This is done using Reclassify with the equal interval option and specifying 256 intervals.  Polarity can be changed in the Raster Calculator as follows:

output255 = (input255 – 255) * -1

Task 4:  Standardize all your input data map layers now.

Weighting the input data

Input data layers may all be deemed to be of equal importance to assessing environmental impact, but in most instances the model requires that they are assigned different priorities.  Indeed, the main reason for using MCE is to enable different weightings to be applied to input data.  The next stage in the MCE process is therefore to decide on the weightings or priorities to be applied.  There are many methods of assigning weights such as ranking and pair-wise comparison.  However, the simplest approach is via direct numeric weighting.  It is useful if the numeric weights assigned add up to 1 exactly. For example...

	Factor
	Weight

	Distance from wind turbines
	0.5

	Population density
	0.3

	Number of turbines visible
	0.2

	Total
	1.0


Task 5:  Decide on and assign weights to the input data.  Make a note of these on your flow chart in the appropriate place.

Building an MCE model in Grid

We have already built some simple cartographic models in Grid (practical 15 – land capability modelling) and building an MCE model can be surprisingly similar once the input maps have been standardized.  Perhaps the simplest MCE model is that of weighted linear summation, which simply takes the standardized input maps, multiplies their values by some user-specified weights reflecting their relative importance and adds them all.  The advantage of this method is that it’s both easy to understand (good if you are trying to explain your model to a lay audience or a politician) and implement.  Other models do exist such as hierarchical optimisation and concordance/discordance analysis, but they are much more complex and harder to implement. A weighted linear summation model for the above example may be expressed as follows:

Grid: impact = (turbdist255 * 0.5) + (popn255 * 0.3) + (turbviz255 * 0.2)

Where impact is the output grid and turbdist255, popn255 and trubviz255 are the standardised impact factor maps.

The same equation can of course be built up and evaluated in ArcMap using the Raster Calculator.

Task 6:  Build and run your MCE model.  Display the results in GRID or ArcMap. Try experimenting with different factor weights to see the effect of these.  How sensitive is your model to the specified weights? Try different combinations of input factors (e.g. try leaving a factor out of the equation). How sensitive is your model to the specified input factors? Can you think of any other data issues that might affect the results?



















































