Support the spread of good practice in generating, managing, analysing and communicating spatial information

Module: [M11 - Participatory Mapping using Remote Sensing Images]

Unit: [M11U03 - Interpreting Aerial Photos and Satellite Images]

Exercise No. 1: Land-cover Mapping with Aerial Photographs
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Developed by: Jeroen Verplanke, University of Twente, Faculty of Geo-information Science and Earth Observation - ITC
Objective:

To practise the basic concepts of land-cover and land-use mapping based on aerial photo interpretation, and make a preliminary interpretation legend based on photo characteristics.
Time:

3 hours (5 hours including field survey)

Materials:

Computer, digital projector, printouts of Table 1 and Table 2, transparent overlays (four per participant, slightly larger size than the printed photos (A4 size)), pencils of different colours, permanent black, fine-tip marker, masking tape  

For each group of participants, two or three aerial photos taken at least ten years apart, showing significant land-use change in the general area where this exercise is given.

If such images are not available, this exercise includes some high-resolution images which are available in compressed format (aerial_photographs.zip) 
· Aerial photos: wesseler2009.jpg and wesseler1969.jpg (depicting a part of an urban fringe in 1969 and 2009) (File: wesseler.zip)  
· Aerial photos: horst1989.jpg, horst1998.jpg and horst2009.jpg, also depicting an urban fringe (but now over a period of 20 years) for a more elaborate exercise (File: horst.zip)  
Procedure: 
The following procedures include four assignments and an optional field survey. 

Assignment 1: Investigating an aerial photograph (horst1989.jpg) 
· Use the PowerPoint presentation PPT No. 2, Slide 4, and project Figure 1 on to a wall space or projecting screen. 
· Ask participants to find out how the photograph is oriented and if there are ways to tell which direction is north. (The direction of the sun (shadow) can be a clue and there can be a compass printed on the border of an aerial photograph.) 
· Invite participants to find out what information (meta data) can be found on the photograph. You may ask participants: "Can you recognise some items on the photo? Describe items A, B, and C in Figure 1.”
· Ask them if they are describing “land cover” or “land use”. 

· Clarify any doubts and questions. 
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Assignment 2: Preliminary legend 
· Before conducting the exercise, print out a copy of Table 1 and a copy of an aerial photo for each group. 
· Divide participants into groups of three to four people. 
· With the PowerPoint presentation PPT No. 2, Slide 5, show Figure 2. 
· As shown in the Figure, invite the groups to superimpose one transparent overlay on the aerial photograph (for example horst1989.jpg) and fix its upper edge to a table. Ask the groups to place a photograph under the transparency, and mark the fiducial marks with a permanent, fine-tip marker on the transparency. This way, the groups can always check to see if the photo moves under the transparency. If the transparency folds up during later drawing, they may tape the bottom corners to the table. 


[image: image1]
· Let the groups identify homogenous areas (units) and describe them in terms of photo characteristics (units are just unique polygons on the map, in need of an identifier which is recorded in the first column of Table 1). Characteristics are: tone or colour, pattern, texture, shape, size, height and location or situation (see the Handout4T). Ask the groups to record the description on the copy of Table1. In this way, they will create the interpretation legend for the image. 
· Ask the groups to mark each type of homogenous area/unit with a number or symbol (record this in the first column of Table 1). This can be numerical (1, 2, etc.) alphabetic (a, b, c, etc.) or a symbol ((,(,(). They should avoid long codes by combining letters, numbers and different types of numbers because long symbols do not fit into smaller polygons. See the example in Figure 3. 
· Groups should only fill in those characteristics which can be used to identify or discriminate among units. 
· You may help individual groups in case of doubts or questions. 
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Figure 3. Example of an interpretation legend

Table 1. Interpretation legend 
	Situation/ 

association
	
	

	Height
	
	

	Size
	
	

	Shape
	
	

	Texture
	
	

	Pattern
	
	

	Tone/hue
	
	

	Interpretation element

	Unit
	


Assignment 3: Interpretation 
· Continue working with groups of three to four people. 
· With the PowerPoint presentation PPT No. 2, Slide 8, show Figure 4 (see page 7). 
· Explain that the result of the land-cover interpretation should be a puzzle of polygons. Line features (e.g. roads) can be depicted as well, but using a different colour pen to create an additional new layer. A new layer should preferably be represented on a new transparency. 
· Explain basic cartographic rules on polygon maps: 
· All polygons should be closed (explain that Figure 4 is an example of crude and imprecise mapping; the groups' work should be neater than this). 
· Each polygon with the same characteristics should have the same symbol (label).

· The smallest possible polygon is 5 x 5 mm in general, or 2 x 10 mm for elongated units, because a symbol still has to fit in the polygon.

· Explain that in this example (Figure 4), a mix of classifications can be seen. All the units marked “A” are units that are homogeneous according to the image characteristics (see Table 1). The units marked with “B”, however, are chosen based on expected similarities in terms of land use within the unit. 
· Invite participants to try identifying at least four units on the photograph that are homogeneous according to their characteristics (see Table 1). They should start with the clearest (easiest) units first.
· You may help groups in case of doubts or questions. 
· Conclude the assignment with lessons learned by the trainees. 
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Figure 4. Example of land unit mapping, mixing image characteristics and land-use characteristics

Optional assignment: Field survey
· If participants are using an aerial photograph of the immediate area of the exercise, you may suggest conducting a field survey to assess the land units indicated on the map (participants should work in groups). 
· Explain that the purpose of the field survey is to observe what the different interpretation units on the aerial photographs are in reality.

· Invite participants to visit the units in the field and see what they are. In the field, encourage them to record at different locations the land cover and land use. When planning the on-field exercise, choose the locations in such a way that participants can visit all the units. 
· Invite participants to assess whether the land cover and land use are consistently the same within one interpretation unit. 

· Make sure that participants assess the land cover and land use at several places in each unit. This implies that within each interpretation unit, enough samples are taken to establish its contents. This increases the amount of samples drastically. Remember that time for fieldwork is limited. 

· Explain to the participants that in most situations, fieldwork is the most costly part of map making, and therefore should be limited as much as possible. Also explain that they should always ensure the participation of local residents to assist them in finding their way around the area. 
· With the PowerPoint presentation PPT No. 2, Slide 13, show Table 2 and ask participants to observe the land cover and land use of all points in the field, record them on the field data observation sheet and finally present and discuss their observations. 
Tips and options:
· Using a stratified representative sampling scheme is recommended for making this type of thematic map. Stratified means that sampling is done for each interpretation unit. In each unit, samples are taken which are representative for most of the area in that unit. 

· At least five samples per unit are recommended to investigate what the units are and whether units are homogenous or heterogeneous. If four or five out of five samples are identical, it can be decided that units are homogenous and are the same for the entire study area. Otherwise, units are considered heterogeneous. These units need more sampling (or should be subdivided into smaller units) in order to distinguish the field types, or to establish the proportion of occurrence of the different field types in an interpretation unit. 

· For this exercise, time is even more limited. First, participants do not have time to visit all units on different locations. Also, all participants will have different interpretations. Organising fieldwork with many interpretations is not easy to realise in only a few minutes. 
· For practical reasons, you may propose to follow a route in which all important units are visited at least once. With the help of local resource people, establish a route that can be walked in one hour and covers most of the units. Ask participants to mark this route on their overlays with a separate colour. Add sampling locations to this route by marking in each unit a dot and a consecutive number along the route line.

Table 2. Field data observation sheet for land cover and land use   
	No.
	Land cover
	Land use
	Remarks

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	

	17
	
	
	

	18
	
	
	

	19
	
	
	

	20
	
	
	

	21
	
	
	

	22
	
	
	

	23
	
	
	

	24
	
	
	

	25
	
	
	

	26
	
	
	

	27
	
	
	

	28
	
	
	

	29
	
	
	

	30
	
	
	


Assignment 4: Interpreting multi-temporal images for land-use change
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With the PowerPoint presentation PPT No. 2, Slides 14 and 15, show Figures Figure 5 and Figure 6 to explain the following assignment. Let participants work in groups on the printed images. 
· Ask participants to make a simple annotated overlay (tracing only the outline of the built-up area) of the recent images and overlay them on the older images. Most likely this will not be possible because usually the angle of photography and the scale are different. 
· Explain that these deviations are caused by the platform/airplane from which the photos are taken. A different flight may have had a different orientation of the platform (direction/tilt/jaw) at a different altitude, and maybe also a different camera. 

· If the overlay from one image can not be used on top of another image, participants should compare the overlays (or images) next to each other.
Tips and options:
· You may discuss that in Figure 5, the changes over 40 years are obvious. Almost all land cover has changed, and although the images do not completely overlap, it is easy to observe the changes in the areas where the overlap occurs. It is actually most difficult to see what has not changed over 40 years. Ask the participants to find this (see arrows in Figure 5). 
· With (Figure 6), it is more difficult to see the changes. Some changes are clear but others are small and unobtrusive. To thoroughly map changes or land use, it is important to use the mapping participants’ local spatial knowledge. Certainly in urban areas, many changes occur over 10 or 20 years. 

· Most likely, several things have changed multiple times in between the moments that these pictures were taken. People who have lived in the area will be able to explain and indicate what changes have occurred where. 
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Figure � SEQ Figure \* ARABIC �5�. Abundance of land-cover change over 40 years; a new urban area in the Netherlands





Figure � SEQ Figure \* ARABIC �1�. Detail of photo Horst1989.jpg





Figure � SEQ Figure \* ARABIC �2�. Fixing photo and transparency to a table





Figure � SEQ Figure \* ARABIC �6�. Land-cover change over 10 years in an urban area in the Netherlands; hard to see differences
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