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

Manufacturing a three-dimensional (3D) model is a demanding task which requires accurate planning and logistical preparation. This handout summarises the process, from the preparatory work through the phase in which local knowledge holders depict their mental maps on the blank 3D model. 
Unit M10U04 deals with data extraction, while Module M12 deals with digitising and converting the data into a map format.  

2 Summary process
Figure 1 summarises a typical participatory 3D modelling (P3DM) process. 
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Figure 1.  P3DM and its integration with GIS

These are the basic steps in producing a 3D model and derived maps:

	1. Conducting preparatory work

2. Assembling the blank model

3. Preparing the map key

4. Depicting information
	5. Extracting data 

6. Digitising and manipulating data

7. Cross-checking and validating


Steps 1-4 are described in this handout. 
The P3DM’s main function is to generate, through a participatory process, spatially defined, georeferenced and scaled data. The P3DM process requires thorough preparation in procuring supplies, discipline in adhering to colour coding and precision in conducting all steps.  
3 Preparatory Work

3.1 Selecting the Area

Stakeholders may adopt a variety of criteria to define the geographical scope of the model, depending on the purpose of the exercise. The kinds of criteria may include:

· physical (e.g. topography, watershed, sub-watershed, location of infrastructure, roads)

· administrative (e.g. protected areas, buffer zones)

· environmental (e.g. ecosystems, habitats) 

· cultural (e.g. ethnicity, ancestral rights, values, customary tenure)

· socio-economic (e.g. settlements with associated resource-use areas, harvesting or grazing areas) 

· territorial (e.g. conflicts, disputes, causes and effects)  

Stakeholders should identify the area on existing topographic maps using a combination of these criteria.  Identifying an area is simpler if the guiding criteria are physical parameters (e.g. watershed) because these are relatively easy to identify. It is more complex to define areas when cultural and societal aspects are the lead selection criteria.

As a general rule, all areas that could be the subject of discussion should be included in the model.

3.2 Logistics

Logistics includes: (i) preparing an enclosed venue – sufficiently large and possibly with electric power – to allow the manufacture of the model; (ii) organising transport, accommodations and catering for participants; and (iii) procuring transport and storage for supplies.
3.3 Participants 
There are two groups of participants who can best contribute to constructing the model.  One includes students (from about 10-14 years of age) from local schools who will be responsible for assembling the “blank” model. The second category includes representatives of groups having vested interests in the area to be mapped. Their participation may occur at different stages of the process, particularly when the process involves dealing with conflicts. Each stakeholder group should nominate its representatives. This is best done once all stakeholders have been thoroughly briefed about the method, its strengths, weaknesses, opportunities and threats and after they have agreed to pursue the initiative (please refer to Unit M02U03 and Module M02).

Once the participants have been identified, facilitators should schedule their participation in the P3DM exercise based on their residence, economic endeavours, cultural affinity or other criteria. The maximum number of participants in one mapping session should be dictated by the perimeter of the 3D model.  In other words, the number of participants should not exceed the number of people who could stand or sit and work on the model at the same time. For example, a model composed of two units (1.2m x 2.4m) can accommodate approximately 25 people working at the same time. Facilitators should make their best effort to ensure that women and elders are adequately represented.
3.4 Secondary Data
To conduct a P3DM process cost-effectively requires having cheap and easy access to digital contour lines. If that is not possible, they can be digitised from existing maps, but the costs are relatively high. An alternative solution is to enlarge topographic maps by using digital copiers. While this is a cheaper process, it sacrifices accuracy. Additional data that needs to be gathered includes information regarding demography, land use, vegetation cover, resource tenure, the existing regulatory framework and whatever else might be relevant for the facilitators to understand the physical and socio-economic characteristics of the area.  
3.5 Identifying the Map Scale
In order for a map or 3D model to be most useful, it must accurately show locations, distances and elevations on a given base of convenient size. This means that everything featured on the map or model (e.g. land area, distances, elevation, etc.) must be shown in proportion to its actual size. 

This proportion is the “scale” of the map. Scaling exceptions include symbols like lines and points used to depict things such as roads, rivers and households. All these have to be drawn sufficiently large to be visible.

The scale of a map can be defined simply as the relationship between distance on the map and distance on the ground, expressed as a proportion, or representative ratio.  

This "representative ratio" means that 1 cm on a map is equivalent to:
· 500 m on the ground at a 1:50,000 scale; 

· 100 m on the ground at a 1:10,000 scale; 

· 50 m on the ground at a 1:5,000 scale.
Maps with smaller scales can accommodate fewer features. Maps with larger scales are more comprehensive and more able to be useful. Considering that P3DM aims to provide a visual aid, the larger
 the scale the better.  The ideal scale for 3D modelling is 1:10,000 or larger.  If the reference map is at a 1:50,000 scale, it needs to be re-scaled to 1:10,000, where one centimetre on the model corresponds to 100 metres on the ground; this is a scale that is pretty comfortable for people to locate data.

A scale of 1:10,000 is the limit beyond which individuals start having difficulties in locating point data (e.g. their household) with sufficient precision. Larger scales (e.g. 1:5,000) allow for quite accurate location of features. A one-hectare plot would measure 4 cm2 at a 1:5,000 scale, which is a pretty comfortable size in which to depict single plots and associated crops. 

The physical size of the model will dictate the time and resources needed for its construction and the space needed for its display and storage.  Usually, 3D models are constructed and stored at the same location. The model’s dimension should be discussed in advance with the prospective caretaker, which could be the local government, a school or a people’s organisation. 

For 3D models, scaling has to be applied both horizontally and vertically. The vertical scale (vertical exaggeration) may differ for the purpose of enhancing the perception of slope. Vertical exaggeration is often dictated by the availability of the construction materials and contour intervals. 
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Preparing the base map

Once scale, size and contour intervals have been defined, a customised topographic map, or base map (see Figure 2), has to be generated. The Terms of Reference for preparing a base map should include the desired scale, contour interval and grid. Elevation labels should be inserted along contour lines.  Contour lines should be drawn in a sequence of at least five different colours (please refer to sample handout).
3.7 Quick Reference Guide
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P3DM can generate scaled and georeferenced data. The fact that 3D models display the vertical dimension definitely helps informants identify landmarks and organise data spatially. Field experience has shown that scale translations between the real world and a map, or vice versa, are difficult. While the presence of the vertical dimension does facilitate locating point and line data, blatant inaccuracy may occur in sizing areas. 
As an example, farmers delineating the boundary of a woodlot of 3 ha (3 cm2 on a 1:10,000 scale model) may erroneously portray it larger (e.g. as a 25-hectare, or 25 cm2, plot). In fact, the natural tendency of informants would be to size an item according to perceived importance rather than to its scaled dimensions. 
While perceptions are of paramount importance, P3DM is meant to support the generation of georeferenced and scaled qualitative and quantitative data. Therefore, people’s perceptions and values may be better recoded by choosing a particular colour or symbol or simply by noting them as part of the process documentation. The “Quick Reference Guide” (see handouts for trainees) has proved to be a useful tool when estimating distances and areas.  
It is recommended that ad hoc quick reference guides be distributed to informants. Measurement units vary from country to country and frequently also within a particular country. Quick reference guides should match the system in use.
3.8 Procuring Materials

Procuring materials needed for manufacturing a 3D model is one of the most critical tasks. The handout “Illustrated Supply List for a P3DM Exercise” provides a sample inventory of materials needed for manufacturing one 1.2 m x 1.2 m model. Various map symbols should be available in sufficient quantity to accommodate the many variables that participants may want to record onto the model. 

3.9 Map Symbols

Map symbols and their categories (i.e. points, lines and polygons) serve as a graphic code for storing and retrieving data. Models and derived maps generally include a combination of all three.  These categories can be further differentiated – particularly on maps – by variations in colour, grey-tone value, texture, orientation, shape and size (Monmonier, 1996:19).

When using colour to characterise areas, decoding is made simpler when darker means "more" and lighter means "less". Colour conventions allow map symbols to exploit idealised associations of water with blue and forested areas with green. This implies that dense primary forest is dark green, secondary forest is mid-green and grassland is light green, and that deep waters are dark blue and shallow waters are light blue (Monmonier, 1996:22).2 

Size is well-suited to show differences in quantity and variations in grey tone are preferred to distinguish differences in rate or intensity. Symbols varying in orientation are useful mostly for representing directional occurrences like winds or migration streams. Line symbols best portray watercourses, roads, trails and boundaries and they may integrate additional variables like colour and size (thickness). A heavy line suggests greater capacity or heavier traffic than a thin line (Monmonier, 1996:23).2
Each symbol should be easily discernible from all others to clearly distinguish different features and provide a sense of graphic hierarchy. A poor match between the data and the visual variables may frustrate and confuse the map user. 

While choosing symbols for two-dimensional maps is limited only by imagination and logic, selecting symbols in 3D modelling frequently depends on the availability of materials, particularly push and map pins that generally represent point features. Colour-coded yarns and different colour paints can easily represent lines and polygons.

Facilitators should pay due attention to the significance of colour in a given context, as discussed in Unit M10U02. Once cultural implications have been considered, using standardised symbols allows users to unambiguously recognise features (see Figure 3). Standardisation also promotes efficiency in exchanging and comparing data and in producing and using 3D models and maps. Sometimes 3D models are manufactured at separate locations and assembled later. In these cases, it is essential to use codes consistently. Maps or models that share a common graphic vocabulary are definitely more powerful in conveying the intended message and are easier to decode.
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3.10 Construction Materials

Makers of 3D maps have used a variety of materials including plywood, corrugated or solid carton board, polystyrene sheets and foam mats. Corrugated carton board should be used in custom-cut sheets of single-wall corrugated carton – inner and outer liner and flute 180 g/m2.  Solid carton board is a good alternative because it is strong and durable and is available in a relatively wide assortment of thicknesses. Its relative disadvantages are its higher cost and weight. Also, because of its firmness, the board has to be cut with coping saws. 
It is also possible to use foam sheeting (see Figure 4)(i.e. expanded EVA/PE closed cell foam or sponge) which is cut, assembled and covered with epoxy paint or paper cut-outs. The sponge is a lightweight foam material which has a smooth surface and does not absorb water. Generally EVA sheeting is priced competitively with other blown materials and is available in different densities, thicknesses and colours. It is one of the materials most popularly known as expanded rubber or foam rubber sheeting. It is used to produce mouse pads, flip flops and sports mats. 3D models made out of this material are well-suited for humid tropical environments where carton board would deteriorate rapidly.
Making a 3D model with expanded EVA/PE closed cell foam sheets is slightly more costly than using carton board and produces non-biodegradable debris, but it ensures a more durable output and a consistent vertical scale/exaggeration. The assembly process remains unchanged. 
For ease of reference, the remainder of this document refers to using carton board, although expanded EVA/PE closed cell foam sheets could be used instead. 
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Assembling the Model

4.1 Orienting Participants

Orienting participants to the mechanics of construction should include some information about map reading and the materials being used. For example, “We are going to use a four-millimetre thick carton board for each layer because – at a 1:10,000 scale – 4 mm represents a 40-metre contour interval, or a 40-metre difference in altitude”.
4.2 Base Table

It is necessary to have a solid, purposely-constructed wooden table(s), 60-70 cm high, which exactly matches the size of the base map. One side of the base table should measure less than 1.8 m, to allow easy access to otherwise hard-to-reach sections. It may sometimes be easier to work on two or more units and join them on completion of the exercise.

4.3 Organising the Work

To assemble a 3D model, the facilitator should divide participants (usually students) into four working groups coached by facilitators.  In three days, a team of 20 students guided by three facilitators can construct a blank 1:10,000-scale model that measures five square metres (500 km2 on the ground) and involves cutting approximately 60 layers.

The first group, “the Assemblers”, prepares carton sheets, exactly corresponding to the size of the wooden table and base map. In a well-organised exercise, the carton board should have been cut to the desired size at the factory.
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A second group, “the Tracers”, fastens a second base map with carton boards one at a time by using binder clips. They select one corner of the map as a reference. They begin by identifying and tracing the lowest elevation contour on the map with a pencil and then mechanically transfer the outline to the carton board. 
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After tracing the selected contour line with a plain line tracers should use a dotted line to trace the next one (identifying a higher elevation) on the same carton board.  The first contour serves as a guide for cutting, and the second contour serves as a reference for pasting the succeeding contour layer. 
Once the first contour is traced, the carton board is handed over to the third group, “the Carvers”, who cut out the layer with scissors, cutters or coping saws. Each elevation contour is traced on a separate carton board and cut out independently. 
For clear identification, each layer is marked with a directional arrow indicating the North and an annotation about the elevation. 

The fourth group, “the Gluers", paste the carton layer on top of the previous layer(see Figure 5), making sure that it matches the reference contour. The various layers are then consolidated with crêpe paper and water-based glue.  A strong and resistant papier-mâché can be constructed from small squares of crêpe paper measuring 5 x 5 cm.

4.4 The “Blank” 3D Model

The outcome of the first phase is a scale 3D model that follows the bare contours of the landscape. 

The subsequent phases progressively enrich the model with georeferenced information, most of which reflects the mental maps of community informants. 
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5 Populating the Blank Model
5.1 Participation
Once the basic 3D model is completed (see Figure 6), key informants work on it in for a period depending on the size and complexity of the model and the number of participants. 

The venue should not be overcrowded. A model measuring 2.4 x 1.6 m can accommodate approximately 20-25 participants at a time (see Figure 7).  If 100 informants have been invited, they should be convened in groups.  The exercise should last for five to six days.  Informants’ sessions should overlap to encourage cross-checking of depicted data. 


5.2 Orienting Key Informants and Updating the Legend

Facilitators should stand close to the blank model and explain the process of depicting mental maps on it and remind participants of the importance of using the map legend in choosing colours and symbols. This is a good opportunity to invite the participants to revise the legend and to ensure that all understand its definitions and associated symbols. In updating the legend, the features to be depicted should be matched with available symbols (e.g. push pins, yarn and water-based paint). 

5.3 Depicting Mental Maps

Maps and models elicit strong alignment effects and can be confusing if improperly oriented. A model needs to be oriented North-South with a compass. The facilitators should arrange and display all the codes, making sure that each one is clearly associated with the real-world feature it represents. 
The facilitators should recall that humans organise spatial knowledge by initially looking for landmarks, then by establishing links among them and finally by developing a broader, encompassing understanding of landforms. Informants should be invited to locate and name in sequential order the mountain peaks, islets, water courses, roads, trails, social infrastructure and other features they use to orient themselves when moving around within their domains. 
This is a critical process that follows people’s inborn orientation and learning mechanisms and allows participants to progressively deepen their grasp of their whereabouts vis-à-vis the model. Thereafter, the facilitators should invite informants to use colour-coded yarns to delineate vegetation types, land use and other relevant features (see Figure 8).  
Informants should initially use yarn and dressmaker’s pins to identify areas instead of immediately painting or drawing; this allows them to negotiate the distribution, location and extent of any particular feature. During this process, the facilitators should call attention to the scale of the model, which is best done by using the Quick Reference Guide.  Water-based colours should be applied only once informants have agreed upon the location and extent of single features.  After the paint has dried, participants will locate point data and their descriptions with colour-coded push pins and paper tags. 

Bibliographic References
Bibliographic references and other recommended reading materials are listed in the handout: M10U03 – List of Additional Resources
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Figure � SEQ Figure \* ARABIC �3� 	Participants referring to the map legend, Pu Mat, Viet Nam, 2001, Image courtesy Giacomo Rambaldi© / ARCBC





Figure � SEQ Figure \* ARABIC �5� A layer is added to the 3D model. Image G. Rambaldi





Figure � SEQ Figure \* ARABIC �8� 	Rivers and roads are outlined on a 3D model. Image courtesy Giacomo Rambaldi ©/NIPAP





Figure � SEQ Figure \* ARABIC �4�	Participants cutting out layers of EVA/PE foam sheets to manufacture a 3D model in Nepal. Image courtesy Ms. Apoorva© ENRAP/ IDRC
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Figure � SEQ Figure \* ARABIC �7� 	Kalanguya Indigenous Peoples working on a 3D model in Kabayan, Benguet, Philippines, 1998. Image courtesy Giacomo Rambaldi©/ NIPAP





Figure � SEQ Figure \* ARABIC �6� 	Blank 3D model of Mount Guiting-Guiting, Sibuyan, Philippines, image courtesy Giacomo Rambaldi©/NIPAP





Figure � SEQ Figure \* ARABIC �2� 	Sample of base map. Image courtesy of Giacomo Rambaldi/ NIPAP





Humans tend to relate to maps better if the maps are aligned with the environment they represent. A correct alignment (or orientation) allows for maps (and 3D models) to be interpreted more rapidly and accurately. 





Preparing the draft legend








� N.B.  1:10,000 is a larger scale than 1:50,000.


� Monmonier, M. 1996. How to Lie with Maps, second edition. Chicago and London: University of Chicago Press.
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