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Abstract: To be able to plan land use changes well ahead before they occur, it is useful to 

provide communities with visions of how these changes may affect their landscape. For this 

purpose, we have developed an Envisioning System, which is designed to help communities 

contemplate alternative land use configurations. Our system links geographic information 

systems, virtual reality, and mobile computing devices, and environmental process models to 

build a platform that allows exploration and evaluation of future landscape scenarios. 

Alternative land use configurations can be suggested using the GIS interface. The changes are 

almost instantly visible in an immersive 3D environment for immediate evaluation. Using 

personal digital assistants, opinions on the visible changes can be fed back to the system, 

where they are collected. People can then determine if the probable changes accord with their 

values and adjust the extent or nature of the change accordingly. The aim of our EvS is to 

help communities learn about their local landscape, examine the consequences of the 

application of different values (including their own), and support informed decisions on land 

use planning issues. We tested our portable EvS platform in two public workshops in our 

study area, the Cudgewa Valley in northeastern Victoria, Australia. 

 

 

 



1.   Introduction 
 
In Bishop et al. (2004), we have introduced the concept of an Envisioning System (EvS) which 

allows rural communities to explore possible future scenarios of landscape changes. The EvS 

differs from conventional Decision or Planning Support System software, such as ‘What if?’ 

(Klosterman, 2001), ‘INDEX’ (Allen, 2001), and ‘CommunityViz’ (Kwartler & Bernard, 2001), 

in that it is less analytical but of a more ‘exploring and discovering’ character. The indicators 

the EvS provides are of a more indicative nature rather than showing concise answers for 

planning purposes. The main purpose of our EvS is allowing communities to explore possible 

future land use configurations, and allows them to evaluate the consequent indicators. 

Additionally, the EvS provides an interface for communities to express their opinions on 

suggested landscape changes and serves as a platform to educate communities on their 

interactions and relationships with their landscape. The goal of our EvS is to help 

communities finding consensus on desired future conditions and then implementing policies 

that will lead to appropriate land use changes. 

 

Our EvS is built on geographical information systems (GIS) (e.g., Batty & Longley, 1996), 

virtual reality (VR) (e.g., Graf et al., 1994, Liggett & Jepson, 1995), mobile computing devices 

(ref?), and environmental process models (e.g., Goodchild et al., 1997). It allows stakeholders 

and other community members to propose alternative land cover configurations in the GIS. 

These changes are almost instantly presented visually in an immersive 3D environment that 

can be navigated in real-time. It is also possible to review non-visual outcomes, such as water 

quality, that are based on approximate environmental process models. Using personal digital 

assistant (PDA) devices within a wireless network allow community members to express their 



opinions on the outcomes of the proposed landscape changes. In short, our EvS allows 

communities to interactively change the virtual representation of their landscape, evaluate 

immediate visual feedback, and express their opinions on those landscape changes. 

-  

Our EvS was successfully tested in two workshops in our study area. In this paper, we present 

the non-technical issues of our EvS and our experiences from the two workshops. The 

technical hardware and software details of the EvS are discussed in two other papers that are 

currently in preparation. 

 

2.   Case Study Area and Workshop Arrangements 
 
As a case study area for our EvS the Cudgewa Valley located in northeastern Victoria, 

Australia, was selected. This valley is of national significance as a part of the Murray-

Darling Basin. In this and many areas of the country, livestock production is the dominant 

enterprise. However, there is pressure for change as tourism and lifestyle development 

push land prices higher and, for example, forestry becomes more economic. As a result, 

both the structure of rural communities and the visual landscape in the Cudgewa Valley are 

expected to change markedly in the next 20 years.  

 

2.1.   Local Workshops 
 
We held two workshops in late 2003 in the town hall of Cudgewa using our EvS. Among 

the about twenty attendees at each event were stakeholders and other members of the local 

community. In the first workshop, we explored alternative land management options, while 

in the second workshop we concentrated on actual land use changes. In both workshops, 



we had a nominated facilitator who moderated the workshop content and managed the 

workshop flow over the two-hour duration of the workshops. The facilitator was a staff 

member of NECMA (North East Catchment Management Authority) and was familiar with 

the local concerns and needs of the workshop attendees.  

 

During the first third of each workshop, we presented a selection of scenarios, which were 

assembled in advance and were of interest to the workshop attendees. These scenarios were 

then discussed and votes were held to collect opinions on those presented scenarios. In the 

remaining time, we progressively changed the existing land use across the whole study 

area based on suggestions from the workshop attendees. This allowed the workshop 

attendees to explore and discuss landscape changes in more detail. During the discussion 

periods, we again held several votes to record opinions. In the first workshop, we also 

allowed selected individual farmers to make changes to their own land, while the rest of 

the valley would remain unchanged. While this exercise involved the respective farmers to 

a higher degree, the rest of the audience quickly became bored. We found that this 

approach was rather disruptive and we did not repeat this way of changing the landscape in 

the second workshop.  

 

During the first workshop, we explored level of landscape management in more detail 

(figure 2). After discussions with NECMA, it had been decided that this issue might help 

educate the local community on land management issues. While there are several 

management issues in the Cudgewa Valley (e.g., weed control, soil erosion), our EvS did 

not allow controlling each management subject individually, but we rather used a 



simplified model. Workshop participants could control the level of total management input 

(measured in resources - high, medium, low) for different partitions of land across the 

valley. We also allowed land use options that would improve the condition of the 

landscape in regards to some aspects (e.g., environment). Our land management and land 

use choices for the first workshop were annual grazing (high, medium and low 

management), perennial grazing (high management), re-establishing forest (high and low 

management), and riparian zones (high, medium and low management). 

 

During the second workshop, we concentrated on actual land use changes (figure 3). The 

available choices for this workshop were annual grazing, perennial grazing, re-establishing 

forest, farm forestry (hard- and softwood), horticulture (orchards, vineyards, vegetables, 

crops), and riparian zones. We assumed that all land use options were of the same 

management level, except annual grazing and riparian zones, which had a high and low 

management option. While it would have been of advantage to also explore management 

issues with alternative land uses, we felt that limiting the total choice of land management 

would simplify the flow of the second workshop. 

 

2.2.   Local Landscape Issues 
 
During the preparation of the workshops, we did some research into the landscape 

concerns of the Cudgewa Valley. From Landcare Australia reports and correspondence 

with NECMA and local community members, we found that major concerns were the 

spread of weeds, soil erosion, pest animals, water quality and quantity, and population 

migration to urban areas. We incorporated indicators for most of these concerns into our 



EvS. We also considered soil salinity and acidity, and native animal habitat since these 

were also of interest. However, we did not include pest animals and population migration, 

as we did not have any appropriate models. After the conduction of both workshops, we 

came to the conclusion that it would have been highly beneficial to have some sort of 

overall economic indicator. When we prepared the workshops, we felt that we could not 

incorporate a reliable economic model. However, the lack of such a model was one of the 

major criticisms by the workshop attendees.  

 

The land use options in our EvS are also based on correspondence with NECMA and local 

community members. Given recent economic pressure, some farmers have already started 

to consider alternative land uses. Among these are hardwood plantations and horticulture 

(nut tree plantations, vegetables, and crops). Some neighbouring areas of the Cudgewa 

Valley have significant areas of softwood plantations and vineyards. Softwood plantations 

are generally frowned upon by the local community, but a few individual farmers are 

starting to consider them. Another industry that locals feel as a good alternative worth 

expanding in is rural tourism. However, we could not think of a good way to visualise the 

effects of tourism expansion and hence have left it out of our list of land use options. 

 

2.3.   3D model of the Cudgewa Valley 
 
The 3D model of the existing features of the study area is described in Chen et al. (2002). 

The total model is 16 x 16 km large and includes a terrain model and 3D objects 

representing the existing features in the valley, such as buildings, trees, fences, and roads 

(see figure 1). The terrain is made of a ten-metre resolution DTM and has been textured 



with orthophotographs, which were derived from aerial photographs from Qasco-

VicImage. Fences, trees, and buildings were exported from ArcMap 8, using topographic 

data from NRE (Department of Natural Resources and Environment). Additional trees and 

buildings have been digitised from the areal photographs. The final tree and building 

database has then been updated with help from local farmers (e.g., trees that recently died 

have been removed and newly planted trees have been added). The workshop attendees 

found themselves readily at home and comfortable in the virtual model. Details, such as the 

addition of a recently planted tree plantation, or the removal of a tree plantation that had 

been ruined by rough weather gave the model a realistic character that was appreciated by 

the local community. 

 

To visualise alternative land uses, we have added new vegetation and buildings. We used 

ArcMap 8 to generate the locations of the new models. For low level management grazing 

we have increased the total number blackberry bushes to simulate the spread of weeds. The 

location of these new bushes was based on a weed-spread model with new infestations 

areas extending from forest belts and riparian zones. We also increased the number of dead 

tree stumps to simulate native tree dieback. For high level management grazing, we 

decreased the number of blackberry bushes and the ratio of dead trees to live trees. We also 

increased the total number of healthy trees for annual grazing. For perennial grazing, we 

reduced the number of total trees, due to the increase in soil salinity (according to 

correspondence with NECMA). Low management riparian zones have a high willow to 

native trees ratio, whereas in high management riparian zones the willow trees are 

completely replaced by native trees. For re-establishing forest, we added randomly placed 



native trees at high density. For softwood plantation we used pine trees at regular grid 

spaces, for hardwood plantation we used eucalyptus trees. For orchards we used rows of 

apple trees in bloom, for vineyards we used rows of vines, for cropping and vegetable we 

used rows of yellow crops and green vegetables respectively. For the more intensive labour 

land uses (horticulture), we also added sheds and houses to the study area. 

 

3.   System Components 
 
The components of our EvS are illustrated in figure 4. The workshop attendee’s main 

interface with the system was via the landscape simulation rendered onto the main projection 

area (600 x 150 cm), which gives a 135 degree field of view. The projection screen is back-

projected and portable. We used a second display device to show the current GIS view for 

reference. To enable additional user input we used small mobile computing devices that were 

able to communicate with our software via wireless links. We had the GIS desktop computer 

networked with the rendering system, and for the wireless connection of the handheld 

computers, we used Bluetooth wireless technology.  

 

The render computer is running our render software PA-render and sends the rendered 

frames in real-time to the three projectors. On the same machine there is also our server 

software PA-server running which allows the system components to communicate with each 

other. The GIS machine is running ESRI ArcMap 8 and an extension programmed with 

ArcObjects called PA-GIS. The PDA devices are running our software called PA-PDA. 

Manuscripts on the technical details of our EvS and the software components are currently in 

preparation. 



 
3.1.   PA-render 
 
PA-render is built upon a demonstration application called ‘perfly’ that ships with SGI 

OpenGL Performer. We have extended the capabilities of perfly for our use. Some initial 

extensions to PA-render are explained in more detail in Bishop & Dave (2001). For our 

purposes to display different land cover options, we have modified the scene graph 

functionality of PA-render. For each land use we have a set of pre-defined 3D objects, which 

are loaded into the scene graph during startup. Then, the individual 3D objects can be enabled 

or disabled during runtime.  

 

To show additional information, such as the current heading of the camera view in a form of a 

compass or voting results after a voting call, we have added an overlay window to PA-render 

(figure 1). In this window we can render 2D symbols, such as icons or text. We also show the 

current time step of a simulated landscape change in years, for example when we are 

animating tree growth. We also use the overlay window to display colour coded iconic 

information on non-visual outcomes of landscape changes, such as water quality. 

 

3.2.   PA-GIS 
 
Our ESRI ArcMap 8 module, which we called PA-GIS, allows us to connect to PA-server and 

manipulate the current landscape scene in PA-render. PA-GIS allows us to select areas in the 

2D map and change their associated land use. We also added the functionality to generate 3D 

models in Wavefront OBJ format and to randomly place them using spatial data from the 

study area. We used this functionality to build the alternative land use models for PA-render. 

 



PA-GIS also supports some basic features to navigate quickly to a pre-defined or any other 

location within the 3D view. The pre-defined locations typically were particular points of 

interest within the study area, and the user could also freely select any spot on the 2D map. 

The PA-GIS interface also allows a user to start a voting process by selecting a ‘yes/no’ vote 

or a ‘rating’ vote and typing a question to vote on. Finally, PA-GIS is also used to run 

environmental process models for non-visual impacts on the land cover configurations.  

 

3.3.   PA-PDA 
 
We have written a stand-alone application, which we named PA-PDA, for the personal digital 

assistants (PDA) devices. The PDA can be used for navigational tasks, by selecting moving 

forward or backwards and turning left or right on the PDA screen. This way of navigating is 

very similar to ‘walking’ in the 3D environment and is useful for exploring limited areas of the 

study area. To cover large distances the navigation tool in PA-GIS is more useful.  

 

To get feedback and opinions from workshop attendants on landscape changes, PA-PDA 

offers a voting interface. As soon as a vote is started from PA-GIS a new dialog box with the 

question and voting options appears. When the voting is finished, PA-PDA will send the 

results of each PDA device to PA-server. There the results will be added and they will be send 

to each PDA device and PA-render.  

 

3.4.   PA-Server 
 
To enable the three system components (PA-render, PA-GIS, and PA-PDA) to interact with 

each other, each component has the capability of sending messages to, and receiving messages 

from, another component. The three components are programmed as clients and PA-server 



acts as a communication interface. The communication between the clients and the server is 

using TCP/IP. There are a number of different messages that each client can send and receive 

(and interpret). For example, to change the currently visible land use PA-GIS sends messages 

to PA-render (via PA-server) and upon receiving the messages, PA-render will change the 

current scene graph. 

 

4.   The Workshop Environment 
 
PA-render and the main screen are used as a feedback device to visualise the virtual landscape, 

while PA-GIS and PA-PDA provide the interfaces for user input. Although the GIS view is 

also used to show the study area in a 2D view, it’s main use is to allow workshop attendees to 

manipulate the virtual landscape. Workshop attendees can navigate around the virtual 

landscape in real time using PA-GIS and PA-PDA. Finally, PA-PDA allows feedback from 

the workshop attendees on alternative land configurations. 

  
4.1.   Alternative Land Cover Exploration 
 
In our system, PA-GIS provides the interface for making all land cover changes. During 

the workshops, we showed a 2D map of the study area (including typical features such as 

roads and buildings) on a plasma screen, so it would be visible to all workshop participants. 

A specially trained person from the community was controlling the GIS interface. Having 

one controller had the advantage of avoiding confusion of possibly having multiple people 

changing the landscape at the same time. While we had some predefined land cover 

scenarios for demonstration, we also asked the workshop attendees for suggestions, which 

where then put into place by the GIS controller. 



It may be of advantage to be able to change the landscape arbitrarily in space, but this 

approach would require rebuilding the 3D model in PA-render on the fly which would halt 

any rendering for possibly several minutes. To avoid this disruption, we have divided the 

study area into ‘management units’. Each management unit is defined as a polygon and 

each polygon can have one land use type associated. To build the units we used cadastral 

boundaries, fences, roads, and streams. We also sent aerial photographs to the stakeholders 

and asked them to mark the boundaries to what they would consider to be a management 

unit. This way we could construct a management unit set which allows spatially realistic 

land use changes. 

 

Initially, we have divided the study area into about five hundred management units. This 

number proved to be too much strain onto our computer system, and we have drastically 

reduced that number to only ten units. We ended up with one riparian zone along the main 

stream, and one along the side streams. Further, we had three management units classified 

as low slope, three classified as medium slope, and two classified as high slope. These 

management units were a patchwork of the original five hundred units, i.e. the final units 

contained a random selection of the original units (see figure 5). This way, we could, for 

example, change one third of the low slope area to a different land cover type across the 

whole study area. Originally, we were planning to incorporate land cover suitability data 

into the management units, but it turned out that most of the flat land was in the same land 

suitability class and most of the non-flat land was in a second suitability class. Therefore, 

we decided that the division of land management units based on slope was sufficient.  

 



After conducting our workshops, we have to conclude that while five hundred management 

units would have given more flexibility, this would have not worked very well from a 

workshop flow point of view. Having had a small number of management units made the 

landscape presentations and explorations during the workshops more compact and also 

more engaging. 

 

The current land use configuration can be changed in PA-GIS via a toolbar option. The 

user can pick a predefined list of land use and land management options (see figure 6). 

Another parameter we can control from PA-GIS is progression of time. For example, if we 

‘plant’ a new forest in a management unit, trees would start out very small. We can add 

five years by pressing a button on the toolbar and watch how the trees grow. For our 

workshops, we have allowed three time steps, each covering ten years. We start at the time 

step five years and can increase the time to fifteen and twenty-five years. We considered a 

land use to be fully grown after twenty-five years. We can also set the time back to five 

years if we want to, so we can cycle through all three time steps for comparison. Every 

time we select a new land use for a management unit, the time will be set back to five years 

for the particular unit, to simulate that the new land use has been newly ‘planted’. 

 

Using ArcMap, we can easily store active land use configurations by saving the current 

management unit configuration as a separate layer. Hence, it is possible to save evolving 

configurations for later use. We call the different land cover layer ‘scenarios’. For our 

workshops, we showed some pre-prepared scenarios of interest to the workshop attendees. 



To quickly update the 3D view we can send a complete land cover configuration from PA-

GIS to PA-render. 

 

We built a ‘current’ scenario for the workshops, which reflected the current land use 

configuration of the Cudgewa Valley and included predominantly medium level 

management annual grazing and riparian zones. The other scenarios we presented in our 

workshops were land use configurations which we found to be appropriate alternatives. For 

example, in our first workshop we had an ecological scenario which consisted of forest 

regeneration on the upper slopes, perennial grazing on the lower slopes, and high level 

management riparian zones. In our second workshop, we had, for example, an economical 

scenario which featured vegetables and medium level management annual grazing on the 

flat land, orchards and hardwood plantations on the medium slopes, high level 

management annual grazing on the upper slopes, and medium level management riparian 

zones. The details of our scenarios are described in Bishop et al. (2004). 

 

4.2.   Interactive Navigation 
 
We also programmed some navigational functionality into PA-GIS. The GIS user can click 

onto any location on the 2D map and the viewpoint in the 3D view will be updated 

accordingly. The GIS user can also select a location from a list of pre-defined viewpoints, 

which can be, for example, residential places of workshop attendees and viewpoints that 

are well suited to give a good look over the valley. Using this functionality, the GIS user 

can quickly navigate to locations that are of interest in the workshop environment. 

 



To allow workshop attendees to navigate using the 3D view, we have built navigation 

functionality into PA-PDA. The screen of the main window of PA-PDA is divided into 4 

quarters, i.e., top, bottom, left, and right (see figure 7a). Holding the stylus onto the screen will 

result in continuous movement in the 3D view, e.g. holding the stylus onto the top part of the 

screen will result in continuous forward movement. The other quarters will result in backward 

movement and left and right turns. The distance from the centre of the PDA screen linearly 

relates to the speed of the movement on the 3D screen, i.e., closer to the centre results in 

slower movement. This interface simulates walking motion in the 3D interface. While this 

navigation mode allows the workshop attendees to further explore the area around the current 

viewpoint, it is not very suitable to cover large distances. In those cases, the navigation 

interface in PA-GIS is more suitable. We found that this feature contributed significantly in 

engaging workshop attendees. 

 

4.3.   Feedback and the Voting System 
 
One of the main purposes of our EvS is to provide a discussion platform for rural 

communities to discuss landscape changes. For support of this discussion platform, we 

have developed a technical solution to collect feedback via voting using handheld devices. 

Our implementation allows for individual workshop attendees to vote on questions that can 

be asked at anytime and also records the answers. 

 

A vote can be started for PA-GIS at any time, which requires selecting a vote type and 

typing in a question. The question will appear on the PDA devices with appropriate answer 

options. Each workshop attendee is able to cast a vote by selecting an answer (see figure 



7b). The answers will be collected on PA-server and once the vote is finished, the results 

will be displayed on PA-render and the individual PDA devices. PA-render only displays 

the overall vote result (see figure 1c), whereas the PDA devices give a detailed voting 

summary on all answers from all PDAs and the individual PDA (see figure 7). The results 

are also written into a log file on the server for later evaluation. 

 
Our system supports two types of votes. The first one is a simple yes/no vote. For example, 

workshop participants could be asked if they would consider the current shown land use 

scenario as a viable future option for the study area. The answer options for this type of 

vote are ‘yes’, ‘no’, and ‘undecided’. The other type of question is for rating the subject of 

the question from one to five. For example, the audience could be asked to rate the scenic 

beauty of the current view. In the case of the yes/no vote type, PA-render displays the total 

yes and no votes, whereas in the rating vote the average rating score is displayed. The PDA 

devices show the individual votes for all options. 

 

Our system supports up to six PDA devices whereas the number of workshop attendees 

typically ranged between twenty and thirty. Therefore, the workshop attendees had to share 

the PDA devices. Every attendee was allowed to make one vote and then had to pass the 

PDA device on to another attendee. Once every attendee had cast a vote, a ‘done’ button 

had to be selected on each PDA device to signal the end of voting. After all votes were cast 

and the results were displayed, the workshop facilitator would encourage further discussion 

of the results. The results of the voting from the workshops are discussed in Bishop et al. 

(2004). 



 

Obviously, our voting procedure is based on an ‘honour’ system, i.e. it relies on workshop 

attendees only casting a vote once and not multiple times. Since this system is designed for 

future explorations of study areas the workshop attendees typically live in, it should be in 

the interest of an individual not to vote more than once, and we have found that this was 

the case (i.e., no extra votes were cast). We further found that the PDA devices are the 

most critical part of our system during the conduct of the workshops. Simply switching off 

a PDA device will make the device loose its Bluetooth connection to PA-server, and the 

reconnection can be cumbersome and requires some technical skill. Even when PA-PDA is 

inadvertently minimised, it is not easy to recover for someone who is not very familiar 

with PDA devices (and the typical workshop attendees are not). With even only three PDA 

devices in circulation this happened a couple of times during each workshop and lead to 

inconvenient disruptions in the workshop flow. 

 

We labelled each PDA device differently, so we can associate incoming votes with the 

device they were cast on. This is useful if we wanted to split the workshop attendees into 

separate interest groups, for example, local stakeholders, ecological conservationists, and 

tourists. However, we have not actually done this as yet, since there was not enough time 

during the workshops. 

 

4.4.   Non-visual Impact Modelling 
 
Apart from visual feedback, rural stakeholders and communities also have a great interest 

in non-visual outcomes of landscape changes. Our system supports feedback on non-visual 



outcomes via ‘executive summary models’ running on the GIS and iconic feedback on PA-

render. We have incorporated a number of non-visual impacts that were of concern to the 

landholders in our study area. These were water quantity and quality, soil erosion, acidity 

and salinity, and native animal habitat. Economic models such as employment rate and 

sustainability have not been implemented as we felt that the models would give too 

uncertain results. However, these models are quite important to stakeholders and it would 

be of advantage to incorporate such models. 

 

Since our system running has to run in real time in workshop environments to avoid 

disruptions, we could not use complex models that would take several hours (or even 

minutes) to calculate non-visual outcomes. A computing time of ten seconds may just be 

justifiable but everything above that will stretch the patience of the audience unnecessarily. 

Therefore, our main goal was to give an estimated general indication of an outcome. 

Rather than showing actual values for a specific land use change scenario, we show the 

result of a comparison between two scenarios. Our model results will only indicate if the 

second scenario has a higher or lower outcome than the first scenario, and if the difference 

is high or low. For example, a scenario predominantly using extensive grazing may result 

in better water quality than a scenario predominantly using intensive irrigated horticulture. 

Also, we only consider the study area as a whole, but not local variations in outcome. This 

is not a problem for our system as we are only interested in the study area as a whole. Our 

EvS is not designed to be a decision support tool, which a single stakeholder can use to 

evaluate individual choices, but a future envisioning tool for the whole community of a 

study area.  



 

To calculate the outcomes for the individual non-visual impacts, we are using a value table 

for each impact. In this table, each land use has a corresponding value from zero to one 

hundred. A low value corresponds to an unfavourable outcome for a land use and a high 

value corresponds to a beneficial outcome. For example, mature forest is highly beneficial 

in the case of soil acidity (reduction), whereas growing vegetables is highly unfavourable 

(increase of level of soil acidity). Then, for each management unit the land use value 

(depending on which land use is assigned to it) is multiplied by the total area of the unit. 

The total outcome is the sum of all management units. The values in our tables are an 

aggregate of ‘expert’ opinions. We have asked several scientists, who are experts in the 

respective fields, several staff members of NECMA, and also local farmers for their opinion 

and collated their input. 

 

During the workshops, the GIS operator can start an impact comparison between two 

scenarios at any time (see figure 8). This could, for example, be a comparison between the 

original land use configuration of the study area and an alternative pre-made scenario, or 

between two scenarios that have been built during the workshop by input from the 

workshop attendees. The results of the impact comparisons are displayed in iconic form in 

PA-render (see figure 1). Furthermore, we used the impact modelling to see if the opinion 

of the workshop attendees would change upon land use changes, if we show them the 

visual changes first and the non-visual impact outcomes afterwards. Largely, we found that 

the opinions do not change. 

 



Given our simplified models, there may be a concern that our non-visual outcome 

modelling can mislead the workshop participants into having wrong perceptions of a 

particular land use change. However, we do not see the actual accuracy as the major 

problem. While there may be existing models that produce greater accuracy, our system 

will still give a rough estimate that should qualify the user to make an initial assessment. 

However, the negligence of the spatial dependency of any impacts can be a much bigger 

problem in cases where local effects may be of relevance (for example, it may be sensible 

that surface water flow in a management unit is reduced by neighbouring forests upslope). 

In any case, for actual planning purposes, a more thorough analysis has to be done after 

this initial assessment. 

 

5.   Summary and Outlook 
 
Our EvS allows rural communities to explore alternative landscapes and landscape changes in 

an interactive workshop setting. Our system combines geographical information systems, 

virtual reality and mobile computing technology. It provides visual feedback on landscape 

changes using an immersive display and feedback on non-visual outcomes using iconic 

indicators. In the workshop environments, attendees can assess and discuss the given 

feedback and express their opinions via a voting system. We have also sent out two series of 

questionnaires to the community of the Cudgewa Valley and are currently evaluating these. 

The results of our workshop voting sessions and the questionnaires will be published at a later 

stage. 

 



While the technology side of our EvS worked very well, we realised after the conduct of 

both workshops that it is necessary to pre-plan the use of the technology to a higher degree 

than we did. We felt that there were a number of issues relating to the workshop flow that 

should be addressed in further workshops. For example, the audience needed some time to 

get acquainted and comfortable with the system. Also, the lack of photo-realism, due to the 

constraint that modern computer systems are not quite powerful enough yet to deliver this 

degree of detail in real-time, was a minor concern for some workshop attendees. 

Interruptions due to technology failure (i.e. the inadvertent switching off of PDA devices) 

caused irritable disruptions. Furthermore, actual workshop content was exposed very 

slowly and could have been more purpose driven. A workshop coordinator with prior 

training in how the EvS works and a clear concept on what outcomes are desired would be 

beneficial for the flow of further workshops. We consider that it would be very worthwhile 

to study how such technology driven workshop environments are best conducted.  

 

Our EvS can be easily adapted to other study areas. The major work would involve 

building a 3D model of that study area. Other work would include the updating of the land 

use option list and the impact models. We are currently expanding our work and are 

starting to develop a system that will take spatial data anywhere in Australia and turn it 

into 3D models automatically.  
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Figure 1: Current Cudgewa Valley. This shows the current vegetation and buildings in 
the Cudgewa Valley. The township of Cudgewa is in the middle of the upper right quarter. 
This picture also shows the overlay information – the compass, voting results, and non-
visual impact results. 
 



 
Figure 2: High and Low Level Management. In the high level management case, the 
total number of individual trees is increased. Also, there are no willows left on the creeks. 
In the low management case, the total number of trees in significantly reduced. There are 
lots of blackberry bushes coming down the hill slope on the left side of the picture, and the 
willows (lighter grey) dominate the creeks. 



 
Figure 3: Alternative Land Uses. The top picture shows a valley dominated by hardwood 
(dark) and softwood plantations. The bottom picture shows the introduction of orchards 
(light) and vineyards. 
 



 
 
Figure 4: The Envisioning System. The software clients PA-server and PA-render are 
running on a server machine. PA-render is sending the rendered 3D images to three 
projectors that are connected to the server machine using a Matrox Parphelia card. The 
three projectors project the image onto a back projected screen about 6 metres wide and 1.5 
metres high. On the GIS machine there is the client software PA-GIS running. The GIS 
machine is connected to a plasma screen showing a 2D map that corresponds to the area 
visible on the 3D view. The server and GIS machines are connected with an Ethernet hub. 
There are also instances of PA-PDA running on several PDA devices. These devices are 
connected via Bluetooth to a Bluetooth access point, which in turn is connected to the 
Ethernet hub. 
 



 
Figure 5: Management Units. The different coloured areas show different management 
units in a study area. The black and grey lines show roads and rivers respectively, the black 
dots show buildings. 
 



 
Figure 6: Changing Land Use and Management Options. The dialog box pops up when 
the ‘land change’ tool is active and a polygon is selected. The third icon from the left 
advances the time, and the icon next to it sets the time back to zero. The fifth icon from the 
left sends the complete land cover configuration of the currently selected scenario to PA-
render. The currently selected scenario is ‘current condition’. The layer window shows a 
selection of scenarios that are available in ArcMap and these scenarios can be selected in 
the ‘units’ drop down list in the tool bar. 
 



 

       
 

 
Figure 7: The PA-PDA interface. (a) shows the main navigation window. Holding the 
stylus in either of the triangles will cause the camera view in PA-render to move. (b) shows 
a rating vote dialog. The question is printed at the top of the dialog. The users can express 
their level of agreement with the help of the voting buttons. Once the workshop attendants 
using the PDA are finished voting, they can press the ‘done’ button. (c) shows the voting 
result of a yes/no vote. The left column shows the votes on that particular PDA device, the 
right column shows the total votes of all PDA-devices. 
 



 
Figure 8: Calculating Impact Models. The two compared scenarios are ‘ecological’ and 
‘pastoral’. Any scenario from the left window can be selected in the dialog drop down 
boxes. 
 
 


