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Abstract 
Use of Light Distance and Ranging (LiDAR) is an emerging tool for use in Geographic Information 

Systems (GIS).  The overall aim of research in this thesis is to establish the requirements of systems 

that use LiDAR and GIS technology to inform vegetation management professionals in the common 

activities they participate. Specific objectives were to: 

 Investigate the role of geospatial information and technology in geographical problem 

solving. 

 Establish the activities and mapping behaviours of professionals engaged in vegetation 

management in south-east Queensland. 

 Highlight the value of and applications for LiDAR derived mapping in vegetation 

management. 

 Analyse barriers and issues for LiDAR mapping technology for vegetation management. 

The principle method for data collection was a web-based survey of 18 questions sent to 226 

professional people using respondent-driven sampling. This yielded responses from 186 people with 

157 completing the survey (82% from south-east Queensland).   

Respondents exhibited a number of characteristics, including frequent use of web based mapping 

and GIS analysis, map usage at mostly finer (parcel 1:1,000 to street 1:5,000) scales, and 

engagement in a broad range of vegetation management activities. 

LiDAR derived mapping of vegetation was demonstrated effectively to a sample of vegetation 

management professionals in south-east Queensland and these professionals believe this mapping 

information would improve their work. Professions differed in their opinion on which characteristics 

would be of more, or less value. 

Significant barriers and issues in adopting LiDAR derived mapping were described by respondents, 

focussing on data accuracy, availability and quality, education and expertise, financing, systems, and 

standards. 

A set of three recommendations are made regards the use and application of LiDAR.  These 

recommendations concern the needs for: further research, development of education and 

awareness programmes and implementation of GIS supporting vegetation management activities. 
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1 Introduction 
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1.1 Background 
How do we best inform vegetation management at local to regional scales using Light Detection And 
Ranging (LiDAR) derived biophysical parameters? LiDAR technology produces a ‘point cloud’ of laser 
strikes that require computing software to visualise. Modern Geographical Information Systems 
(GIS) are well suited to visualise data, but are also designed to capture, store, manipulate, analyse, 
integrate, manage, and present all types of geographical data1. An individual may utilise GIS 
features, derive biophysical parameters from LiDAR data, and address an important issue, but the 
plant kingdom is a pervasive and complex feature of the landscape and vegetation management 
issues are many. Plants provide a basis to life on earth, especially on land, and therefore exert an 
influence on many aspects of human society. This influence translates into a multitude of actions 
taken by a varied set of vegetation managers.  

The vegetation manager aims to make intelligent decisions, often using semantic knowledge, but 
also using geographic knowledge. Given the biophysical and spatial nature of vegetation, perhaps 
geographic knowledge is used more so than in other industries. Geographic systems then, especially 
the related ‘digital earth’ concept, have a fundamental importance to the vegetation manager. The 
digital earth ‘system’ today largely exists as a disparate set of GIS - in stark contrast to the mature 
indexing and ranking capabilities of hyper text search engine systems. For the most part, our 
semantic knowledge is built by way of discussions, telephone, email, social media or internet search 
and subsequent consumption of media. Our geographic knowledge is gained through direct 
observation in the field, discussions that include spatial terminology, use of traditional physical 
maps, and more recently GIS software. Whilst semantic information is linked through symbols (text) 
and abstract meanings, all digital geographic information is joined by the earth - by place. Access to 
a small set of disparate GIS dramatically limits our ability to build geographic knowledge. We can 
however expect systems to mature as we enter the digital earth age, and in turn increase our 
geographic knowledge acquisition capabilities. Many publicly available GIS are coming ‘on-line’ and 
contributing to the digital earth age. The 2.8 million plots found within the ‘Global Index of 
Vegetation-Plot Databases2’ system is just one example amongst many that are enriching our 
capability to gain geographical knowledge.  

This thesis explores the requirements of a system for exploring, integrating and sharing existing 
knowledge of vegetation with the new knowledge provided by valuable data such as LiDAR. LiDAR 
technology presents potential to improve knowledge of plants and vegetation. Aerial photography 
technology introduced a two-dimensional ‘birds eye’ view in the early part of the 20th century. The 
air-photo facilitated a step-change in human capability for detailed study of vast swathes of the 
planet. LiDAR technology introduces a three-dimensional (3D) view, penetrating tiny gaps to capture 
data on both forest and underlying terrain. LiDAR technology can provide centimetre accuracy, with 
3D data providing opportunity to understand the biophysical and structural characteristics of plant 
communities, a major attraction for vegetation managers. 

In seeking to inform vegetation management, LiDAR data requires, at minimum, a Geographical 
Information System (GIS) for display and analysis. Indeed a multitude of technologies - geospatial, 
information and communication - may constitute an effective system for informing vegetation 
management. Determining the needs of beneficiaries and users is a critical component of the 
successful design and implementation of any system. This thesis aims to elicit, analyse and 
document user needs, behaviours and concerns through a survey of people involved in vegetation 
management decisions. To address particular concerns for system design, broader changes occurring 
in geospatial, information and communication technology are explored. Lastly, society’s method of 
geographical enquiry is examined, in light of changing capabilities and perception of maps in 
communication within the context of a digital earth. 
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1.2 Research Focus 

The aim of this research is to perform a systems requirements analysis for vegetation management 

activities. The requirements analysis is being conducted in light of the opportunity presented to 

vegetation management by advancements in geospatial technology. LiDAR, an emerging remote 

sensing technology, is the specific focus with respect to data source, while GIS is the focus with 

respect to the display and analysis of this data. Vegetation management has a strong background in 

Queensland with more than three decades of activity invested by government and industry in 

development of vegetation classification systems. South-east Queensland (Figure 1-1) will serve as 

the case study for the research, with a web-based survey targeting vegetation management 

professionals in the area. South-east Queensland (SEQ), the study area for this thesis, covers 

22,420km2 and incorporates ten Local Government Areas (LGA’s). In 2009, a coordinated program 

captured LiDAR across a large portion of this area. Ground sampling densities equalled roughly one 

strike for every square metre. This database is an invaluable resource storing almost one hundred 

billion precise three dimensional measurements across the study area.  

 

Figure 1-1 South-east Queensland - the focus area for gathering data via an online survey 

1.3 Overall Research Aim and Specific Research Objectives 
The overall aim of the research is to establish the requirements of systems that will use LiDAR and 

GIS technology to inform vegetation management professionals in the common activities they 

participate. In support of this aim, the specific objectives are: 

OBJECTIVE 1  

Investigate the role of geospatial information and technology in geographical problem solving. 
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OBJECTIVE 2  

Analyse the activities and mapping behaviours of professionals engaged in vegetation management 

in south-east Queensland. 

OBJECTIVE 3  

Highlight the perceived value of and applications for LiDAR derived mapping in vegetation 

management. 

OBJECTIVE 4  

Describe barriers and issues for LiDAR mapping technology in vegetation management. 

1.4 Value of this Research 
LiDAR technology requires a mechanism for display and analysis – and GIS is proven to be a suitable 

platform for this. A software engineering approach is required for any system implementation, of 

which the first step is undoubtedly the requirements analysis. In this context the research studies 

individuals engaged in vegetation management activities, examining their behaviour and opinion 

about aspects of such a system for visualisation and analysis. Use of LiDAR technology in Queensland 

in both private and public sectors is producing valuable data for the vegetation management 

industry. There is awareness that valuable LiDAR data exists, and that commercial capability to 

produce more exists, but little is known about how it can best be used to inform vegetation 

management. As we witness development of geospatial information technology into a mature set of 

integrated platforms, societal perception of the ‘geographical approach’ to problem solving is 

changing. Strategies to identify how LiDAR technology fits within an evolving framework of 

technologies and culture is crucial. Craglia et al.3 describe aspects of a digital earth system – 

connected infrastructures, problem oriented, interactive, exploratory, etc., but also list the research 

needed to achieve such a vision. Research needed includes the visulisation of data and abstract 

concepts, trust and reputation of data, intelligent descriptions of data supporting searching and 

filtering, and the integration of information supporting analysis in both space and time39. Key 

considerations must be made where time, context and geographically sensitive information can be 

provided to users with mobile roaming technology. From local to regional scales, the management of 

vegetation has a significant ‘geographical’ component, and will likely benefit from understanding 

how to best use LiDAR technology. In the methodology documentation for mapping regional 

ecosystems and vegetation communities in Queensland, Neldner et al.90 identify that the 

classification systems described can be applied at any scale. With potential increases in the quantity 

of finer scale mapping being performed by vegetation management professionals, it will be valuable 

to understand the breadth and application of a new remotely sensed data source. 

1.5 Structure of Thesis 
The structure of this thesis continues from this introductory chapter with another 4 chapters, a set 

of references to cited literature and eight appendices. Chapters are subdivided into numbered 

sections and the appendices are labelled from A to H.  A set of abbreviations is provided after the 

Table of Contents. 
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Chapter 2 provides a review of literature regarding the use and application of LiDAR technology for 

managing vegetation and sets this within the context of geospatial information and its value in using 

and communicating geographical concepts, analyses and understanding. 

Chapter 3 describes the survey methods used to collect and analyse data.  

Chapter 4 firstly describes the survey results, analyses results in relation to objectives and concludes 

with a discussion of results as a synthesis. 

Chapter 5 summarises results and makes conclusions in relation to the four specific thesis objectives 

and the overall aim. A set of three recommendations are made regards the use and application of 

LiDAR.  These recommendations concern the needs for further research, development of education 

programmes and improvements to operational systems. 
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2 Literature Review 
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2.1 Introduction 
Measurement or mapping has often been used in the study, or control, of vegetation. In assessing 

the use of Light Detection and Ranging (LiDAR) technology in vegetation management, large data 

volumes necessitate use of a Geographic Information System (GIS) to facilitate interaction. Through 

history, geospatial technologies have changed the manner in which humans progress their 

knowledge of the Earth so that they may take informed and intelligent action. In ‘THE FACE OF THE 

EARTH AS SEEN FROM THE AIR’, a study from 1922, Lee wrote that it should ‘be regarded as highly 

favourable to use the airplane camera in mapping’4. Comprehensive application of the air-photo, 

developed during the second world war, produced topographic maps across national extents5 

transforming human exploration through the 20th century. In the 21st century we find GIS and 

remote sensing, amongst many technologies, informing and connecting hundreds of millions to 

billions of humans worldwide. Daily, the individual efficiently explores unfathomable volumes of 

electronic data with great speed and flexibility. Location and context aware mobile technology 

automatically embeds user devices into this active ‘Digital Earth’. Mobile technology also wirelessly 

streams data to and from the user, augmenting a layer of information into their physical world. 

Dynamically placed into this digital earth, humans now simultaneously consume and publish content 

rich with visual and geographical information. Email (electronic ‘mail’), blogs, Tweets, and social sites 

such as Facebook, Linked-In, Google+, Napster, Flickr, Instagram, and Youtube have revolutionised 

human cognition, communication and action. Crowd-sourced mapping critical to humanitarian aid in 

devastated Haiti, highlighted a new era in which non-expert and expert geographers worked 

together to resolve complex issues in both space and time. No longer an expert realm, maturing 

geospatial technologies provide valuable information and simple tools to improve geographical 

problem solving. 

LiDAR data presents exciting possibilities in an environment where an individual is free to roam, 

simultaneously, through the digital, biophysical and social realms of earth. When visualised with 

software, LiDAR data ‘point clouds’ provide an eye-catching similarity to the real world due to every 

laser strike having precise properties recording geographic location in three dimensions. The active 

components of LiDAR systems strike both the vegetation canopy and penetrate through to the 

ground, providing three-dimensional observations, directly measuring the plant canopies, and 

accurately estimating vegetation structural attributes6. LiDAR is an emerging remote sensing 

technology which has developed rapidly over the last two decades7. In-step with this development, 

the valuable data produced by LiDAR systems has driven change in GIS software capabilities. GIS has 

evolved to derive and visualise biophysical characteristics of vegetation at fine scales, with many 

looking at extending this capability to cover regional extents – i.e. Boudreau et al.8, Tickle et al.9, 

Hollaus et al.10 and Asner et al.11. Canopy height, vegetation extent and foliage cover are commonly 

generated characteristics, whilst methods to generate others, i.e. biomass or fuel load, are 

documented well in the literature. Furthermore, LiDAR strikes that are returned from the ground 

generate precise topographic maps, in terrain previously hidden by vegetation12. LiDAR derived 

topographic maps support new study of geomorphic processes13, which are of fundamental value to 

understanding the environment and habitat of vegetation. Individuals engaging in vegetation 

management are set to greatly benefit from LiDAR technology, while collaborative efforts are likely 

to yield substantial benefits for all involved. Examples range from field-based surveys, riparian 

revegetation assessments, prescribed burns, weed control and bio-condition benchmarking, through 

to investigation of urban microclimates, biodiversity and infrastructure corridor planning, wildfire 
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simulation, verifying remnant and regrowth status, monitoring regional conservation efforts, and 

carbon stock analysis. The variation in vegetation management activities is huge. Using the digital 

earth as a vehicle to integrate knowledge gained from a variation of activities is shared. 

The following sections of the literature review address: 

 the rapid expansion of geospatial information and technology 

 maps and their value in thinking about and communicating geography 

 vegetation classification, measurement and management 

 LiDAR technology 

2.2 Rapid Geospatial Information and Technology Expansion 

2.2.1 Geospatial Information Technology Growth 

Geospatial information technology, like the many information technologies of modern society, has 

recently seen significant growth. Traditional users of this technology have maintained or increased 

adoption, and new growth is being seen across many other sectors. A number of factors have 

contributed to this rapid growth, including a global increase in internet access, advances in GIS and 

mobilisation technologies and the increasing popularity of neo-geography. In 2011, over one-third of 

the global population of seven billion had access to the internet, up from 1/6th just 5 years earlier14. 

Underpinning growth in any information technology is Moore’s Law, increasing the capabilities of 

many digital electronic devices: processing speed, memory capacity, sensors and even the number 

and size of pixels in digital cameras15. The release of the product ‘Google Maps’ in 200516 marked a 

rapid increase GIS usage. Google Maps provided free access to digital geographic information, 

democratising what was previously an expert domain17. Public perception of GIS capabilities were re-

written later that same year when Google added the third dimension to software based mapping 

launching their product Google Earth18. By 2011, Google’s ‘Digital Earth’ software product had been 

downloaded over a billion times19 and the “browsable, 3D version of the planet”, famously described 

by Al Gore in 199820 had, in part, become a reality. Over the same period, smart-phone sales rose 

from 15 million21 to almost 500 million22. In 2012, the largest company in the world by market 

capitalisation, Apple Inc23, dropped the most popular mobile mapping application (Google Maps) 

from their operating system24. Headlining the latest release of their free mobile operating system 

iOS6, Apple delivered street-scale, photo-realistic, interactive 3D mapping capabilities in a 

geobrowser25. Reminiscent of the desktop tech war played out ten years earlier and highlighted by 

the ‘United States versus Microsoft’ antitrust enforcement actions by the US federal government26, 

the geo-browser market now appears as important as the web-browser market was previously. 

Commercial interest may be closely coupled with the increasing quantities of volunteered 

geographic information27. The influence of Neogeography, a trend toward non-expert mapping 

contributions, has been referred to as a blurring of the distinctions between producer, 

communicator and consumer of geographic information28. Popularity of the Facebook generation 

runs in parallel, rapidly evolving toward geo-enabled social media software29. From the changes 

identified here it can be concluded that advancements have been made in geospatial information 

technologies, and growth is occurring in the use of these technologies. 

2.2.2 Geospatial Information Growth 
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Geospatial technology is driving massive growth in geospatial information. The world's technological 

per-capita capacity to store information has roughly doubled every 40 months since the 1980s 

(Hilbert, 2011). Satellite data alone has increased one-hundred thousand fold in the last decade30, 

and over 2010/11 period the space industry launched seventeen missions31 contributing to the ever 

broadening range of spatial, spectral, radiometric and temporal data resolutions32. As an example of 

the temporal improvements, at the time of writing the web based mapping service offered by 

Nearmap (http://www.nearmap.com) captured twenty separate sets of imagery for the Brisbane city 

area over the 3 year period September 2009 to August 2012. In the five years to 2012, Google Street 

view cars have driven around the planet the equivalent of 200 times, capturing twenty petabytes of 

georeferenced imagery33. The half million users of Open Street Map, a community based service 

epitomising the growth in volunteered geographic information (VGI), had added 2.5 billion 

geographical locations in the five years to 201234. Airborne LiDAR data captured over a few 

kilometres can produce several hundred gigabytes of data35, while the same distance driven with 

terrestrial LiDAR can produce several terabytes36. Airborne LiDAR acquisition creates large raw point 

cloud and full-wave form data, but numerous derivatives which require storage are also produced, 

such as a Digital Terrain Model (DTM), Digital Surface Model (DSM) or a Canopy Height Model 

(CHM)37. In 2007 the United States Geological Survey (USGS) identified that petabytes of on-line 

storage will be required to host the LiDAR-derived national terrain surface38. The Global Earth 

Observation System of Systems (GEOSS) objective is to achieve comprehensive, coordinated and 

sustained observations of the Earth system39. In 2003, Hay and Trefethen conclude that 

environmental and earth observation activity, along with other data from fields such as human 

health monitoring and high-throughput sensor experiments, will dwarf all of the scientific data 

collected in the whole history of scientific exploration40. Coupled with the advancements in, and 

adoption of, geospatial technology it is evident that the quantity of geospatial information is growing 

rapidly. This increase in geospatial information provides a valuable resource for decision making. 

2.3 Thinking and Communicating Geography 

 An investigation of how best to inform professionals engaged in vegetation management, using 

mapping from LiDAR technology must consider the increasing capability of individuals to consume, 

collect, integrate, mentally manipulate and re-distribute geographic information and concepts. The 

following provides evidence that modern mapping systems have increased flexibility, providing 

capabilities that are changing the way in which humans think about, and communicate, geographical 

concepts. 

2.3.1 Maps and Modern Human 

Rapid growth of geospatial information and technology is influencing the research agenda within 

Geographical Information Science (GISc). Cartography, a key expression of geography, originated as 

a method to enhance communication, appearing seven thousand years ago41. It followed painting, 

which appeared thirty thousand years ago42, but came before first use of numbers43 and writing 

which appeared around 3600BC44. In this Great Leap Forward, homo-sapiens demonstrated a 

reliance on symbolic thought45, reducing the information content of a concept or an observable 

phenomenon, retaining only information relevant for a particular purpose46. 

2.3.2 Humans and Modern Maps 
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In this context, the concept of cartography is simple - that reality can be abstracted and represented 

to facilitate communication and cognition of spatial information47. The current unbridled growth in 

geospatial information, i.e. the 20 petabytes of imagery and geospatial data captured by Google 

street view cars, introduces difficulties to the task of abstraction. Some modern tools have greatly 

simplified some mapping tasks for the novice cartographer. A clear example of this is the smart-

phone mapping application, known in 2012 as an ‘app’48. A smart-phone owner in a modern city has 

the capability to find, map and identify a walking route to a preferred food outlet within seconds49. 

The in-situ capabilities of the mobile device allow the operator to share geo-tagged photos via a 

published map with friends on the other side of the planet50. This seamless and rapid execution of 

complex geographical processes have come about from dramatic advancements in technology 

capability for capturing, storing, integrating, managing, retrieving and display geographical 

information51.  

2.3.3 Modern Mapping (GIS) for Thinking 

The evolution from paper maps to interactive digital geographic information systems is a significant 

transformation for human geospatial cognition (geo-cognition). Beyond the novice cartographer, 

geospatial technology is improving the cognitive capabilities of those with access to data and the 

appropriate geospatial science and technology education. The geospatial professional is increasing 

the potential complexity of geographic enquiry. The geospatial professional uses big data on 

powerful computation hardware and is assisted by software capable of advanced integration, 

visualisation, modelling and simulation toolsets. In the 1940’s a transition away from paper began 

when the volume of printed scientific research was starting to overwhelm the average researcher, 

and the world’s first electronic digital computers started to appear52. This challenge was 

philosophically addressed by Dr Vannevar Bush, the then director of the American Office of Scientific 

Research and Development. He wrote an article titled ‘As We May Think’ in which he describes a 

futuristic machine - “A memex is a device in which an individual stores all his books, records and 

communications, and which is mechanized so that it may be consulted with exceeding speed and 

flexibility. It is an enlarged intimate supplement to his memory”53. The human population is 

currently using the most popular version of the ‘memex’, Google’s search engine service, several 

hundred million times each day54. The notion suggested by Dr Bush, that digitisation of research 

papers into mechanised information systems largely appears to have improved our scientific 

investigation. Similarly, the transition of physical world abstractions in the form of paper maps into 

mechanised geographical information systems, or an integrated ‘Digital Earth’, is improving our 

geographical investigations. 
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Figure 2-1 Coordinated and Multiple Views (CMV) are being used by popular web based mapping systems, like that of 
Google Street View (left) and ESRI ArcGisOnline (right) shown in this figure. 

‘Visualisation is clearly one of the strongest cases for the current generation of geo-browsers.’ 

Goodchild argues55. Visualisation is a powerful method for exploration of voluminous, complex and 

intricate data – a natural method for geographic data. The area of Coordinated and Multiple Views 

(CMV), developed over the last fifteen years, allows a user to interact with their information and 

view it through different representations. The system may manage their interactions and 

automatically coordinate operations between views, perhaps allowing the user to perceive new and 

insightful relationships and facts from their data56. Two of the world largest mapping companies, 

Google and ESRI both offer web based mapping systems with inbuilt CMV – Google ‘Street View’ and 

the ArcGisOnline ‘Comparison Map Template’. 

The flexibility and interactivity of modern mapping tools, i.e. GIS, provide benefits that take users 

beyond that of physical maps. In the context of using mapping derived from LiDAR data to inform 

professionals engaged in vegetation management, it is crucial that modern mapping technologies, 

i.e. GIS, is considered. GIS is changing the manner in which humans are exploring, thinking about, 

and communicating geographical concepts. 

2.3.4 Maps for Communicating, New Media 

Modern interactive mapping systems provide a mechanism for communication, media, and thus 

bring about social change. The on-demand creation, publishing, distribution and consumption of 

media content has been termed New Media57. In reviewing their ‘GIS as Media’ argument, Sui and 

Goodchild note GIS have increasingly become media for constructive dialog and interaction on social 

issues58. As a musician may remix an original song, geographic data in the form of modern 

electronically recorded data models, can be integrated using a geographic information system. 

Simple statistical figures are now calculated through complex coordination and integration of global 

sensor data used as input into numerous complex mathematical global models. Global surface 

temperature increase over that last 100 years is estimated to be 0.74 degrees celsius59, while net 

losses in forestation from 1990 to 2005 are estimated to be 72.9 million hectares60. What these 

figures represent is nothing short of astonishing. The highly abstracted geographical message these 

reports communicate have a huge influence on mankind’s mental image of planetary health. Just as 

equally, the millions adopting and subsequently volunteering geographic information (VGI) through 
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services such as Wikimapia, OpenStreetMap, Google, Yahoo and Bing Maps are influencing global 

geographical thought processes. This is direct evidence that GIS is a significant member of new 

media, its value easily observed in coordinating relief for the Haiti earthquakes61. Online mapping 

has become a language for citizens to voice their opinions on world events that are of interest to 

them62. Contributions from citizens and experts may transform society’s adaption in natural disaster 

situations. Consider the geographic contributions from both a team of experts and citizens in an 

emergency. Advanced outputs of bushfire or tsunami modelling impacts could be observed by 

citizens at risk, while citizen observations and requests for assistance could help coordinate 

movements of emergency services field personnel. 

2.4 Vegetation Management 

In seeking to understand how LiDAR data can best be used to inform vegetation management, it is 

useful to describe how vegetation management may be interpreted, and how geospatial technology 

has influenced vegetation management through history.  

2.4.1 ‘Plants’ and ‘Vegetation’ 

In understanding the term ‘Vegetation’, a comparison to the term ‘Plants’ is valuable. Vegetation is a 

general term to describe the plant life of a region of any scale, the closest synonym being ‘Plant 

Community’. Primeval redwood forests, coastal mangrove stands, sphagnum bogs, desert soil crusts, 

roadside weed patches, wheat fields, cultivated gardens and lawns; all are encompassed by the term 

vegetation63. While the plant kingdom ‘Plantae’ and its taxonomy is established and has been well 

defined by stressing genetic similarity over outward appearance and behaviour64, in contrast 

scientific classification of ‘vegetation’ varies widely across the planet. ‘Native’ vegetation plays a 

crucial role in conserving biodiversity, sustaining ecosystem functions and processes, and 

maintaining the productive capacity of land65. Yet much vegetation exists that is not native. The 

Australian National Vegetation Information System (NVIS, 2000) includes both native vegetation, i.e. 

grasslands, rangelands, shrubs, mangroves, woodland and forests, but also includes some exotics 

pastures and weeds66. Vegetation in commercial forestry exhibits potential to offset greenhouse gas 

emissions, as sequestered carbon is measurable and verifiable67. Viewed as one global plant 

community, reports indicate deforestation rates in tropical regions of the earth are estimated to be 

as high as 12 million hectares per year, while there is evidence that the area of forests in temperate 

regions is expanding68. Conversely, urban vegetation is clearly not as voluminous, yet this view is 

increasing in importance as humans migrate to towns and cities69. With society’s transition into an 

‘Urban Millennium’ in full swing, investigations of simple truths about urban vegetation, i.e. that 

places with vegetation are liked better than those without70, are crucial to consider. Classification of 

urban vegetation may include spontaneous and cultivated vegetation, i.e. urban woods, parks, street 

trees and areas of waste land71, and potentially require management by city foresters, greenbelt 

managers and commercial and utility arborists72. What is clear is that plants are critical component 

of the earth system. Photosynthesis and the organic material they create is a basis for nearly all 

ecosystems, with most animals and organisms relying upon the oxygen they create. Plants grow in a 

broad range of terrestrial and aquatic biomes under a many different temperature, water, light, and 

soil nutrient conditions73. Humans group plants into many different communities for varying 

purposes, and the structured systems they create are called vegetation classifications. 

2.4.2 Vegetation, Taxonomy and Measurement  
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Vegetation, which refers to all plant life in a given area, is extensively managed by technological 

societies to produce a variety of goods and services74. At scales from overgrown abandoned lots 

through to global forest assessment, geospatial technology may help vegetation management in 

tackling the old adage “If you can’t measure it, you can’t manage it”75. In 1883 Lord Kelvin76 (zero 

degrees) wrote “..when you can measure what you are speaking about, and express it in numbers, 

you know something about it; but when you cannot express it in numbers, your knowledge is of a 

meagre and unsatisfactory kind; it may be the beginning of knowledge, but you have scarcely, in 

your thoughts, advanced to the stage of science, whatever the matter may be.”77. Remote sensing78 

technology offers unprecedented capabilities in measurement of vegetation, with LiDAR providing 

special capabilities regarding vertical vegetation structure. Remotely sensing biophysical 

characteristics for measurement can occur at micro (millimetre79) to global (kilometre)80 spatial 

scales. If one intends to manage vegetation, a need arises to determine and categorise on the basis 

of shared characteristics, so that measurement and comparison can be achieved. For the purpose of 

context, it’s noted here that geospatial software assists with classification of remotely sensed data. 

Researchers have developed image processing algorithms that operate on the statistical distribution 

of information within the pixels of remotely sensed imagery. Development of computer vision 

algorithms to utilise remotely sensed data, have also been created for botanical identification to 

greatly enhance access by using images as search keys81. Computer vision is an active area of 

research. Increasing data resolutions and computer processing power have seen development of 

image classification systems built upon an object based image analysis (OBIA) approach82. A result of 

these developments is an increased efficiency in remotely sensed image classification for a given 

purpose - such as the rapid measurement and comparison of vegetation types. 

2.4.3 Vegetation Classification Systems 

As a general term, vegetation makes no specific reference to particular taxa, life forms, structure, 

spatial extent, or any other specific botanical or geographic characteristics83. Systems of 

classification for groups of plants in a region assist investigation of relationships within a system and 

with other objects and phenomena of the earth. Indeed the quality of abstraction, relationships and 

representation within a vegetation classification system likely determines the quality of conclusions 

that may be drawn from its use.  The challenge is put succinctly by Cáceres and Wiser, “classification 

of vegetation serves many different purposes, and so there is no single approach to defining 

vegetation types. Establishing formalized standard procedures is desirable, however, because the 

purposes and uses of vegetation classifications are similar in different countries and regions”84.  

Notable differences exist in national classification standards. The American Federal Geographic Data 

Committee takes responsibility for development of geospatial data standards and describe their 

system to use climate pattern, plant habit, phenology, growth form, and dominant species. In 

contrast, European systems rely heavily on floristic composition. A study by Sun et al in 1997 

reported that Australian systems were largely influenced by a combination of extensive land areas 

and few botanists. Referencing Whitaker’s 1962 review, they note that Australian systems focussed 

on the first four of the seven criteria of schemes implemented worldwide85.  
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Criteria listed by Whitaker were: 

1) physiognomy is the general external appearance of plants; gross life 

form (tree, shrub, fern, herb, moss, lichen) and special life form (e.g. 

epiphyte, liane, succulent); 

2) structure is the vertical and horizontal distribution of plants; 

3) floristic composition; 

4) habitat or environmental relations; 

5) function is the adaptational 

characteristics of plant 

phenotypes; 

6) dynamics are the successional 

characteristics; 

7) history 

 

A commonly used base unit for vegetation classification is called an association and has been 

characterised as a plant community with a definite floristic composition, uniform habitat conditions 

and uniform physiognomy86. A hierarchy of groupings of associations, often including alliances and 

formations, then form the basis of many regional and national vegetation classifications. The 

Australian National Vegetation Information System (NVIS) Information Hierarchy is based firstly on 

structural information and secondly on dominant genus and growth form collected at the sub-

stratum level describing associations87. 

2.4.4 Scale in Vegetation Classification 

Geographical scale is a key consideration for vegetation classification systems. Ecological 

investigations require the interfacing of phenomena that occur on very different scales of space, 

time, and ecological organization88. Capture of data for existing implementations of vegetation and 

plant community schemes have required their design to specifically state a particular, or ranges, of 

spatial scale. The step change in survey capabilities that came about from post-war aerial photo 

technology, greatly influenced the scale of mapping chosen for many vegetation classification and 

mapping exercises. However an assessment of mapping scale in vegetation classification extends 

beyond the two dimensions of a planar map. In the year 2002, Fensham and Fairfax discuss the role 

of temporal and vertical scale and conclude “aerial photography has considerable advantages over  

satellite-based data because of its capacity to assess the vertical dimension of vegetation and the 

longer time period the record spans”89. Spaceborne LiDAR data, noted by Scarth et al in 2010, 

provide near continuous information on vertical structure such as mean canopy and understorey 

height across national extents (Scarth, Armston, Goodwin 2010). LiDAR captured from airborne 

platforms, an increasingly popular data source, offer similar three-dimensional capabilities at finer 

resolutions. 

Across Queensland Australia, the government has an extensive three-decade history surveying and 

mapping vegetation, incorporating terrestrial, airborne and spaceborne data. Queensland’s set of 

regional scale vegetation mapping products are underpinned by thorough research and rigorous 

documentation of methodology. The primary unit used within these mapping products is the unit of 

association. This mapping has been incorporated into the regional ecosystem classification, which is 

based on vegetation communities in a bioregion that are consistently associated with a particular 

combination of geology, landform and soil. Maps are produced by the spatial extension of site data 

by using stereo-airphoto and photo-patterns recognised on remotely sensed imagery. Whilst the 

products are specific to a targeted 1:50 000 - 1:250 000 scale range, the methodology notes that the 

process could be applied at any scale90.  
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Scale, it appears, presents difficulties in many ways for vegetation classification. Queensland 

methodology for establishing the biocondition of reference sites, requires a plot size of 100m x 

50m91. Broad study of vegetation surveys indicate that this plot size captures 90% of vascular plant 

species in a majority of Queensland vegetation types92. Jurgen et al note the dependency of species 

constancy on plot size and the distorting effects on scale93. In a study of Australian vegetation 

mapping covering a thirty year period, Thackway note the difficulty of integration due to scale. They 

suggest a nested system of indicators for planning, managing, monitoring and reporting at local, 

regional and national scales may provide a solution for integration across different spatial and 

temporal scales94. The true complexity and intricacy of scale in mapping, especially of classified 

vegetation, are lost on all but the expert. In ‘Cognitive Models of Geographic Space’95, Mark et al are 

careful to note the difference between commonly observed spaces such as a table-top, containing a 

few objects that can be easily manipulated, and other geographically large spaces. Consider 

neanderthal woman crushing berries in the recess of a cave, an egyptian planning construction atop 

the pyramid of giza, and ‘Laika’ the Soviet space dog - all directly observed the earth but did so at 

vastly different scales. The quality of geographical abstraction employed by each is vastly different, 

directly affecting their capability to take intelligent action. Geographic scale, complexity, and 

abstraction is an open area of research, identified in the Geographic Information Science research 

agenda96. Computer scientist Mehdi Menki attempts to address the problem in a paper ‘Abstraction 

of Informed Virtual Geographic Environments for the Modeling of Large-Scale and Complex 

Geographic Environments’. The proposal within outlines three processes - geometric, topological 

and semantic abstraction97. Complex frameworks such as Menki’s, sit in stark contrast to the 

experience a Google Earth user has, zooming from space to their front door in seconds. Vegetation 

mapping classifications are a widely used instrument for land planning, and the appropriate scale for 

interpretation, is widely misunderstood. Visualisation, abstraction and integration of LiDAR data at 

multiple scales is a key consideration in advising how it is to be used and understood appropriately.  

Web-based mapping provides further complication to the complexity of scale, when a user is 

provided opportunity to quickly manipulate mapping scale - an easily performed operation in Google 

Earth or Google maps. 

2.5 LiDAR Technology 

2.5.1 LiDAR Technology 

Utilising maps of our forests and woodlands can potentially lead to improved management. Mapping 

the properties of objects on the earth’s surface, their height for example, is now made possible by 

combining the precise measurements made by lasers mounted within aircraft equipped with GPS 

receivers. This mapping technique, known as Light Detection and Ranging (LiDAR), Aerial Laser 

Survey (ALS), or Airborne Laser Scanning (ALS) is being rapidly adopted around the world. These 

advancements are providing an opportunity to develop a detailed understanding of our landscape, 

its topography and the characteristics of objects distributed on its surface. 

2.5.2 Biophysical Characterisation of Vegetation Using LiDAR data 

Numerous biophysical parameters which describe vegetation can be generated from LiDAR data. 

Generally, these can describe vegetation height, extent, cover, leaf and basal area, biomass, density 

and volume. Aggregation of these parameters can assist activities based upon existing vegetation 

mapping products. The rapid adoption of LiDAR technology across the world has seen significant 
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research conducted in this area. Literature on particular biophysical characteristics have been 

categorised and listed in Table 2-1. 

Table 2-1 Categorised literature on vegetation related LiDAR derived biophysical characteristics 

Biophysical 
Characteristics 
of Vegetation 

Relevant Literature 

Broad Terms Forest Inventory, Forest Resource Inventory 
[GoodwinCoopsCulvenor_2006_AssessmentOfForestStructureWithAirborneLida
rAndTheEffectsOfPlatformAltitude], 
[TickleWitteDanaherJones_1998_TheApplicationofLargeScaleVideoAndLaserAlti
metryToForestInventory], 
[PopescuWynneNelson_2002_EstimatingPlotLevelTreeHeightsWithLidar_LocalFi
lteringWithACanopyHeightBasedVariableWindowSize], 
[HopkinsonCetAl_2006_TowardsAUniversalLidarCanopyHeightIndicator] 
Forest Structure 
[HydeEtAl_2006_MappingForestStructureForWildlifeHabitatAnalysisUsingMultiS
ensorLidarSarInSarEtmQuickbirdSynergy] 
Canopy Structure  
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 
Forest Canopy Structure 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights] 
Stand Structural Characteristics 
[HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExample
FromLowDensityFirePronePonerosaPineForests] 
Forest Biophysical Parameters/Indexes 
[DalponteBruzzoneGianelle_2008_FusionOfHyperspectralAndLidarRemoteSensi
ngDataForClassifcationOfComplexForestAreas], 
[PopescuWynneNelson_2002_EstimatingPlotLevelTreeHeightsWithLidar_LocalFi
lteringWithACanopyHeightBasedVariableWindowSize] 
Forest Structure Characterization, Forest Management Plans 
[PascualEtAl_2007_ObjectBasedSemiAutomaticApproachForForestStructureCha
racterizationUsingLidarDataInHeterogeneousPinusSylvestrisStands] 
Sustainable Forest Management, long-term Ecological Monitoring, and Forest 
Science & Forest Composition, Structure and Function 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights] 
Forest Type, Species Type and Growth Stage of Trees 
[WellerWitteMackieSmithDenham_2001_UsingAirborneLaserAltimetryToAssesA
ndMonitorBiodiversity] 
Laser Altimetry as a Biodiversity Assessment and Monitoring Tool 
[WellerWitteMackieSmithDenham_2001_UsingAirborneLaserAltimetryToAssesA
ndMonitorBiodiversity] 

Vegetation 
Height 

Height of Outer/Upper Surface of the Forest Canopy, Continuous Canopy 
Height Data 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
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alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights] 
Tree Height, Plot Level Tree Height 
[GoodwinCoopsCulvenor_2006_AssessmentOfForestStructureWithAirborneLida
rAndTheEffectsOfPlatformAltitude], 
[PopescuWynneNelson_2002_EstimatingPlotLevelTreeHeightsWithLidar_LocalFi
lteringWithACanopyHeightBasedVariableWindowSize], 
[AliDareJones_2008_FusionOfRemotelySensedMultispectralImageryAndLidarDat
aForForestStructureAssessmentAtTheTreeLevel], 
[WellerWitteMackieSmithDenham_2001_UsingAirborneLaserAltimetryToAssesA
ndMonitorBiodiversity] 
Tree Crown Model (TCM) 
[AliDareJones_2008_FusionOfRemotelySensedMultispectralImageryAndLidarDat
aForForestStructureAssessmentAtTheTreeLevel] 
Canopy Structure 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights], 
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 
Predominant Height 
[Lovell_etal_2003_UsingAirborneAndGroundBaseRangingLidarToMeasureCanop
yStructureInAustralianForests] 
Lorey’s Mean Tree Height 
[HopkinsonCetAl_2006_TowardsAUniversalLidarCanopyHeightIndicator] 
Canopy Height, Canopy Base Height (?) [Estimating forest canopy fuel 
parameters using LIDAR data], 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights], 
[HydeEtAl_2006_MappingForestStructureForWildlifeHabitatAnalysisUsingMultiS
ensorLidarSarInSarEtmQuickbirdSynergy], 
[HopkinsonCetAl_2006_TowardsAUniversalLidarCanopyHeightIndicator] 
Forest Canopy Height 
[StOngeAchaichia_2001_MeasuringForestCanopyHeightUsingACombinationOfLi
darAndAerialPhotographyData],  
Individual Tree Height, Tree Tops 
[YuX_EtAl_2006_ChangeDetectionTechniquesForCanopyHeightGrowthMeasure
mentsUsingAirborneLaserScannerData] 
Elevation Channel 
[DalponteBruzzoneGianelle_2008_FusionOfHyperspectralAndLidarRemoteSensi
ngDataForClassifcationOfComplexForestAreas] 
Digital Canopy Height Model (DCHM) 
[PascualEtAl_2007_ObjectBasedSemiAutomaticApproachForForestStructureCha
racterizationUsingLidarDataInHeterogeneousPinusSylvestrisStands], 
[PatenaudeG_2004_QuantifyingForestAboveGroundCarbonContentUsingLidarR
emoteSensing] 
Stand Height 
[HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExample
FromLowDensityFirePronePonerosaPineForests] 
Height Metrics 
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[PatenaudeG_2004_QuantifyingForestAboveGroundCarbonContentUsingLidarR
emoteSensing] 

Extent 
 

Forest and Non-Forest areas [Straub, C., Weinacker, H., Koch, B., 2008. A fully 
automated procedure for delineation and classification of forest and non-forest 
vegetation based on full waveform laser scanner data] 
Vegetated Areas [NVCS_V2_FINAL_2008-02] and Non-Vegetated Cultural Lands 
(e.g. roads, buildings, mines), Non-Vegetated Natural Lands (e.g. rock, glaciers, 
some-deserts), Waters (e.g. lakes and rivers) 

Cover 
 

Canopy Cover and Gap Volume 
[FrazerWulderNiemann_2005_SimulationAndQuantificationOfTheFineScaleSpati
alPatternAndHeterogeneityOfForestCanopyStructure_AlacunarityBasedMethod
DesignedForAnalysisOfContinousCanopyHeights] 
Crown Cover [Australian Soil and Land Survey Field Handbook], 
KochB_2010_StatusAndFutureOfLaserScanningSyntheticApertureRadarAndHype
rspectralRemoteSensingDataForForestBiomassAssessment 
Foliage Projective Cover (FPC) or Foliage Projected Coverage (FPC) 
[ArmstonEtAl_2009_PredictionAndValidationOfFoliageProjectiveCoverFromLand
sat5TmAndLandsat7EtmImagery], 
[WellerWitteMackieSmithDenham_2001_UsingAirborneLaserAltimetryToAssesA
ndMonitorBiodiversity] 
Crown Closure 
[KochB_2010_StatusAndFutureOfLaserScanningSyntheticApertureRadarAndHyp
erspectralRemoteSensingDataForForestBiomassAssessment] 
Foliage Profile 
[Lovell_etal_2003_UsingAirborneAndGroundBaseRangingLidarToMeasureCanop
yStructureInAustralianForests] 
Tree Coverage 
[PascualEtAl_2007_ObjectBasedSemiAutomaticApproachForForestStructureCha
racterizationUsingLidarDataInHeterogeneousPinusSylvestrisStands] 

Tree Density [HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExampleF
romLowDensityFirePronePonerosaPineForests] 

Leaf Area Index 
(LAI) 

[Lovell_etal_2003_UsingAirborneAndGroundBaseRangingLidarToMeasureCanop
yStructureInAustralianForests], 
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 

Basal Area [HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExampleF
romLowDensityFirePronePonerosaPineForests], 
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 

Brightness  
Index 

[KochB_2010_StatusAndFutureOfLaserScanningSyntheticApertureRadarAndHyp
erspectralRemoteSensingDataForForestBiomassAssessment] 

Forest Type [KochB_2010_StatusAndFutureOfLaserScanningSyntheticApertureRadarAndHyp
erspectralRemoteSensingDataForForestBiomassAssessment] 
Existence and Number of Understorey Trees 
[MaltamoM_EtAl_2005_IdentifyingAndQuantifyingStructuralCharacteristicsOfHe
terogeneousBorealForestsUsingLaserScannerData] 
Tree Crown 
[AliDareJones_2008_FusionOfRemotelySensedMultispectralImageryAndLidarDat
aForForestStructureAssessmentAtTheTreeLevel] 

Spectral [DalponteBruzzoneGianelle_2008_FusionOfHyperspectralAndLidarRemoteSensin
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Signatures gDataForClassifcationOfComplexForestAreas] 

Biomass Aboveground Forest Biomass 
[BoudreauJetAl_2008_RegionalAbovegroundForestBiomassUsingAirborneAndSp
aceborneLidarInQuebec] 
Density, Biomass, Forest Biomass 
[HydeEtAl_2006_MappingForestStructureForWildlifeHabitatAnalysisUsingMultiS
ensorLidarSarInSarEtmQuickbirdSynergy], 
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 
Foliage Biomass 
[HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExample
FromLowDensityFirePronePonerosaPineForests] 
Canopy Bulk Density, Canopy Height, Canopy Fuel Weight, Canopy Base Height 
(?) [Estimating forest canopy fuel parameters using LIDAR data], 
[HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExample
FromLowDensityFirePronePonerosaPineForests] 
Diameter at Breast Height (DBH) 
[HedlRetAl_2009_aNewTechniqueForInventoryOfPermanentPlotsInTropicalFore
sts], 
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 
Forest Fuel Load 
[DalponteBruzzoneGianelle_2008_FusionOfHyperspectralAndLidarRemoteSensi
ngDataForClassifcationOfComplexForestAreas] 
Carbon Stocks 
[HallEtAl_2004_EstimatingStandStructureUsingDiscreteReturnLidar_AnExample
FromLowDensityFirePronePonerosaPineForests] 
Above Ground Carbon Content (AGCC) 
[PatenaudeG_2004_QuantifyingForestAboveGroundCarbonContentUsingLidarR
emoteSensing] 
Stemwood Volume 
[PatenaudeG_2004_QuantifyingForestAboveGroundCarbonContentUsingLidarR
emoteSensing] 
Vegetation Material  
[LefskyEtAl_1999_LidarRemoteSensingOfTheCanopyStructureAndBiophysicalPro
pertiesOfDouglasFirWesternHemlockForests] 

Individual Trees Positions of Tree Individuals 
[HedlRetAl_2009_aNewTechniqueForInventoryOfPermanentPlotsInTropicalFore
sts] 
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3 Research Methods 
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3.1 Introduction 
The primary data collection instrument for this research was a web-based survey of 18 questions 

using the software ‘Survey Monkey’ (http://www.SurveyMonkey.com) and using email for 

distribution to potential respondents. As software was used to ease the interaction a survey 

respondent had with survey information, the full experience is hard to re-create in a static 

document. A printed version of the survey, collected via ‘screenshot’ can be found in Appendix A – 

Survey Instrument.  

This chapter describes the methods used for:  

 The web-based survey using respondent-driven sampling as the research strategy. 

 Data collection in relation to the survey invitation process, web hosting methods, 

characteristics of respondents (five survey questions), use of coordinated multiple views 

(four survey questions), mapping scale and evaluation of the survey by respondents (one 

question in four parts).  This section also considers preparation of video materials and 

collection of qualitative feedback. 

 analysis of data and limitations. 

3.2 Research Strategy 

3.2.1 Respondent-Driven Sampling 

Objective Two of the research was to ‘analyse the activities and mapping behaviours of 

professionals’, which required identifying a suitable sample of professionals engaged in vegetation 

management activity in south-east Queensland. Due to the difficulty in locating respondents, a 

respondent-driven sampling approach was adopted. Heckathorn98 helps to describe the method 

“ideally, a randomly chosen sample serves as initial contacts, though in practice ease of access 

virtually always determines the initial sample; these subjects provide the names of a fixed number of 

other individuals who fulfill the research criteria”. He also notes that a principle underlying 

respondent-driven sampling derives from studies of incentive systems, and that behavioral 

compliance can arise from a primary incentive, and a group-mediated social control. Elements of a 

primary incentive exist for potential respondents, in that an efficient method was available for 

learning about a useful technology was readily available. Similarly, elements of a group-mediated 

social control are included in survey invitation and design process. However, biases identified by 

Heckathorn in ‘snowball’, ‘key-informant’, ‘targeted’, and ‘chain-referral’ sampling, such as the 

structuring of an initial sample, are evident in the sampling process for this research. Drawing upon a 

useful comparison the following quote and Figure 3-1 below provide an easy way to understand this 

sampling method.  

“The population of Landsat users in the U.S. can be characterized as ‘unknown’ because 

there is no list that contains contact information for every user in the U.S. from which to 

sample.”  

http://www.surveymonkey.com/
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Figure 3-1 A depiction of the snowball sampling method 

3.3 Data Collection 

3.3.1 Survey Invitation 

Respondent-driven sampling was used as a method for accessing a subset of individuals engaged in 

vegetation management. Email was used as the mechanism for extending invitation to the survey 

amongst these individuals. A list of two hundred and twenty six (226) email addresses was collated, 

and then used by the principal researcher to deliver survey invitation emails in logically grouped 

batches. Divided into four distinct categories, these survey candidates were purposely selected on 

the basis of direct relevance to the field of research. The potential respondents were drawn from 

friends (45), colleagues (64), associates (78) with and other persons or organisations (36) identified 

by research conducted on the internet. Methods of categorisation, invitation refinement, referral 

email preparation and personalisation were used to improve the response rate and to increase the 

total number of respondents. 

Initially, a subset of friends and colleagues were sent an invitation, and feedback was sought. 

Feedback provided an opportunity to enhance invitation content, but also included additional 

suggestions on specific individuals to extend an invitation to, and organisation types to research. A 

particular feature of the invitation was the numerous hyperlinks to survey background 

documentation and other relevant material.  Refinement of the invitation occurred throughout the 

invitation scheduling process. Invitations were sent to candidates in waves organised by personal 

association types, but also by the other attributes. Categorisation of invitation waves were based 

upon an individual’s length of time since last contact with the principal researcher, and if the 

individual had been exposed to previous ‘vegetation mapping using LiDAR’ materials produced by 

the principal researcher. Each ‘wave’ of invitations ranged between 5-40 individuals, and these 

groups were emailed using the Survey Monkey group email software system. Personalisation of 

invitations extended to incorporating the individual’s name, a process assisted by the online 

software email scheduling service. 

A crucial aspect of the survey invitation process was the respondent-driven sampling mechanism. In 

addition to an invitation to perform the survey, individuals who were directly emailed an invitation 

were also asked to refer the survey invitation to other individuals whom they believed were 
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applicable. Two items were created to allow this referral to be executed easily, a pre-drafted 

‘referral email’ attached to the original invitation, and a short list of professions more likely to be 

involved in vegetation management activities.  

The survey invitation also included the pre-drafted ‘referral email’, placed after the invitation text in 

the email. An example of this referral, as used by a direct invitee, can be found in the Appendix D – 

Example Survey Invitation Email with typical Respondent-Driven Sampling Method Response. 

Question 18 of the survey presented this list to the respondent, and asked if any additional groups or 

people could be surveyed. It is intended that analysis of responses to this question may also provide 

a basis to determine accuracy of the initial invitation list, and if the list captured the majority of 

professions involved with vegetation management. 

To increase response rates, a simple reminder email was sent to all potential respondents 24 hours 

prior to survey close.  

3.3.2 Internet Hosting 

Internet hosting services were utilised for four components of the data collection. Three of these 

included hosting of the web-based survey application, static mapping and textual documents 

storage, and streaming video based demonstrations of GIS software. The fourth service, a web-

based email application hosted by the research institution, assisted by providing a mechanism to 

collect data on the quantity of referrals. These four hosting services provided opportunity for the 

researcher to concentrate on design and integration of data collection methods, rather than 

implementation and administration of complex systems. 

The web-based survey application ‘Survey Monkey’ (http://www.SurveyMonkey.com) provided 

three core services – scheduling and delivery of personalised group email invitations, online design 

from of a bank of survey questions, and analysis of collected survey data. Data analysis capabilities 

included browsing completed surveys, viewing summary statistics with charts for each question, 

filtering these summary statistics using queries, and cross-tabulation. An option to download 

responses in a number of raw formats was available. The online tools were utilised for an initial 

analysis, and the raw results data was downloaded and analysed using a spread sheet program. 

The Amazon ‘Simple Storage Service’ (S3) and ‘YouTube’ hosting services provided a storage 

mechanism for documents, maps, imagery and streaming video. The various types of documentation 

were prepared on a desktop computer and uploaded during the design of the survey and invitation. 

When respondents read the invitation email or started the survey, the embedded hyperlinks and 

imagery provided additional information in an easily accessible form.  

3.3.3 Respondent Characteristics 

Characteristics of respondents (organisation, profession, amount of experience, vegetation 

management activities, mapping activity, and exposure to LiDAR technology) were seen as important 

factors to investigate for the research. Questions 2 to 8 were targeted at identifying the 

characteristics of respondents. Standards provided by the Australian Bureau of Statistics assisted in 

designing the two questions used to collect data on a respondent’s type of organisation and 

profession. In each case, a subset from the ABS standard was displayed in the survey. This selection 

was based upon the profession or organisation type having a higher likelihood of being involved in 

http://www.surveymonkey.com/
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vegetation management activity. Two questions in this section, vegetation management activities 

and mapping activity, recorded frequency. These two questions categorised temporal components 

by using commonly used terminology – week, month, year and never. The physicality of a 

respondents activity, i.e. if it was field based, and the frequency of activity were seen to be key in 

understanding the type of vegetation management. Field based activity requires at least some 

knowledge of place, and hence the importance of mapping information. As discussed in the 

introduction, the inherent spatial nature of LiDAR data, necessitate the use of GIS or at least some 

mapping capability. It was therefore also seen as important to understand the respondents 

experience with, and frequency of using maps. As a relatively new technology, LiDAR may be a 

confusing concept, and may introduce biased response. Question 8 was included, as the degree of 

exposure to LiDAR technology was also seen as important to record and analyse.  

3.3.4 Cartographic Material Preparations 

Cartographic products were created to serve as example material in the online survey questionnaire. 

A total of twenty four maps were made available to respondents across four questions. In creating 

this material, the broad range of activities that vegetation management encompasses was 

considered. Vegetation management activities range from riparian revegetation assessments and 

prescribed burns through to investigation of urban microclimates and carbon stock analysis. In 

producing example material, sites representing a range of vegetated environments were selected. 

This approach was taken so that questionnaire respondents would have an increased opportunity to 

view cartographic and GIS usage examples relevant to the environment in which they operate. An 

example of this range of materials can be seen in Figure 3-2 in which the questionnaire ‘Question 10’ 

environments of Horticulture and Cropping, Riparian, Urban, Forestry, Forests and Conservation are 

shown. A listing, and all cartographic material included in the online questionnaire can be found in 

Appendix A – Survey Instrument and Appendix H – Mapping Material Presented with Survey 

Questions. 

 

Figure 3-2 A range of cartographic material was made available for viewing by questionnaire respondents.  Pictured here 
are five of the six vegetated environments made available for viewing in question 10 of the survey.  (for detailed maps 
see Appendix H – Mapping Material Presented with Survey Questions) 

3.3.5 Coordinated  and Multiple Views 

Questions 9, 10, 11 and 13 of the questionnaire contained Coordinated and Multiple Views (CMV). 

To gather data on the value of CMV, the user is introduced to a CMV example in Question 9. The first 

view displays standard aerial photography at a ‘street scale’ (1:2,000). The second view used the first 

use a base, was the same size and scale, and thus was coordinated with the first. In question 9, the 

second view used an additional colour thematic representation of ‘object heights’. The colour 

gradient, and an appropriate key (provided between the first and second view), can be used by map 
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reader to determine object height. The third view is from ground level, coordinated in the sense that 

the origin location of the picture can be found within the first two views. 

Numerous biophysical measurements can be derived from LiDAR data. For example, the height of 

objects is derived from LiDAR by using the vertical distance between first and last laser strikes 

(returns). As the most likely understood characteristic that could be derived from LiDAR, object 

height was chosen to first test the effiacy of CMV to assist user interpretation. ‘Foliage Projective 

Cover’, a LiDAR derived measure of total shadow cast by vegetation foliage, is part of example 

material provided in question 11. While cartographic material in question 13 also provides LiDAR 

derived object height via CMV, two significant differences are notable. Firstly, instead of a 

continuous surface of height, the map shows an ‘average’ height value for a predefined area of the 

map. Secondly, the maps are at a regional (1:100,000) mapping scale. 

3.3.6 Scale 

Collection of data on the interpretation of mapping at various scales was an important consideration 

in the survey design. In addition to answering questions about the use of mapping and GIS at various 

scales, data was collected specifically about behaviour of map use and scale.  

Question 7 asked the user ‘At what scale do you most often use maps’, qualified by examples of 

where one might use maps. Modern mapping, using GIS, is characterised by dynamic zooming, and 

so respondents were asked to provide numerous scales in order of preference. Design of this 

question was targeted at capturing data that may be useful for cross-tabulating with other questions 

that had relationships to scale. 

Questions 9 to 13 collected respondent opinion after viewing mapping at various scales. Whilst the 

respondent was notified of scale, the focus of questioning for these questions was on the value of 

LiDAR derived biophysical characteristics. Cartographic material produced for these questions 

ranged from street scale (1:2,000), through suburb scale (1:25,000) and up to regional scale 

(1:100,000). Video of GIS operation on LiDAR data demonstrated dynamic adjustment across similar 

mapping scales. 

3.3.7 Video Material Preparations 

In addition to traditional static cartographic maps, short video clips demonstrating GIS functionality 

were created. The interactivity of GIS provides a different support of decision making processes. 

Question 12 of the survey specifically asked respondents about the use of software, and the video 

medium was used to quickly convey functionality. GIS software is distinctly separate from physical 

maps in that components of a cartographic display can change dynamically and it can be used 

interactively. Two specific software capabilities shown to respondents through video were 

dynamically adjusting map scale, and using a software tool to acquire additional attribute 

information contained within the map data. Questions 12 and 13 contained video material that 

demonstrated advanced GIS capabilities, including analysis, data manipulation and three-

dimensional visualisation of LiDAR data. Survey respondents were able to see how the functionality 

of database queries could be used to search through a large quantity of map features, using the 

query result to zoom to a feature. The demonstration of data manipulation showed attribution of 

polygons representing patches of vegetation for categorisation, while three-dimensional animation 

of LiDAR point cloud data showed how height of an individual tree could be measured within a GIS. 
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3.3.8 Collection of Qualitative Feedback 

Open comments were sought from respondents in all three sections of the survey, providing 

opportunity for contribution of alternative and unexpected views for the research as the design of 

questions to collect quantitative data may not appropriately capture respondent views. A general 

format then was to follow quantitatively aligned questioning, with open-comment questions so 

respondents were given opportunity to provide information that qualified their answers, as in the 

second part of Question 14 – ‘Breifly describe why these, or other, vegetation characteristics are of 

more, or less, benefit to your work’. 

LiDAR is a new technology gaining in popularity for mapping of our environment, and vegetation 

management activities are varied. As such, there may be barriers to its adoption and issues 

discovered by others that of value to understand. In this context, the last section of the survey 

‘Personal Perspectives’ aimed to capture the thoughts of respondents so as to build knowledge. 

3.3.9 Evaluation 

Question 17 was included to obtain feedback from respondents about the survey (Please evaluate 

the relevance of this survey to your work).  This was done in relation to the ease/difficulty that 

respondents had in completing the questionnaire, whether or not respondents found the survey 

useful in a general sense and in regard to learning about LiDAR as a tool for vegetation mapping, and 

finally, if the survey was useful for considering potential LiDAR applications.  

3.4 Framework for Data Analysis 
The survey consisted of both open-ended and closed questions. Open questions often followed 

closed questions, assisting in analysis of relationships between them. The majority of questions were 

optional, but closed questions often used a forced ranking. Forced ranking, such as questioning on 

the frequency of vegetation management related activity, assisted in analysis by allowing 

alternative, grouped views, of data. For example, activity frequency was grouped into two, with 

greater than, and less than, monthly used in analysis.  

Coding and analysis of open-ended response data, the production of descriptive statistics from 

quantitative data, and analysis of the results were primarily performed in a spread sheet software 

program. Survey Monkey software provided capabilities for basic descriptive statistics, including 

cross-tabulation and filtering, and these were used to acquire an initial knowledge of the data.  

A single spread sheet (see Figure 1-1 below) containing all responses was created, and all data 

values, except open-ended responses (i.e. comments), were converted into numerical values. To 

assist with pattern analysis, numerical data values in the spread-sheet were colour coded using a 

conditional formatting feature. Analysis of relationships between questions was facilitated within 

the spread sheet software by a filtering system. After one or more filters had been applied, averages 

were recalculated for all questions, allowing for per cent change to be rapidly analysed. 
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Figure 3-3 Spread sheet software provided conditional formatting of ranked and categorised data, sorting, filtering and 
dynamic calculation of descriptive statistics 

3.5 Limitations and Potential Problems 
Several limitations to the survey were considered. This included the lack of random sampling so that 

results should not be considered as an accurate sub-sample of all professional people in south 

eastern Queensland that have an interest or potential interest in remote sensing using LiDAR. The 

sampling method used (section 3.2.1) does introduce some bias in results.  While this is the case the 

benefits of the respondent-driven sampling technique to reach and involve interested professional 

people were considered to far outweigh the benefits of random sampling.  Furthermore, random 

sampling requires a list of all people from which to draw the random sample and this was not 

available. 

The survey was confined to a specific three week time period in May 2012 and to those people with 

internet and email access.  These constraints were considered to cause very minor limitation in the 

context of the high technology subject matter of the thesis topic.   The short time frame may have 

prevented some people participating.  

No problems were reported to the author concerning failure of the ‘Survey Monkey’ software to 

capture material from respondents. 

The main problem encountered was in analysing the large of volume of comments provided by 

respondents.  Development of spread sheet software was required to overcome this problem as 

described in the previous section.    
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4 Survey Findings: 

Description, Analysis and 

Synthesis 
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4.1 Introduction 
This chapter begins by describing the results from the 18 survey questions with both quantitative 

and qualitative information including quotes from survey respondents about the use and value of 

LiDAR.  Sub-sections include details about the number and characteristics of survey respondents, 

barriers to the use of LiDAR and evaluation data from survey respondents.  The next main section 

analyses the results. The final synthesis section provides a discussion of results in relation to the 

literature with sub-sections on increased use of software for geographical problem solving, 

preferences for finer or broader scale mapping, use of coordinated and multiple views for mapping 

LiDAR data, how LiDAR could potentially improve the quality, efficiency and problem solving capacity 

of professionals, and how different professions have distinct mapping characteristics and 

preferences. 

4.2 Description 

4.2.1 Survey Response 

Working Notes: Invitations | Referrals | Started | Completed | Geographic Distribution | Free-form 

Comment Quantity | Feedback on Survey Value for Education | Professional Opinion Captured 

From a total of 226 invitations, the survey software registered 186 individuals as having commenced 

the survey, with 157 respondents having completed the survey. Many questions were optional. 

Although three of these 157 respondents did not complete the final ‘thankyou’ survey page by 

clicking ‘Done’, these responses were otherwise considered complete.  

All respondents who followed the survey invitation link, and chose an option for question 1 – 

‘Consent from survey participant’, chose ‘Yes I agree’. All survey invitations contained a link to 

appropriate information about the survey and the research being conducted (see Appendix E – 

Survey Information Sheet for Survey Participant and Appendix F – Research Information Sheet for 

Survey Participant).  

Respondents completed the survey in an average time of 29.3 minutes (1st Quartile 13.2 minutes, 3rd 

Quartile 38.4 minutes), equating to approximately ten days’ worth of time contributed by vegetation 

management professionals. On average, each respondent provided about 100 words, resulting in a 

significant quantity of data in the form of ‘open comment’. The 908 separate comments from 

respondents totalled 16,445 words, or 48 pages of A4 text – the quantity depicted in Figure 4-1.  
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Figure 4-1 Depiction of the substantial quantity of free-form comment provided by respondents to the survey 

The email based respondent-driven sampling mechanism generated a stronger response to the 

survey than expected. Survey invitations were targeted at respondents in south-east Queensland, 

however the survey received response from all over Australia, and three other countries bordering 

the Pacific Ocean (as depicted in Figure 4-2).  

 

Figure 4-2 Representative distribution of survey respondent geographic locations 

The response to question 18 of the survey ‘Which key organisations, groups or people should be 

additionally surveyed?’ assisted in further understanding the sampling process. A small, but 

significant proportion (13%) of the responses provided direct confirmation that appropriate 

professions were targeted, i.e. “I think you have covered everyone.”, “Covered it pretty well I 

reckon.”, “Holistic list”, “All of the above.”, “All of the above, plus climate change policy workers, 

physical infrustructure planners etc”, “Can't think of any”, and “You have covered a wide range 

already”. Professions and Organisations targeted (see Appendix D – Example Survey Invitation Email 

with typical Respondent-Driven Sampling Method Response) by the survey, and additional 

suggestions made by respondents can be found here in Table 4-1:  

  



Application of LiDAR Technology Mapping for Vegetation Management - A 
Survey of south-east Queensland’s Professionals   

Chapter 4-41 
Survey Findings 

 

GEOM7009_SpatialSciencesThesis_TobyClewett_20120824_1630 [Chapter 4]    [page 41] 

 

Table 4-1 Survey Response to Question 18 – ‘Which key organisations, groups or people should be additionally 
surveyed?’ a summary 

Professions Targeted by the Survey (Survey Invitation) 
Arborist, Biodiversity Corridor Planner, Botanist, Bushfire Rescue/Emergency Management Officer, 
Community NRM/Landcare Coordinator, Ecologist, Environmental Planner/Consultant, Farmer (i.e. 
Crop Yields, Tree Clearing), Forestry and Wood Production Professional, Parks/Gardens/Roadside-
Vegetation Maintenance Officer, Park Ranger, Infrastructure Corridor Planner, Strategic Landuse 
Planners, Land Developer, Mapping/GIS Officer, Researcher in 
Agriculture/Bushfire/Ecology/Forestry/Geography, Vegetation Clearing Assessment Officer.  

Professions Suggested by Survey Respondents 
Bushfire Ecologist, Climate Change Policy Workers, Environmental Science Students, Erosion 
Specialists, Flooding Experts, Hydrologists, Hydrology Researchers, Landscape Architects, Linear 
Infrastructure Professionals, Mine Planners, Natural Hazard Risk Analysts, Physical Infrastructure 
Planners, Plant Physiology Researchers, Remote Sensing Operators, Transport Planner, Bridge 
Inspectors, Vegetation Management Compliance Officers, Vegetation Modellers, Water Resource 
Engineers. 

Organisations Suggested by Survey Respondents 
Carbon Planting, Carbon Sequestration, Catchment Management, Consultants involved in Offsets, 
Environmental Market Based Instrument (National) Design, Environmental Monitoring and 
Evaluation, Insurance, Mining, NRM, Oil and Gas, Parks and Conservation Teams (for prioritising 
management areas), Revegetation, Road Safety, Rural Fire Service. 
 

In question 17 of the survey, respondents were asked to evaluate the relevance of the survey to 

their work. The following table shows the positive manner in which the survey was received. 

Importantly, it also shows that the survey was a useful mechanism for more than 50% of 

respondents (N=110) to further develop their knowledge about LiDAR and its potential applications 

(see Table 4-2).  More than two thirds of respondents either ‘agreed’ or ‘somewhat agreed’ that the 

survey was useful, and this increased to 89% regards the usefulness of potential LiDAR applications. 

Most respondents either ‘agreed‘ (46%) or ‘somewhat agreed’ (44%) that the survey was easy to 

complete. 
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Table 4-2 Survey Response to Question 17 - Summary of respondents evaluation of survey relevance to their work 
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Groupings were performed to assist analysis – see below in Table 4-3 Organisation Groupings and 

Table 4-4 Profession Groupings. 
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Table 4-3 Organisation Groupings 

Central, State and Local Government Administration 
(39%) 

Local Government Administration 49 

State Government Administration 8 

Central Government Administration 3 

Local Government Infrastructure Planning 
and Policy 1 

Professional, Scientific, Research, Higher Education 
and Technical Services (21%) 

Professional, Scientific and Technical Services 22 

Scientific Research Services 6 

Higher Education 4 

Bureau of Meteorology - Science Organisation 
but not only research 1 

Engineering, Design, Architectural Consulting and 
Technical Services (10%) 

Engineering and Design Consulting Services 11 

Architectural, Engineering and Technical 
Services 3 

Heavy/Civil Engineering Construction 1 

Surveying, Mapping, GIS Technology Services (9%) 

Surveying and Mapping Services 12 

Software Vendor 1 

Information Technology / GIS 1 

Utilities - Electricity, Water, Oil and Gas (4%) 

Electricity Distribution 2 

Oil and gas 3 

Water Supply 1 

Land Development and Subdivision (2%) 

Land Development and Subdivision 3 

Nature Reserves, Conservation, Community NRM 
Operations and Management (11%) 

Nature Reserves and Conservation Parks 
Operation 6 

Community NRM 6 

Natural Area Management 2 

Conservation 3 

Natural Area Management & Ecological 
Restoration 1 

Agriculture, Forestry and Logging (4%) 

Agriculture 5 

Forestry and Logging 2 

Grand Total 157 
 

Table 4-4 Profession Groupings 

Environmental Scientists, Professionals, Consultants 
(29%) 

Environmental Science Professional 34 

Park Ranger 2 

Botanist 2 

Environmental/agricultural consultant 1 

Project Manager & Field Ecologist 1 

Conservation Project Officer 1 

wildlife harvesting 1 

Ecologist 1 

Campaigner 1 

Environment Advisor 1 

Geospatial Analysts, Surveyors, Cartographers 
(25%) 

  

GIS Analyst 34 

Surveyor 2 

GIS Officer 2 

Cartographer 1 

GIS Analyst and Environmental 
Survey/Management 1 

Directors, Managers and Program Administrators 
(14%) 

  

Project or Program Administrator 9 

Policy and Planning Manager 4 

Office Manager 3 

Management Consultant 2 

Director 2 

Business Manager 1 

Policies & Campaigns Manager 1 

Research Scientists, Lecturers, Tutors, Students 
(12%) 

  

Research Scientist 12 

Education Officer 2 

Science Technical Officer 2 

Honours Student 1 

University Tutor 1 

University Lecturer 1 

Engineering Professionals (8%)   

Civil Engineer 6 

Engineering Manager 4 

Building and Engineering Professional 2 

Production Engineer 1 

Urban and Regional Planning Professionals (8%)   

Urban and Regional Planner 11 

Policy Analyst 1 

Business and Information Technology Professionals (4%) 

Business/Information Professional 3 

Information Technology Manager 2 

IT Solutions Architecture 1 

Grand Total 157 
 

 

4.2.2 Respondent Characteristics 
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4.2.2.1 Question 2: Which of the following best describes the organisation you work for? 

  

Figure 4-3 Survey Response to Question 2 - Organisation Type 

Figure 4-3 shows that central, state and local government organisations totalled 39% of all 

completed responses. Ambiguity of ANZSIC organisation codes introduced difficulty in some result 

groupings. Government administration was by far the clearest grouping, and was also the equal 

largest proportion of survey respondents.  

The largest proportion, totalling 40%, of respondents were from organisations that were more 

difficult to group. A broad description of this grouping is professional, engineering, design, scientific, 

research and technical services. The difficulty in grouping arose from ambiguity and overlaps in the 

ANZSIC terminology, i.e. professional, scientific and technical services; scientific research services; 

engineering and design consulting services; architectural, engineering and technical services. 
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4.2.2.2 Question 3: Which best describes your role or position within this organisation? 

 
Figure 4-4 Survey Response to Question 3 – Profession 

Figure 4-4 shows that a little over one quarter (29%) of survey respondents were environmental 
professionals, another quarter (25%) were geospatial professionals, 14% were management 
professionals, and 12% were research professionals. Engineering and planning professionals 
accounted for 8% each, and business professionals 4%. Full list of professions in Appendix A – Survey 
Instrument.    
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4.2.2.3 Question 4: How many years’ experience do you have within your industry? 

 

Figure 4-5 Survey Response to Question 4 – Years of Experience 

Figure 4-5 shows that the majority of respondents (56%) had between 10 and 30 years of experience 

within their industry. The next greatest proportion, just less than a quarter of all respondents had 

between 3 and 10 years of experience. 10% of the respondents had more than 30 years of 

experience within their industry. 
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4.2.2.4 Question 5: How often does your role require you to engage in the following 
activities? 

 
Figure 4-6 Survey Response to Question 5 – Activity Types and Frequency 

Figure 4-6 shows that all respondents had used digital mapping at some point – either a web based 
mapping service, or maps on a smart phone or GPS navigation system. Software based interaction 
with mapping was very frequent, with 89% of all respondents using digital maps more than once per 
month. Similarly, 83% of respondents engaged in spatial/GIS analysis more than once per month. By 
comparison, 66% of respondents had paper based interaction with mapping more than once per 
month, indicating that many of the respondents (34%) were using paper maps infrequently. In stark 
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contrast, only 7% of respondents were preparing PMAV’s, with a majority (64%) having never 
prepared one. 
 
Unlike the well-defined trends described in the mapping activities, a more even distribution is seen 
in the other activities. On at least a monthly basis, approximately one-third of respondents engaged 
in site visits (37%), vegetation identification (32%), or corridor planning (30%). Common themes 
identified in from an analysis of activities can be seen in Table 4-5 below: 
 
Table 4-5 Themes identified in free-form comment of survey questions 5 -other vegetation management activities 
related  to your role 

Theme Example of description provided by respondent 

mapping, 
analysis, 
remote-sensing 
(36%) 

“Vegetation mapping monitoring modelling and analysis“ 

“Management of ground cover and vegetation structure mapping and 
monitoring programs using remote sensing and field survey.“ 

“Development of approaches for use by government agencies and private 
companies to combine field, airborne and satellite remote sensing data sets 
(including lidar) for a range of environmental mapping, monitoring and 
modelling tasks that all inform natural resource managementor 
production/use.“ 

assessment, 
monitoring, 
condition (29%) 

“Vegetation cover or loss assessment“ 

“monitoring vegetation condition“ 

“development assessment impacts and mitigation/avoidance“ 

“Identification of and assessment of vegetation communities, including 
ground thru thing re's. reporting clearing areas of re types to government. 
Screening vegetation for type a species and harvestable timber (actually we 
already used the lidar to do this).“ 

planning (19%) 
“planning for natural area management delivery“ 

“Identifying priority areas for conservation  Identifying areas suitable for 
vegetation offset agreements  Fire management planning  Weed 
management planning“ 

guiding, 
advising, 
managing (18%) 

“Defining regional ecosystems, developing benchmarks, editing CORVEG 
data, editing scientific papers” 

“Project design and management of vegetation related research (e.g. 
imagery analysis projects)“ 

“Regular use and provison of advice in the appropriate application and 
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implementation of environmental GIS datasets.” 

fieldwork, 
identification, 
surveying (14%) 

“Measuring physiological, hydrological and soil parameters“ 

“Identification of groundwater dependent ecosystems“ 

“Field (ground) based assessment of vegetation type and condition 
(structure, diversity, function).“ 

“looking for vegetation prone to bushfire“ 

“Plant Identification and advisory services“ 

legislation, 
policy, 
regulation, 
compliance 
(13%) 

“Compliance - evidence in court” 

“My role is in energy policy. The most likely activity that i would refer to veg 
management is power-line locations and corridors but this is a rare activity 
for my role. Infrastructure services and Development Assessment roles are 
much more involved in this work.” 

“implementing policy relating to vegetation management through planning 
schemes” 

modelling,  
bushfire and 
prescribed-
burns, 
restoration, 
research, 
rare threatened 
endangered 
species, 
offsets 
(each varying 
between 4-7%) 

“Participating on vegetation consultative committees and ministerial 
advisory committees” 

“Interpretation of vegetation clearance / disturbance / change by use of 
remote sensed imagery” 

“Implemetation of endangered vegetation management plans” 

“Bush Regeneration” 

“Calculating suitability of offsets, vegetation mapping and classification“ 
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4.2.2.5 Question 6: How often do you use the following mapping products for an 
investigation, assessment or report? 

 
Figure 4-7 Survey Response to Question 6 - Mapping Type and Frequency 

Figure 4-7 shows that publicly available imagery was the most popular form of mapping, with almost 

two thirds (61%) of respondents using it more than once a week, and no respondents using it less 

than once a year. This contrasted with usage of purchased imagery which had just over one third 

(36%) weekly usage and another third (29%) with usage less than yearly or never. After public 

imagery, property maps were the next most popular with just over half (55%) using them more than 

once a week, and over three quarters (76%) using them at least once a month. Topographic maps 

were used by almost all respondents (94%) at least once a year. This contrasted with Regional 
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Ecosystem and Geology maps with a quarter (23.6%) and a third (36%) with infrequent usage – i.e. 

less than yearly or never. 

Open comment for this question had three broad focuses. The following mapping products were 

specifically mentioned: 

Table 4-6 Mapping products used by respondents of the survey 

Environmental 
DERM Wetlands, Protected Areas Estate, Areas of Environmental Significance, Koala Habitat, Land-
use, Historic Vegetation Survey Maps, SLATS Woody Vegetation, BAMM and AquaBAMM, NVIS, 
Vegetation equivalents from other state agencies, CRAFTI (NSW), Species Records (Wildnet, Qld 
Museum, ESA), Herbrecs, Species Distribution 
Imagery 
Modis, Nearmap, Historic Imagery, Surface Fractional Cover, Ground Cover Index, USGS Landsat 
Imagery,  ALOS Palsar Biomass data, GLAS/ICESat GLA14,  
Topographic or Cultural features 
Geoscience Australia 1 Million Scale Mapping, Council Owned Land, Zoning, Planning Scheme 
Overlays, Waterways, Streams, Springs, Catchment Boundaries, Coastal Plan, Coastal Hazard, Land 
System and Soil, Mineral Occurences, Mining and Exploration Leases 
 

4.2.2.6 Question 7: At what scale do you most often use maps? 

 

Figure 4-8 Survey Response to Question 7 - Mapping Scale Frequency 

In question 7 of the survey (Appendix A – Survey Instrument) respondents were asked to choose, in 

most-to-least used order, from five mapping scales. Figure 4-8 shows that parcel (1:1,000) scale was 

selected as the most used (32%) mapping scale from all respondents. The distribution of responses 

for most used mapping scale was skewed towards parcel (1:1,000) scale but was quite evenly 
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spread. This spread is seen in the large proportions of respondents that chose street scale (26%) and 

suburb scale (23%) as their most used mapping scale. Both the preference of mapping scale, and the 

distribution, changed as respondents indicated the mapping scales they used second-most, third-

most, and so-on through to the least-used mapping scale. 

 

As the respondent indicated the range of mapping scales they used from the most used, to those 

used the least often, the distribution became more concentrated or clustered. In contrast to the 

most used mapping scale, the least used, national scale, was selected by over three quarters of 

respondents (77%). In addition to being more concentrated, the least (5th) used mapping scale also 

exhibited a bi-modal distribution with a second peak (16%) appearing for parcel scale. The fourth-

most used mapping scale also exhibited this bimodal distribution. 

4.2.2.7 Question 8: Which best describes your knowledge of mapping with Aerial Laser 
Survey (ALS) or Light Detection and Ranging (LiDAR) technology? 

 
Figure 4-9 Survey Response to Question 8 - Knowledge of mapping with LiDAR 

Figure 4-9 shows that a majority of respondents (61%) had used Aerial Laser Survey (ALS) or Light 

Detection And Ranging (LiDAR) mapping products. In comparison, one-quarter (29%) were only 

aware of the technology and just 11% of respondents were unaware of that ALS/LiDAR mapping 

products existed. The largest proportion, two-fifths of respondents (38%), indicated they had used 

some ALS/LiDAR mapping products, another 14% had used numerous ALS/LiDAR mapping products, 

and 9% had both extensively used and created ALS/LiDAR mapping products. 
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4.2.3 Respondent Opinions 

In this section, a description is provided for each question in the survey instrument (Appendix A – 

Survey Instrument).   

4.2.3.1 Question 9: How easy is it to look at the colours in this map and determine the 
height of objects? 

 
Figure 4-10 Survey Response to Question 9 - Determine object height from map (note: full size map available in 
appendix) 

Figure 4-10 shows that a very high proportion of respondents (83%) indicated that it was easy to 

determine the height of objects by using colours used in this map (see Figure 4-10). Small numbers 

of respondents indicated that the colours were not clear (7%), or that they were not sure (9%).  

When asked to explain why the map in Question 9 was, or was not clear more comment was 

received from those who were ‘Not Sure’ (100%) or thought it was ‘Not Clear’ (73%). By comparison, 

comment was received by slightly less than one-third (29%) of respondents who thought ‘Yes it is 

Clear’. 

From respondents who selected the option ‘Yes it is Clear’, two-thirds commented largely to confirm 

why it was clear,  i.e. - ‘colours are clear and key is easy to understand’, and ‘Using all three 

perspectives makes this map very easy to use -  I think with only the colour it may lose context.’ 

However, one-third of comments provided by this group suggested ways in which the elements of 

the map could be improved, i.e. ‘colour scale seems a bit counter-intuitive with a non-linear 

progression of colours’, ‘look up table could be better’, ‘swap the light and dark greens’, ‘not intuitive 

at first glance like some colour keys’. 

Comment from respondents who selected ‘Not Sure’ or ‘Not Clear’, was primarily focussed on the 

unsuitable use of colour, with some suggesting alternative approaches. Examples of the unsuitable 
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use of colour include – ‘colours not logical or intuitive’, ‘non intuitive colour palette’, ‘counter-

intuitive with a non-linear progression of colours’. One respondent indicated that the colours were 

difficult due to being colour blind. Another ten respondents specifically suggested difficulty with, or 

alternative approaches with particular colours. 

The following comments are representative of the specific colour issues – ‘I prefer not to use reds 

and pinks’, ‘pink and red are difficult to differentiate between’, ‘red and pink hard to distinguish’, 

‘sharp contrasting colours are visible, but similar shades pose problems’. 

A graduated, or shaded colour scheme was a common suggestion for improvement  –, ‘a gradual 

change of a single colour e.g. light green through to dark green’, ‘progress more smoothly from 

lighter shades to darker shade or vice versa’, ‘the map could be enhanced by using a graduated 

shading scheme’. 

Other suggestions for improvement were made, but no common theme was observed – i.e. ‘a colour 

ramp where the colour transitions uses a common logical range, e.g. from green-to-orange-to-red’, ‘I 

would have the shading would go the other way’, ‘perhaps a lesser number of ranges might make it 

easier to discern at first glance’, ‘a point label could be added occasionally for a peak’. 
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4.2.3.2 Questions 10-13: Would using mapping of LiDAR derived biophysical 
characteristics improve the efficiency, quality or consistency of your work? 

This section, and the following section covers the following survey questions and for each question 

respondents used a form to select an appropriate option, and were also invited to provide free-form 

comment in a text box – titled ‘Briefly describe why/how in the text box below’.  

QUESTION 10: Would vegetation height mapping at a street scale (1:2,000) increase the efficiency, 

quality or consistency of your work? 

QUESTION 11: Would Foliage Projective Cover (FPC) mapping at suburb scale (1:25,000) increase the 

efficiency, quality or consistency of your work? 

QUESTION 12: Would using software to interact with LiDAR data at a street scale (1:2,000) increase 

the efficiency, quality or consistency of your work? 

QUESTION 13: Would regional scale (~1:100,000) mapping of LiDAR based vegetation height, 

aggregated up into Regional Ecosystem mapping units, improve the efficiency, quality or consistency 

of your work? 

 

Figure 4-11 Survey Response to Questions 10-13 - Would mapping of LiDAR derived biophysical parameters improve the 
efficiency, quality or consistency of your work? 

The similar line of enquiry in questions 10, 11, 12 and 13 (see Appendix A – Survey Instrument) 

provides a mechanism to describe and analyse responses both individually and as a group. For all 

these questions, asking if mapping from LiDAR derived biophysical characteristics would improve the 

efficiency, quality or consistency of their work, the majority of respondents indicated that it was 

either ‘likely’ or ‘very likely’.  

Figure 4-11 shows that question 12 received the most positive response. Three quarters of 

respondents (74.5%) chose ‘very likely’ or ‘likely’ when asked, ‘Would using software to interact with 

LiDAR data at a street scale (1:2,000), increase the efficiency, quality or consistency of your work?‘. 

Response to question 10 was almost as popular, where slightly more than two thirds (70.9%) of 
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respondents indicated ‘Vegetation Height mapping at 1:2,000 scale’ as either ‘very likely’ or ‘likely’.  

For both of these questions, almost one-third (31%) indicated that it was ‘very-likely’. 

4.2.3.3 Questions 10-13: Free-form comment on how and why mapping with LiDAR derived 
biophysical parameters would improve efficiency, quality or consistency of work 

A huge volume of free-form comment was provided by respondents in the survey (Figure 4-1), of 

which just less than half (44%) came from these four questions. In most cases, a greater quantity of 

feedback came from respondents who chose either the ‘likely’ or ‘very likely’ option. In the case of 

response to question 10, these respondents provided most comment, with two-thirds (67%) taking 

the opportunity describe ‘why or how’. By comparison, comment came from less than half (43%) of 

the remaining question 10 respondents, i.e those who were unsure-20%, unlikely-7%, and very-

unlikely-3%.   

Comment from these less positive respondents generally described: 
 that this type of mapping was not relevant to their type of work (half), or  

 that they did not map at this scale (one-third), or 

 it was more relevant to their colleagues (one-quarter).  
 
Overall, comments from respondents covered a broad range of applications for vegetation mapping, 

describing how the mapping may increase the efficiency, quality or consistency of their work. Table 

4-7 below provides some typical responses from Questions 10 to 13, representing just 4% of the 

total 342 comments received in this section. A more substantial categorised listing of comments can 

be found in Appendix C – Extracts of Respondent Comments. 

Table 4-7 The broad range of applications described in typical open-comment responses from Questions 10 to 13 

Question Typical Responses 

 
10 

N=95 

“Availability of high resolution LiDAR that would show the structure of individual 
trees (crown structure details) would be of immense use in identification of old 
growth strata. This would assist in targeted field surveys for verification and 
increase the accuracy of mapping.” 

“This mapping at street scale permits more detailed investigations to be 
undertaken.  This would be especially useful in flood/drainage modelling where 
rainfall/runoff and flood conveyance assumptions utilise vegetation 
characteristics.” 

 
11 

N=95 

“Assessing the structural complexity of our sites and interpreting areas of possible 
weed incursion” 

“determine fuel loads, determine areas to concentrate fire reduction activities, 
determine previously unmapped green zones or the effectiveness of urban 
vegetation corridors previously established” 

 
12 

N=78 

“Ability to home in on one area and derive the topography and structural canopy, 
therefore infer the condition of the understory - maybe able to assess condition 
remotely.”  

“As with any geo enabled software interaction provides better understanding of 



Application of LiDAR Technology Mapping for Vegetation Management - A 
Survey of south-east Queensland’s Professionals   

Chapter 4-58 
Survey Findings 

 

GEOM7009_SpatialSciencesThesis_TobyClewett_20120824_1630 [Chapter 4]    [page 58] 

context and extraction of descriptive statistics. Hard copy products would be a 
waste with this kind of data.” 

“Would provide longitudinal diagnostic information for potential rehabilitation 
stream areas or quantitative information to supplement riparian quality 
assessments.” 

“The quality of desk-top analysis with regard to issues of height, density and 
urban design would be improved. One possible application could be to better 
understand the risks to urban development in bushfire prone areas can be better 
understood.” 

 
13 

N=70 

“Assist with the development and selection of survey sites for both fauna and 
flora, have this information on hand can take a lot of guess work out of finding 
suitable sites and prevent time wasted on the ground looking for suitable sites” 

“It has the potential to improve the accuracy of RE mapping - especially in terms 
of delineating between regrowth & remnant status & also to divide 
heterogeneous polygons into multiple RE's” 

 

A number of recurring themes were apparent, and Table 4-8 below describes the themes that were 

found for each question.  

Table 4-8 Themes identified in free-form comment of survey questions 10, 11, 12 and 13 - how and why mapping with 
LiDAR derived biophysical parameters would improve efficiency, quality or consistency of work  

Question 10 - Vegetation Height mapping at a street (1:2,000) scale 

 regrowth or remnant vegetation status, age, condition, or structure 
 management and assessment for wildfires, prescribed burns, and buffers 

 the built form, scale and vegetation in the urban environment 

 flood modelling 

 riparian condition, status and structure 

 road corridor design 

Question 11 – Foliage Projective Cover (FPC) mapping at a suburb (1:25,000) scale 

 regrowth or remnant vegetation status, age, condition, or structure 

 weed infestation, restoration, vegetation health, and conservation  

 street trees, shade, suburban footpath and recreation, urban vegetation corridors and heat 
island effects 

 fire behaviour and vegetation response, fuel loads 

Question 12 – Software to interact with LiDAR data at a street (1:2,000) scale 
 Software and Visualisation 

 Field-based or Groundwork Surveys 

 Regrowth or Remnant Vegetation status, Age, Condition, or Structure 

 Weeds, Condition, Conservation, and Restoration 

 Riparian 

 Infrastructure, Development Assessment 

 Urban Environment, Land-Cover Classification 

Question 13 – Regional (1:100,000) scale mapping of LiDAR based vegetation height aggregated up 
into Regional Ecosystems mapping units 
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 Regional Ecosystems, Regrowth and Remnant Status, Classification, Structure 

 Field-based or Groundwork Surveys 

 Weeds, Condition, Corridors, Conservation, Protection, Restoration, Ecotones, Riparian 
Rehabilitation 

 Critical Insights, Suggestions, Improvements 

 Scale, Accuracy, Quality and Consistency 
 

4.2.3.4 Question 14: Research indicates that LiDAR is helpful to visualise and measure 
many vegetation characteristics. From the list provided below, indicate which LiDAR 
derived vegetation characteristics could benefit your work. Briefly describe why 
these, or other, vegetation characteristics are of more, or less, benefit to you work. 

 

Figure 4-12 Survey Response to Question 14 - Which LiDAR derived biophysical characteristics could benefit your work? 

Depicted above in Figure 4-12 Survey Response to Question 14 - Which LiDAR derived biophysical 

characteristics could benefit your work?‘. Vegetated Area Polygons/Extents’ received the most 

frequent response (54%) as one of the LiDAR derived biophysical characteristics that were ‘Most 

Useful’. It also had the most concentrated or clustered response of all characteristics (84% selected 

either most or more useful), and had the fewest number of respondents (6%) whom chose not to 

provide an indication on its ‘Usefulness’. 152 respondents provided a response to this question, of 

which three-quarters answered fully, and one-tenth selected fewer than six of the characteristics.  
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Foliage Projective Cover (FPC), Height, and Density received the second, third and fourth strongest 

responses. Three quarters of respondents selected either most or more useful for these 

characteristics. ‘Biomass’ and ‘Individual Tree Identification’ had a mildly positive and fairly 

distributed response. ‘Fuel Load’ and ‘Tree Shade’ were also fairly distributed, with a marginally 

positive response. Carbon Stock, Basal Area and Leaf Area Index (LAI) were seen to be least useful of 

the listed LiDAR derived biophysical characteristics. Basal Area and LAI also had the greatest number 

of respondents (13-16%) who chose not to provide an indication on their usefulness. 

One-third of respondents provided comment when asked why these, or other, vegetation 

characteristics are of more, or less, benefit to their work. More often than not, the respondents 

description provided significant insight into how particular characteristics could provide benefit to 

their work. The following two examples are typical of this: 

“Most of the selected attributes form part of the Queensland government's 

Bio-Condition habitat condition assessment tool and would thus reduce some 

field time required for these assessments; others are useful for planning on-

going site management (e.g. fire regimes and carbon accounts)”, 

Environmental Scientist | Community NRM 

“Knowing the density, cover and vegetated polygon extent in riparian areas 

could provide more accurate input into stream bank erosion models. 

Characteristics such as LAI and tree shade in riparian areas could provide an 

indication of the relationship between light penetration and water 

temperature. Increased temperatures from lack of shade in riparian areas can 

have significant impacts on natural in-stream processes and water quality.” 

Themes were identified in respondent free-form comment and were listed below in Table 4-9. 

Table 4-9 Themes identified from respondent free-form comment for Question 14 LiDAR derived biophysical 
characteristics 

 Climate Change and Agriculture 

 Bio-Condition, Regional Ecosystems, Regrowth and Remnant Status, Classification, Structure 

 Bushfire 

 Urban Areas 

 Natural Resources, Forestry and Local Park Management and Operations 

 Critical Insights, Suggestions, Improvements 

 Riparian Environments 

 
For each category, a corresponding section is also found in the Appendix C – Extracts of Respondent 

Comments 

4.2.3.5 Question 15: Could you describe barriers that may exist for you to effectively utilise 
LiDAR derived maps, mapping products or GIS analyses in your work? (i.e. 
awareness, knowledge, skill, data availability, cost, etc..) 

 
Feedback on this question was very strong, with 87% of respondents describing perceived barriers 

inhibiting effective utilisation of LiDAR derived maps, mapping products or GIS analyses in their 
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work. One-quarter of the feedback was a short bulleted-list, whilst three-quarters of respondents 

provided anywhere between two short sentences and a lengthy 2-3 sentence paragraph. The 

following two seemingly conflicting comments could be considered common: 

“The use of LiDAR derived maps would not be a problem. However the 

capture, storage and processing costs would be a problem.” – Geospatial 

Analyst | Professional/Research Services | 10-30 years experience | used 

numerous LiDAR products 

“Knowledge of what data sets are available is the first issue.  Knowledge and 

skills for analysis of LiDAR data sets is next.” – Research Scientist | Agriculture, 

Forestry and Logging | more than 30 years experience | used some LiDAR 

products 

The following comment appeared to capture overall sentiment quite well: 

“Cost mainly. One of the main limiting factors for widespread use within a 

Local Government is finding the funding to initially acquire the information. 

Given that to be relevant the data would have to be collected again at regular 

intervals there is the ongoing cost as well.    Education would then be another. 

Many Council activities now regularly include the use of aerial photography. 

Having people use the information requires that specialists provide a quick 

and easy way for non-specialists to use the information in their daily 

activities.” – Geospatial Analyst | Government Administration | 10-30 years’ 

experience | Site Visits and Vegetation Classification weekly 

The barriers most frequently mentioned by respondents were  

 Availability and Acquisition (41%),  

 Expertise Skills Knowledge (41%),  

 Cost or Expense (40%),  

 Systems Processing Computing (31%),  

 Currency or Temporal Consistency (17%),  

 Awareness (10%).  

Less frequently described barriers (2-5%) included funding, a lack of sharing, temporal resolution, 

sensor weakness in certain environments, standards, and licensing restrictions. For each of these 

categories, a corresponding section is also found in the Appendix C – Extracts of Respondent 

Comments. 

4.2.3.6 Question 16: Regarding any evaluation of LiDAR GIS Mapping of vegetation, what 
additional key issues should be addressed? 

Half the respondents (53%) gave feedback on additional key issues that should be addressed 

regarding any evaluation of LiDAR GIS mapping of vegetation. Most respondents covered numerous 

issues, and often providing between one and two short sentences, with quite a few offering lengthy 

descriptions. 
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“How to make the data easily accessible, including pre-processing of data to 

make standard data products.  Preparation of metadata, including 

assessment of limitations, to guide application.” – Geospatial Analyst | 

Surveying and Mapping Services | 10-30 years’ experience | used some LiDAR 

products 

Close to half of the comments (N=35) included mention of issues related to product accuracy, 

quality, reliability, suitability, consistency or standardisation. Other comments, each representing 

less than 10% of responses, mentioned - systems performance, change or compatibility; fusion or 

integration with imagery and mapping products; vegetation classification, structure, weeds and 

threatened species. Individual comments, worthy of mention, discussed open access, application to 

non-woody vegetation, soils, and future adoption by other professions. 

Table 4-10 Particularly notable comment regarding key issues that should be addressed in an evaluation of LiDAR GIS 
Mapping for vegetation. 

“Don't oversell it - it accurately records height and cover, and probably can do biomass and 

stem density at large scale, but not species composition” 

“Accuracy of the LiDAR; Field calibration/validation; LiDAR capture specifications and sensor 

type; purpose of the mapping; available skills; data licensing” 

“Big issues around sensor and acquisition parameters.  Need to address how to 

use/integrate/store data captured with different specifications” 

“A standard, or broadly acceptable, approach to assessing mid-story structure.” 

“Size of files, capabilities of computer CPUs - specific needs of each project - flexibility of 

reclassifying products” 

“ensuring consistency across government agencies (state and local and federal)” 

“New classification systems for native vegetation that reflect the structural information that 

LiDAR contains” 
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“Very useful tool. As the cost of capturing and maintaining the information is reduced (like 

what has happened with aerial and satellite imagery) the use will be more widespread 

outside of specialist users like GIS analysts.    The tools that Google can provide is a good 

indicator for this as they are driven more by a commercial interest rather than an 

administrative (for planning, asset maintenance, etc.) one like with government 

organisations. The cost of acquiring the information and more wide spread adoption of the 

technology will be had.” 

 

A set of categorised extracts can be found in Table 9-7 Categorised extracts from Question 16 

'Regarding any evaluation of LiDAR GIS Mapping of vegetation, what additional key issues should be 

addressed?' of Appendix C – Extracts of Respondent Comments. 

4.2.3.7 Question 19: Do you wish to make any further comments? 

Just less than a third of respondents provided further comment coming from a broad range of 

organisation and profession types. Particularly notable themes were  

 LiDAR mapping technology looked promising, i.e. “A fascinating future potential in 

understanding vegetation”, “Excellent technology if it can be made afforable”, and 

“awesome technology”. 

 Respondents were seeking more information about its development, i.e. “It looks like a 

really useful tool.  Will be available on mobile devices such as IPADS or as an application?”, 

and “LiDAR data has other potential applications, would data products be available for other 

applications?” 

 The materials and survey demonstrated the technology, i.e. “Glad I completed this survey.  

Well done - it was informative and interesting and well set out/thought out.”, “Well 

presented survey with great supporting documents and videos” 
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4.3 Analysis 

4.3.1 Introduction 

This section analyses the responses provided by respondents in relation to the thesis objectives in 

regards to: 

 The engagement of professions in vegetation management in south east Queensland 

 The preferences and characteristics of users regards use of mapping and GIS for vegetation 

management activities 

 Use of LiDAR for a diversity of applications in vegetation management 

 knowledge of LiDAR mapping products influences perception of barriers 

 Behaviour and opinion by profession. 

4.3.2 Professions engaged in Vegetation Management in south-east 
Queensland 

The research required identification of a suitable sample of professionals engaged in vegetation 

management in south-east Queensland. The survey invitation process utilised an email based 

respondent driven approach (section 3.3.1) which was successful in attracting a significant number 

(157) of completed survey responses from key profession (Table 4-4 Profession Groupings) and 

organisation (Table 4-3 Organisation Groupings) types within south-east Queensland (Figure 4-2 

Representative distribution of survey respondent geographic locations). The literature review 

highlighted that humans group plants into many different communities, that the structured 

vegetation classification systems they use are created for varying purposes (section 2.4.1), and that 

the purposes and classifications occur at varying spatial scales (section 2.4.4). The overall survey 

response showed a significant frequency of activities, such as site visits, vegetation identification or 

classification (Figure 4-6), as well as frequent use of vegetation related mapping (Figure 4-7) – a 

confirmation that professions engaged in vegetation management were reached by the respondent-

driven sampling method. However, one particular activity ‘Property Maps of Assessable Vegetation’ 

had just a handful of respondents (7%) who engaged the activity on more than a monthly basis. 

Additional evidence was the largely positive response (section 0) and the significant detail provided 

by respondents regarding application of LiDAR derived mapping for vegetation management (section 

4.2.3.3). Some particularly relevant respondents provided description of activities for they were 

frequently engaged (see Table 4-12 Respondent description of activities, where respondent has high 

frequency of site visits and corridor planning, or use of Regional Ecosystems or Geology mapping). In 

an evaluation of the survey’s relevance to their work (see summary to question 17 in Table 4-2), 

respondents had a largely positive response.  In the last question of the survey, a number of 

respondents (3%) directly confirmed that the invitation covered a wide range of professions, whilst 

others (30%) provided additional groups, organisations and professions (see Table 4-1).  

Findings indicate the respondent-driven sampling method was largely successful in both identifying a 

suitable sample of professionals engaged in vegetation management activity in south-east 

Queensland, and in producing an industry standard (ABS) listing of the professions and organisations 

involved in vegetation management. 

4.3.3 Mapping, GIS and Vegetation Management Activity 
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4.3.3.1 Web GIS, Software, Analysis, and use frequency of Paper Maps 

Web maps are used more often than paper maps. We can determine this by comparing the 

frequency of use for paper maps (e.g. navigation using UBD or topographic maps, interpreting 

gazetted plans) and web-maps (google maps, smart phone map-apps, GPS navigation systems, etc). 

While 68% of respondents used web-maps more than once per week, the same figure for paper 

maps was only 39%. In fact, only 2% of respondents indicated they used paper maps more often 

than web-maps. Looking at this same statistic further we find that half of the respondents (52%) 

used both paper and web maps as often as each other, while 43% used web-maps more often than 

they did paper maps, and a substantial number (18%) using web-maps much more frequently, i.e. 

weekly versus yearly. 

Spatial or GIS analysis also appeared to be a frequent activity for most respondents, with 58% 

recording they performed the activity weekly, and 75% on at least a monthly basis. This figure seems 

high, perhaps due to varied interpretations, i.e. one individual may consider ‘I use GIS, look at data 

and switch layers on and off’ as GIS analysis while another may consider an activity GIS analysis only 

when data manipulation, measurement or queries are performed.  

The most positive survey response from the set of questions 10-13, was for question 10 ‘Use of 

Software to interact with LiDAR’ (see Figure 4-11 Survey Response to Questions 10-13 - Would 

mapping of LiDAR derived biophysical parameters improve the efficiency, quality or consistency of 

your work?). That three quarters of respondents responded positively to this question, serves to 

highlight the value of software. Although paper maps still have a strong usage, perhaps this will not 

always be the case. The following two quotes, provided in response to question 10, characterise the 

view of software, its increased usage, and the perceived value of LiDAR mapping within a GIS 

environment. 

“How else do you interact with LiDAR data if not with software?” – Geospatial 

Analyst | Technical and Consulting Services | 10-30 years’ experience | 

extensively used and created ALS/LiDAR mapping products 

 

 “The information would be beneficial at the beginning of a development 

proposal process to identify range of vegetation type suitable for retention or 

protection. However it is important to layer this info with other datasets such 

as Veg Type, Classification, etc.” – Urban and Regional Planner | Government 

Administration | 10-30 years’ experience | GIS analysis at least once a week | 

previously un-aware of LiDAR mapping products 

Publicly available map services now provide both imagery and property maps. The usage of map 

types (Question 6) provided confirmation of the popularity of web-mapping, with publicly available 

imagery having the highest usage. A staggering 89% of respondents used publicly available imagery 

at least every month. The same figure for property or cadastral maps was 75%. 

4.3.3.2 The preference for Fine (1:1,000) Scale Maps 
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The frequent engagement in site-visits and web-mapping reinforced the prominent preference for 

fine scale maps (as depicted in Figure 4-8 Survey Response to Question 7 - Mapping Scale 

Frequency). 

The response to ‘Question 7: At what scale do you most often use maps?’ showed a very clear usage 

of maps by respondents at the finest scale, with 32% of respondents indicating they used 1:1,000 

(parcel scale) the most. This preference was reinforced by 1:5,000 (street scale) being the 2nd most 

used mapping scale. This pattern, of decreased map usage with a broadening of scale, continued 

through to the least used mapping scale. 

Frequent site-visits has an extremely significant reinforcement of the preference for fine (1:1,000) 

scale maps. Over half (56%, up from 32%) of respondents who engaged in a site-visit at least weekly 

used fine scale maps the most. What is exceptionally telling is that for this group, only one tenth 

(11%, down from 44%) used suburb (1:50,000), regional (1:100,000) and national (1:500,000) scales 

the most – a figure  

An additional pronunciation of this pattern is seen when cross-referenced with the frequency of 

web-map usage. Frequent web maps users, i.e. more than once a week (68.2% of respondents), had 

higher use of 1:1,000 (parcel) scale maps with 35.5% choosing this scale. In stark contrast, the 

remaining less frequent web-map users had just 22.0% choosing 1:1,000 (parcel) scale maps as their 

most often used. Additionally, the less-frequent web map users, had their proportion (26.0%) using 

1:50,000 (suburb) scale maps the most. 

4.3.3.3 Bucking the Trend – characteristics of those using Broader Scale Maps 

The response to question 7 showed a preference for maps at the finest scale. However a significant 

proportion (20%) chose the 1:50,000 (suburb) and 1:100,000 (regional) scale maps as their most, or 

second-most used mapping scale. These respondents had a significantly reduced frequency of site 

visits (25% monthly, down from 37%), but an increased frequency for all mapping types – especially 

Regional Ecosystems (71% monthly, up from 53%) and Geology (71% monthly, up from 38%). 

Although preferring the broader scale mapping, these respondents also saw more positive ratings 

for questions 10, 11, 12 and 13 (Figure 4-11 Survey Response to Questions 10-13 - Would mapping 

of LiDAR derived biophysical parameters improve the efficiency, quality or consistency of your 

work?). Their preferences for biophysical characteristics were a strong accentuation of the top four 

overall group preferences – ‘Vegetated Area/Polygon Extents’, FPC, Height and Density. This group 

were also much more likely to be an environmental or geospatial professional. 

4.3.3.4 Coordinated and Multiple Views (CMV) and Colour 

 
Questions 9, 10, 12 and 13 provided the respondents with mapping materials that contained 

coordinated and multiple views (CMV). The function of these CMV’s was to provide a common aerial 

photograph positioned alongside the same aerial photograph, but with its colour modified by a 

LiDAR derived biophysical characteristic like height, or foliage projective cover (FPC). Just one 

respondent commented on CMV in question 9, stating ‘Using all three perspectives makes this very 

easy to use. I think with only the colour it may lose context’. Another respondent added the following 

in response to question 10. 
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“It's excellent for assessing heights for PMAV's (remnant status) and 

biodiversity assessment.  Haven't used it before because hadn't thought of it - 

great idea.  Will probably start using this more now I've been shown it.  

Having the 3 pieces of information on the map is excellent.” – Geospatial 

Analyst | Survey and Mapping Services | 3-10 years’ experience | used some 

LiDAR mapping products 

Although respondents were not specifically asked to comment on this aspect of the map, the lack of 

comment may indicate exactly what this respondent indicates – that CMV’s improve ease of use. 

In contrast, the use of colour to convey object height appears to have a much greater influence on 

the map reader. Colour could have been improved, in many, often conflicting ways. This was an 

opinion shared by both those respondents who found reading the map easy (83%), and those who 

were unsure or found it difficult. What appears clear from responses to this question, is that colours 

can be used to convey a LiDAR derived characteristic in many ways, and that the map reader would 

benefit from having control over this cartographic element. 

4.3.3.5 Activity for which LiDAR is more likely to improve Vegetation Management 

While positive opinion was seen overall, two high frequency activities and two high frequency 

mapping products appear to influence opinions more than others. Frequency of both occurred on at 

least a monthly basis. Activities included site visits and corridor planning, while mapping products 

included geology and DERM regional ecosystems data. This was measured by noting a greater 

proportion of respondents saying mapping of one or more LiDAR derived characteristics was either 

‘likely’ or ‘very likely’ to improve their work. Increases are detailed below in Table 4-11.  

“It has the potential to improve the accuracy of RE mapping - especially in 

terms of delineating between regrowth & remnant status & also to divide 

heterogeneous polygons into multiple RE's” – Environmental Scientist | 

Government Administration | 10-30 years’ experience | used some LiDAR 

mapping products 
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Table 4-11 Activities or Mapping Products positively influencing opinion on the benefit to a respondent’s work  

 

The additional free-form description of activities, provided by respondents who exhibited a high 

frequency of these selected activities, highlighted the complex and applied nature of their role. The 

quotes following in Table 4-12, provides an indication of this. 

Table 4-12 Respondent description of activities, where respondent has high frequency of site visits and corridor 
planning, or use of Regional Ecosystems or Geology mapping 

“Identification of ecological values; Identification of threatening processes within management 
zones; Development and implementation of Restoration Operations; Development of 
Rehabilitation Plans & Reports; Development of vegetation surveys” 

“Calculating suitability of offsets, vegetation mapping and classification” 
“Verify Regional Ecosystems” 

“Identifying priority areas for conservation;  Identifying areas suitable for vegetation offset 
agreements;  Fire management planning;  Weed management planning” 

“Administering the Vegetation Management Act 1999 in SEQ region including development and 
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offset assessment, assessing PMAV’s, providing legislative advice, compliance, planning.” 

“National park management. Typically includes - Vegetation mapping for planning of 
prescribed burning, wildfire and post fire vegetation response. Vegetation mapping also used 
for ID old growth forest and remnant individuals. Placement of infrastructure - roads, quarry, 
tracks and trails.” 

4.3.4 LiDAR has a diverse application in Vegetation Management 

Application for mapping using LiDAR technology appears to be broad-based, with many specific 

applications being mentioned in open-comment throughout the survey. From ‘Questions 10-13: 

Free-form comment on how and why mapping with LiDAR derived biophysical parameters would 

improve efficiency, quality or consistency of workand ‘Question 14: Research indicates that LiDAR is 

helpful to visualise and measure many vegetation characteristics. From the list provided below, 

indicate which LiDAR derived vegetation characteristics could benefit your work. Briefly describe 

why these, or other, vegetation characteristics are of more, or less, benefit to you work., the 

following is a concise list of themes identified for applications: 

 Field-based or Groundwork Surveys 

 Regrowth or Remnant Vegetation Status and Structure, Age, Weeds, Condition, Corridors, 

Riparian Rehabilitation, Restoration, Conservation, Protection, Ecotones 

 Urban Environments - street trees, shade, suburban footpath and recreation, urban 

vegetation corridors and heat island effects, the built form, scale and vegetation in the 

urban environment 

 Infrastructure, Development Assessment, Flood modelling 

 Fire behaviour and vegetation response, fuel loads, management and assessment for 

wildfires, prescribed burns, and buffers 

 Climate Change, Carbon Accounting 

4.3.5 Barriers are influenced by knowledge of LiDAR mapping products 

Knowledge to LiDAR mapping products (see Figure 4-9 Survey Response to Question 8 - Knowledge 

of mapping with LiDAR)  influences the perceived barriers to adoption. An analysis comments 

identified that those respondents who:  

 were unaware of LiDAR mapping products provided less comment regarding barriers, 

 were aware of that LiDAR mapping products existed thought knowledge and expertise were 

the greatest barrier (53%), 

 had used numerous LiDAR mapping products thought systems (50%), availability (59%) and 

cost (41%) were the greatest barriers, and 

 had used and created LiDAR mapping products thought cost (57%), availability (50%) and 

systems (43%) were the greatest barriers.  

Examples of comment can be found for these categories in section 4.2.3.5.  
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4.3.6 Analysis of behaviour and opinion by profession 

Vegetation management activity occurs in many different organisations – government, scientific, 

engineering, conservation, utilities, agriculture, etc (see Figure 4-3) and is conducted across a broad 

range of professions (Table 4-4 Profession Groupings). Survey participation from various professions 

was substantial, with respondents suggesting many other professions that would be applicable - 

Table 4-1. 

It can be observed in the data, that Environmental scientists, professionals and consultants 

(Environmental Professionals) provided the largest response to the survey (see Figure 4-4). 

Compared to other professions, Environmental professionals also engaged more often in vegetation 

identification, and used vegetation mapping more often (see Figure 4-13 below). Strong evidence of 

this is seen in the group’s description of ‘other activities’ from question 5 (Appendix A – Survey 

Instrument), which includes – ‘Ecological survey planning and reporting’, ‘bushfire management 

operations and planning’, ‘observing and analyzing wildlife populations and habitat’, and 

‘Calculating suitability of offsets, vegetation mapping and classification’.  An analysis of differences 

between profession groupings is valuable given the substantial differences observed in their 

characteristics, behaviour and opinion. 

Figure 4-13 below shows the activity and mapping behaviour for four professions that received the 

highest responses. Each profession is cross-referenced, highlighting use of vegetation mapping (left-

to-right) and vegetation identification (top-to-bottom). These statistics have been taken from 

response to questions 5 and 6 of the survey.  
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Figure 4-13 Comparison of vegetation management activity across professions 

Notable in Figure 4-13 is the difference between the environmental and geospatial professionals. 

While the environmental professionals tend to use Regional Ecosystem mapping more, and identify 

or classify vegetation, the largest proportion of geospatial professionals fall into the ‘Never’ category 

for both! Notable differences identified from an cross-referencing analysis of survey statistics are 

found below in Table 4-13: 

Table 4-13 Notable characteristics, behaviours  and opinions for six professions regarding use of LiDAR derived 
vegetation mapping 

Environmental 
Professionals 

 The most frequent site visits of all professions, a characteristic that further 
accentuated other behaviour and opinions such as mapping scale – i.e. the 
more frequent the site visits, the finer scale mapping used. 

 Most used mapping scale - 1:50,000 (suburb) scale, opposite to the overall 
trend (Figure 4-8). 

 The highest overall rating for questions 10-13 (Figure 4-11), if LiDAR 
derived mapping would improve their work. Using software to interact 
with ‘Height’ mapping at 1:2,000 (street) scale, was rated highest by all 
respondents, but rated even higher by environmental professionals. They 
also rated using FPC at 1:25,000 (suburb) scale the highest of all 
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professionals. 
 Second lowest (after urban and regional planners) exposure to mapping 

with LiDAR technology. 

 ‘Height’, just slightly more than ‘Vegetated Area Polygons’, was the 
biophysical characteristic rated highest by environmental professionals. 

 Highest contribution to free-form comment, but lowest number of minutes 
taken to complete the survey.  

Geospatial 
Professionals 

 The most infrequent site visits of all professions, and similar to 
environmental professionals, served to polarise many other characteristics. 

 The smallest amount of ‘years of experience’ (Figure 4-5) of all professions. 

 Using software to interact with LiDAR derived height would improve their 
work less than using vegetation height mapping derived from LiDAR. Not 
surprising, as this group already has access to, and knowledge of, GIS 
software. 

 Second highest score for evaluation question ‘useful for considering 
potential LiDAR applications’ (behind engineering professionals).Table 4-2 

Research Scientists  Along with environmental professionals, scored highest rating for the use 
of software to interact with LiDAR derived Height mapping at 1:2,000 
(street) scale (Q10), and FPC at 1:25,000 (suburb) scale (Q12). (seeFigure 
4-11) 

 Significantly bucked the trend for Biophysical Derived Characteristics 
(Figure 4-12) and Rated ‘Vegetated Polygon Extents’ much lower than 
other groups, and rated FPC, height and Biomass the highest. 

 Indicated highest rating for ‘the survey was the easy to complete’, of all 
professions (Table 4-2). 

Project 
Management  

 Highly consistent with the most used mapping scale – 1:1,000 (parcel) 
scale. 

 Lowest overall rating for questions 10-13, if LiDAR derived mapping would 
improve their work. 

 Lowest rating for survey evaluation question ‘Completing the survey was 
useful for me’. 

Engineering 
Professionals 

 Highest exposure to mapping with LiDAR technology, along with geospatial  

 Highest rating for ‘Density’ biophysical characteristic (Q14), along with 
urban and regional planners. 

 Lowest frequency of vegetation identification/classification and use of 
regional ecosystems mapping, but highest rating for survey evaluation 
questions ‘useful for learning about vegetation mapping using LiDAR’, and 
‘useful for considering potential LiDAR applications’. 

Urban and Regional 
Planners 

 Lowest exposure to mapping with LiDAR technology 

 Highest rating for ‘Density’ biophysical characteristic (Q14), along with 
engineering professionals. 

 Lowest frequency of mapping (Q6 average) 

 Longest time spent completing the survey 
 

4.4 Synthesis 

4.4.1 Increased use of software, GIS, for geographical problem solving 
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The literature review highlighted growth of geospatial information technology, i.e. the famous vision 

of a ‘digital earth’, currently being delivered by services such as Google Earth, Bing Maps and the 

Open Street Map. The 22 petabytes of imagery in the Google ‘Street View’ and the 2.5 billion 

geographical locations in the ‘Open Street Map’ also highlighted growth in the amount of geospatial 

information, with remotely sensed data and ‘Neo-Geographers’ contributing ever greater amounts 

to a geospatial digital data commons. Confirming this, respondents to this survey indicated that web 

maps were more popular than paper maps, and that GIS analysis was a popular activity amongst the 

sample group. Additionally, respondents indicated that using software to interact with LiDAR data 

would improve their work (section 4.3.3.1). Importantly, this last finding is accentuated for those 

engaged more frequently in the use of Regional Ecosystems maps (Table 4-11). As Sui and Goodchild 

argue, ‘GIS as Media’ appears to be confirmed by the high frequency of map usage (section 4.3.3.1) 

and the role that maps are playing in facilitating communication.  

4.4.2 Preferences for finer or broader scale mapping 

An interesting relationship also highlighted by analysis of the survey response, was that finer scale 

maps, i.e. maps at a parcel (1:1,000) scale, were used the most, and respondents who performed 

site visits and used web-maps more often had even greater use of finer scale maps (p4-65). Publicly 

available imagery, like that provided by the Google and Bing web map services was the most often 

used mapping type (p4-65).  It seems logical that an individual working in the field would seek 

detailed (finer scale) mapping, if the mapping exists, and it is easily accessible. Notably though, there 

were 20% of respondents who bucked the finer scale mapping trend, and preferred either 1:50,000 

(suburb) or 1:100,000 (regional) scale mapping (see section 4.3.3.3). Although mapping of LiDAR 

data lends itself more easily to fine scale mapping, and these respondents preferred the broader 

scale, overall they had more positive views about its application. As Levin points out in his paper on 

‘The problem of scale and pattern in ecology’88, investigations require the interfacing of phenomena 

that occur on very different scales of space, time, and ecological organisation. 

4.4.3 Mapping LiDAR data with Coordinated and Multiple Views (CMV) and the 

use of Colour 

The literature review identified that Coordinated and Multiple Views are proving to be a popular 

technique for geospatial data visualisation, with mapping companies like Google and ESRI 

implementing this feature in their web based mapping tools (section 2.3.3). The survey response 

showed that CMV was a clear and easily understood method for presenting mapping of LiDAR 

derived biophysical characteristics to map readers. However the thematic colour ramp used to 

convey the magnitude of characteristics received significant and conflicting comment (p4-66).  

4.4.4 Vegetation Management professionals think LiDAR would likely improve 

their work 

Respondents indicated that mapping of vegetation using LiDAR derived biophysical characteristics 

would improve the efficiency, consistency or quality of their work. In questions 10-13, respondents 

were presented with four methods of interacting with LiDAR derived biophysical characteristics 

across a number of mapping scales (see Figure 4-11 Survey Response to Questions 10-13 - Would 

mapping of LiDAR derived biophysical parameters improve the efficiency, quality or consistency of 

your work?). 93.6% of respondents thought at least one of the methods would either be ‘likely’ or 

‘very likely’ to improve their work, leaving just 6.4% who thought that none of the methods would. 
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In contrast, almost a third (30%) of respondents thought that all four methods would either be 

‘likely’ or ‘very likely’ to improve their work. 

Certainly for the simplest canopy structure measurements of height and cover, this finding confirms 

what Lefsky et al identified in 2002, in what is now a highly cited paper, that LiDAR remote sensing 

technology should ‘be of particular interest to forest, landscape, and global ecologists’6.  

The list of activities (Table 4-12) described by respondents who, on at least a monthly basis, used 

DERM Regional Ecosystems mapping, geology mapping, or conducted a site visit, gave an even 

stronger indication that LiDAR derived biophysical characteristics would improve their work (Table 

4-11). Analysis of the significant quantity of description provided by respondents, strongly indicated 

that mapping of LiDAR derived biophysical characteristics has broad and valuable application in 

vegetation management. Applications ranged from improving planning field work and the 

assessment of vegetation status or condition, to the modeling of floods or of urban heat island 

effects, the response of vegetation and behaviour with fire, and development assessment or 

infrastructure planning (p4-69). 

4.4.5 Professions have distinct characteristics, mapping behaviours and 
opinions  

Analysis of survey respondent characteristics indicates that application of LiDAR based mapping 

extends to a number of professions (Table 4-4 Profession Groupings). The six major groups 

identified, in decreasing order of participation, were environmental professionals (n=45), geospatial 

professionals (n=40), project managers (n=22), research scientists (n=19), engineering professionals 

(n=13) and urban and regional planners (n=12). The literature review described the many ways in 

which vegetation is both perceived and managed within our society. Vegetation This is strongly 

conveyed by the distinct characteristics, behaviours and opinions that of these professions exhibit 

(Table 4-13). 
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5 Conclusion 
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The review of literature identified that the landscape of geographical enquiry was changing rapidly – 

driven in part by advancements in geospatial technology and the increased quantity of geospatial 

data. Remotely sensed data, of which LiDAR technology is a part, is increasing the quantity of data at 

finer mapping scales. These changes, in combination, are modifying mapping behaviour with GIS 

being increasingly used for analysis and facilitating communication. The literature review also looked 

at the role of mapping in vegetation classification and in vegetation management. Field based 

vegetation survey and remotely sensed data, i.e. satellite and aerial imagery, played an important 

role in vegetation classification systems. These data sources, along with intent and extent of area to 

be mapped, influenced mapping scales.  

The survey instrument was designed to target vegetation management professionals. The intent was 

to collect data on their behaviours – i.e. their activities and use of mapping, and to ask them to judge 

the use of LiDAR mapping of vegetation with respect to improving their work. The survey sought 

respondent’s feedback on these LiDAR mapping of vegetation techniques, the perceived barriers to 

adoption of the technology, and any additional issues that should be addressed as part of the 

evaluation. 

5.1 Research Objectives: Summary of Findings and Resulting Conclusions 
The section will now review the research aim and objectives in the context of findings, and describe 

the resulting conclusions. 

The overall research aim, as defined in section 1.3, was to establish the requirements of systems that 

will use LiDAR and GIS technology to inform vegetation management professionals in the common 

activities they undertake. In support of the research aim, the specific objectives are reviewed in light 

of the findings from the literature review and analysis of the survey. 

5.1.1 Objective One - Investigate the role of Geospatial Information and 
Technology in geographical problem solving 

To investigate the role of geospatial information and technology in geographical problem solving, 

with respect to the changes occurring in capture, display, analysis and communication of 

geographical information. In summary, the survey response and evidence identified in literature 

found that:  

 advancements have been made in geospatial information technologies, and growth is 

occurring in the use of these technologies (section 2.2.1), 

 driven by advancements in geospatial technology, it is evident that the quantity of 

geospatial information is growing rapidly and that modern maps provide a valuable resource 

for decision making (section 2.2.2), 

 modern mapping, i.e. GIS is changing the manner in which humans are investigating and 

communicating geographical concepts (section 2.3), 

 survey respondents indicated that web maps were more popular than paper maps and that 

GIS analysis was a popular activity amongst the sample group (see Figure 4-6 Survey 

Response to Question 5 – Activity Types and Frequency, with an analysis found in section 

4.3.3.1), 
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Advancements in modern mapping technology and increases in geospatial information are changing 

the way in which humans are investigating and communicating geographical concepts. Professionals 

engaged in vegetation management activities in south-east Queensland are using web based 

mapping services more frequently than paper maps, and they frequently engage in GIS analysis 

activities. 

CONCLUSION ONE Geographical problem solving with modern geospatial technology is being used 

more frequently, both generally within society, and by professionals engaged in vegetation 

management activities in south-east Queensland. 

5.1.2 Analyse the Activities and Mapping Behaviours of Professionals 
engaged in Vegetation Management in south-east Queensland 

5.1.2.1 Identify a suitable sample and establish a List of Professions 

The respondent-driven sampling method was successful in identifying a suitable sample of 

professionals engaged in vegetation management activity in south-east Queensland (described in 

section 4.3.2). Collating data from survey responses provides a listing of professions (Table 4-4) and 

organisations (Table 4-3 Organisation Groupings), consistent with the industry standard ABS 

categories. 

CONCLUSION TWO A useful list of professions and organisations engaged in vegetation management 

activity has been established. 

5.1.2.2 Analyse Activities and Mapping Behaviours 

An analysis of the response to survey questions looked at quantitative data on: 

 the frequency and type of activities and mapping product usage, and 

 the interpretation of coordinated and multiple views (CMV) and thematic representation of 

LiDAR derived biophysical characteristics using colour, and 

 patterns for mapping scale usage. 

An analysis of activities found: 

 an evenly distributed frequency is seen for those specific activities targeted by survey 

questions – i.e. vegetation classification or identification, corridor planning, with PMAV’s 

being the exception (section 0), 

 categorisation of open-comment provided by respondents produced a diverse range of 

activities, documented in ‘Table 4-5 Themes identified in free-form comment of survey 

questions 5 -other vegetation management activities related  to your role’, 

 a description of complex and heavily applied vegetation management activities was 

provided by those who saw benefit in LiDAR derived mapping of vegetation (see Table 4-12), 

CONCLUSION THREE Categorisation of open-comment responses revealed a substantial range of 

vegetation management activities. 

An analysis of mapping behaviours found: 
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 web mapping and GIS analysis were high frequency activities (described in Mapping, GIS and 

Vegetation Management Activity section 4.3.3), a finding consistent with Conclusion One, 

 a defined preference for finer parcel (1:1,000) scale maps was observed (see Figure 4-8), 

 defined Preferences for finer or broader scale mapping (see section 4.4.2) were also 

observed especially those frequently engaged in site-visits or web mapping (finer – see 

4.3.3.2), or those who with a reduced engaged in site-visits or increased use of Regional 

Ecosystems or Geology maps (broader – see 4.3.3.3), 

 although not specifically confirmed, Coordinated and Multiple Views (CMV) was readily 

accepted as a method for mapping of LiDAR data, also confirmed by the literature (section 

4.4.3) 

 the use of colour in thematically representing LiDAR data proved controversial, with many 

suggesting alternative and conflicting methods for display, an issue that is described further 

in (section 4.4.3) 

CONCLUSION FOUR Vegetation management professionals frequently used web based mapping and 

GIS analysis, with more than half at finer (parcel 1:1,000 to street 1:5,000) scales. 

 

CONCLUSION FIVE Coordinated and Multiple Views (CMV) is an effective method for displaying LiDAR 

derived biophysical characteristics. 

 

CONCLUSION SIX Conflicting views occur regarding the specific use of colour ramps in the thematic 

representation of LiDAR derived biophysical characteristics. 

It was identified that professions had significant differences in the frequency of activities and an 

analysis of these accentuated mapping behaviours such as scale and mapping product usage.  

(section 4.4.5) 

CONCLUSION SEVEN Profession influences frequency and type of activity, which in turn influences 

most frequently used mapping scales and mapping products.  

5.1.3 Highlight the Perceived Value of and Applications for LiDAR Derived 
Mapping in Vegetation Management 

5.1.3.1 Demonstrate LiDAR derived mapping of Vegetation 

To measure perceived value and assist respondents in describing applications, the capabilities of 

LiDAR derived vegetation mapping were demonstrated to a broad set of professionals engaged in 

vegetation management. Cartographic and video materials (3.3.4 and 3.3.7) were prepared 

(Appendix H – Mapping Material Presented with Survey Questions) and easy access was provided to 

survey candidates through an email based invitation to the survey (3.3.1, see example in Appendix D 

– Example Survey Invitation Email with typical Respondent-Driven Sampling Method Response) with 

both Appendix E – Survey Information Sheet for Survey Participant and Appendix F – Research 

Information Sheet for Survey Participant information sheets. The Survey Response (section 4.2.1) 

was strong, with respondents spending an average time of 30 minutes on the survey, and positive 

comments were received regarding the demonstration of the technology (quotes from Question 19 

in section 4.2.3.7). 
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CONCLUSION EIGHT LiDAR derived mapping of vegetation had been demonstrated effectively to a 

sample of vegetation management professionals in south-east Queensland. 

5.1.3.2 Measure the Perceived Value 

The perceived value of various methods for mapping LiDAR derived biophysical characteristics were 

collected from professionals engaged in vegetation management in south-east Queensland in 

questions 10-14 of the survey, and the following was found: 

 that Vegetation Management professionals think LiDAR would likely improve their work 

(section 4.4.4), 

 that typical open comment responses from questions 10-13 (see Table 4-7), and question 14 

(see comments, end of section 4.2.3.4), indicated a perception of significant and positive 

value, 

 that the relative value of various LiDAR derived biophysical characteristics was measured 

(see Figure 4-12 Survey Response to Question 14 - Which LiDAR derived biophysical 

characteristics could benefit your work?) and Vegetated Polygon Extents, Foliage Projective 

Cover and Vegetation Height, in that order, were chosen by respondents as most useful, 

 All professions exhibited notable differences in either the perceived or relative value of 

LiDAR derived biophysical characteristics (see Table 4-13 Notable characteristics, behaviours  

and opinions for six professions regarding use of LiDAR derived vegetation mapping) 

CONCLUSION NINE Professions engaged in vegetation management in south-east Queensland believe 

that LiDAR derived mapping of vegetation would improve their work 

 

CONCLUSION TEN Vegetated Polygon Extents, Foliage Projective Cover and Height were the preferred 

LiDAR derived biophysical characteristics of vegetation management professionals in south-east 

Queensland 

5.1.3.3 Collate a List of LiDAR Mapping Application for Vegetation Management 

The substantial quantity of free form comment from questions 10-14 provided data on potential 

applications of LiDAR derived mapping of vegetation characteristics for vegetation management. A 

list was collated from an analysis, and found: 

 In Questions 10-13: Free-form comment on how and why mapping with LiDAR derived 

biophysical parameters would improve efficiency, quality or consistency of work (section 

4.2.3.3), much of it directly describing potential or actual applications (see Table 4-8 Themes 

identified in free-form comment of survey questions 10, 11, 12 and 13 - how and why 

mapping with LiDAR derived biophysical parameters would improve efficiency, quality or 

consistency of work) 

 A similar comment regarding applications was received from free form comment on 

Question 14: Research indicates that LiDAR is helpful to visualise and measure many 

vegetation characteristics. From the list provided below, indicate which LiDAR derived 

vegetation characteristics could benefit your work. Briefly describe why these, or other, 

vegetation characteristics are of more, or less, benefit to you work. (see Table 4-9 Themes 
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identified from respondent free-form comment for Question 14 LiDAR derived biophysical 

characteristics),  

 Application for mapping using LiDAR technology in vegetation management appears to be 

broad-based, the following list providing a concise list (LiDAR has a diverse application in 

Vegetation Management, section 4.3.4) with these themes appearing in Appendix C – 

Extracts of Respondent Comments. 

CONCLUSION ELEVEN Application of mapping using LiDAR technology in vegetation management 

appears to be broad-based.  

5.1.4 Describe Barriers and Issues for LiDAR mapping technology in 

vegetation management 

Questions 15 and 16 of the survey asked respondents to directly answer these questions.  

 87% of respondents, the strongest of all open-comment questions, provided feedback to 

question 15 on barriers. Feedback for question 16 on issues, was provided by 53% of 

respondents. 

 Barriers described by respondents were availability and acquisition (41%); expertise, skills 

and knowledge (41%); cost or expense (40%); systems, processing, and computing (31%); 

currency or temporal consistency (17%); and awareness (10%) were the most common 

barriers described by respondents. Further description with notable extracts available in Q15 

description section 4.2.3.5 and Table 9-6 Categorised extracts from Question 15 'Could you 

describe barriers that may exist for you to effectively utilise LiDAR derived maps, mapping 

products or GIS analyses in your work?'. 

 Close to half of the comments (n=35) included mention of issues related to product 

accuracy, quality, reliability, suitability, consistency or standardization. Notable comments 

were observed, and can be found in ‘Table 4-10 Particularly notable comment regarding key 

issues that should be addressed in an evaluation of LiDAR GIS Mapping for vegetation. For 

further detail see section 4.2.3.6 ‘Question 16: Regarding any evaluation of LiDAR GIS 

Mapping of vegetation, what additional key issues should be addressed?’) 

 An analysis identified that knowledge of LiDAR mapping products influenced the perception 

of barriers (section 4.3.5). 

CONCLUSION TWELVE Significant barriers and issues in adopting LiDAR derived mapping are described 

by vegetation management professionals in south-east Queensland as - data accuracy, availability 

and quality, education and expertise, financing, systems, and standards. 

5.2 Additional Conclusion 
 

CONCLUSION THIRTEEN Respondent contributions to this research are a valuable compendium of 

knowledge on vegetation management activity in south-east Queensland, and barriers and uses for 

LiDAR applications in vegetation management. 

 

 



5-7 References and Appendices     

 

GEOM7009_SpatialSciencesThesis_TobyClewett_20120824_1630 [Chapter 5]    [page 7] 

5.3 Recommendations 
 

RECOMMENDATION ONE Reported conclusions are used to design and develop GIS for 

vegetation management activities. 

 

RECOMMENDATION TWO Research be conducted to address issues with LiDAR derived data 

availability and standards, with representation from the identified professions and 

organisations. 

  

RECOMMENDATION THREE Education and awareness programmes are developed to build 

knowledge and skills required for GIS application of LiDAR-derived mapping of vegetation. 
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6 Appendix A – Survey 

Instrument 
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The following map (jpeg image) was displayed to the user when they chose the 2nd link ‘Horticulture and 

Cropping’ A4 map at Street Scale (1:2,000)’.  Thumbnails for the other maps are shown at the bottom of the page. 
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Table 9-1 Categorised extracts from Question 10 'Briefly describe why/how using Vegetation Height Mapping at street scale (1:2,000), 
could change the efficiency, quality or consistency of your work' 

regrowth or 
remnant 
vegetation 
status, age, 
condition, or 
structure 
 

“Inform better planning (i.e. appropriate compositions on subdivisions, landuse and setback 
from environmental significant areas), assist in evaluating rehabilitation projects and 
identification of various ecological communities” 

“Availability of high resolution LiDAR that would show the structure of individual trees (crown 
structure details) would be of immense use in identification of old growth strata. This would 
assist in targeted field surveys for verification and increase the accuracy of mapping.” 

“Essential in catchment planning initiatives. Can identify areas where riparian vegetation is in 
good condition or where it needs to be improved (for example, achieve State Government 
recommended buffer widths).” 

“Vegetation height is critical in determining Regional Ecosystem remnant status.” 

“Excellent for assessing heights for PMAV's (remnant status) and biodiversity assessment.  
Haven't used it before because hadn't thought of it - great idea.  Will probably start using this 
more now I've been shown it.  Having the 3 pieces of information on the map is excellent.” 

“The structural aspects of vegetation are important to assess habitat condition. These maps, 
however, only show one level of structure where slices/depths would be more beneficial for 
our needs.” 

management 
and assessment 
for wildfires, 
prescribed 
burns, and 
buffers 

“How diversification in fire regimes diversifies the range and proportional representation of 
contrasting vegetation structures- in particular the increase in mid-storey vegetation.  The 
scale would allow more robust extrapolation from site based, to aerial imagery based 
estimations.” 

the built form, 
scale and 
vegetation in the 
urban 
environment 

“Vegetation is a critical element in a good quality subtropical urban environment, so having 
access to accurate mapping of existing vegetation will allow us to better measure what is 
working and what changes might need to be made.” 

flood modelling 

“This mapping at street scale permits more detailed investigations to be undertaken.  This 
would be especially useful in flood/drainage modelling where rainfall/runoff and flood 
conveyance assumptions utilise vegetation characteristics.” 

“Improved assignment of Manning’s 'n' roughness coefficients to two-dimensional hydraulic 
(flood) models.” 

“Higher resolution of potential floodplain vegetation should improve the confidence in flood 
analysis” 

riparian 
condition, status 
and structure 

“Essential in catchment planning initiatives. Can identify areas where riparian vegetation is in 
good condition or where it needs to be improved (for example, achieve state government 
recommended buffer widths)” 

“more accurate prediction of riparian health and the ability to assess waterways vulnerability 
to stream bank erosion” 

“Easier and more consistent mapping riparian zones with vegetation in good condition.  
Better mapping of vegetation corridors.” 
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road corridor 
design 

“For road design and safety projects, roadside features such as trees influence the decision 
making and analysis work. Low level detail such as this can help verify and confirm important 
factors.” 

 

 

 

 

Table 9-2 Categorised extracts from Question 11 ' Briefly describe why/how using Foliage Projective Cover (FPC) mapping could change 
the efficiency, quality or consistency of your work' 

regrowth or 
remnant 
vegetation 
status, age, 
condition, or 
structure 
 

“When combined with other mapping information such as aerial imagery and RE data it 
would allow for quicker, more accurate and finer scale desk top appraisal and GIS analysis of 
vegetation.” 

“assessment of vegetation thickening at woodland/grassland boundary” 

“determining forest structure such as open forest and closed forest, assessing remnant veg 
too small to be mapped by regional ecosystem mapping” 

“assessing the performance of environmental offset sites” 

“provides a good indication of the landscape character/naturalness of an area” 

“assessment of remnant vegetation and high value regrowth” 

weed 
infestation, 
restoration, 
vegetation 
health, and 
conservation 

“draw conclusions about vegetation compositions to target surveys, avoid sensitive features, 
assess habitat values better and understand veg composition” 

“Deciding whether there has been significant reduction in crown density over a time period, 
due to drought, poisoning or selective thinning, for example.” 

“Assessing the structural complexity of our sites and interpreting areas of possible weed 
incursion” 

“determining likely resilience, disturbance history, potential weediness etc. of a given patch” 

“assist in determining conservation and restoration goals” 

“Mangrove health and classification” 

“extrapolate vegetation 'health' and function measures to whole sites from sample plots 
more effectively” 

“assessing coastal geomorphological health” 

street trees, 
shade, suburban 
footpath and 
recreation, 
urban vegetation 
corridors and 
heat island 
effects 

“Strategic land use planning promotes retention and protection of existing habitats and 
understanding vegetative cover in addition to vegetation mapping reinforces the 
understanding of local significance.” 

“inform planning and management outcomes, i.e. the required pruning of certain street trees 
and their growth rates to inform maintenance regimes” 

“In urban areas, Foliage Protective Cover mapping at a suburban scale provides a planning 
area level illustration of building heights and density that aerial photos do not.” 
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“Indicates amount of shade in streetscape and where there are gaps in streetscape planting” 

“Identifying shaded footpaths and recreation areas using FPC is likely to increase the quality 
of my work by being able to identify areas that are going to be more inviting for the public to 
use.” 

fire behaviour 
and vegetation 
response, fuel 
loads 

“vegetation monitoring of varying Re's over time to see vegetative response fire 
management prescriptions” 

“determine fuel loads, determine areas to concentrate fire reduction activities, determine 
previously unmapped green zones or the effectiveness of urban vegetation corridors 
previously established” 

“anticipating fire behaviour or the extent of a pest species” 

 

 

 

 

Table 9-3 Categorised extracts from Question 12 'Briefly describe why or how using software to interact with LiDAR data could change 
the efficiency, quality or consistency of your work' 

Software and 
Visualisation 
 

“More efficient means and a simpler way will save time and allow more people to access and 
use the information.”  

“How else do you interact with LiDAR data if not with software?  I personally use ESRI ArcGIS 
for all my analysis and manipulation of LiDAR data.” 

“As with any geo enabled software interaction provides better understanding of context and 
extraction of descriptive statistics. Hard copy products would be a waste with this kind of 
data.” 

 “Saves money and time. Allows for greater detail within the ArcGIS environment for 
analysis.” 

 “Imagery provides a rich and easily understood form of communication of an otherwise 
complex realm that can easily be misunderstood in written form.” 

“3D point cloud visualisation would be excellent for identifying old growth attributes of 
strata.” 

“Ability to home in on one area and derive the topography and structural canopy, therefore 
infer the condition of the understory - maybe able to assess condition remotely.”  

“Using software and programing to interact with LiDAR data for product generation, 
modification and visualisation, would provide the most benefit to my work.” 

Field-based or 
Groundwork 
Surveys 

“To analyse groups or individual trees that are not easily accessible this would be very useful 
as it would reduce the need for ground surveys.” 

“Remote sensing and software classification of vegetation into defined groupings allow us to 
target groundwork, thus optimising time and resourcing (and therefore cost). From this we 
can map using remote sensing with confidence.” 

“Identifying large habitat trees prior to a field visit for monitoring potential nesting sites, 
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delineating between distinct vegetation units (type & age classes) for property management 
planning.” 

“The landscape interactions between different remnant patches and other vegetation types 
(e.g. cropping and grazing areas) are important to system management and this tool would 
provide ability to improve local street scale planning within projects prior to field work and 
hence reduce field time costs.” 

“Would reduce the need for some parts of our field bases surveys.” 

“Tree height useful for identifying height of tallest trees. Profile graph along streams is useful 
as access may be difficult to certain sites for survey.” 

regrowth or 
remnant 
vegetation 
status, age, 
condition, or 
structure 

“Mainly assist in determining areas as remnant or not” 

“Better interpretation of RE and regrowth mapping.” 

“Classification of Mangrove and other vegetation types - although with sparse communities 
e.g. open scrubs you will have some problems.” 

“It would definitely help fine-tune vegetation mapping” 

 

Weeds, 
Condition, 
Conservation, 
Restoration 
 

“LiDAR may have the potential to identify vegetation communities at risk of plant pest 
invasion, and may also provide a means of determining the presence or absence of a plant 
pest species and also it's extent. “ 

“Provides information for conservation and restoration and has implications for locating 
valuable habitat areas." 

“A more accurate representation and understanding of vegetation extent is invaluable in 
making informed decisions around biodiversity conservation and natural resource 
management” 

“Vegetation monitoring tool across landscape of say national park and changes wrought by 
natural events and fire management over time” 

“It would help us very much to determine where canopy gaps are, so that we can assess their 
ecosystem health.” 

Riparian 

“Very helpful in assessment of riparian vegetation coverage. Would assist with revegetation 
prioritisation greatly.” 

“Would provide longitudinal diagnostic information for potential rehabilitation stream areas 
or quantitative information to supplement riparian quality assessments.” 

Infrastructure, 
Development 
Assessment 

“This would be extremely helpful when assessing linear infrastructure options.” 

“Assessing vegetation to be removed for new electricity distribution infrastructure and 
vegetation performance in environmental offset sites.” 

“The information would be beneficial at the beginning of a development proposal process to 
identify range of vegetation type suitable for retention or protection. However it is important 
to layer this info with other datasets such as Veg Type, Classification, etc.” 

“The ability to gain detailed information regarding vegetation qualities easily and efficiently 
will assist development assessment planners by understanding the issues early in the 
assessment phase.” 
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“For capital works planning this could be an effective tool.” 

“The intermediate to advanced software has definite application to strategic land use 
planning and the production of statutory documents.” 

Urban 
Environment, 
Land-Cover 
Classification 

“Part of my work involves 3D modelling of the urban environment.  We have been trialling 
some thermal comfort / energy efficiency software to measure changes to micro-climate as a 
result of different built form scenarios.  Vegetation has a massive impact on city 
temperatures and wind movements and as yet we have not been able to easily or accurately 
integrate this information into our modelling.” 

“The quality of desk-top analysis with regard to issues of height, density and urban design 
would be improved. One possible application could be to better understand the risks to 
urban development in bushfire prone areas can be better understood.” 

“Identifying vegetation areas likely to provide shade to the built environment by using 
software such as ArcMap using Polygon Outputs is likely to increase the quality of my work.” 

“Although not currently involved in this area land cover classification at the local scale would 
be made much more efficient using the combination of aerial photos and 1:2000 LiDAR data. 
The ability to construct features automatically based on LiDAR data would undoubtedly save 
considerable time. 

“Consistent, fine scale accurate data available over large areas will improve existing and 
future data products for policy and operational activities in council.” 

“When assessing pasture growth of a particular paddock it is important to assess tree density 
and then calculate tree completion impacts on the pasture (over 80% of Qld is native pasture 
with trees and the main land use is grazing).  Tree density is normally estimated using visual 
sampling techniques to estimate tree basal area.  Analysis of LiDAR data would do this much 
more effectively.” 

 

 

 

Table 9-4 Categorised extracts from Question 13 'Briefly describe why or how LiDAR based vegetation height, presented in an 
aggregated form through the Regional Ecosystems mapping, could change the efficiency, quality or consistency of your work'  

Regional 
Ecosystems, 
Regrowth and 
Remnant Status, 
Classification, 
Structure 

“It would allow reliable comparison of regrowth parameters (height/density) to remnant 
vegetation to determine if vegetation has reached remnant status as defined by the 
VMA1999.”  

“Would be useful if with REs x Height it could: identify carbon, potential-carbon captured on 
site; growth rates; proximity of regrowth to remnant status; clarification/refinement of 
DERMs Regional Ecosystems data” 

“Provides accurate measurement of structure.” 

“The height based vegetation mapping will assist with improved classification of vegetation 
communities and assist with identification of areas of regrowth that could be actual regional 
ecosystem” 

“Critical for biomass estimation.” 

“May be useful to assist in identifying vegetation communities (especially if mix of 2 different 
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vegetation communities)” 

Field-based or 
Groundwork 
Surveys 

“Assist with the development and selection of survey sites for both fauna and flora, have this 
information on hand can take a lot of guess work out of finding suitable sites and prevent 
time wasted on the ground looking for suitable sites” 

“As we produce property mapping plans on a daily basis this would be a great additive to the 
package to show what is happening on ground.” 

“Having 'standard metrics' such as Standard deviation, mode, median for tree patches of the 
‘same type’ will greatly improve confidence in monitoring site delineation.” 

Weeds, 
Condition, 
Corridors, 
Conservation, 
Protection, 
Restoration, 
Ecotones, 
Riparian 
Rehabilitation 
 
 

“An improved understanding of Regional Ecosystems corridors will better inform the desired 
urban footprint and conservation management areas.” 

 “This would provide a synthesis of environmental determinants on a regional scale helping in 
understanding of vegetation relationships over space and time.” 

 “This data and tool would be very valuable to strategic planning and state protection of 
vegetation.” 

“This tool allows amazingly high levels of analysis.  It would be interesting to use the tools to 
get a greater appreciation of the role of ecotones.  

“Would provide more qualitative information to help desktop assessment of riparian 
vegetation quality and priority for rehabilitation” 

Critical Insights, 
Suggestions, 
Improvements 

“Yes, but in combination with the ADS40 digital imagery I use in conjunction with Stereo 
Analyst software. 1:100,000 scale is only useful as an initial stratifying scale.” 

“Average height data is insufficient to add much to work. The satellite imagery can give 
enough indication of the scale of growth in patches and height of itself isn't the issue (except 
perhaps in regrowth), as it's the complexity of the structure that provides more insight into 
management requirements and habitat condition” 

“Aggregating lidar data by mapping units is required for some large area mapping projects. 
We have used RE mapping units in the past to do this. However, Regional Ecosystem 
mapping units are not a stratification of vegetation structural formations, therefore other 
data sources are being developed to define mapping units.” 

“We already know that RE data are not internally consistent in terms of vegetataion 
communities or structure, so scaling lidar data to these for regional to state scale 
applications do not make sense.” 

Scale, Accuracy, 
Quality and 
Consistency 

“It is likely to improve the accuracy and quality of the RE mapping generally and may make 
veg communities and structures easier to interpret.” 

“Massively improves accuracy of this type of data, and corresponding confidence in the 
data.” 

“It would make it easier to visualise the actual vegetation on a broad scale, which I need to 
consider for some of my projects.” 

“Access to accurate consistent information at a suitable scale.” 

“This would be useful for vegetation health assessments at a regional/national scale.” 

“It would help determine the heterogeneity of particularly mixed RE polygons but also 
homogenous polygons as the mapping scale is quite broad” 



Application of LiDAR Technology Mapping for Vegetation Management - A 
Survey of south-east Queensland’s Professionals   

Chapter 9-50 
Conclusion 

 

GEOM7009_SpatialSciencesThesis_TobyClewett_20120824_1630 [Chapter 6]    [page 50] 

“It has the potential to improve the accuracy of RE mapping - especially in terms of 
delineating between regrowth & remnant status & also to divide heterogeneous polygons 
into multiple RE's” 

“Lidar provides a more accurate picture of the on-ground situation.” 

 

 

 

Table 9-5 Categorised extracts from Question 14 'Briefly describe why these, or other, vegetation characteristics are of more, or less, 
benefit to you work.' 

Climate Change 
and Agriculture 

“Carbon stock and biomass would both be useful in energy and climate change analysis.” 

“FPC and tree basal area are the key parameters for assessing tree impacts on pastures.” 

Bio-Condition, 
Regional 
Ecosystems, 
Regrowth and 
Remnant Status, 
Classification, 
Structure 

“Most of the selected attributes form part of the Queensland government's BioCondition 
habitat condition assessment tool and would thus reduce some field time required for these 
assessments; others are useful for planning on-going site management (e.g. fire regimes and 
carbon accounts)” 

“Useful for vegetation condition measurement” 

“Stratification at a 1:2,000 scale or greater is important so that individual tree crown 
characteristics can be viewed, particularly the 3D point cloud. ADS40 digital imagery is 
excellent - LiDAR could provide the next step, targeting strata for more intense scrutiny prior 
to field investigation.” 

“Analysis of RE and regrowth areas, assess clearing impacts and offset sites.” 

“The process of better understanding our regions ecosystems is an ongoing one and 
information such as above will help to inform a much more comprehensive picture of the 
'state of play' in order to inform better biodiversity and vegetation management outcomes” 

Bushfire 

“In terms of bushfire hazard these categories selected as more useful would help, Veg extents 
would be most useful to the immediate needs of my work” 

“Helpful inputs for local park management, carbon trading and environmental performance 
measurement for local landscapes, bushfire hazard mapping” 

Urban Areas 

“My work is based on the built environment focusing on urban areas. The most useful 
characteristics to my work relate to the height and volume of vegetation.” 

“I am interested in the visual and climatic effect of vegetation in urban and suburban 
environments - tree height, density and shade are highly relevant when assessing the 
impacts on views and micro-climate.” 

“Relationship to other elevated features (e.g. vegetation immediately adjacent to buildings, 
or masking the roof area of buildings, could be very useful.” 

“Air quality models use parameters such as canopy height and LAI to characterise landscape.” 

“Can identify roadside vegetation, and if any shading can potentially affect road user 
visibility, such as sunlight.” 
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Natural 
Resource, 
Forestry and 
Local Park 
Management 
and Operations 
 

“A better understanding of selected vegetation characteristics could be useful in planning 
and delivering operational programs” 

“A requirement exists to generate accurate baseline data and then to monitor change over 
time and these attributes are suitable to report on change and monitoring outcomes” 

“Allows me to focus on areas with high value to wildlife I am concerned with.” 

Critical Insights, 
Suggestions, 
Improvements 

“I am not convinced LiDAR can measure these vegetation characteristics reliably.” 

“Note that many of these variables of not independent - some are required to derive others 
through regression or allometric relationships.” 

“Individual tree identification would be really useful but I don't believe LiDAR can do this in 
an efficient operational manner. The areas I have seen it implemented have costs order or 
magnitudes more to do than using other methods (and then can't be readily extrapolated to 
other areas).” 

Riparian 
Environments 

“Knowing the density, cover and vegetated polygon extent in riparian areas could provide 
more accurate input into stream bank erosion models. Characteristics such as LAI and tree 
shade in riparian areas could provide an indication of the relationship between light 
penetration and water temperature. Increased temperatures from lack of shade in riparian 
areas can have significant impacts on natural in-stream processes and water quality.” 

“Working with riparian zones, extent of vegetation and cover/shade provide most relevant 
indicators of stream health; regulate other attributes such as organic load inputs, algal 
growth and stream temperature.” 

 

 

 

 

Table 9-6 Categorised extracts from Question 15 'Could you describe barriers that may exist for you to effectively utilise LiDAR derive d 
maps, mapping products or GIS analyses in your work?' 

Cost, Money, 
Expense 

“The most obvious limitation is the cost of getting the imagery.” 

“Cost would be the limitation, but easier to justify on large projects.” 

“No major issues, although cost can be prohibitive for large areas” 

“The properties the organisation owns are remote, data is unlikely to exist and would be 
costly to obtain.” 

“The use of LiDAR derived maps would not be a problem. However the capture, storage and 
processing costs would be a problem.” 

“Potential barriers include the cost of purchasing the mapping imagery and keeping it up to 
date, limitations in my workplace associated with the available data processing speed 
(broadband access), and obtaining the necessary knowledge and skills to use the mapping 
products.” 

“Cost is a barrier.  When LIDAR data is purchased, or licensed, the full range of analysis 
products are seldom budgeted for by the project that purchased it.  Often it is necessary to 
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wait for another project to require a different product before the money can be found.  This 
approach ultimately wastes both time and money.” 

“Cost of data a barrier.  Access to sufficient computing resources was an issue - we replaced 
our entire computer fleet to work with raw LiDAR - lots of $$$  Skill an issue to a lesser extent 
for basic analysis, but access to skills for sophisticated algorithm development a bigger issue  
Getting data onto web and $ involved is a barrier to its wider use.” 

“Cost mainly. One of the main limiting factors for widespread use within a Local Government 
is finding the funding to initially acquire the information. Given that to be relevant the data 
would have to be collected again at regular intervals there is the ongoing cost as well.    
Education would then be another. Many Council activities now regularly include the use of 
aerial photography. Having people use the information requires that specialsts provide a 
quick and easy way for non-specialists to use the information in their daily activities.” 

Expertise, 
Knowledge, 
Understanding, 
Staff, Skill, 
Training, 
Education  

“Knowledge and skill.” 

“Better training would be good” 

“Time, awareness, knowledge, skill” 

“Understanding what info is available and how to use it” 

“Software and skills to manipulate LiDAR data effectively and quickly.” 

“Seen as more of a specialised skillset therefore inaccessible to most” 

“Knowledge generally and as complexity of product increases understanding what it actually 
means for long-term management” 

“Time required to process data and to learn about the various issues, opportunities and 
limitations associated with use and application of the data” 

“Knowledge of what data sets are available is the first issue.  Knowledge and skills for analysis 
of LiDAR data sets is next.” 

“In terms of utilising LiDAR derived maps for the purpose of riparian modelling, there is a bit 
of a knowledge/resource gap on how to extract and utilise the necessary information from 
LiDAR to provide valuable inputs into other environmental models.” 

“I am not sure exactly - probably lack of knowledge though I'm sure if there was a user 
manual or training it wouldn't be too hard to learn. I think maybe deciding exactly how it best 
suits the work I do and how I can use it to maximum advantage, though this would come 
through using it.” 

“GIS skills are centred around static layers which only indicate boundaries/extent of a feature 
rather than more complex info on the feature, such as density, height, etc. The ability to 
interpret varying heights across a section of vegetation will enhance planning assessment of 
development sites which propose clearing of vegetation. Planners will increasingly rely on GIS 
and smart datasets, some upskilling would be required to utilise and interpret the data 
provided by LiDAR.” 

Systems, 
Software, Speed, 
Processing, 
Storage, Volume, 
Organising 

“Processing costs” 

“Size of the datasets” 

“Complexity of software” 

“Time to do so - do the processing.  Computing power.” 
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“Appropriate hardware to manage large volumes of data” 

“Efficient computer hardware for processing and analysis tasks.” 

“Availability and the size of the files. Too big to run off a server.” 

“Software and skills to manipulate LiDAR data effectively and quickly.” 

“Organising Lidar Data is an issue. How to effectively store and process 2TB/day from 
Roames...” 

“LiDAR derived map products would greatly assist some of the work I carry out - the size of 
the files would provide the largest barriers.” 

“Knowledge and training, currency of data, on-going maintenance of systems, integration 
with other software, properiety rights, management inertia” 

“The cost of provision is currently the biggest restriction.Other than that, current lack of 
understanding of what format it can be provided in prevents us chasing up what is known to 
already exist. We have ESRI's ArcMap products, but low internal capacity at the moment due 
to recent staff leaving. If it can be provided in shapefiles with appropriate metadata we'd 
have little trouble using it, I suspect.” 

“Lidar data sets can be very large and demanding on computer processing capability, though 
this is overcome using thinning packages.  At the moment, it probably an absence of Lidar 
that is a hinderance as it means flood models are limited to the available data and therefore, 
the model boundaries are dictated by the data availablity rather than a good location from a 
modelling perspective.” 

Availability, 
Capture, 
Acquisition 

“data availability” 

“Cost, availability are probably the foremost limiting factors.” 

“Cost, availability and need project work that requires its usage.” 

“Availabilty and  cost at a regional scale; skills in handling data, availability of data” 

“Data availability.   Data cost.  Seasonal changes in vegetation. Changes following a natural 
disaster i.e. fire, cyclone, flash flood.  Ability to relate mapped outcome with a computational 
equivalent in hydrodynamic flood models.” 

Awareness 
 

“Awareness and data availability” 

“Awareness and the need to get the expert to delve into data” 

“Lack of awareness on possible applications and also accessibility.” 

“Awareness, knowledge and cost of the potential of the product for Managers.” 

“Most of our mapping requests may not usually have the awareness of this mapping ability 
so we would have to explain & create examples and this could prove timely.” 

Other Barriers - 
funding, a lack of 
sharing, 
temporal 
resolution, 
sensor weakness 
in certain 
environments, 
standards, 

“The biggest limit would be the classification on vegetation layers under the canopy layer, 
commonly used to describe Regional Ecosystems“ 

“Cost of the high resolution data I would require over large areas (3D point cloud imagery). 
Ability to acquire data that is less than 5 years old. Ability of multi-government departments 
to get over the data licensing and sharing issues.” 

“Cost of capture, proprietary LiDAR system knowledge, and lack of adherence to 
standardization of file formats, processing standards, and metadata by data providers in 
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licensing 
restrictions 

Australia.” 

“1) Sparser vegetation communities such as open scrubs.  2) Ground level LiDAR in close 
canopy areas with debris on the ground.  3) LiDAR cannot be used for historical mapping e.g. 
pre-clearing or even last year extent” 

“Data availability and cost are big issues, as we are a small business.  We also run a basic 
ArcView platform.  I don't know if we can manipulate LiDAR to suit our needs with ArcView.  
Also, as we are using mapping resources for very dynamic systems, the frequency with which 
LiDAR-derived maps are created is very important to us.  Evaluating change over time, even 
short periods, is very important to us.” 

 

 

 

Table 9-7 Categorised extracts from Question 16 'Regarding any evaluation of LiDAR GIS Mapping of vegetation, what additional key 
issues should be addressed?' 

Product - 
Quality, 
Accuracy, 
Calibration, 
Ground Truthing, 

“Accuracy of all mapped parameters” 

“Spatial accuracy and ground-truthing of classes” 

“Statement regarding expected accuracy of data and density of sample points.” 

“Data quality (i.e. accuracy analysis of products).   Comparison between different sensors to 
ensure data is able to be compared.” 

“Accuracy of the LiDAR; Field calibration/validation; LiDAR capture specifications and sensor 
type; purpose of the mapping; available skills; data licensing” 

“The characteristics of the LiDAR dataset should be thoroughly investigated using statistical 
methods and the accuracy confirmed using ground control points. Vegetation parameters 
derived from LIDAR data should be compared against known values of well-studied 
vegetation blocks for a variety of vegetation types in various topographic situations to assess 
its performance.” 

“A set of standards is needed for regional ecosystems concerning LiDAR based assessments of 
parameters such as biomass and carbon. This requires a strong ground-truthing process of 
measurement.    LiDAR measurements across the whole state are needed -- not just the 
coastal strip.    Regular on-farm use of LiDAR (fitted to farm machinery) uploaded and 
analysed in the cloud could have many farm management applications.” 

Product - 
Confidence, 
Constraints, 
Limitations, 
Capabilities, 
Suitability, 
Reliability 

“Reliability” 

“Clearly outlining constraints of spatial data produced” 

“Assessment of limitations and reliability of the technology applied to its application.” 

“Assessment of limitations  Assessment of accuracy and confidence level of information (i.e. 
especially considering derivative information)” 

 “Ground verification of accuracy & adjustment of sensors or interpretation of results given 
inherent limitations of LiDAR e.g. blackberry in Radiata pine plantations obscures signal 
returns from ground level so correct tree heights cannot be obtained.” 

Standards and “Big issues around sensor and acquisition parameters.  Need to address how to 
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Specifications - 
Deriving 
Products, 
Acquisition and 
Capture, Sensor 
Parameters and 
Calibration, 
Jurisdictions 

use/integrate/store data captured with different specifications.” 

“A standard, or broadly acceptable, approach to assessing mid-story structure.” 

“How to provide multiple height data (i.e. sub-canopy and ground cover information) as this 
depth of information is more useful from a habitat protection perspective.” 

 “Ensuring consistency across government agencies (state and local and federal).” 

“A rigorous QA of the LiDAR data prior to any post processing. Vendor comparisons to ensure 
high standard of base data.” 

“How to make the data easily accessible, including pre-processing of data to make standard 
data products.  Preparation of metadata including assessment of limitations to guide 
application.” 

Spatial, 
Temporal, 
Seasonal, 
Consistency, 
Resolution, 
Extent 

“Currency of information.” 

“Consistent coverage of whole Regions, available cheaply.” 

“Influence of seasonality on FPC where it occurs.” 

“Consistency of LiDAR capture across regions - temporal and point density consistency for 
example.” 

 “Identification of surrounds & ecosystems that are threatened and availability of up-to-date 
data.”  

“The ability to provide current LiDAR products - e.g. the delays imposed by limited resources 
and the processing skills required to make the product available.” 

 “Some LiDAR data are unable to cover the whole area, which means when converting LiDAR 
data to grid, some gaps will be present. Proper interpolation methods need to be 
addressed.” 

Systems, 
Hardware, 
Software, 
Performance, 
Compatability, 
Change 

“Size of files, Capabilities of computer CPUs - specific needs of each project - flexibility of 
reclassifying products” 

“Ability to process and access the data.  Visualisation tools, add on modules to existing 
platforms.” 

“Speed of access of potentially large datasets through an internet connection.” 

“Storage and accessibility.” 

“It looks great for people who would use it a lot.  For the rest of us it would probably be too 
technical and hard to keep sharp with the subtleties of the software.” 

Fusion, 
Integration, 
Interface 

“Multispectral imagery“ 

“integration with multispectral imagery  profiling across watercourses” 

“Easily overlaid in GIS with other data bases, RE, Regrowth, EPBC, Wildnet etc.” 

“Merging LiDAR with functional information on plant canopies such as temperature and 
stress indices” 

Vegetation 
Classification, 
Identification, 
Structure, 
Weeds, Rare and 

“New classification systems for native vegetation that reflect the structural information that 
LiDAR contains.” 

“Vegetation identification. If you could find the rare and threatened species without having 
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Threatened 
Species 

to search for them - that would be great.” 

“Ability to map invasive weed species such as camphor laurel  Ability to discern different 
native vegetation communities without need for ground truthing” 

“Evaluate difficult veg types, such as sedgelands, wet heaths, patterned fens, ability to 
identify species such as groundsel or other distinct weed species of significance” 

“Weed species qualification though spectral analysis, Fire hazard mapping, Extraction of 
building footprints and geo features, ground truthing representative Regional Ecosystems.” 

Other 
Open Access, 
Application to 
Non-Woody 
vegetation, Soils, 
Adoption by 
other 
professions 

 “This information should be Open Access, i.e. Public Availability” 

“Use of LiDAR for determining the height of vegetation close to the ground (e.g wheat crops 
vs vegetable crops vs grass areas) would be a useful area of development.” 

“Soil types would be useful. Understanding the difference between a woodland vegetation 
cover on a rocky hillside compared to a rainforest on highly permeable soils would be 
useful.” 

“Very useful tool. As the cost of capturing and maintaining the information is reduced (like 
what has happened with aerial and satellite imagery) the use will be more widespread 
outside of specialist users like GIS analysts.    The tools that Google can provide is a good 
indicator for this as they are driven more by a commercial interest rather than an 
administrative (for planning, asset maintenance, etc) one like with government organistions. 
the cost of acquiring the information and more wide spread addoption of the technology will 
be had.” 
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10 Appendix D – Example 

Survey Invitation Email 

with typical Respondent-

Driven Sampling Method 

Response 
 

 

 
  

 

 

 
  

Uni Qld Research: Vegetation Mapping and 

Measurement using LiDAR 
 
Monday, 30 April 2012 12:37 PM 

 

 
  

Toby 

 
I have copied my colleagues <Colleague1> and <Colleague2> who are much more 
knowledgeable and experienced practitioners in this subject area than I. If they are able to I am sure 
they will contribute to your survey. 
Regards 
<Survey Email Recipient> 

 
From: survey-noreply@smo.surveymonkey.com [mailto:survey-noreply@smo.surveymonkey.com] 
On Behalf Of toby.clewett@uq.net.au via surveymonkey.com 
Sent: Monday, 30 April 2012 8:31 AM 
To: <Survey Email Recipient> 

 
Subject: Uni Qld Research: Vegetation Mapping and Measurement using LiDAR 

Hi <Survey Email Recipient>, 

 

I'm undertaking some research into the application of forest penetrating, three-

dimensional, laser survey mapping technology with the University of Qld school of 

Geography, Planning and Environmental Management. The research involves an 
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industry survey of professionals involved in vegetation management activities, and 

I’m seeking your feedback in the survey. 

 

I’m also seeking your help in referring the survey to friends, colleagues or associates 

who may be interested to participate in the research, and benefit from reading the 

final report. Survey results, available upon completion, indicate the survey takes 10-

15 minutes. The vast majority of respondents have said it is easy to complete and is 

useful for learning about vegetation mapping using LiDAR. Personal referrals 

dramatically improve response rates, so I’d greatly appreciate your assistance.  

 

The research will use the survey results to assess how vegetation mapping using 

LiDAR technology can be used to inform local and regional scale vegetation 

management. This introductory video shows a glimpse of what is presented in the 

survey, with more detail available in these information sheets - Survey Information 

and Background Information. A novel application showcasing the technology’s 

capabilities is the recent discovery of Queensland’s tallest measured tree, ‘Big Bob’, 

a Eucalypt standing 73 metre’s tall in Conondale National park.  

 

Referring the survey is easy – firstly identify candidates using the list of professions, 

then use the pre-drafted email below. The survey closes Wednesday 9th May, so if 

you CC\BCC me on the email a reminder can automatically be sent next Tuesday, and 

it helps me with the response rate calculations. 

 

Clicking this hyperlink will start the survey: 

https://www.surveymonkey.com/s/WGMN6Y7?c=4A6F68313834 

 

cheers 

Toby 

 

To do the survey and allow me (as principal investigator) to see your specific 

responses, use this link: 

https://www.surveymonkey.com/s.aspx?sm=O8XvNbzKQsAMffbpuYUHNg_3d_3d  

If you want to be removed from this mailing list seeking referrals, use this link: 

https://www.surveymonkey.com/optout.aspx?sm=O8XvNbzKQsAMffbpuYUHNg_3d_

3d  

 

Target Professions: 

Arborist, Botanist, Bushfire Rescue Officer, Cartographer, Community NRM Officer, 

Ecologist, Environmental Planner/Consultant, Farmer or Grazier (i.e. Crop Yields, Tree 

Clearing), Forestry and Wood Production Professional, GIS Analyst, Hydrologist, 

Infrastructure Planner, Land Developer, Landscape Architect, Parks/Gardens 

Maintenance Officer, Park Ranger, Researcher in 

Agriculture/Bushfire/Ecology/Forestry/Geography, Rural Fire Service Officer, Town 
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Planner, Transport Planner, Vegetation Management Officer 

 

Pre-Drafted ‘Survey Invitation’ Email 

 

Email Subject: Uni Qld Research: Vegetation Mapping and Measurement using 

LiDAR 

CC: Toby.Clewett@uq.net.au 

 

Dear (INSERT Your Friend/Colleague/Associate's NAME), 

 

An associate of mine, Toby Clewett, is doing some exciting research into the 

application of forest penetrating, three-dimensional, laser survey mapping 

technology with the University of Qld school of Geography, Planning and 

Environmental Management. The research involves an industry survey of 

professionals involved in vegetation management activities. When he asked for a 

referral, your experience and interest in this area came to mind. 

 

Survey results, available upon completion, indicate the survey takes 10-15 minutes. 

The vast majority of respondents have said it is easy to complete and is useful for 

learning about vegetation mapping using LiDAR. The research will use the survey 

results to assess how vegetation mapping using LiDAR technology can be used to 

inform local and regional scale vegetation management. This introductory video 

shows a glimpse of what is presented in the survey, with more detail available in 

these information sheets - Survey Information and Background Information. A 

novel application showcasing the technology’s capabilities is the recent discovery of 

Queensland’s tallest measured tree, ‘Big Bob’, a Eucalypt standing 73 metre’s tall in 

Conondale National park.  

 

Click this hyperlink to start the survey, and feel free to forward this onto others who 

may be interested: 

https://www.surveymonkey.com/s/WGMN6Y7?c=4A6F68313834 

 

Regards 

<Survey Email Recipient> 

 

HTML embedded hyperlinks in this email: 

BigBob: http://www.abc.net.au/local/stories/2012/04/18/3480137.htm 

LiDAR: http://en.wikipedia.org/wiki/LIDAR#Biology_and_conservation 

Video: https://www.youtube.com/watch?v=js7Ug-Ne-FM 

Survey Information: 

https://s3.amazonaws.com/SupportiveMaterial_20120331/SpatialSciencesThesis_Surv

eyInformationSheet_20120422_2220_TobyC.pdf  

Background Information: 
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https://s3.amazonaws.com/SupportiveMaterial_20120331/SpatialSciencesThesis_Back

groundInformationSheet_20120422_2221_TobyC.pdf  
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11 Appendix E – Survey 

Information Sheet for 

Survey Participant 
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12 Appendix F – Research 

Information Sheet for 

Survey Participant 
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13 Appendix G - Spread 

Sheet Analysis of Survey 

Results  
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14 Appendix H – Mapping 

Material Presented with 

Survey Questions 
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Figure 14-1 Statistics for audience retention of videos remained high for period up to 2 minutes 
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Figure 14-2 Videos 1-6 of the 12 prepared for viewing by survey respondents 
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Figure 14-3 Videos 1-6 of the 12 prepared for viewing by survey respondents 
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