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Abstract
Network forecasting has traditionally been conducted using survey data collected by field-based
surveys of the road network to model the microclimate surrounding the road network. A review of
the literature in the subject area identifies that the current methods rely heavily on a field based
survey approach. This research examines the premise that these field surveys replaced by modern
GIS modelling methods. The research goes on to describe the development of a variety of GIS
based methodologies and software for the calculation of geographical parameters for input into the
Geographical Road Ice Prediction model and the dissemination of the resulting ice forecast through
a web based GIS system. The methods developed are then discussed in relation to a trial conducted
in Hampshire in the winter of 2006/7, which test the methods in a real world scenario. The final
element to this research is the exploration of a variety of different GIS datasets to test the
methodologies developed and investigate the impact of varying the methodologies and data sources
on the network forecast for a small locality in the north of Hampshire. Results suggest that a
number of the methodological parameters developed could be adjusted without affecting the
resulting forecast and therefore improve the efficiency of the modelling process. It also identifies
which of the GIS datasets available in the UK produce the best forecasting results. The research
concludes that the methodologies developed have successfully helped predict ice formation on road
networks without the use of any manual survey data. Moreover, the methods developed can be used
in other research fields. In particular, this research has found a more accurate method for modelling
building heights from medium resolution IFSAR data, which has resulted in an 11% improvement
in building height estimations. Finally, this research goes onto discuss further research and how a
more detailed assessment of the methodologies under different climatic and geographical
conditions the methods developed, have the potential to replace parts or all of the survey methods
currently used in ice prediction surveys.
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CHAPTER 1.

INTRODUCTION

Treatment of transport networks over the winter period is a key responsibility of maintenance
teams whether in the private or public sector. With tightening budgets and increasing statutory
requirements, maintenance teams are looking to improve the treatment of networks by improving
ice prediction techniques. Improved forecasts lead to financial savings, reduction in environmental
damage, a reduction in the degradation of road surfaces and reduction in potential litigation cases.
Network Forecasting is the production of a location specific forecast for a particular road or rail
route (as opposed to a regional forecast) with the aim of enabling maintenance teams to keep
transport networks free from ice. This research focuses on the ice prediction for road networks
where network forecasting has become a principal component in helping a highway engineer to
make an informed decision on whether to grit a route on a given night. Traditionally a network
forecast has relied on a thermal survey of the network as a main input to a forecast model.
Although recording actual surface temperatures, thermal mapping is expensive and rarely provides
an accurate representation of the microclimate that surrounds the road network. This research aims
to further improve current forecasting techniques – by incorporating geographical parameters into a
forecast model through the development of GIS models and techniques. These geographical
parameters are then used by the forecaster to model the microclimate surrounding a forecast point
on the road network.
1.1 Policy background
The road network in Great Britain consists of trunk, principal and minor roads, which make up
approximately 394,900km of road (Department for Transport, 2008). Of this approximately
38,400km is made up of trunk roads and therefore is controlled and maintained by the Highways
Agency (Department for Transport, 2008). The remainder of the road network is controlled and
maintained by local authorities. This approach has led to a need for each local authority, as well as
the Highways Agency, to provide a winter maintenance service to maintain their respective road
networks. A winter maintenance service is a multi-faceted discipline, which requires a wide variety
of issues to be dealt with. These issues range from the supply and storage of a range of salt
products to the routing and maintenance of gritting vehicles. Statutory obligations exist in UK law
in the form of the Highways Act 1980, that place a duty of care to maintain road networks with
councils and the highways agency. Sections 41 and 58 (Department for Transport, 2008) require
Highway Authorities have a statutory duty to maintain the highway and must at all times take
reasonable care to ensure that the highway is not dangerous and that the standard of maintenance is
appropriate for a highway of that character and used by such traffic. It must also ensure that a
competent person must supervise maintenance work, having received proper training with regard to
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the highway. Further to the original act an amendment was made to the act in 2003 under The
Railways and Transport Safety Act 2003 (UK Government, 2003: Section 111) which inserted an
additional section (41(1A)) to the Highways Act 1980 (UK Governmet, 1980) which places a duty
on Highway Authorities in respect of winter conditions, as follows:
'In particular, a Highway Authority is under a duty to ensure, so far as is reasonably
practicable, that safe passage along a highway is not endangered by snow or ice'.
(Section 41 (1A), UK Governmet, 1980)
The effective date of this duty was 31st October 2003. This amendment was made, in part,
following high profile legal appeal to the House of Lords of a case brought against East Sussex
County Council (Goodes vs East Sussex County Council, 2000). The facts of the case are as
follows; on November 14, 1991 at 7.10 am in the morning, Mr. Goodes was driving his car on a
highway maintained by East Sussex County Council. As he moved out to overtake on a straight
stretch of road, a rear wheel skidded on a patch of black ice; he crashed into a bridge and was
seriously injured. East Sussex County Council denied that it had a statutory duty to keep the roads
free of ice; nevertheless, it did make considerable efforts to do so. The Highway Superintendent
received weather forecasts from the Southampton Meteorological Office and decided whether and
when to send out the Council's fleet of gritting vehicles. Each vehicle had a route to cover. The
Council followed the Code of Good Practice issued by the Association of County Councils
(Association of County Councils, 1996) and three other local authority associations, which stated,
inter alia, that salting should be completed before the morning rush hour began at 7.30 am. In the
Goodes case there had been a forecast of freezing conditions in the early hours and the vehicles had
been dispatched at 5.30 am. However, by the time of the accident, the vehicle covering the road in
question had not reached the accident spot. It arrived a few minutes later and would have been able
to complete its route by 7.30 am. The issue of whether the gritting lorry should have arrived earlier
in time to prevent ice forming was contested at the initial trial and before the Court of Appeal. The
judge at the initial trial found in favour of the Council and found that it had done enough. However,
the Court of Appeal found that East Sussex County Council was in breach of its duty under section
41 of the Highways Act 1980. The Court of Appeal decided, on the assumption that section 41 of
the 1980 Act imposed a duty to keep the road free of ice that East Sussex County Council was in
breach of its duty because the gritting should have been completed before the time when, according
to the weather forecast, ice was likely to form. East Sussex County Council appealed to the House
of Lords. The issue before the House of Lords was not whether the gritting lorry should or should
not have arrived sooner but whether the duty to maintain under section 41 of the 1980 Highways
Act included a duty to keep the road safe by preventing ice from forming. The House of Lords
found in favour of East Sussex County Council on the basis that section 41 of the original 1980
Highways Act did not included a duty to keep the road safe by preventing ice from forming and
merely related to the maintenance of the road fabric. However, the ruling left the law in an
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unsatisfactory state as recognised by the fact that both Lord Hoffman and Lord Clyde felt that there
was a need for Parliament to examine the position as there was no remedy available when a person
suffers a catastrophic accident as a result of ice on the road when a highway authority could
reasonably have prevented or removed that ice. As a result of the parliamentary review, section
41(A) was added to the 1980 Highways Act.
The legislative change led to wide-ranging policy changes within local authorities, which shifted
the focus of winter maintenance from a treatment strategy to a preventative strategy. One of the
results of this was the highways authorities adopting more specific forecasting methods to predict
ice formation on a road network as opposed to simply relying on regional forecasts. The reasoning
behind this was that a road network based approach would allow more timely and effective
treatment by providing the highways maintenance teams with localised forecasts that would enable
a more effective winter maintenance plan to be implemented. This localised forecast became
known as a network forecast. Highways maintenance is a costly exercise. The Department for
Transport official figures for 2006/7 estimates the routine and winter maintenance expenditure at
£1.68 billion (Department for Transport, 2008). This estimated expenditure was for a mild winter
with no major snowfall events. More recently, with colder winters and major snowfall, many
budgets have been exceeded. For example, Aberdeenshire Council have spent £4.4 million by mid
February 2009 compared with £2.8 million for the same period in 2008 (Urquhart, Brown and
Ferguson, 2009).
A more detailed analysis of Hampshire County Council's winter maintenance budget reveals that
on average the cost of gritting a priority-one route is £400 per run, with complete countywide
gritting costing in the region of £22,000 which on average takes 21/2 to 31/2 hours to complete
(Hampshire County Council, 2009). However, winter maintenance departments are facing budget
cuts because the winter maintenance budget is not ring fenced - despite calls from bodies such as
the AA (The AA, 2007). Moreover, a cost benefit study has shown that for every £1 expended on
winter road maintenance approximately £8 is saved in the economy as a whole (Thornes, 2000).
These budget cuts mean that councils are looking to provide more cost effective methods solutions
to their winter maintenance program whilst safeguarding their statutory obligations. This includes
more effective salt-spreading methods, salt storage and - most importantly in the context of this
research - more accurate and timely forecasting.
Further to safety, legislative and financial pressures, councils are increasingly faced with
environmental responsibilities regarding the gritting of road surfaces. In general, the environmental
effects of salt use are local; so mitigation strategies need also to be local. Road design, local
weather conditions, traffic volume and water table height are just some of the variables, which will
influence the degree to which de-icing salt will affect the local environment. The local environment
can be broken down into four impact areas; water, soil, vegetation and fish. The impacts of salt on
these elements can be mitigated through careful planning, for example the Salt Association (Salt
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Association, 2009) to local authorities to try to mitigate the impact on the four areas identified
above. Activities that may increase the salination of watercourses have to be managed carefully.
Studies in Scandinavia (Jorgenson, Baeker and Faerovig, 2006) have indicated that salt levels in
groundwater can increase with de-icing activities. The Salt Manufacturers Association recommend
that to avoid any risk of contaminating drinking water, salt should not be stored or used where there
is a danger of it leeching into potable water supplies. Salt has been used in soil stabilisation and is
known to lead to consolidation. It can also be involved in ion exchange processes with calcium and
other anions, including heavy metals, which are then released into the environment. However,
studies have also shown that salt effects on soil are restricted to the immediate road verge (Kimura
et al., 2006) where they are only one element of the general roadside impact of traffic.
The effects of salt on vegetation are varied, largely dependent on species. Some plants are highly
salt tolerant and others can be badly affected. The pathways of damage are osmotic effects caused
by sodium intake at the roots, or leaf „burning‟ effects of airborne chloride, often exacerbated by
other traffic-related pollutants. However, damage is usually restricted to plants in the road verge
and associated with high, sometimes indiscriminate, salt use. The impacts can be mitigated by road
design, plant selection and good spread width control.
Freshwater aquatic creatures, such as fish and amphibians have varying, species-related responses
to increased salinity. Whilst salt is often added to aquaria and garden ponds to control fungal
diseases and serve as a general „tonic‟ for fish, some species can find as little as 400mg/kg harmful
(Salt Association, 2009). Care should be taken if species are, or could be, sensitive to salt and,
generally, every effort should be made to avoid salt leeching into watercourses (Salt Association,
2009). Further to this, the economic impacts of unnecessary gritting runs include damage to
vehicles, street furniture and the road fabric. All of these factors result in the need for the provision
of accurate, cost-effective repeatable forecasting service to winter maintenance teams - the quality
of which has economic, legal and environmental repercussions.
1.2 Research aims and objectives
The growing availability of spatial referenced data and increases in computing power allows for
complex and accurate GIS models to be generated that model the environment. The research
presented in thesis is based on the premise that geographical parameters generated from a desktop
GIS based model can replace data generated from field surveys and produce accurate results for a
network forecast of a road network. This research has two main aims - to develop a methodology to
test the premise outlined above and to investigate the impacts of the GIS data availability and
quality to conduct a desktop-based survey.
Fundamentally, there are two field-based surveys, identified from the literature review, that are
used in current road ice-prediction models; thermal mapping and sky-view surveys. The case for
this research lies in two key aspects. Firstly, a thermal mapping survey of a road network can only
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represent a fixed climate scenario under the conditions, which the survey was conducted. Creating
a network forecast using a GIS model will advance current techniques by producing forecasts that
does not base a forecast using a fixed climatic scenario, introduces repeatability to the forecasting
process, allows for the measurement of a multitude of parameters within single environment, and
reduces costs. Secondly, current methods for estimating the sky-view factor - the amount of sky
visible from a given point on the earth's surface - involve driving the road network and capturing
data using a fisheye lens survey. This survey is required to be carried out under certain atmospheric
conditions to produce accurate results and may require further surveys to establish base readings
(Grimmond et al., 2001).Once a sky-view survey has been completed it then has to be post
processed using a PC to produce a sky-view value for each survey photograph. This research
develops a methodology for measuring the sky-view factor from a GIS model, thus reducing the
need for field based surveys thereby improving the efficiency and reducing the costs of network
forecasting. Given the large amounts of GIS data availability and quality available for the UK, this
research also investigates the impact of GIS data quality on a network forecast in terms of data
availability and data accuracy with the aim of making data recommendations for any future GIS
based surveys.
The main premise in this research is investigated and supported in the following ways. Firstly, a
literature review of current methodologies for network forecasting and GIS modelling is conducted.
The literature review supports the case for this research in terms of identifying geographical
parameters to be modelled using a GIS, furthermore the limitations of current survey methods is
reviewed. Finally, the literature review identifies existing GIS methodologies that can be used as a
basis for developing a GIS model of the road network and its surrounding environment. This is
supported by a review of GIS data available for the UK, which would enable a methodology to be
implemented. Secondly, a methodology and model is developed which takes maps of the UK and
combines them with other data sources to produce a set of geographical parameters, which help
model the microclimate. These parameters are then input into AMI's Geographical Road Ice
Prediction (GRIP) model to produce a network forecast for Hampshire where a season long –
typically October to March – trial was conducted to assess the effectiveness of the forecasting. The
trial aims to assess whether this new approach to producing a network forecast has been successful
and to test whether it results in any improvements in the forecast accuracy. Moreover, the trial will
provide evidence to support the main premise for this research. The trial is then extended to a
smaller locality within Hampshire, where a more detailed examination of data quality and data
sources is examined to identify how the quality of the data affects the resulting network forecast. In
particular, the research will focus on the impact of the quality of the digital surface model (DSM)
on the GIS model accuracy and the resulting impacts this has on the network forecast. This section
will also use advanced surveying techniques in the form of high definition laser scanning (HDS) to
compare the GIS model – in particular building and tree heights – to real world measurements. This
section of the research will provide further evidence to support the case for this research and
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provide evidence on the impact of data quality on the resulting network forecast. A secondary aim
of this research is to develop a system to deliver a forecast to the end user – in this case a highways
maintenance engineer - via a customised version of ESRI's Internet Mapping System (IMS) to
provide timely reliable access to the forecast from any PC with an Internet connection. Finally, an
assessment is made on the methods developed, the quality of the data used and the limitations of
this research.
This research aims to answer the following specific questions:


Can a GIS be used to generate geographical parameters for a network forecast and replace current
field-based survey methods?



What is the impact of GIS data quality on the resulting network forecast?

Within these fundamental questions, this research has the following aims:


To review the current ice prediction/network forecasting literature to establish and scrutinize current
practice



To review the relevant GIS literature and data



To develop and test a methodology in a real world scenario to support the substantive argument of
this research



To assess the impact of the methodological variations on a network forecast



To assess the impact of GIS data quality on the GIS model and the resulting network forecast



To develop a web based GIS for the timely delivery of network forecasts

1.3 Scope of research
Following the overview of the aims and objectives detailed in section 1.2, the scope of this research
and original contribution are outlined in the following section. The scope of this research covers
three main aims; firstly, this research aims to develop methodologies and software tools to extract
the necessary geographical parameters to input into the GRIP model. The geographical parameters
will be modelled and extracted using geographical information software, namely ESRI ArcGIS.
Following on from this, a trial will be run in the county of Hampshire, UK (Figure 1) to test the
effectiveness of the modelled parameters in real world situation.
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Figure 1: Hampshire Location

This trial will be run in conjunction with the highways authority, Hampshire County Council, and
will provide information on the accuracy of the ice prediction for the road network. The county of
Hampshire was chosen as the case study area as there already exists a network of weather stations
which, with co-operation from Findlay Irvine (a highways consultancy), could be accessed through
AMI to monitor recorded temperatures at a number of sites across Hampshire. The industry
connections with AMI and Findlay Irvine also made Hampshire County Council more receptive to
requests for data such as gritting routes and to the whole concept surrounding the research. The
third main aim was to develop and run sensitivity tests using a variety of datasets to assess the
sensitivity of the GRIP model to different geographical parameters. In particular, the quality of the
DSM models is examined and the impacts of the varying quality of the data are assessed in terms of
the impact on the resulting forecast. Further to these the three main areas of research identified
above a further area of research and development was the development and assessment of the
interface to disseminate the forecast information to winter maintenance teams through the use of an
IMS via a web browser.
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The original contribution of this research lies in two key aspects; firstly, a purely GIS desktop
based approach to producing a network forecast does not currently exist, which is supported by a
literature review. The literature review has identified that current ice prediction models do model
some geographical parameters in a GIS. However, all of the published models (there may be the
possibility of some unpublished weather models using similar approaches to this research) still rely
on some form of thermal mapping, sky-view survey or both as a major input to the network
forecast model. By employing a desktop-based approach this research increases the repeatability of
the forecasting process thus allowing adjustments and improvements to a forecast on timely basis
without the need to repeat the survey process, which is both costly, and time consuming. The
second original contribution is to investigate the impacts of data quality and modelling methods on
a network forecast. The amount and quality of data is continually improving in terms of accuracy,
resolution and coverage. Analysis of the impacts of the quality of the data on the forecast is used to
make recommendations on data type and quality and to improve the methodology. As a purely GIS
based approach to network forecasting has not been implemented before an analysis of the impact
of data quality on the forecast is an original contribution.
This research has been funded by an EPSRC industrial CASE award, which has involved two
industrial partners; GeoBureau – a GIS consultancy - and Aerospace and Marine International
(AMI). AMI have a well-established proven weather forecasting model that is used, primarily, to
provide weather forecasts to international shipping outfits. By introducing geographical parameters
to the model, it can be enhanced to provide a more localised network forecast for road networks.
The GRIP model combines the geographical parameters with the meteorological data to produce
network forecasts. Unfortunately, due to the competitive commercial nature of network forecasting,
it has not been possible to gain access to other forecast models to provide a direct comparison for
this research.

1.4 Thesis Structure
The thesis is organised into eight chapters. Chapter 1 aims to place the research in the wider
legislative context within the UK. It provides a background to the paradigm of network forecasting
given its roots in recent case law establishes the scope of the research and finally outlines original
contribution of the research.
Chapter 2 provides a review of the relevant literature related to the research aims and objectives.
The literature review outlines the current state of network forecasting and scrutinizes the survey
methodologies used in current network forecasting. This chapter then goes onto identify and review
GIS methodologies used in this research to develop a GIS model to extract GIS parameters for the
GRIP model.
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Chapter 3 reviews the GIS data available for the UK, provides an overview of the data used in this
research and discusses the data preparation methodology developed to prepare the data for use in
ArcGIS.
Chapter 4 describes the methodological innovations in this research, and how a set of geographical
parameters were extracted from a countywide GIS model of Hampshire. This chapter goes on to
investigate and analyse the results of the GIS based network forecasting across a winter season in
Hampshire with the aim of providing an assessment of the GIS methodological techniques
developed. A forecast was produced for a six-month period using the geographical parameters
extracted from the GIS model for 10,855 forecast points across Hampshire. By conducting a trial
this chapter provides a “real-world” assessment of the model and methodologies developed, as
opposed to purely a theoretical assessment. Moreover, this chapter provides evidence to support the
main premise of this research by implementing the methodology developed in a real world
situation.
Chapter 5 describes the development of a GIS extension for ESRI ArcGIS. This chapter describes
the implementation of the methodologies as an ArcGIS extension, which enabled the rapid
production, and testing of the geographical parameters in this research. Furthermore, this chapter
outlines the technical implementation of this research in more detail and identifies the geographical
parameters needed for the GRIP model.
Chapter 6 describes the development of a web based GIS to disseminate a network forecast to the
highways maintenance teams. Using ESRI ArcIMS, this chapter describes the development
process, problems and how this research overcame them to deliver a system that could display
network forecasts on a map based interface. Furthermore, this chapter discusses the results of some
usability research conducted on the interface with a view to identifying the strengths and
weaknesses of the system.
Chapter 7 discusses the impact of data sources and data quality on the resulting GIS model with a
view to testing the impact of the data quality in Chapter 8. By building a model for a small area in
Hampshire, using a variety of different data sources and conducting a field survey, using HDS
equipment the research identifies which of the currently available data sources produce the most
accurate results to input into the GRIP model.
Chapter 8 is the main empirical chapter and discusses the testing the sensitivity of the GRIP model
by varying the quality of the data input into the GIS modelling process. The aim of this chapter is
to provide some statistical evidence that can be used to back up the justification for the use of
different data sources. The chapter describes fieldwork and a series of tests that were conducted for
a small area in the northeast of Hampshire and discusses the impact of data quality and
methodological variation on the resulting forecast.
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Chapter 9 draws the research conducted together by revisiting the research premises to see whether
they have been achieved, acknowledge any limitations and identify avenues where this research can
investigated further.

23

CHAPTER 2.

LITERATURE REVIEW

2.1 Introduction
This chapter reviews the literature to provide an overview of the current published ice prediction
models to establish current practice in the field and identify where this research can improve
current methods. It then goes on to identify techniques that could be used to model the
microclimate in a GIS. Reviewing previous work, techniques and identifying areas where GIS can
enhance or replace manual surveys will form the foundation of the methodology discussed in
Chapter 4.
2.2 Review of Current Work in Ice Prediction Field
Ice prediction models have been developed in many countries where a temperate climate results in
marginal temperatures at night. A variety of techniques have been developed with the aim of better
predicting ice on road networks across the world. Chapman and Thornes (2006) describe and
evaluate a GIS-based model for the prediction of road surface temperature. They claim that the
model has the ability to explain up to 74% of the spatial variation in Road Surface Temperature
(RST) in the West Midlands, UK. The approach, in Chapman and Thornes (2006) model, combines
basic spatial data sets with a number of surveying techniques to produce a geographical parameter
database that drives the spatial component of a road-ice prediction model. By measuring and
modelling geographical parameters such as altitude, land use, road construction and the sky-view
factor – the amount of sky visible from a given location - the authors combined pre-existing
components of road ice prediction systems to provide a dynamic road ice prediction system. Table
1 shows the parameters and measurement techniques that are used in their model.

Geographical parameters affecting road surface temperature
Parameter
Latitude

Altitude

Topography

Slope and
aspect

Impact upon road surface temperature
Major control upon theoretical maximum
incoming short-wave radiation and thus daytime
Road Surface Temperature (RST).
Nonlinear control on RST (Shao et al., 1997). RST
decreases with altitude in line with lapse rates
and is a dominant parameter during times of low
atmospheric stability (Chapman, Thornes and
Bradley, 2001a)
During stable conditions, katabatic flow can
generate pools of cold air in hollows and valley
bottoms. Any decrease in air temperature is
linearly related to RST (Gustavsson, 1990)

Measurement technique
GPS

Unfavourable slope and aspect reduce the
theoretical maximum of incoming short-wave
radiation and thus daytime RST.

Easily derived from digital elevation
models.

GPS or Digital Elevation Models

Commonly estimated empirically (e.g.
(Bogren and Gustavsson, 1991);
(Laughlin and Kalma, 1990) or with
numerical models (Kondo and Okusa,
1990).

24

Sky-view
factor

The sky-view factor is a dimensionless measure of
the degree of site sky visibility. Surface geometry
is the dominant parameter controlling surface
radiation loss and the sky-view factor enables this
geometry to be quantified.

Calculated from fish-eye photographs
or proxy techniques (e.g. (Chapman,
Thornes and Bradley, 2001b)
(Grimmond et al., 2001); (Chapman
and Thornes, 2004).

Screening

Closely related to the sky-view factor, this is a
measurement of how canyon geometry prevents
short-wave radiation from reaching a surface.

Can be estimated by plotting suntracks on fish eye photographs
(Chapman, Thornes and Bradley,
2001b).

Landuse

The thermal properties of surfaces will vary with
landuse.
For example, a city centre will have increased
canyon geometry, surface roughness, traffic and
anthropogenic heat. The impact of landuse can
be quantified by measuring the urban heat island
(e.g. (Graham, 1993)).

Impacts can be estimated empirically.
An alternative is to use classified
satellite imagery (e.g. (Bradley,
Thornes and Chapman, 2001))

Road
construction

Variations exist in the construction materials
used and depth of construction across the road
network. The thermal memory of a surface is
related to such properties (Thornes, 1991b).

Site specific quantifications can be
obtained by coring.
Alternatively, estimates can be
provided remotely by the use of
ground penetrating radar.

Traffic

Traffic introduces additional heat sources, blocks
radiative loss and promotes mixing of layers
(Thornes, 1991b).All effects generally increase
RST.

Extremely difficult to quantify. Traffic
counters can be used and empirical
formulae derived on multi-laned roads
(Parmenter and Thornes, 1986)

Table 1: Geographical Parameters Affecting Road Surface Temperature

The model described by Chapman and Thornes (2006) can be broken down into two key
conceptual areas:
a) Temporal component that consists of a standard road weather prediction model. This uses
forecast meteorological data to produce a RST forecast curve.
b) Spatial component that uses geographical attribute data to modify the forecast curve on a site-

specific basis.

2.2.1

Temporal component

The temporal component of the model is based around the Thornes (1984) model and uses a zerodimensional energy balance approach. RST is forecast by finding the equilibrium temperature that
balances the energy flow across a surface (Outcalt, 1971).The model uses standard 3-hourly
forecast meteorological data to produce the 24-h RST forecast curve. This forecast is provided to
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the winter maintenance engineer at midday so that early decisions can be made regarding the
salting of the road network.
In the model described in Thornes (1984), a forecast for a particular night may be marginal with
regard to temperatures – i.e. just below freezing. Should the surface receive an input of moisture,
the forecast site will need salting, however, large sections of the road network will not. A
sensitivity test of the model is described in (Thornes and Shao, 1991) and the temporal forecasting
ability of the model is covered in Parmenter et al. (1986). Both studies indicated that the model
adopted by Thornes (1984) has significant forecasting ability and compares favourably with other
road weather models.
2.2.2

Spatial Component

Chapman et al. (2001a) added a spatial component to the Thornes (1984) model by replacing the
geographical constants with variables. In the original model, latitude, land use, road construction
were all constant. In the revised model described in Chapman and Thornes (2006), these variables
along with altitude and traffic are parameterised. The spatially enabled Chapman and Thornes
(2006) model reads in both the meteorological and spatial attribute data and produces a forecast
curve for each survey point in the GIS.
The overall performance of the model in explaining the variation of RST showed a degree of
variability with regard to different sections of the road network. Up to 73% (average=62%) of the
variation in RST can be explained from model predictions in urban areas compared to up to 58%
(average=46%) in rural areas. The model was on average residually correct to within 1C for up to
95.1% (average=86.5%) of the urban route and up to 94.7% (average=84.3%) of the rural route.
Comparison of actual RSTs is not as promising, although it is important to note that this statistic is
limited by the quality of the meteorological input data.
Chapman and Thornes concluded that although the model has produced accurate returns, work is
required to remove some of the original parameterisations in the model introduced by Chapman et
al. (2001) and to add an advective (the rate of change of an atmospheric property caused by the
horizontal movement of air) component. Chapman et al. suggest that meso-scale climate models
provide a solution to this problem. However, these add significant complexity to what is essentially
a simple working environment. A more basic approach, particularly suited to GIS, is the use of
dynamic climate zones classified to weather types (Weller and Thornes, 2001). Other suggestions
made by Weller and Thornes to improve the model performance include incorporating other
thermal fingerprints, at lower atmospheric stability, into the training process. They suggest that a
neural network based on cloud and wind parameters would be a useful tool to determine which
fingerprint to use on for particular synoptic conditions. However, any future improvements to the
model need to be undertaken on the understanding that the overall accuracy of the model (as with
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other road weather models) is still hugely dependent on the accuracy of the meteorological forecast
data.

Chapman and Thornes (2001, 2006) describe a geographical database, which allows the continuous
collection of high resolution, and geographical data - including the sky-view factor (see section
2.3.5) - that is suitable for use in road climate modelling studies. Using regression analysis, the
relative importance of five geographical parameters (altitude, topography, sky-view factor,
urbanicity and road construction) is assessed by Chapman and Thornes (2001, 2006) with respect
to road surface temperature and atmospheric stability.
Their results show that sky-view factors dominate surface temperatures at high atmospheric
stability whereas altitude becomes increasingly important as stability decreases. Finally, a
statistical RST model is discussed with the ability to explain up to 75% of the variation of residual
road surface temperatures in the study area entirely by the interaction of geographical parameters.
Thornes and Shao (1991a) tested the sensitivity of individual meteorological parameters in a „road
weather information system‟ by using a range of input values, holding other parameters constant.
Though prediction errors were mostly attributed to incorrect forecasts of cloud cover, air
temperature was the most influential parameter controlling RST. This is to be expected, as air and
surface temperature are intimately related (Thornes and Shao, (1991a); Bogren and Gustavsson,
1991; Lindqvist, 1992). Any variations in air temperature across the mesoscale landscape - caused
as a consequence of the interaction of geographical parameters - will also result in variations in
RST. As atmospheric stability increases, RST variations are increasingly influenced by sky-view
and topography at the expense of altitude. Chapman and Thornes have shown that multiple
regression analysis of five simple geographical parameters can explain up to 75% of variations in
residual RST data collected by thermal mapping. They proposed that physical modelling using the
same parameters would yield similarly successful results, particularly with the inclusion of other
variables such as traffic, screening and air temperature. The use of a physical model driven by daily
forecast data would provide a dynamic solution capable of producing individual road weather
forecasts at a 20m spatial resolution around the road network. Chapman and Thornes (2001,2006)
are the only researchers who have published in any detail about their ice prediction model. They
describe how they use a variety of sources of data to develop their ice prediction models, in
particular they use a range of surveying techniques to provide data to the model. This research will
aim to replace the surveyed aspect of these models with parameters derived purely from a GIS
model.

2.3 Geographical Parameters used in ice prediction modelling
There are a number of geographical parameters - influences that are directly related to the roads
location upon the earth‟s surface - that can affect the RST. This section reviews the geographical
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variables that influence the RST with the aim of providing an understanding for the modelling
process in the GIS.
2.3.1

Latitude

Latitude is an important constraint on climate and RST, the main impact of latitude is its influence
in the laws of radiation geography with respect to quantities of incoming solar radiation. The
further north or south of the equator a location is the less incoming solar radiation is received
during the winter period. These impacts on the rate of warming and cooling of a road surface and
therefore the amount of ice forming on road surface.
2.3.2

Altitude

RST decreases with altitude as a result of the environmental lapse rate: up to a maximum of 9.8°C
per 1000m but more typically 6.5°C per 1000m (Tabony, 1985). Shao et al. (1997) studied the
impact of altitude on RST in Nevada, USA. They showed that altitude had a considerable effect on
RST, but the relationship between the variables was often non-linear. As a parameter, the effects of
altitude on RST should typically be most apparent during times of low atmospheric stability
(unsettled weather patterns) however, as stability increases, the increased role of topography should
lessen this relationship.
2.3.3

Topography

Considered to be a major factor in causing differences in RST during extreme nights (Bogren and
Gustavsson, 1991) small differences in topography can produce large variations in air temperature
and as a result, RST's across a landscape. Several theories have been proposed to explain this
phenomenon, for example, (Thompson, 1986) considers the earlier cessation of turbulent heat
transfer in sheltered locations as critical in producing lower temperatures. Alternatively, Tabony
(1985) discusses the production of horizontal isotherms in small-scale sheltered terrain. Such
theories may explain the impact of micro-topography on temperature distribution, but when dealing
with larger scale topography, the more commonly accepted cause of temperature variation is the
katabatic theory. During stable conditions, a layer of dense cold air forms at the surface and causes
a temperature inversion. If the topography is undulating, the layer of cold air becomes mobile and
gravitates down slope as a katabatic flow, following lines of drainage until a topographic or thermal
barrier is reached. At the top of the temperature inversion, lapse rates return to normal and
temperatures are at their warmest. This feature is called the thermal belt and is a dynamic feature
whose height varies with the strength of the katabatic flow and the relative size of surrounding
topography. In reality, few nights actually have sufficiently low regional wind-speeds for katabatic
drainage. Hence, at velocities that are more moderate the topographic exposure of a valley becomes
an important parameter (Gustavsson, 1990). Topographic features dominate airflow at a local level,
with wind-speeds increasing with elevation and at exposed sections (Chapman, 2000). The result is
that sheltered locations will have decreased RST because of reduced wind-speeds and turbulent
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heat transfers (Thompson, 1986). Overall, variations in temperature induced by topography often
cause the lowest air temperatures on a road network to be recorded at valley bottoms. Any variation
in air temperature is linearly related to RST (Gustavsson, 1990), but there is a tendency for RST to
be slightly higher than air temperature due to the thermal inertia of the road construction (Bogren
and Gustavsson, 1991).
2.3.4

Screening

Screening affects the surface radiation budget by obstructing the incoming daytime shortwave
radiation. Topographically screened environments will produce lower RST because of less direct
short-wave radiation reaching surfaces in shadow (Bogren, 1991). Screening is generally
systematic (with the exception of deciduous trees) and is a cause of large deficits in daytime RST at
screened locations (Gustavsson and Bogren, 1993). Bogren et al. (2000) statistically modelled the
magnitude of such temperature deficits with respect to solar elevation. Deficits were shown to
decrease over the afternoon but have the potential to create a lag effect after sunset, particularly at
low levels of cloud cover and during early and late winter when solar input is increased. A final
consequence of screening is that buildings and forests will afford a degree of wind shelter, which
will lower RST (Gustavsson, 1995). This theory has been validated at sites in Sweden where
nocturnal RST differences of up to 3ºC have been found between locations in sheltered forests and
exposed areas (Gustavsson, 1998 and Karlsson, 2000).

2.3.5

Sky-view and landuse factors

Often used as a surrogate for screening in RST studies, the sky-view is a measure of the percentage
of visible sky that can be seen from a given point on the earth's surface. Represented as a value
between zero and one, sky-view will approach 100% (or 1) in perfectly flat and open terrain,
whereas locations with obstructions such as buildings and trees will cause sky-view to become
proportionally less (Oke, 1992). Sky-view has a particularly important role in the nocturnal
radiation budget, where surface geometry prevents the loss of long-wave radiation from the ground
by the replacement of a section of the cold sky hemisphere with a warmer surface (Oke et al.,
1991).
This results in increased nocturnal air and surface temperatures at locations with low sky-view. For
example, Postgård and Nunez (2000) found that sky-view accounted for up to 61% of the variation
in RST in a study in southeast Sweden. The dominance of sky-view as a controlling parameter for
RST has also been found in many other studies (e.g. Bärring, Mattsson and Lindqvist, (1985) and
Eliasson, (1996)).The impact of sky-view will be most noticeable during times of high atmospheric
stability, when potential radiation losses are at the greatest.
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The impact of land use on temperature can be clearly seen from urban/rural temperature transects
(Johnson, (1985) and Graham, (1993)). During stable conditions, built up areas are generally
several degrees warmer than surrounding rural areas; a phenomenon called the urban heat island.
Changes in building density and vegetation create microclimatic changes due to variations in
surface geometry (e.g. screening, sky-view and reduced turbulent heat transfer due to shelter).
Bärring et al. (1985) compared sky-view with surface temperatures along a series of measuring
points and found a strong relationship between sky-view and surface temperature. The relationship
is strongest in the city centre, but the impact of sky-view can still be significantly detected in
suburban areas. Urban climates are further influenced by the thermal properties of construction
materials and anthropogenic heat from buildings and traffic (Oke, 1992). For example, Elliasson
(1996) discovered the existence of a 4°C horizontal air temperature difference between Gothenburg
city centre and a large park to the south-west of the centre during stable conditions. A final factor
conducive to increasing urban temperatures is rapid surface runoff, which will decrease the latent
heat flux in urban areas. The opposite is true at sites in proximity to large water masses where
increased humidity diminishes temperature differences (Chapman, Thornes and Bradley, 2001a).

2.3.6

Road construction profiles and traffic densities

Subtle variations in RST will be recorded around a road network purely due to variations in the
thermal properties of materials used in road construction. The term „thermal memory‟ is used to
describe the length of time which a surface stores heat from daytime solar radiation (Thornes,
1991b). Roads with deeper construction such as motorways and A-roads have a large thermal
memory and are often the warmest sections of a road network. However, if a road crosses a bridge,
its construction and thermal memory is reduced. These effects are particularly noticeable during
early and late winter when the input of solar radiation is greater. The impact of traffic can also
significantly modify RST. In addition to increasing quantities of anthropogenic heat, vehicles cause
mixing of hot and cold air layers and shadow long wave radiation loss from the road surface
(Thornes, 1991b). The impact of vehicles can be quantified on multi-laned roads, where the
increased volume of slower moving vehicles on nearside lanes can produce increased RST of up to
2°C (Parmenter and Thornes, 1986). The effects of traffic on RST are noticeable on most nights,
though larger values are likely to be recorded in stable conditions due to increased potential
radiative losses.
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2.4 The current approach to Ice Prediction Forecasts
Based on the review of the current published ice prediction models the most widely used process to
model the microclimate surrounding a road network relies on a combination of manual surveys and
computer modelling to produce a network forecast. This is illustrated in Figure 2.

Figure 2: Network Forecast Process

Of the manual surveys, the thermal mapping element is the core survey and is examined in more
detail in section 2.5. The second survey element is the sky-view survey, which uses a combination
of fisheye lens photography and GPS traces to model the amount of visible sky at a given point on
the road network. Chapman et al. (2001) have shown through empirical and numerical modelling of
RST the sky-view to be the dominant parameter for controlling variations in RST. Traditionally,
sky-view are recorded during homogenous overcast conditions (Bradley, Thornes and Chapman,
(2001b) and Grimmond et al., (2001)), to facilitate the delineation of buildings and trees from sky
pixels on fisheye imagery using a threshold algorithm. If light levels are too low or too bright, then
a single threshold cannot be set and the image cannot be automatically processed. (Chapman and
Thornes, 2006). In the past, this has severely restricted sky-view research, but the development of
proxy techniques (Postgård, (2000) and Chapman and Thornes, (2004)) to calculate sky-view has
led to improvements in the reliability and repeatability of sky-view surveys. Once these surveys
have been completed they are collated and verified and input into a GIS system to be combined
with meteorological and spatial datasets, to produce a forecast for a road network at a given point
and time. The forecast is traditionally produced for 20-minute intervals over a 24-hour period in the
form of tables and maps.
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2.5 Thermal Mapping
A thermal survey or mapping of a road network provides the basis for many Road Weather
Information Systems (RWIS). Road surface conditions, on a given network, can vary temporally
and spatially on any given night. The thermal mapping technique uses vehicle mounted infra-red
radiometers to detect spatial variations in RST over a given route. The temperature is recorded in
degrees Kelvin with a resolution of 0.1K (Thornes, 1991b: p.43). This thermal map is then
combined with an ice prediction model to provide an ice forecast prediction on a given night.
There are three key terms associated with the thermal mapping technique that have been defined by
Thornes (1991b: p.43):
a)

Thermal Mapping - the measurement of the spatial variation of road surface temperature along
a road using an infrared thermometer or camera.

b) Thermal Fingerprint: the graphical representation of temperature plotted against distance for a
particular route on a given night.

Figure 3: Example of a Typical Thermal Fingerprint.

c) Thermal Map: The resulting spatial variations of temperature mapped to the road network

A road survey is usually carried out at a time when the road temperature is at its lowest point –
usually just before dawn – and when weather conditions fall within a limited number of
representative weather categories or patterns to avoid too many surveys and unnecessarily high
costs (Shao, 2000). The diurnal rhythm of RST also becomes most stable in the later stages of the
night thus creating a directly comparable set of temperature readings across a given network if
measured at this time.
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2.5.1

Thermal Fingerprint Variations

There are several factors that can cause variations in thermal fingerprints, namely weather
conditions, extreme thermal fingerprints, damped thermal fingerprints and intermediate thermal
fingerprints. These variations in these thermal fingerprints need to be taken into account when
assessing a thermal mapping survey.
Weather conditions can have large influence on the spatial variation of RST. The most pronounced
thermal fingerprints are recorded on clear, calm nights where there is existence of anticyclonic
weather conditions. These conditions produce the most marked temperature variations and produce
the best base fingerprint on which to perform a network forecast. Extreme thermal fingerprints are
produced on nights where there are anticyclonic weather conditions, which are dry. They are
caused by Hoar Frosts being compacted into the road by traffic. Hoar Frosts are formed where a
parcel of air containing water vapour comes in to contact with a surface with a latent temperature
that is below 0°C and below the frost point of the water vapour (Thornes, 1991b).Cold-air pooling
in frost hollows lead to low road temperatures on valley floors. A damped thermal fingerprint is
caused when a wet road leads to reduced amplitudes in thermal fingerprints. Damp weather
associated with low-pressure (cyclonic) weather conditions give smaller variations in RST. High
wind speeds lead to mixing of air layers, preventing the formation of inversions, which lead the
movement of cold air downhill. Cloud cover reflects radiation from the road surface and absorbs
and re-emits ling-wave terrestrial radiation emitted by the road surface (Thornes, 1991b).These
conditions often lead to higher than normal RST. Low-pressure weather conditions can, in one
certain scenario lead to rapid ice formation on roads. The scenario involves a low-pressure weather
event that involves damp conditions being followed by clear skies. All the roads in the given area
will start with similar conditions but sections of road that are more exposed due to topography will
fall at a quicker rate. These stretches of road will be the same cold areas as those that are found on
a clear night (Thornes, 1991b). Roads at higher attitudes will be colder than roads at low altitudes
unless katabatic drainage occurs. This means that one could expect the higher altitude roads to
experience colder conditions. However, upland areas are subject to more prolonged cloud and rain
conditions than lowland areas thus leading to warmer conditions and the colder temperatures- on
average – being found at lower altitudes. In contrast, if there is a high wind then the coldest
conditions will be found at altitude. Therefore – given these paradoxical statements – the thermal
fingerprints often reflect intermediate conditions which are somewhere between the extreme and
damped thermal fingerprints. Other variations in fingerprint signatures occur when there are
varying weather conditions. For example, patchy fog results in local variations in the thermal map
and freezing fog will lower the RST. Similarly, broken, stationary cloud will limit profile
development and cause local variations (Thornes, 1991b). However Shao et al. (1996) have shown
that despite these variations in a thermal fingerprint a degree of reliability can be achieved using
the thermal mapping technique.
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Once a thermal fingerprint for a road network has been calculated, it can be related to a map. A
thermal forecast map is produced by combining the minimum RST from a weather forecast with
the appropriate thermal map. The thermal map chosen depends on the geographical parameters of a
region and the resulting zonal climates. These maps provide the highway engineers with a method
of identifying potential freezing points on roads.

Figure 4: An Example of a thermal map generated in ArcGIS

2.5.2

Advantages and Limitations

The main advantage of thermal mapping is brought about through the quantitatively measured
relationship between the microclimate and the RST. This quantitative measure can be used as an
evidence base upon which to make decisions about a gritting regime. The physical measuring of
RST's introduces a degree of scientific robustness to the forecasting model. However, there are
some limitations to the technique, which question this robustness. Despite being costly and difficult
to produce, thermal maps only provide a basic prediction of what the minimum temperature will be
on the road network under certain climatic conditions. A typical thermal survey will include up to
five surveys of the road network under three climatic conditions; clear and dry, cloudy and dry and
damp and clear. Systematic errors that can be induced by vehicle thermal mapping have been
summarised by Thornes (Thornes, 1991b: p54)This has been condensed into Table 2.
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1

Error

Description

Emissivity of road surface

The emissivity of the instrument can usually be adjusted to
compensate but an error of 1% =0.5 °C is common.

2

Temperature of the Instrument

Infra-red thermometers are designed to operate within
temperature boundaries – if these boundaries are broken the
temperature readings are likely to be less accurate

3

Detector Sensitivity

Different instrument detectors will all respond slightly
differently resulting in different slightly different readings.

4

Milli-volt to temperature

Errors in regression methods of conversion

conversion
5

Dirty Lens/Condensation

The lens of the instrument may become dirty due to splash
and /or condensation may take place on the lens

6

Atmospheric Absorption

Not all radiation leaving the road surface will arrive at the
instrument

7

Vehicular Radiation

Radiation from the vehicle exhaust and engine may enter the
instrument

8

Lens Waveband

The lens is designed to transmit only a certain proportion of
the infra-red waveband

9

Tyre Pressure/vehicular load

The distance between the instrument and the road surface
may differ on different runs due tyre pressure and/or the
vehicular load thus adjusting the strength or the read recorded
by the thermometer.

10

Lane Changes

The outside lane will be coldest due to less traffic, but most
surveys are carried out on the inside lane. Vehicles may have
to move into different lanes on a survey thus influencing the
temperature readings

11

Warm-up of instrument

Some Instruments require warming up before use – failure to
do so will affect the temperature recordings.

Table 2: Systematic Errors in thermal mapping

Thermal mapping only produces relative temperatures across a road network and can only produce
road surface temperatures to within ±2°C (Thornes, 1991b).This is due to the emissivity of road
surfaces not being known and therefore careful interpretation of results is required. The emissivity
of a road differs under different weather conditions as well. For example, a wet road will have
different emissivity than a snow-covered road – a difference in emissivity of 1% can lead to a
temperature difference of 0.5°C.
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Thermal mapping also relies on a set of theoretical assumptions:


The assumption of fixed climate domains.



The assumption of fixed weather.



The focus on minimum temperatures rather than the whole range of temperatures.

These assumptions often mean that multiple runs of a route have to be run which is expensive and
time consuming. They also mean that the thermal map may not be entirely representative of a route
and therefore a degree of error must be factored into a decision based on a forecast. Ice prediction
models that use thermal mapping as a base input also lack a degree of repeatability due to the fact
you have finite set of inputs for that part of the model. Furthermore, Gustavsson (1999) stated that
thermal mapping could not be reliably interpreted without the measurement of a number of other
influences namely road-bed material, sky-view and obstruction measurements and the
accumulation of cold air. Moreover, the cost of conducting a basic thermal survey is expensive; a
detailed thermal survey of a road network has been estimated to cost $125 per km (Kuemmel,
1994). Given the expense and numerous limitations of the thermal mapping technique, this research
will focus on developing GIS parameters that will model the microclimate surrounding the road
network and therefore forego the need to conduct any form of thermal survey.

2.6 GIS Principles and Theories with Applications to the Ice Prediction Problem
Although previous research into ice prediction has used GIS in aspects of microclimate modelling,
notably that of Chapman and Thornes (2006) and Thornes and Chapman (2008), the core
modelling still relies on a survey of the road network. The process of modelling the microclimate
purely from a GIS is multi-faceted and draws on several research areas within the GIS paradigm.
This section identifies the key components that are being modelled and reviews the academic
research that has been undertaken relating to the modelled component.
Of the geographical variables that are modelled in the GIS for the GRIP model, there are three
prominent research areas that are discussed in the literature; building height estimation from digital
terrain models, identification of vegetation features from aerial photography and estimation of skyview factors using a GIS. These research areas are reviewed in the following sections.
2.6.1

Building Height Estimation

Modelling the built environment in 3D is essential to the successful implementation of this research
as it provides information that can be used for calculating shading factors across a road network.
However, the modelling of the 3D environment is not limited to meteorological research; indeed, it
is far more prevalent in the GIS planning arena as it plays an important role in landscape
visualisation, Public Participation GIS (PPGIS) and Environmental Impact Assessment (EIA). This
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has led to a wide range of research being conducted in how best to extract building heights from
sources such as LiDAR and IFSAR data.
It has been noted that 3D building models can be produced in three general ways: (i) manually, (ii)
semi-automatically and (iii) automatically (Berry, 2009). Berry (2009) further describes these
processes with regard to PPGIS and landscape visualisation where he comments on the lack of
reality in terms of the morphology and roof representation that the semi-automatic and automatic
approach brings to modelling building heights. An automatic approach to modelling building
heights has been explored in some detail in the literature (e.g. Vosselman and Dijkman, 2001
(2001) and Rottensteiner (2003)), with the focus on generating complex building shapes from
LiDAR data. Further to this, a lot of attention has been paid in the literature to the modelling of
roof structures from LiDAR data (Elaksher and Bethel, (2002), Tse et al., (2005), Huber et al.,
(2003)). However, this research is computationally intensive and therefore would be impractical to
model buildings on a mass scale over a countywide area that is required in this research. Moreover,
the level of detail being generated when roof structures are being defined simply is not required at
the resolution the microclimate is being modelled at (200m intervals) and more importantly a
complete LiDAR data coverage does not exist for the study area (Hampshire) at the time of writing.
Modelling from coarser resolution data, although not providing the accuracy of high-resolution
LiDAR data, does provide a complete coverage of the UK. Data sources such as the Shuttle Radar
Topology Mission and NextMap Britain offer a complete coverage of the UK and the data contains
surface features that can be analysed to provide building heights. Modelling from IFSAR data has
not received the same coverage in the literature that LiDAR data has. However, there have been a
few authors who have examined 3D modelling using IFSAR data. Gamba and Houshmand (2000)
and Stilla, Soergel and Thoennessen (2003) have shown that modelling buildings from IFSAR is
possible if noise and shadow effects are taken into account when processing the raw IFSAR data.
Furthermore, Stilla, Soergel and Thoennessen (2003) show that the combination of vector outlines
with IFSAR data produced results that are more favourable. However, both sets of authors state
that as the building footprint size diminishes so does the calculated building elevation accuracy due
to the aforementioned issues with shadow and noise. These issues need to be accounted for when
developing 3D models of an area and will have an important impact on this research due the
amount of buildings being modelled in a GIS.
2.6.2

Identification of vegetation features from aerial photography and height
estimation from remotely sensed data

The identification of vegetation features is essential to estimating the sky-view and shading factors
in this research. By extracting the vegetation features from high-resolution geo-rectified aerial
photography, it is possible to estimate vegetation positions using a GIS. In image classification,
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feature extraction refers to the statistical characteristics of image data. Individual bands, or a
combination of band values, carry information concerning systematic variation within the scene,
which can be statistically grouped together as features. This is known as image classification.
Image Classification can be split into two categories - supervised and unsupervised classification.
Campbell (1996) describes unsupervised classification as:
"the identification of natural groups, or structures, within multispectral data" (p.317)
And supervised classification as:
"the process of using samples of known identity (i.e. pixels already assigned to informational
classes) to classify pixels of unknown identity" (p.327)
Supervised classification relies on significant human interaction with the classification process
through the creation of training data, whereas unsupervised classification is a purely statistical
methodology. Campbell (1996) goes on to list the advantages of unsupervised classification and
supervised classifications, which are summarised in Table 3.
Classification Type

Advantages

Disadvantages

Unsupervised

- No extensive prior knowledge of

- relies on natural groupings of

the region being classified

features

required.

-Spectral properties of classes will

- The opportunity for human

change over time (on a seasonal

errors are minimised.

basis as well as over years)

- Unique classes are recognised as
distinct units.

Supervised

- More control over the

- imposes a classification structure

classification procedure

on all data

- classification is tied to specific

- difficult to separate a

areas of known identity

homogenous area (e.g. forested

- the ability to detect serious

areas) into different zones

through prior knowledge of the

-Selection of training data can be

training data

time consuming and expensive
- may not be able to recognise
small or unique areas of data as it
has not been defined in the
training process

Table 3: Advantages and Disadvantages of classification techniques

Methods for identifying the vegetation vary in complexity and detail. The literature has a range of
application areas discussed from change detection or biomass estimations for forested areas(e.g.
Clevers and Verhoef (1993) and Lu (2006)) to species identification from remotely sensed imagery
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(e.g. Martin et al. (1998)). However, the methodologies described in that particular area of the
literature is results in overly complex datasets for this research which simply requires some land
classification techniques to estimate the geographical position of vegetation. Land use classification
can be conducted using either supervised or unsupervised techniques. Methods for land use
classification are varied and rely on the experience of the end-user (Campbell, 1996: p.555) and as
such there is no de-facto methodology. Based on the review of the literature a methodology for
extracting vegetation features using an unsupervised approach was developed, a detailed overview
of the methodology developed is included in section 4.2.1. Vegetation height estimation using
remotely sensed data such as LiDAR is fairly well established in the literature as a method for
calculating biomass and managing the vast swathes of forests in Canada and the USA. For example
Means et al. (2000) Hodgson et al. (2003) have described using LiDAR and IFSAR data for
estimating tree heights and biomass with good results. More specifically for the UK, Balzter et al.
(2007) have investigated the use of remote sensing technologies for the extraction of tree height in
Thetford Forest. The research focuses on the height differences between IFSAR data and LIDAR
data using the same methodology (subtracting a DTM from a DSM) and have found there to be
only a small difference between the 2.5m resolution IFSAR data and the 2m resolution LiDAR
data. However Balzter et al. (2007) do acknowledge that the research is limited by two factors,
namely, the vegetation type of is of a uniform species and age and has been conducted over a
relatively flat terrain. The authors not that under a terrain with varying topography the SAR data
would be influenced by terrain distortions, layover and radar shadow in steep terrain, and potential
effects on the interferometric phase noise. They also acknowledge that a heterogeneous multispecies forest with a variety of tree age would probably result in lower accuracies.
2.6.3

Estimating sky-view factors using a GIS

The measurement of sky-view and shading factors has become a key component of most modern
ice prediction models. Authors have focussed on developing automated methods from fish-eye lens
surveys of a road network (Grimmond et al., 2001) or deriving a sky-view estimation from GPS
transits (Chapman, Thornes and Bradley, 2001b), both of which are time consuming and therefore
expensive. Furthermore the main problems with the image based techniques is the delineation of
building boundaries from the photograph (de Souza, Rodrigues and Mendes, 2003). However this
has been improved upon by Chapman's (2000) work on delineating sky-pixels from non-sky pixels.
The development a GIS based methods to calculate sky-view factors is reliant on a relatively
accurate 3D GIS model of the area is being modelled. De Souza et al (2003) have developed an
ArcView extension that uses 3D models to estimate the sky-view factors with a view to the impact
of sky-view on the Urban Heat Island phenomena. The model that de Souza et al (2003) developed
involves projecting a 3D model of the urban canyon onto a stereographic plane and calculating the
sky-view factor from the proportions of blocked and visible elements on the stereographic images,
an example of which is shown in Figure 5.
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Figure 5: Stereographic Projections using de Souza et al (2003) ArcView extension

Further to this the 9.3 version of ArcGIS includes the solar analyst extension which, as part of its
methodology, produces a sky-view image for each of the input points. This extension is used
primarily to calculate the insulation properties of a land surface, but can be adapted for an
alternative use in this research by taking the raster sky-view output and calculating a sky-view
factor.
2.7 Summary
This chapter has reviewed commercially published and academic research relating to ice prediction
on road networks, in particular it identifies the geographical elements that can be modelled within a
GIS. Currently published work in the ice prediction field relies on, to a greater or lesser degree, one
or more manual field surveys of the forecast network. This is time consuming and as a result
expensive. The literature review comments on the current published work in the ice prediction
field, particularly focussing on the works published by Chapman and Thornes, as these authors
provide the most detail in their work as to the components of their ice prediction models. This
detail can be used to understand how the geographical elements influence the formation of ice on a
road network. However, the section is not exclusively a review of the work of Chapman and
Thornes and, where possible, expands on the theories and principles to include other authors‟
research for example Gustavsson (1999) , Shao, Lister and Fairmaner, (1994) and Bogren and
Gustavsson (1991). This section then goes onto describe the survey techniques used in current ice
prediction models with the aim of provide an insight into how the data is captured and used in
current ice prediction models.
The main aim of this research is to develop a GIS modelling system to replace the manual survey
element of the work described in sections from 2.2 up to and including 2.5. The final section
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reviewed appropriate GIS methodologies (for example, methodologies to extract building heights
from remotely sensed data) that could be adapted for use in the GIS model for this research. The
literature review identified two key areas that have been researched in the GIS literature, namely
building height estimation and sky-view factor approximation. A review of the literature has
revealed significant gaps in the knowledge namely:
1. There is no published work on a purely GIS desktop-based approach to the ice prediction
problem and instead rely heavily on one or more manual surveys. As a result the following
sub themes have not been investigated:
i)

No GIS methodology has been published that describes the building of a GIS model
and the extraction of geographical parameters from it

ii) There is no published comparison on the impact of different data sources on the GIS
model accuracy and the impact of data quality on the resulting forecast
iii) There is no accuracy testing of a resulting forecast or the modelling techniques
developed

2. No mass-modelling techniques - the modelling of a large amount of features over a wide
area- have been described in the literature. For example, there is no published literature that
describes the process of modelling a large number of building heights over a wide area in
terms of methodological approaches, data sources and resulting building height accuracy.
Investigation of these themes will provide the basis to this research with the aim of collecting
empirical evidence to support the premise of this research. The methodology developed and the
results of testing aspects of the model are described over the remainder of this thesis.
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CHAPTER 3.

DATA REVIEW

3.1 Introduction
This chapter focuses on identifying and evaluating core GIS datasets that are currently available for
use in the microclimate survey. The main GIS data types that are available for use in this research
are outlined which leads on to a more detailed examination of particular data sources that are
available. Following on from an outline of the main GIS data types is an overview of which data
was available to develop a GIS model for a countywide network forecast. This section includes an
outline of how particular datasets were prepared for use in the GIS and why this data is used in the
trial over the other data sources available that are described at the beginning of the chapter.
3.2 Remotely Sensed GIS Data
Remotely sensed data is an invaluable resource for this project. The use of remotely sensed
photography is commonplace in many application areas within the GIS paradigm ranging from
landuse classification to 3D visualisations. Lillesand and Kiefer (1999) describe remote sensing as:
"the science and art of obtaining information about an object, area, or phenomenon
through the analysis of data acquired by a device that is not in contact with the object, area, or
phenomenon under investigation" (p.1)
The underlying basis for most remote sensing methods and systems is simply that of measuring the
varying energy levels of a single entity, the fundamental unit in the electromagnetic force field
known as the photon. Electromagnetic radiation that varies from high to low energy levels
comprises the Electromagnetic Spectrum. Radiation from specific parts of the electromagnetic
spectrum contains photons of different wavelengths whose energy levels fall within a discrete
range of values. When any target material is excited by internal processes or by interaction with
incoming electromagnetic radiation, it will emit or reflect photons of varying wavelengths whose
radiometric quantities differ at different wavelengths in a way diagnostic of the material. Photon
energy received at detectors is commonly stated in power units such as Watts per square meter per
wavelength unit. The plot of variation of power with wavelength gives rise to a specific pattern or
curve that is the spectral signature for the substance or feature being sensed . This spectral
signature provides the basis upon which the classifying of remotely sensed imagery is conducted.
Remote-sensing technologies can be split into two categories - passive and active remote sensing.
Passive remote sensing relies on naturally reflected or emitted energy of the imaged surface. Most
remote sensing instruments fall into this category, obtaining pictures of visible, near-infrared and
thermal infrared energy - for example aerial photography or satellite photography. Active remote
sensing means that the sensor provides its own illumination and measures a return signal from the
targeted object(s). Remote sensing technologies that use active remote sensing include LiDAR and
radar.
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3.2.1

LiDAR Data

Light Detection and Ranging (LiDAR) is a remote sensing technology that measures returns of
light from distant objects. Measurements of the returns of light enable the modelling of the surface
– and depending on the surface type – the sub-surface of the object being measured. Currently there
are three types of LiDAR available: namely, Range Finder, Differential Absorption LiDAR
(DIAL), and Doppler LiDAR. Each LiDAR type has a different environmental application, which
is characterised by the way in which the system collects data. For the creation of surface models,
Range Finder LiDAR is used. Range Finder LiDAR is an active remote sensing technique.
The technique involves emitting pulses of laser light towards the ground and measuring the time of
the pulse return. The return time for each pulse back to the sensor is processed to calculate the
variable distance between the sensor and the various surfaces present on (or above) the ground.
LiDAR was first developed in the 1970‟s, but due to the lack of positional data, proved erratic and
hard to use. However, the development of GPS and Inertial Navigation Systems (INS) lead to a
detailed LiDAR coverage being produced. Modern LiDAR acquisition consists of an aircraft fitted
with Airborne GPS for x,y,z sensor locations combined with readings from one or more terrestrial
based ground stations, an INS for measuring the angular orientation of the sensor relative to the
ground , a rapidly pulsing laser system , a highly accurate clock, substantial on board computers,
reliable electronics and data storage. Current LiDAR systems are able to measure up to five returns
per pulse (Lillesand and Kiefer, 1999: 702) which allows discrimination between different surface
features such as forest canopies and water depths. The principles of LiDAR data capture are
illustrated in Figure 6.
All LiDAR datasets are geo-referenced which make them inherently compatible with GIS‟s.
LiDAR data pre-processing is composed of two efforts. Firstly, the data must be filtered for noise,
differentially corrected and assembled into flight lines by „return layer‟. This processing computes
the laser point coordinates from the independent data parameters: scanner position, orientation
parameters, scanner angular deflection, and the laser pulse time of flight or slant range. Most
LiDAR providers assemble the returns as a basic ASCII file of x, y, and z values, which have been
transformed into a local, reference coordinate system. A LiDAR system typically records two
pieces of information per pulse. The first piece of information it records is the distance to the first
object that pulse hits e.g. treetops – this is known as first return value. The second piece of
information a LiDAR system will record is the secondary return value. This is captured as the last
return of light from the initial pulse; theoretically, this should be a bare earth return however, the
value of the secondary return depends on the surface being surveyed. Secondly the LiDAR data
must undergo further post flight processing to derive the final products namely; a first pulse return
Digital Surface Model (DSM), a last pulse DSM, an intensity(signal strength) image and a bare
earth (filtered) Digital Elevation Model (DEM) (Leigh, Kidner and Thomas, 2009).
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Figure 6: GPS data capture principles

The elevation data is generated at thousands of points per second, resulting in elevation point
densities far greater than traditional ground survey methods. One hour of data collection can result
in over 10,000,000 individually geo-referenced elevation points (Flood, 1999). With these high
sampling rates, it is possible to rapidly complete a large topographic survey and generate surface
models with a grid spacing of 1 m or less. LiDAR technology allows for extremely rapid rates of
topographic data collection. With current commercial systems, it is possible to survey one thousand
square kilometres in less than 12 hours and have the geo-referenced DEM data available within 24
hours of the flight (Flood, 1999). Accuracy of LiDAR elevation data is generally considered ±15
cm (Fowler, 2001). This accuracy measure is influenced by three main factors; the range accuracy
which is dependent on the laser system, the position accuracy which is dependent on the GPS
system and the attitude accuracy which is dependent upon the INS system (Baltsavias, 1999). The
removal of surface „noise‟ - or first phase returns - from a DSM will, with the interpolation of
second return results, reveal underlying surface features that may have been missed by traditional
surveying and remote sensing techniques; this is known as a bare-earth DTM.
LiDAR is usually captured from an aircraft at low altitudes, generally between 500 and 2,500
metres from which laser pulses are emitted towards the ground with high repetition rates per
second (2000 up to 50000) (Brovelli, Cannata and Longoni, 2004). A mirror inside the laser
transmitter rotates in a sweep motion perpendicular to the direction of flight in order to blanket the
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surface of the Earth in a strip buffering this direction (swath width of up to 75°) (Brovelli, Cannata
and Longoni, 2004). At higher altitudes, the accuracy is reduced in two ways. Firstly, the angular
error of the INS increases the circle of error on the ground. Secondly, the footprint increases at
higher altitudes thus increasing the amount of objects being recorded in a pulse return and the
amount of reflected returns recorded. For example in forested areas, there may be several returns
for each pulse. The first return may be from leaves at the top of the canopy, a second return may be
from a branch midway down and the last return may be the actual ground elevation. An increased
footprint upon an area like this will produce a large amount of returns and produce anomalies in the
data. LiDAR flight lines are flown close to each other so that the data point errors at the edges can
be discarded when the data is processed. This pattern eliminates the edge effects of the LiDAR data
by producing a sequence of overlapping swathes leaving higher accuracy data from the centre
sections where the angular error is at its lowest.
Following the survey flight, the data is downloaded and post-processing of the raw data is
completed, usually there is sequence of steps that leads to the generation of the product. This may
include auto-processing, calibration parameter checks, identification of systematic errors, manual
processing and data cleaning/anomaly classification. "Typical post-processing times are two to
three hours for every hour of recorded flight data with additional processing time required for more
sophisticated analysis such as target classification or vegetation removal" (Flood, 1997). Finally the
x,y,z data-points are transformed into the local reference coordinate system. The end product is
normally a comma-delimited ASCII file in x,y,z format.
Errors and anomalies in LiDAR data are, in the majority of cases, difficult to account for. The
reason for this problem is twofold. Firstly, the procedure to derive topographic information with
LiDAR is an intricate one; the many interacting processes may contribute, independently or
triggered by others, to several errors. Secondly, an improper execution of the survey itself will
substantially affect the results (Huising and Gomes Pereira, 1998). According to Huising and
Gomes Pereira (1998) many of the companies that fly LiDAR surveys lack extensive experience
and are unable to explain and correct the errors present in the delivered data. Errors in LiDAR data
can be typically split up into two distinct areas namely, instrumental errors, post processing and
classification errors. Huising and Gomes Pereira (1998) report systematic errors of 20 cm in
elevation and of several meters in position between overlapping laser strips, (Crombaghs, 2000)
and (Vosselman, 2001) identify systematic trends between overlapping strips. Instrumental errors
in LiDAR data vary from system to system and operator to operator. LiDAR systems are highly
complicated systems and combine many different instrumental readings to achieve high accuracy
results. An error in any one of these machines can cause errors in the final data. These instrumental
errors can be further disseminated into the following categories: Laser errors, GPS and INS errors
and finally flight-induced errors.
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Typical laser errors can arise from false return pulses caused by a sheet of glass or Perspex placed
in front of the laser scanning system to protect the equipment, incorrect calibration of laser
equipment concerning ambient temperature and finally the incorrect set up of the fibre optics
within the laser system. These problems, according to Huising and Gomes Pereira (1998) can lead
to surface misrepresentations, inexplicable ridges within the data and general height inaccuracies.
GPS and INS has greatly improved the accuracy of LiDAR data over recent years, however there
are still errors in the systems that affect the accuracy of LiDAR data (May and Toth, 2007). GPS
positional accuracy is incorrectly assumed to be accurate where in reality it is susceptible to a
variety of variables. GPS errors can be broadly categorised into three groups namely satellite
errors, propagation errors and receiver errors. Satellite errors include orbit variability, errors in the
satellite clock and loss of satellite lock during banking of the aircraft collecting the LiDAR data.
These errors are applicable to both the aircraft based receiver and the ground base station. The
majority of these errors can be reduced by good flight planning and the inclusion of atmospheric
models into the processing of the LiDAR data. INS errors are generally linked to the pitch, roll and
altitude of the aircraft and with careful calibration and modelling can be corrected.
Once LiDAR data has been collected, the first step is to download the GPS phase data from the
GPS and the base station(s). These data are then inputted into the GPS post processing software
package to compute the high-accuracy kinematic trajectory of the aircraft and to provide a frame of
reference to the data. The trajectory is then merged with the INS data for complete position and
orientation. The laser ranging data is then merged, using geodetic algorithms, to the position and
orientation to derive the end result, an x,y,z position for each pulse return measured by the sensor.
Identifying and eliminating errors produced through instrumental, temporal and atmospheric
variations are fundamental to the production of high quality data set and the experience of the
LiDAR surveyors invariably delineates this.
A LiDAR system is an undiscriminating sensor that cannot differentiate between returns. Modern
LiDAR raw data may contain up to five different returns; this potentially could result in five
different surface models. Depending on what application the data is required for, the LiDAR data
has to be processed in such a way as to remove surplus data. This processing is accomplished by
using a multitude of sophisticated algorithms and expertise to review a data points nearest
neighbour and weight them accordingly before removing or retaining them based on the output
requirements. This processing is often carried out in two stages, first using automated software and
then by a manual check to avoid data blunders and to „fine tune‟ a surface model.
3.2.2

IFSAR Data

The basic principle of radar is simple: Radio waves travel at a constant speed, if the medium has a
constant density, making them a good indicator of distance. All you need to do to measure how far
it is to a particular object is measure how long it takes for a radio pulse to travel from your location,
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bounce off the object and come back. This is the basis for interferometric synthetic aperture radar
(IFSAR). Madsen et al. (1993) demonstrated the first rigorous assessment of IFSAR for topography
mapping using the NASA/JPL TOPSAR IFSAR system. Since then the development of IFSAR has
gone from a concept to a commercially viable system for creating terrain and surface models.
IFSAR determines the location of a point in three dimensions by solving an unknown component
of a triangle associated with the observation geometry. The observation triangle in standard
stereoscopic observations for determining topography is formed from two spatially separated
viewing positions and a common point viewed from both vantages (see Figure 8 and 8). IFSAR for
topographic mapping uses two apertures separated by a "baseline" to capture the surface. The phase
difference between the apertures for each image point, along with the range and knowledge of the
baseline, is used to infer the precise topographic height of the terrain. Intermap‟s IFSAR system,
called STAR-3i is a 3cm wavelength, X-band interferometer operating on a Learjet commercial
aircraft. Typical data acquisitions rates of up to 4000 km2 per hour are achieved (Intermap, 2008).
The output of high precision IFSAR datasets is accomplished by on-board INS and differential
global positioning system (DGPS) processing to determine the precise position of the aircraft.

Figure 7: IFSAR data capture principles
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Figure 8: Geometric Principles of IFSAR. The phase difference for each image point combined with the
range and the baseline width can be used to infer the precise shape of the triangle shown in orange
and to determine the height of the object.

IFSAR may also be flown from shuttles and satellites. These spacecraft use exactly the same
principles, as previously described, but due to the flight altitude have a far greater coverage and
lower resolution. An example of this is the Landmap Project, which provides DEM files at 25m
resolution for the whole of the UK.
IFSAR estimates surface height by correlating two coherent SAR images that have been acquired
during the flight. Once the data has been recovered from the disks upon the aircraft an operator
produces an interferogram - a representation of interference of two electromagnetic waves - based
on the phase difference of the corresponding pixels of these co-registered SAR images. The height
of the pixel is calculated from this phase difference. Through post-processing of the data DSM‟s,
DEM‟s and an ortho-rectified radar image can be produced from a single flight.
Many of the errors that affect LiDAR equipment also affect IFSAR in terms of the GPS and INS.
The height at which the IFSAR flight is flown is integral to the vertical resolution of the data being
recorded whereas a higher altitude flights can cover an area far more quickly. This is where preflight planning and defining user requirements play a key role in the quality of the final product. In
addition, any flight anomalies are noted by the radar operator so that they can be accounted for in
the processing of the IFSAR data. However, there are some specific problems associated with
IFSAR sensor that determine which band is used and the type of terrain is trying to be recorded.
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IFSAR X-band has difficulty mapping earth surfaces with dense vegetation. The X-band registers
first-return signals from ground features. In the case of densely forested areas, the X-band receives
return signals from the tree canopy, rather than the earth surface. P-band can penetrate dense
vegetation with good results and provides an alternative solution for these harder to map areas.
IFSAR has difficulty mapping certain areas where it cannot see the earth surface, such as the
shadowed areas of mountains or buildings. This is a result of the angle of flight with respect to the
target areas. These areas can result in voids in the DEM data, which are corrected, as best as
possible, by interpolation modelling during the post-processing effort. To minimize potential voids,
it is better to sample an area with multiple looks – the flying of the area more than once with sensor
position at different angles. Other null data values are caused by certain materials (e.g., calm
water) that reflect radar signals away from the transmitter.
Radar integrates over a square footprint somewhat larger (often about 50%) than the resolution of
the product. Therefore, the DSM sample at that point will contain the effects of all the scattering
objects within that footprint. The DSM is a smoother surface representation in which an elevation
structure that is finer than the post spacing is not represented. For example, if it contains bare
ground and a raised object such as a structure or tree, both will contribute to the sample elevation.
Similarly, if the sample is at the edge of a road, it may also contain the ditch at the side of the road.
If the DSM sample is being compared with a ground control point (GCP) somewhere in the
footprint, it may give an over-estimate or under-estimate of the elevation. Therefore, it is important
that the GCP be in a situation of unobstructed, modest, and constant slope such as an open field or
park to reduce these errors. Rapid changes in terrain at road or drainage embankments, for
example, may not be preserved due to an inadequate sampling density when creating a DTM. The
effect is that the DTM interpolation process may cut across the terrain discontinuity creating local
errors that typically result in double the Root Mean Square Error (RMSE) error per 20-30 degrees
of slope (Intermap, 2008: 69). The introduction of break lines can solve this problem, but
completeness is often driven by the parameters of a project and therefore should be considered as a
source of error. Finally, slopes greater than 10 degrees cause reduced accuracy of the IFSAR. The
impact depends on the magnitude of the slope, whether the slope is positive or negative, aspect
angle, and where it lies in the radar swath (Intermap, 2008: 69).
Processing and post processing of IFSAR data affect the accuracy and quality of the final map.
After flights are complete, radar data is processed to create images, geo-reference those images,
and mosaic the strips of imagery, which are typically 27-30 kilometres long and 5-9 kilometres
wide. The image and DEM files are then post processed to create the final product. Post-processing
of IFSAR data affects the accuracy and quality of the final products. Many of the post processing
techniques are similar to those used in LiDAR processing and are usually tailored to the user
requirements. These processes include re-gridding, map mosaics, hole fills, data editing and
vegetation removal and are all aimed at removing anomalous data such as smoothing of the phase
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measurements to reduce phase noise, removal of holes or spikes in the data and removal of
vegetation to produce a bare earth model.
3.2.3

High Definition Scanning Data

High Definition Scanners (HDS) or Terrestrial Laser Scanners (TLS) are based on similar
principles to aerial LiDAR systems. The data is captured by recording the return distance from the
origin to the feature using an emitted laser pulse (time-of-flight), as in an airborne LiDAR system
or using a triangulation method, which involves capturing the return in two side-mounted cameras.
The main difference between an airborne system and a terrestrial system is that an airborne scanner
represents a continuous data capture session, whereas a terrestrial based system traditionally relies
on the scanner operator to identify scan locations, set up registration targets and complete
additional post processing to join the scans together. Many elements can affect the accuracy of a
scan and the accuracy of any derived data resulting from the scan. This has been well reported on
in the literature by Boehler, Bordas-Vicent and Marbs (2003), and can be categorised into the
following accuracy groups: angular accuracy, range accuracy, resolution, edge effects, surface
reflectivity and environmental conditions.
Angular accuracy is defined by the accurate measurement of the angles between the emitted pulse
and the object. The laser pulse in the scanner is deflected by a small rotating device (mirror, prism)
and sent from there to the object. The second angle, perpendicular to the first, may be changed
using a mechanical axis or another rotating optical device. These angles are used for the
computation of the 3D point coordinates. Any deviations will result in errors perpendicular to the
propagation path. Range accuracy varies depending on the type of scanner used and the system that
scanner uses to scan objects. A ranging scanner‟s range is computed using the time of flight or a
phase comparison between the outgoing and returning signal. Ranging scanners show the same
accuracy for any distance between 0 and 100m (Boehler, Bordas Vicent and Marbs, 2003). In
contrast to ranging scanners, triangulation scanners , which measure the range by solving the
triangulation between the instruments signal deflector, the reflection point on the object and the
projection centre of the camera mounted at a certain distance from the internal deflector, accuracy
diminishes with the square of the distance between the scanner and the object (Boehler, 2002).
Resolution accuracy is defined by the smallest distance between two scanned points and the size of
the laser spot on and object. The combination of these two elements results in overall resolution
accuracy and varies from scanner to scanner depending on the type of laser used and the distance at
which objects are being scanned. Closely linked to resolution are edge effects, edge effects are
caused by the size of the laser spot on an object. When the spot hits an object edge, only a part of it
will be reflected back to the scanner, the rest may be reflected from the adjacent surface, a different
surface behind the edge, or not at all. Both, ranging scanners and triangulation scanners produce a
variety of unrepresentative points near edges and thus misrepresent the true edge. The range error
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may vary from just a millimetre to values of several decimetres (Boehler, Bordas Vicent and
Marbs, 2003).
Laser scanners rely on a signal reflected back from the surface of an object to record a 3D point;
therefore, the strength of the returning signal is influenced by the albedo, of the objects surface. In
particular, the colour of the surface has an influence on the albedo with a white surface having a
high albedo and a black surface a low albedo. The surface characteristics also play an important
role, with shiny surfaces resulting in poor returns. The only way to avoid errors that are related to
albedo is to coat the object in a highly reflective material. In in most cases, it is not practical.
Finally, there are three types of environmental conditions that affect the accuracy of a laser scan as
defined by Boehler, Bordas Vicent and Marbs (2003). These are temperature, atmosphere, and
interfering radiation. Extreme temperatures result in the laser scanner not functioning properly and
even when in an optimal temperature range there may be deviations in the accuracy of the laser
scan particularly when measuring objects over distance. Atmospheric conditions that may affect the
accuracy of the laser scan include dust and moisture in the atmosphere, which lead to similar
accuracy issues caused by those described in edge effects. Finally, interfering radiation describes
the effect of too much light overriding the return signal from the emitted pulse at the sensor
resulting in poor accuracy or null measurements. All of these accuracy issues need to be taken into
account when producing measurements from a scan. However, the millimetre differences caused by
the features described above are unlikely to be detrimental to this research.
3.2.4

Aerial Photography

The availability and quality of aerial photography has improved rapidly due to improvements in
sensor equipment and data capture methods. Essentially there are two methods for capturing
remotely sensed imagery; namely from a satellite or from an aircraft. Due to the increased distance
between the sensor and target, satellite imagery is often of a courser resolution than aeroplane
captured imagery. For example, QuickBird® multispectral imagery is captured from the
QuickBird® satellite in orbit at 450km above the earth surface and produces imagery with one
pixel representing 2.4m on the ground for multi-spectral imagery (Digitalglobe, 2010). This
compares with an aircraft sensor, which flies at far lower altitudes (typically 3-8km) and can
capture photography with a pixel representing 12.5cm on the ground (GetMapping, 2010).From
these two sources there exists two types of aerial photography: oblique and vertical aerial
photography capture. All of these products are readily consumed in GIS packages, which in turn
expose them to a variety of classification techniques.
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3.3 GIS Datasets
Derived datasets are datasets that have been produced from a source such as aerial photography and
GPS trace networks. The data is produced by manipulating the data collected or extracting features
from a primary dataset to produce a new dataset that can then have attributes added to it to enrich
the data source. The following sections will review the main types of derived datasets currently
available in the UK with regard to building structures, digital terrain models and road networks that
are fundamental to producing a microclimate survey.
3.3.1

Ordnance Survey Digital Terrai n Models

Ordnance Survey (OS) – Britain‟s National Mapping Agency – produces a set of DTM‟s based on
their Land-Form Profile 1:10 000 dataset and the OS Panorama 1:50 000 dataset. These DTM‟s
used to be available at 50m grid spacing and 10m grid spacing. The 50m Panorama version has
now been withdrawn and was derived using the same techniques as the Profile datasets. All OS
DTM are currently derived from the OS Land-Form Profile data. The 1:10 000 scale map series
were surveyed by photogrammetry – stereo interpretation of aerial photography – in an initial
capture programme which was completed in 1987 (Ordnance Survey, 2001: 3.6).
Land-Form Profile digital contours are derived from these graphic contours. The capture of the data
involved digitising the contours from material originally used in the production of the maps. In
addition to the contours, this source material also contains photogrammetrically derived heights,
which are digitised along with the contours. Some small areas, which were not visible on the
photography, were surveyed by ground methods. Contour values are recorded in 5 m vertical
intervals and 10 m vertical intervals in some mountainous areas. The process of creating DTM‟s
utilises all the height information contained in the contour file to generate the height of each of the
points in the DTM. From this point data, a TIN model or a grid surface can be derived.
The results achieved will depend on the density of height data contained in the contour file. In
some flat areas where there is little height information, contours and spot heights may be a great
distance apart, this can cause irregularities in the DTM, which appear as slight terracing of the
terrain. OS data also does not contain any surface feature information, it is a generalisation based
on height values derived from contours. This generalization can lead to gaps in the data where
contours are incomplete, or anomalies where the edge matching process has failed to create an
accurate result.
3.3.2

MasterMap

Ordnance Survey (OS) MasterMap is OS's flagship digital product. Launched in November 2001, it
is a database that contains a variety of information about Great Britain that is structured into four
different products; a topography layer, an Integrated Transport Layer (ITN), address layer and an
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imagery layer. In total, the layers consist of over half a million features each of which have a 16
digit unique reference number known as a TOID.
The topography layer consists of features from the built and natural landscape of Britain that are
being continually revised and updated by a team of 300 surveyors. It broadly consists of nine
themes; land area classifications; buildings; roads, tracks and paths; rail; water; terrain and height;
heritage and antiquities; structures; and administrative boundaries. The topography layer forms the
foundation of OS MasterMap and can be used in isolation on in conjunction with the other layers
mentioned above. The ITN layer is dataset that represents the road network and road routing
information for Great Britain. The road network element of the data contains all classifications of
roads from motorways down to local streets. The road routing information contains information
such as height, width and weight restrictions, traffic calming information, turn restrictions and oneway roads. The address layer is a comprehensive set of national address data in a point format that
represents every address in Great Britain. Finally the OS MasterMap Imagery Layer is a
maintained dataset of high-quality aerial photography that provides a detailed aerial map of Great
Britain. The imagery is captured at a 25cm resolution and is presented as fully orthorectified 1km x
1km tiles.
Although precise details on how the MasterMap product is derived are scarce due to the sensitive
commercial nature of the produce, the OS website suggests that a combination of ground surveys
and photogrammetry has been used (Ordnance Survey, 2007). This is further demonstrated in
papers by Holland et al. (2006) and Holland and Marshall (2004) who describe the updating of the
MasterMap data using Quickbird® and IKONOS® satellite imagery, the RMSE for this method of
topographic map update is 0.4m RMSE for urban areas and 1.1m RMSE for rural area (Holland,
Boyd and Marshall, 2006). Overall MasterMap accuracy is quoted at being at 1.0m or better with a
99% confidence level for urban areas at 1:1250 scale, and 2.5m with a 99% confidence level or
better for rural areas at 1:2500 scale (Ordnance Survey, 2008).
3.3.3

Open Street Map

Open Street Map data is an open source data product that relies on crowd sourcing to generate data
and create maps. Open Street Map (OSM) explicitly seeks to create a „free‟ alternative map, subject
to use under Creative Commons Attribution Share Alike licensing. This allows users to share,
copy, transmit, or adapt their work, subject to the conditions that they must attribute the material,
and must in turn distribute any product based on OSM under the same terms as the original licence.
The mapping is served in a „wiki‟ environment, where any user is able to input new material and
modify the data of others (Perkins and Dodge, 2008). The process of creating this data is relatively
straight forward and requires simple unsophisticated GPS equipment, a PC and an internet
connection. The process involves five stages as illustrated in Figure 9
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Figure 9: OpenStreetMap Data Creation (source:
http://wiki.openstreetmap.org/index.php/Beginners_Guide)

Data is collected from a variety of public domain resources, and perhaps most importantly from
user generated GPS logs. Once this data has been collected, it is imported in the OSM database,
which can then be converted into either features using online or downloadable editing tools. This
data then can be tagged and points of interest added. The final stage involves rendering the data to
produce a final map product. As Table 4 shows there are a growing number of users registered on
the OSM wiki, which enables a large quantity of data to be generated and perhaps more
importantly vetted. This improves the quality and availability of the data.
Statistic
Number of users
Number of uploaded GPS points
Number of nodes

Count
128436
921415699
376427343

Number of ways
Number of relations

29732838
137421

Table 4: OSM Usage Statistics June 23 2009 (source
http://www.openstreetmap.org/stats/data_stats.html)

However a paper by Haklay (2008) comparing OSM to the OS meridian dataset has shown the
OSM, as it currently stands, to fall short of the commercial mapping products. Haklay (2008)
highlights the main issue as inconsistency in the data quality, ranging from the quality of
digitisation to the identification of points of interest. This was in some part due to poor user
standards but also due to the quality of positional accuracy achieved by an "off the shelf" GPS unit.
Moreover, there is a distinct quality difference between urban and rural areas and where there is a
lack of interest in the OSM concept. This is illustrated in the Figure 10 and Figure 11, which shows
the difference in quality and detail of MasterMap data and OSM data.
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Figure 10: Ordnance Survey MasterMap of Aberdare

Figure 11: OSM of Aberdare
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3.4 Data used in this Research
Of the numerous datasets discussed in the previous sections, only some were suitable for the
Hampshire trials. The primary factor when evaluating whether a dataset was suitable for the
Hampshire trials concerned the quality of data coverage, that is, there is data coverage available to
build a model for the whole of the study area. Secondly, the quality of the data in the data source
and consistency of the coverage needs considering as some of the datasets varied significantly in
the quality and availability of the data coverage. The final factor that needs considering is the
licencing restrictions surrounding the data and what affect that these restrictions may have when
using a data source.
Of the data sources described in this chapter only the NextMap DSM/DTM models, MasterMap,
ITN Data, OS DTM and vertical aerial imagery had the required data coverage at the time of
conducting this research. Whilst other datasets, such as the LiDAR and HDS surveys would
provide a higher resolution data product, the lack of coverage meant that, these datasets were
unsuitable for conducting a county wild trial. However, this research did conduct trials using these
datasets (HDS and LiDAR) for a small trial area in Hampshire. All of the main datasets are
scrutinised in chapters 7 and 8 to investigate the impact of data quality on the resulting forecast.
The aerial photography was obtained at a 12.5cm resolution for the whole of the trial area. Despite
the large file size (~20MB per file), it enabled more flexibility in the methodological approach to
estimating vegetation positions - based on the principle that re-sampling imagery down is
commonplace, but you cannot increase resolution of imagery once captured - and therefore was
chosen over satellite imagery products. Unfortunately, oblique datasets were not available for the
study areas and therefore no assessment could be made for this research on its applicability for
automated

building height

extraction or

vegetation height

or

positioning, moreover

Ayyalasomayajula, Ehsani and Albrigo (2009) suggest that vertical imagery analysis returns better
accuracy results for vegetation location estimation.
3.5 Data Preparation
County councils in the UK currently maintain a wide variety of data from various sources. This
data can be used as the basis for the county‟s network forecasting. The data obtained from HCC
GIS department was of varying quality and needed pre-processing for use in the microclimate
survey. Five core data products were obtained from HCC:


MasterMap for Hampshire and 10km buffer around the county boundary



Gritting Routes



NextMap Aerial Photography at 12.5cm resolution



NextMap Digital Elevation Products



OS 10m DTM
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These datasets required a varying degree of manipulation to get them into a usable format, both in
terms of pre-processing and accuracy improvement. The process and attributes extracted are
described in this section.
3.5.1

MasterMap

The MasterMap data covered the whole of Hampshire and a 10km buffer around the county border.
The first stage was to convert the MasterMap data from its native format (Geographical Mark-up
Language (GML 2.1.2) which has been compressed into a „.gz‟ format) to a format directly usable
in ArcGIS. There were 336 „.gz‟ files to be processed for the Hampshire consisting of four core
feature layers:


Topography Layer



Integrated Transport Network (ITN) Layer



Address Point Layer



Aerial Photography Layer

Of these features available only the Topography layer and the ITN Layer needed to be processed,
which cut down on the processing time. The MasterMap Topography Layer represents real-world
objects such as buildings, kerb lines, fences and letterboxes, as well as intangible objects such as
county boundaries or the line of mean high water. The real-world objects are represented as a
series of area, point, line and text features within MasterMap. The MasterMap Topography Layer is
broken down into a series of attributes that can be extracted into one geodatabase or – as was done
here- into separate geodatabases. These attributes are Area, Line, Address, Boundary, Annotation,
Point and Symbol features. For the microclimate survey only the area, line boundary and address
features needed to be processed. Each attribute was processed into a geodatabase for the county and
the surrounding buffer using ESRIUK Productivity suite. From these geodatabases, various
features were extracted for further processing. Each element in MasterMap contains a number of
fields that describe each feature contained within the dataset. These are summarised in Table 5. By
using SQL queries, it is possible to isolate each feature group within the dataset and extract them as
an entity.
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Field

Description

TOID

The unique reference number of a feature. If leading zeroes are omitted, the number
may appear as less than 16 digits.

version

The version number of the feature, in the range 1 to 65535.

versionDate

The date on which this version of the feature became the current version.

theme

A theme that the feature belongs to. This could be Address, Administrative
Boundaries, Buildings, Heritage And Antiquities, Water, Land, Rail or Roads,
Tracks And Paths.

featureCode

A five-digit integer.

calculatedAreaValue

The calculated area of an area feature polygon in square metres.

changeHistory

Information about the dates of feature updates and reasons for update.

descriptiveGroup

The primary classification of the feature e.g. Inland Water or Building.

descriptiveTerm

Secondary classification of the feature e.g. Orchard or Coniferous Trees.

make

Describes whether the feature is Manmade, Multiple, Natural, Unknown or
Unclassified.
Indicates the physical level of a feature with reference to the normal cartographic

physicalLevel

surface level. Only four values are used at present.
-1 = Underground detail
49 = Obscured detail below the normal cartographic level
50 = Detail at the normal cartographic level
51 = Overhead detail above normal cartographic level
physicalPresence

Describes where the feature resides within the topography on the map.

polygon

Specifies a polygon bounding an area feature.
Table 5: MasterMap Area Fields. Adapted from the OS Technical Guide

The topography layer contained two core feature types that needed to be extracted into separate
elements. The first feature type that needed to be extracted was the building features. Using a
simple SQL select function in ArcGIS, selecting all features with a string description matching
„Building‟, a set of approximately 2,500,000 building footprints were extracted from the
MasterMap layer for use in the sky-view factor and shading calculations. The other feature type
that needed to be extracted was the water features. Using the same technique as for the building
footprints an inland water layer was extracted as a polygon layer to a geodatabase.
The next feature group to be extracted from the MasterMap dataset was the Integrated Transport
Network (ITN) feature. The ITN dataset currently contains Road Network and Road Routing
Information themes. This layer consists of a fully topologically structured representation of the
road network with the additional option of road routing information to enable route planning. The
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ITN layer was again processed into a separate geodatabase and then exported to a shapefile so that
the gritting routes could be matched to the appropriate road sections. The result was a highly
accurate representation of the HCC road network that would form the basis of the model.
3.5.2

Gritting Routes and Forecast Points

The gritting data was supplied by HCC in shapefile format was a polyline dataset covering the 44
gritting routes maintained by HCC. It was immediately apparent that the data was captured at a low
resolution and needed to captured to a higher resolution in order to calculate the forecast points.
Figure 12 and Table 6 show the differences between the gritting route data and the routes redigitised from the OS ITN layer.
Comparison Point

Spatial Difference (m)

1
2
4
5
6
8
9
10
11
12
13

47.64
22.76
52.86
26.25
17.61
39.88
47.50
23.96
26.82
52.86
52.38

Table 6: Spatial Displacement of Digitised routes

Table 6 and the map illustrate the differences and need for re-digitization of the existing routes into
format that has high enough precision for this project. The thirteen points measured in this example
produced an average error of 31.6m. The need for accuracy in this aspect of the modelling was
twofold. The first key factor is to do with the length of the road network, since it is the primary
input when calculating the forecast points at 200m intervals. As Figure 12 shows, the impact of
cleaning and re-digitising the routes results in a huge difference to later calculations. The positional
accuracy improvements from the re-digitising the routes means that the routes no longer go through
buildings, water features etc. and are aligned relative to the rest of the topographic features within
the MasterMap layer. In addition, a more accurate digitisation of the route reduces the amount of
forecast points being created and thus reduces the number of calculations. The total errors in
digitisation in the lengths of the original HCC gritting routes resulted in 29.904 km of error (i.e.
there was 29.904 km more route from the poorly digitised data compared with the cleaned data)
which in turn is approximately 150 more forecast points to calculate. Moreover, any error in the
position of the road network in relation to the geographical parameters being calculated could lead
to a misrepresentation of the microclimate and therefore result in an inaccurate forecast prediction.
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Figure 12: Route digitisation accuracy
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3.5.3

Aerial Photography

To calculate an accurate sky-view value for each forecast point a model of the vegetation
surrounding area was required. For this analysis, the aerial photography was used to provide the
basis for extracting vegetation position and combined with DSM data to estimate heights. Aerial
photography has been used for the classification of land use since the first aerial images became
available. Traditionally classification techniques have been developed for the management of
forestry, change detection in biospheres and conservation issues to name but a few. More recently,
the improved computing power and increased hard disk storage available to the average computer
user has enabled more mature and refined techniques to be developed for identification of features.
Traditional reliance on aerial photography for land classification has been supplemented by other
data products such as LiDAR, IFSAR and thermal imaging (Suarez, 2002). The technique
developed for this research involved using an unsupervised classification technique in ArcGIS.
However, the data needed to be pre-processed first to make it a more manageable size due to the
limitations of the computer hardware available for this research. The aerial photography for this
project was delivered as 3,467 1 km tiled high-resolution photos. Each pixel size represented
approximately 12.5cm on the ground and, as can be seen in Figure 13, provided very good
resolution data.

Figure 13: Aerial Photographs Re-sampling

Each file was approximately 20MB in size, which when totalled, with the geo-referencing files,
resulted in a dataset of approximately 80GB. The amount of photography was prohibitive for
analysis given the low specification workstations available for analysis. To make the data more
61

manageable, two steps were taken. The first step was to load each photo individually and resample
each file to a lower 5m resolution. To complete this process for all 3,467 photos a process was
developed whereby grid coverage with a file reference field that contains the name of the image file
was created. The grid file contained a reference to the GB National Grid, whereas the aerial
photography file contained the same information in its filename, but in its numeric format. Given
these two facts, it was relatively easy to do a simple replace statement using the ArcGIS field
calculator to create an accurate filename for each of the photo within the grid coverage. Once this
process had been completed and the grid file contained a reference to the corresponding image file
existed, automation of the re-sampling process could take place. The process was automated using
VBA in ArcGIS, which has been visualised in Figure 14.
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Figure 14: Flow Chart Visualising Image Re-sampling Logic
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This fully automated the process of loading and re-sampling the imagery to a new lower resolution
image layer, which resized the tiles from approximately 20MB to around 300kB and totalled
approximately 1 GB. This was a reduction of approximately 98% in the file size. Once this had
been completed, the second stage was to mosaic the new tiles together to provide a complete aerial
coverage of the gritting routes. This resulted in a single coverage, which was easier to manage than
3,467 separate photos.
3.5.4

Raster Digital Elevation Models

The raster digital elevation data was delivered in a similar format to the aerial photography, a set of
1km tiles. The dataset comprised of a 5m resolution Digital Surface Model (DSM) and a 5m
resolution Digital Terrain Model (DTM). However, they were in an .ascii grid format, which
requires using a batch conversion command in ArcToolbox, and resulted in a set of grid files for
each .ascii file processed. Once the processing of both dataset types had been completed the
resulting grid files were mosaiced it two complete coverage's - one of a DSM and one of a DTM.
From these two resulting datasets a third dataset - a surface feature dataset. This was achieved by a
simple raster calculation (DSM – DTM) using spatial analyst in ArcGIS, which resulted in a raster
comprising the surface features. Finally, any negative values - where the DTM value had been
higher than the DSM value (sources of errors are discussed in more details in the data section of the
literature review) - were recalculated to zero using the raster calculator. The resulting three datasets
are shown in Figure 15.

Figure 15: Raster Calculation
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3.6 Summary
This first section in this chapter outlined the key GIS datasets available in the UK that could be
used to model the microclimate. The key GIS datasets available for the UK were summarised,
including an overview of how they are captured. Based on these summaries, the main datasets were
identified for use in a trial for the county of Hampshire. The second section describes the data
preparation methodologies used so that the geographical parameters for a trial of the GRIP
forecasting model in Hampshire could be extracted. Poor data preparation would lead to errors in
the microclimate modelling and result in an erroneous forecast for the network, the date review
provided a good understanding of how the data is derived and created and therefore enabled better
methodologies to be developed. Once the data had been prepared and processed into the necessary
formats, a methodology could be developed to extract the geographic parameters – this is discussed
in Chapter 4.
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CHAPTER 4.
DEVLOPING AND TESTING A METHODOLOGY
TO EXTRACT GEOGRAPHICAL PARAMETERS FROM A GIS
4.1 Introduction
In conjunction with GeoBureau (GB), Aerospace & Marine International (AMI), Findlay Irvine
(FI) and Hampshire County Council (HCC) a trial was organised to test the quality of the forecast
derived from GIS based parameters to gather evidence to support the premise of this research. The
trial involves providing three forecasts per hour for the HCC road network to aid in the gritting
decision making process. The research in this section is focused on providing AMI – the forecaster
– with a predefined set of geographical variables. These variables would, in turn, provide key
inputs into the forecasting model with the resulting forecast being uploaded to the FI network
forecast service and ultimately viewed by the HCC highway engineers in their decision making
process. This process is visualised in Figure 16. This chapter describes the development of a GIS
methodology to produce the first set of geographical parameters for the GRIP model based on the
findings of the literature review. The techniques described in this chapter also provided the basis
for the development of the ArcGIS extension described in Chapter 6. In conjunction with GB,
AMI, FI and HCC a trial was carried out over the winter season of 2006 - 2007 for the whole
county of Hampshire. The trial involves providing four forecasts per hour for the HCC road
network with a view to aid in the gritting decision making process. GB‟s role in this trial is to
provide AMI – the forecaster – with a predefined set of geographical variables, extracted from a
GIS using the methods developed as part of this research. These variables, in turn, provide key
inputs into the forecasting model with the resulting forecast being uploaded to the FI Network
forecast service and ultimately viewed by the HCC highway engineers in their decision making
process. The aim of running a trial was to provide and initial assessment of the methodologies
developed under the following criteria:


The accuracy of the resulting network forecast



The accuracy different model elements



Identification of areas to research further
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Figure 16: Network Forecasting Process
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4.2 Methodology for extracting key Geographical Parameters
A range of different methodologies were developed as part of the initial modelling process, these
processes were aimed, in the first instance, at simply producing the geographical variables for the
GRIP model so that a trial could be run in Hampshire. Based on the methods described below a
more complete solution was developed for ArcGIS using VB.NET, which is described in detail in
Chapter 5. This section of the chapter describes the main methodological approach taken to
generate the geographical parameters and is based on the data preparation techniques described in
chapter 3.
4.2.1

Calculating Vegetation Feature Position

To determine the approximate position of the vegetation that surrounded the gritting routes in
Hampshire, a method needed to be developed that calculated the position of the vegetation features.
The aerial photography, given its resolution and coverage, was ideally suited to an image
classification analysis. Using unsupervised classification, any individual pixel is compared to each
discrete cluster to see which colour is closest. A raster of all pixels in the image, classified as to
which cluster each pixel is most likely to belong, is produced. The resulting raster is then
interpreted by the end-user as to assess which real world feature is represented by each colour
pattern. This classification is ideally suited to imagery that consists of three bands and assumes no
prior knowledge of the study area.
In a supervised classification the user has prior knowledge of the area that they are interpreting and
which features is likely to correspond to a particular class within the scene. These areas are then
used to train the software and a statistical analysis is performed on the multiband data for each such
class. All pixels in the image lying outside training areas are then compared with the classes
derived from the training sites, with each being assigned to the class it is closest to – resulting in a
raster output of classes.
In order to extract approximate vegetation location, an unsupervised classification method was
used using the ArcGIS multivariate tools in Spatial Analyst. There are several reasons for this
choice. Firstly, the area of study was large and therefore a more detailed supervised classification
of the aerial photography would have been too time consuming for analysis. Secondly, the
classification requirements for the photography were simple – to determine whether a pixel
represented vegetation (i.e. was green in true colour image) – as the result is combined with the
DSM model to remove any green pixels under 1m. Thirdly, there was no need to distinguish
between different types of vegetation that complex supervised classifications are aimed at. Finally,
the ideal scenario would be to run the classification algorithm from an extension developed for
ArcGIS that would not require the end user to have a specific expertise in remote sensing
techniques. Based on these criteria an unsupervised classification technique was chosen. There are
two main unsupervised classification techniques that are widely used: the K-Means clustering
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algorithm and Iterative Self Organising (ISO) cluster algorithm. The K-Means unsupervised
classifier uses a cluster analysis approach, which requires the analyst to select the number of
clusters to be located in the data, arbitrarily locates this number of cluster centres, then iteratively
repositions them until optimal spectral separability is achieved. The ISO algorithm is similar to the
K-Means algorithm in the sense that it is an iterative clustering process. However it has some
further refinements over the K-Means algorithm by splitting and merging of clusters. Clusters are
merged if either the number of members (pixel) in a cluster is less than a certain threshold or if the
centres of two clusters are closer than a certain threshold. Clusters are split into two different
clusters if the cluster standard deviation exceeds a predefined value and the number of members
(pixels) is twice the threshold for the minimum number of members (Jensen, 1996). Given this
extra level of sophistication, the ISO Cluster method was chosen as the classification technique.
The ISO cluster function in ArcGIS requires a multi-band raster, the number of classes required in
the output, the name of the output signature file for the output as well as the number of iterations,
minimum class size, and the interval at which to take the sample points from which to calculate the
clusters. The ISO Cluster function returns a signature file containing the multivariate statistics for a
subset of the cells for the identified clusters. The resultant calculations from clustering identify
which cell location belongs to which cluster, the mean value for the cluster, and the variance–
covariance matrix.
4.2.1.1 How clusters are determined for an unsupervised classification
The algorithm used for creating clusters in an unsupervised classification in ArcGIS is an ISO
Cluster. Clusters are calculated using a subset of the cells in the study area. All cluster calculations
are performed on the cell values in a multivariate attribute space and are not based on any spatial
characteristics. That is, the mean is derived from the attribute values for the different input bands of
the multi-band raster. The variance and covariance values are calculated from the variation within
and between bands. The ISO clustering approach used in this methodology used a three-band RGB
raster of Hampshire. The methodology for the ISO cluster approach in ArcGIS is based on work by
Ball and Hall (1965) and Richards (1986) and is outlined below using signature values from the
aerial photography of Hampshire.
An empty graph is made with the range of values in the first band plotted on the x-axis and the
range of values in the second band plotted on the y-axis. A 45-degree line is drawn and divided into
the number of classes specified by the user. The centre point of each of these line segments is the
initial mean value for the classes. (Figure 17)

69

Band

2

Class Intervals

Band
3
1
Band

Mean Centres

Figure 17: ISO Clustering Technique – Steps 1 and 2

Each sample cell is then plotted on the graph and the distance from the point to each mean centre
point on the 45-degree line is determined. The distance is calculated in attribute space using
Pythagoras‟ theorem. The sample point is assigned to the cluster represented by the closest mean
centre point.
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Figure 18: ISO Clustering Technique – Steps 3 and 4
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The next sample point is plotted and the above procedure is repeated for all sample points (Figure
18).
The process is iterative. Before the next iteration, a new mean centre point is calculated for each
cluster based on the values of the cell locations currently assigned to the cluster in the previous
iteration. With the new mean centre points for each cluster, the previous two steps are repeated.
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Figure 19: ISO Clustering Technique – Steps 5 and 6

The means are updated, and the previous step is repeated. The iteration process for updating the
mean values continues until the user-defined number of iterations is reached or until less than 2%
of the cells change from one cluster to another relative to the new means within an iterative cycle
(Figure 19).
In this research only three class intervals were used in the ISO clustering algorithm as only
identification of basic areas of vegetation was required, moreover a further filtering technique was
introduced when the features were assigned height values. The resulting signature file was then
processed using ESRI‟s class probability technique to produce an unsupervised image
classification. The class probability function outputs probability layers, one layer for each input
class or cluster. The values at each location for each layer stores the probability of that cell
belonging to the class or cluster based on the attributes from the original input raster. This
classification methodology developed is illustrated in Figure 20.
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Figure 20: Image Classification

Once the image classification had been processed, the classified image was converted to an integerbased raster derived from the classification bands. This new raster was then converted to a point
layer so that each point represented the centre of a cell of vegetation. This was to facilitate the
interpolation of the point data onto a DSM an assign a height value to each vegetation feature.
Having completed this the next step was to remove erroneous data that was either a section of roof
with a pixel value that fell in with the cluster group of the vegetation, or was below 1 m, as this
would not cause enough of a shadow on the road surface for it to be significant.
The first step was to interpolate the point features onto the DSM and assign a height value to each
vegetation point. The method that ArcGIS uses to do calculate a height value in DSM is the bilinear
interpolation technique (ESRI, 2010). Bilinear interpolation uses the value of the four nearest input
cell centres to determine the value of the output z value. The new z value is a weighted average of
these four values, adjusted to account for their distance from the centre of the output cell. In this
case, the z value of the raster created to represent surface features for the building features was
used to calculate a z value. From this, the z value was added to the height attribute field in the
Shapefile. Any points with a z value of 1m or below were then selected and removed from the
Shapefile. The second stage was to do a spatial query using the building layer and the point layer.
Any points that fell within the building or within 2m of that building were selected and removed
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from the vegetation coverage; this was to allow for any shadow effects that resulted in a
misclassification. Figure 21 shows that the method produces good results when estimating
vegetation positions and certainly provides adequate results when you take into account the surface
area that needed to be processed using this technique. This method was further tested by ground
truthing of the vegetation data, which resulted in a 98% accuracy return for the sample area.

Figure 21: Vegetation classification Results
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4.3 Estimating Building Heights
Numerous authors (e.g. Vosselman and Dijkman, 2001 (2001), Rottensteiner (2003) and Tse
(2005)), have researched methods for extracting building heights and roof shapes from digital
surface models. However, these researchers have mainly focussed on small scale modelling of
areas where there are no predefined building footprints. The OS MasterMap data eliminates the
need, in this research, to use edge detection techniques to identify building boundaries and
therefore eliminates the need for detailed photogrammetric or DSM analysis. The GRIP model
simply requires an estimate on the building heights that surround the forecast point for it to perform
its shadow and sky-view calculations; it does not require a sophisticated building model. However,
it does require that every building in Hampshire have a height attribute - approximately 2.5 million
buildings. Two methods were investigated to see which method consistently produced the best
building height estimates.
The first method involves using the raster dataset and the building footprints to calculate zonal
statistics of the area of the raster covered by the building footprint. Zonal statistics (ESRI, 2010)
works by isolating the cells from a raster that have the majority of their area falling within the
boundary of a zone, in this case a building footprint. Based on the selection of cells within the
building footprint statistics are calculated using the cells, including minimum, maximum, average,
standard deviation and range of DSM cell values within the building footprint. This method seemed
to work well at first as all of the building footprints had a height attribute assigned to it - however
upon close inspection there seemed to be a lot of unrepresentative building heights e.g. negative
values or sub metre building heights. By breaking down the methods used by ArcGIS's zonal
statistics it becomes clear that due to the relatively course resolution of the DSM data (5m) and the
methods used by the zonal statistics functions to determine which cell is within the zone the
statistics do not reflect the heights of the buildings. Improvements were made on the mass
modelling methods by taking a number of simple steps. The raster layer was converted to a point
coverage, which represents the values found at the centre of each cell, and then each building was
buffered at a 2m radius – halfway between the 1m horizontal accuracy of the MasterMap and the
3m horizontal accuracy of NextMap - to account for discrepancies in sensor angle and georegistration when capturing the original data. The result of employing this method was that more
points were including in the building height calculations. In the example shown in Figure 22 and
Figure 23 the improved method resulted in 12 more points being included, two of which were
highly significant. Figure 22 illustrates how the zonal statistics methods rejects cells (used cells are
coloured black) that have less than half their area falling within the building footprint and therefore
misses out key values in its calculations. By employing a point in polygon technique these values
are included in the calculations and make a marked difference as illustrated in Figure 23.
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Figure 22: Building height calculation methods

Figure 23: Resulting Height differences using different building height estimation methods

Both of these methods were verified using data collected from fieldwork to see which method
consistently produced the best results. On average, there was a 2m height difference between the
methods used. By using the point in polygon method, the building height accuracy was improved
by 50% for the field study area. The final part of the methodology was to assign heights to
buildings that had a low (below 2m) or zero building heights. These low or zero building heights
are where the subtraction of the DTM from the DSM has resulted in a poor building definition and
as a result the calculated buildings heights were too low or zero. To assign a more accurate building
height to these buildings the buildings that had acceptable building height calculations were split
into groups based on the building-footprint area size. These groupings were then applied to the
remainder of the buildings and an average height was taken for each building grouping, these
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averages were then applied to the buildings that had a low or zero calculated height based on which
groupings the building fell into. The result was a more consistent building landscape throughout
Hampshire.
4.4 Location of Trial
Hampshire is located on the south coast of England covering an area of approximately 3,769 km2
and is the ninth largest county in England. Hampshire's extent is illustrated in Figure 24.

Figure 24: Hampshire Location Map

HCC gritting policy consists of forty-four routes totalling 3,368 km in length. The routes cover a
diverse landscape ranging from densely populated urban areas, to open plains and dense woodlands
in the form of the New Forest in the south west of the county. The topography also varies
considerably with sea level coastal plains found to the south and the with higher land areas to the
east and north. The overall altitudinal range is 0 to 286m. At strategic positions along the routes,
seventeen Findlay Irvine weather stations have been installed to monitor local climate conditions.
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These stations are used to calibrate the GRIP model and in this research will be used to assess the
accuracy of the forecast.

4.5 Trial Background
With the advancements in computing power (processing, memory and storage), data quality and
data availability it is now becoming more feasible to model aspects of the real world on larger
scales. These advancements have meant that formerly impractical and unfeasible tasks have been
reconsidered as part of this research, namely, the development a desktop survey methodology to
replace current field based survey methods. The development of a methodology that would provide
the necessary geographical parameters to a forecaster will provide a more cost effective method of
delivering a forecast and introduce repeatability to a forecast. Repeatability will allow forecasters
and councils to assess the impacts of changes to the environment surrounding the road network
without having to conduct a costly survey. Moreover, the GIS model could be used to test the
impact of human changes to the environment such as deforestation and the impact of new buildings
and road surfaces.
In order to extract the necessary information for the weather model a high-resolution 3D model of
Hampshire needed to be built that could be the used to extract certain geographical information for
input into AMI's Geographical Road Ice Prediction (GRIP) model. The technique involved
extracting approximately 2.5 million building footprints, digitizing 3,368km of road network,
accurate to within ±1m of true position, analysing a DEM to provide aspect, gradient and height
above sea level information, determining vegetation height and position, and calculating a
population index to act as a proxy for the urban heat island effect. This involved a variety of GIS
techniques including interpolation, image classification and digitisation. The model was built and
analysed using ESRI software, and automated using VB.NET. A full description of the
methodologies developed and techniques used to build the model has been detailed as part of this
research and can be found in Chapters 4 and 5.
From this model, an analysis of the forty-four gritting routes was performed for 10,859 forecast
points using the microclimate survey GIS tool. For each point in the model, over 20 parameters
were calculated that provided the forecaster with key geographical variables that could be used to
model the microclimate by the weather forecaster and therefore improving the reliability and
accuracy of the forecast. The main parameters are summarised in Table 7.
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Parameter Group

Data Source Derived From

Sky-view and Shading

Building heights and Vegetation

Calculations

Heights.

Urban Heat Island Effect

Calculated Population index.

Road Surface Type

Road Class

Sea warming effects

Distance and bearing to coast

Wind Effects

Topographical elevation model

Altitude

Elevation model
Table 7: Parameter Groupings derived from GIS model

Further to developing methodologies to build a 3D model a number of methodologies were
developed or adapted to extract the information from the GIS model. The Hampshire trial provided
the opportunity to develop these techniques and put them into practice.
The method developed to extract the sky-view and shading parameters involved a search radius
being constructed around the forecast point. Using Equation 1, a maximum distance from which an
average building height (average of field measured building heights) is visible over a flat terraintaking into account the earth's curvature - was calculated as the search radius. This calculation
resulted in a 12800m search radius.

(

)

Equation 1: Distance to horizon from an object taking into account the earths curve. r = radius of
earth, h =height of object

This figure was calculated as beyond that point a building or tree cannot be seen from the forecast
point position and therefore has no possibility of influencing the road surface temperature by
blocking incoming solar radiation. Once the buffer of 12,800m has been constructed around each
point, the resulting circle was then split it 36 sections. Each section represented a 10-degree view
from the forecast point, all the building and tree features within the section were then selected, and
the tallest tree or building within that sector was then recorded in the attribute table of the forecast
point. Figure 25 shows the segment coverage for a single forecast point overlaid on a building
feature layer. For this forecast point alone 201,405 building heights needed to be assessed and over
2 million vegetation points.
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Figure 25: Segment Created Around Forecast Point

The urban heat island index was created by deriving a contour map based on census data. The
forecast point was then classified based upon which contour layer it was situated in. This provides
the forecaster with data that can be used to asses on how the effects of domestic heat output would
affect the cooling properties of the road surface.
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Many of the other methods developed simply required the measurement of bearings, distances,
slopes azimuth for a forecast point etc. For example sea warming effects were parameterised by
calculating straight line distance and bearing from each forecast point to the nearest coastal node.
This was completed by using a VB and ArcObjects (the ArcGIS programming language) script to
locate the nearest coastal point to the forecast point. Using the two points (the forecast point and
the nearest coastal point) a line was constructed to the nearest coastal feature, as shown in Figure
26.
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Figure 26: Nearest Coastal Feature

The line is then measured to ascertain a straight-line distance to the nearest coastal point and was
used to calculate the bearing of the nearest coastal point from the forecast point. Once the method
had been trialled and perfected it was employed to calculate other attributes such as nearest water
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feature. This method was also extended to calculate the slope of the road that the forecast point
resided on by constructing a 3D vector of two points 1m either side of the forecast point and
calculating the relative height values. This is examined further in Chapter 5 along with details on
how the forecast points were created and how the methods described here were used as the basis
for an ArcGIS extension.
The data for the other parameter groups listed in Table 7 were derived directly from the underlying
source data i.e. road surface type was based on the road classification held within the Integrated
Transport Network layer of MasterMap. These parameters gave the forecaster detailed information
to build a microclimate for each forecast point and the ability to detail how the road surface reacted
and cooled under different weather conditions.
4.6 Accuracy of Model
Recent research into factors influencing road surface temperature has focused on the measurement
of sky-view factor, which has been found to be the dominant control on road surface temperatures
at high levels of atmospheric stability. The sky-view factor is a figure between 0 and 1 which, in
this case, represents the proportion of the sky visible from a given point on the road. As Thornes et
al. (2005) state after Thornes (1991b), sky-view factors play an important role in the radiation
budget, and influences road surface temperature by obstructing the incoming solar radiation to the
road surface and controlling the loss of long-wave radiation over the night time period. One of the
key aspects of this model was to build an accurate road canopy – a representation of what is
directly above a point on a road network- to calculate the sky-view factor. Therefore, to assess the
model and its effectiveness it was crucial to see how accurate the building, vegetation heights and
vegetation positions were and to assess the calculations and assumptions that were made when
building the model.
A survey of representative building types was made using a Leica DISTO™ and ArcPad as the data
collection tool to record the measured heights directly against the building measured. The
DISTO™ has reported accuracies of ±0.5 -100mm over larger distances1 (200m); given that the
measurements were made at a maximum of 25m away from the structure it is assumed – with some
confidence - that the field measurements are representative of an actual building height.

1

Leica DISTO FAQ.( http://www.leica-geosystems.com/cpd/en/support/lgs_4892.htm)
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Figure 27: DISTO Measurement Technique

Figure 27 is a graphical representation of how a DISTO measurement is recorded. A DISTO
measurement essentially consists of three readings being taken at specific points. The first reading
that is taken with the DISTO is a measurement from a point perpendicular to the height of the
building - line A on Figure 27.The second measurement taken using the DISTO is to the high point
on the building - line B – where you can measure a flat face (i.e. not a sloped roof). The final
measurement is to the base of the building – line C. These measurements are then used by the
DISTO to calculate the building height by performing so trigonometry based on the angles and
distances measured.
The result of the fieldwork was a dataset of 200 building heights (Appendix i) upon which a basic
assessment of the GIS building height accuracy could be made. A statistical analysis of the results
showed that the mean height and the standard deviation for the estimated building heights were
5.02m and 0.94m respectively. The same results for the observed field results were 5.54m for the
mean and 1.64m for the standard deviation. An analysis of the differences between the calculated
height and the recorded height (collected from fieldwork) showed that the mean average error was 0.51 m with a standard deviation of -0.69m. Figure 28 is a graphical representation of the estimated
heights and observed heights.

Statistic

Calculated

Observed

Differences

Mean (m)

5.024824

5.536705882

-0.51

Standard Deviation (m)

0.943075

1.638951747

-0.69

Table 8: Statistical Summary of Fieldwork Measurements compared to Estimated Measurements
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Figure 28: Estimated Heights plotted against Observed Heights

The figures in Table 8 are somewhat misleading as the average takes into account the whole of the
sample, including the extremes of a normal distribution curve. A more detailed look at the recorded
data shows that the majority of the differences recorded are less than 1m with 76% being less than
1.5m.
Figure 29 illustrates the normal distribution histogram and curve for the height differences between
the model height and the measured height, a general trend shows that the distribution of errors is
negatively skewed, i.e. the majority of the building heights are underestimated. A more detailed
analysis of the histogram shows that 65% of the errors are within one standard deviation of the
observed building height.
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Figure 29: Normal Distribution Histogram and Curve

A better measure of accuracy is gained by performing a RMSE test on the data. An RMSE test is a
method of analysing residuals and differences between two datasets to better quantify the
differences. In this case, the closer the RMSE value to zero the more accurate the calculated height
value.

Figure 30: RMSE Calculations
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Figure 30 is a graphical representation of the RMSE calculations for each of the buildings
measured as part of the fieldwork. Figure 30 shows that the range of RMSE is 0.00106m to
0.385839m, which indicates a good height accuracy being generated by the methodologies,
developed to generate building heights from a DSM. This is further backed up by analysis of the
distribution of the height differences between the calculated heights and the measured heights. The
RMSE figure falls within the 1.0m RMSE quoted by InterMap for their product documentation
regarding the IFSAR technology and there for it can be assumed that the errors encountered in the
generation of building heights from a GIS are of a systematic nature as opposed to a
methodological nature. By adding the systematic error into the estimated heights and recalculating
the error residuals and RMSE, there is an 11% improvement in the accuracy of the building height
calculations. Figure 31 show the adjusted RMSE plotted with the original RMSE to show the
differences that adding a residual error has made.

Figure 31: Adjusted RMSE values plotted with original RMSE values

Based on this fieldwork it could be argued that if this type of modelling was performed in the
future then adding the residual error into the model will, generally, help improve the accuracy of
the building height modelling. This is particular aspect has been identified as an area of further
research.
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4.7 Ice Prediction Forecasts
The overriding aim of this research is to replace more traditional ice prediction techniques – and in
particular the surveying aspect used in these techniques - with a desktop model. Working with
HCC provided an ideal opportunity to develop, test and refine the modelling technique and monitor
the results in terms of forecast accuracy in a live trial. Using the inputs from the GIS model the
forecaster was able to provide 20-minute updates via the internet to HCC, which gave details on the
RST at a given time and position over a 24-hour period. This provided HCC highways managers
with the information to make informed decisions on whether to grit a particular route, what time
the gritting vehicles should be sent out to grit the route in a timely manner and the composition and
type of road treatment solution. The forecast were delivered in tabular format and as a basic
thermal map similar to those shown in Figure 32. The thermal maps shown in Figure 32 represent
two times between 2100 and 2200 on the 9th December 2006 and between 0200 and 0300 on the
10th December 2006. It illustrates how the geographical parameters successfully influence the
forecast within the main conurbations to the South and North West showing distinctly warmer than
other non-urbanised areas. Also the higher land to the north of the county also shows as cooler
when compared to the sea warmed southern areas. Moreover, the maps show how a thermal
fingerprint develops over a twenty-four hour period and shows that the model is successfully
matching the temperature characteristics that have been recorded at the monitoring stations around
the county.
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Figure 32: Network Forecasts for the 9th/10th December 2006

Figure 33 shows the results from the predicted road temperatures on the same night as shown in
Figure 32, plotted against actual recordings taken from the Wootton weather station in the north of
Hampshire.
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Figure 33: Temperature Comparison Graph

Figure 33 shows that the predicted temperature and the actual recorded temperature are very similar
across an evening and that the temperature changes follow the same pattern through the night. To
analyse every forecast point over the whole of trial period would be a long and difficult task due to
spatial distribution of the forecast points and the vast amount of forecasts – therefore a mini trial
was conducted in the north east of Hampshire to enable a more detailed analysis of the forecast.
This is described in chapters 7 and 8. Over the trial period 2006/7, which spanned 180 days
between 17th October 2006 and 15th April 2007, 140,732,640 forecasts were made for 200 metre
sections of road using the GRIP model.
The accuracy of the temperatures predicted is therefore better analysed by examining the minima's
of a daily forecast with the minimas recorded by the weather stations positioned across the
Hampshire network. Figure 34 shows minimum forecast RST plotted against actual minimum RST
for each of the 180 nights in the trial period.
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Figure 34: Minimum forecast RST plotted against actual minimum RST

Figure 34 shows the forecast minima from the GRIP model plotted against the recorded minima
from the weather station across Hampshire. Figure 34 has been categorised into four sub-sections ,
namely: Frost Forecast/No Frost Occurred (FN), Frost Forecast/Frost Occurred (FF) , No Frost
Forecast/ Frost Occurred (NF) and No Frost Forecast/No Frost Occurred(NN). Over the whole
course of the trial for 2006/7 only one dangerous (NF) forecast occurred and has been attributed to
a modelling error within the GRIP model. The net result of this is that there has been a 97% success
rate in the forecasting process when the Highway Managers needed to take action to grit the road
surface. This is a 9% improvement on the previous year's results and suggests that the GRIP model
offers significant improvements over previous and alternate models that HCC have used. Moreover
compared with alternative forecasts the GRIP model would have saved Hampshire County Council
three unnecessary gritting runs. This would have resulted in savings of tens of thousands of pounds,
reduced the impact of gritting on the environment, and reduced the salt damage to street furniture
and motor vehicles. Chapters 7 and 8 examine the impact of the geographical parameters on the
forecast produced by the GRIP model in more detail by comparing a non-geographical
parameterised forecast with geographically parameterised forecasts.
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4.8 Summary
The first part of this chapter focused on the development of a methodology to generate the
geographical parameters for the microclimate survey. Although it does not explicitly detail the
exact steps taken to generate an attribute for a forecast point it highlights the key considerations
taken when first generating the geographical parameters for the GRIP model. Moreover, the
methodologies developed as part of the initial Hampshire trial provided the basis for developing an
ArcGIS extension outlined in section Chapter 5.
This chapter then went on to report the findings on an initial assessment of the Hampshire trial in
terms of the accuracy of the mass-modelling techniques developed for the extraction of building
heights from relatively coarse resolution digital surface models and in terms of the accuracy of the
overall forecast with regard to the prediction of road surface temperatures.
The initial results from the Hampshire trials indicate that the GIS techniques used to create the 3D
model can enhance, if not replace, the surveying techniques used in previous ice prediction models.
The model has saved several unnecessary gritting runs already this season which will, given a
continued reduction in unnecessary gritting runs, reduce the environmental impact of gritting,
reduce road maintenance needs, reduce accidents caused by over gritting and ultimately save
money.
More specifically the results of fieldwork show that building heights can be successfully derived
from relatively coarse resolution digital surface models within a RSME 0.4m, however this RMSE
value has been calculated from a relatively small sample. A larger sample size would need to be
analysed to fully assess the accuracy of the building height extraction techniques. Furthermore, the
building height calculations are for a simple shape that does not model roof structures. Models of
more complex building structure would require higher resolution data and a more complex
modelling process.
The accuracy of the GRIP model as an ice-forecasting tool is assessed in this section, a more
detailed impact analysis of the impact of the geographical parameters- which parameter has the
most influence and the impact of data quality - on the forecast is discussed in chapters 7 and 8.
From a forecasting perspective, a 97% accuracy rate is very impressive and the only poor forecast
has been attributed to a systematic error within the weather forecasting model. However, the south
coast of England is a temperate climate, and is not often exposed to extreme low temperatures and
prolonged cold periods that other parts of the country and Europe experience and without further
trials in different climatic conditions it would be difficult to make a full assessment on the accuracy
of the weather model.
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CHAPTER 5.

MICROCLIMATE SURVEY TOOL FOR ARCGIS

As part of the methodological development of this research software tools were written for ArcGIS
to facilitate the extraction of the geographical parameters from the GIS model. This software –
whilst being of benefit to the industrial partners – also facilitated the more detailed analysis
discussed in chapters 7 and 8. The aim of this chapter is to outline the details of the software that
has been developed as part of this research and further examine the methodological techniques
developed as part of this research.
To make the process of calculating the geographical parameters for the GRIP model more efficient
and user friendly an ArcGIS 9.2 extension was developed in Visual Basic .NET. This section
outlines the functionality of the extension and describes how each tool relates to the parameter that
is used in the GRIP model. The extension has been given the name Microclimate Survey Tool
(MCST). The extension consists of several components: an installer, three data preparation tools,
and the main survey tool. Each of these tools and sub tools can be used independently of each
other. This introduced an element of repeatability to the whole process and proved particularly
useful when conducting sensitivity analysis as part of this research. The extension uses a
combination of ESRI designed components and uniquely developed algorithms to produce a
microclimate survey. The extension is composed of four main forms each attached to a toolbar
button; within the main survey form, there are eleven sub forms.
5.1 Data Requirements
To use the MCST extension a number of datasets are required to be prepared prior to its use. A
brief description of these is detailed in Table 9, which also includes a description of the resulting
outputs. This data is in a variety of formats, and is described as the data that is currently available
to complete a full survey of Hampshire.
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Data

Extraction Method

Resulting Dataset

Use

Comments

OS

ESRI Productivity Suite or

From Resulting

Buildings used for

For use with

MasterMap

Dotted Eyes MasterMap

MasterMap coverage

building position and

Building

converter to convert raw data.

Building features need

shape for processing

heights tool in

Extraction of Building , inland

to be extracted.

building heights.

MCST

Shape file of inland

Calculate nearest water

water features.

feature in each sector to

Source

water and ITN layers required
for processing using MCST.

Forecast Point.
ITN layer of road

ITN layer used to digitize

Manual

network

road network accurately

Digitisation

and to extract information

often required

such as road names and

for routes.

numbers. Also used as
base layer for creating
forecast points
Digital

Often received in ASCII

Bare Earth Terrain

For calculating feature

Height Data

format unless otherwise

model and Digital

heights and feature base

specified. Requires processing

Surface model

heights as well as Forecast

by Arc Toolbox to convert

Point Elevation

from ASCII to ESRI GRID
format. Resulting dataset
should also be converted to
metres.
Aerial

Needs to be mosaiced into one

One large Aerial

For determining

Photography

coverage per route or entire

Photography

vegetation location.

area using Arc Toolbox.

Coverage of route or
entire area. Also need
to buffer route to
include search radius

Census Data

Census Output Areas Shape

Output Area Shape

For use with Population

file joined to the census data

file with Population

tool and calculating

file . Field calculations

Density And

population densities.

performed to produce a

population actual in

dataset of total population

associated table

and population density
Coast Shape
file

n/a

n/a

For calculation of bearing
and distance to Coast

Table 9: Data Requirements

From these base datasets, the extension produces eighteen geographical variables that are included
in the GRIP model to produce a forecast for the forecast points defined.
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5.2 Tool Class Diagram
Figure 35 is a class diagram showing the main functions within the ArcGIS extension. There are
three main elements to the extension: the user interface of ArcGIS, a toolbar with a set of four
buttons and a set of windows forms, each of which is activated by the user clicking on the
associated button.
Of the four forms, the wizard form is the most complex, comprising of eleven sub-forms in the
form of tabs. Each of these tabs relates to calculating a specific parameter group (for example
calculating the variables for the sky-view factor calculations for the GRIP model or calculating
distance and bearing to the nearest coastal point). The other three buttons on the toolbar are the data
preparation tools that generate data for use with the wizard tool. These tools include building height
calculation, tree position and height calculation and population calculations.
Further to this, an installer program was created to install the relevant files into the ArcGIS
application folder. The installer registers the components of the toolbar and tools with the
Component Object Model (COM), which are then made accessible to the end user as the
"Microclimate Survey Tool" toolbar.
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Figure 35: UML MODEL FOR MCST ARCGIS EXTENSION
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5.3 Data Preparation Tools

The data preparation tools were designed to help the end user automate elements of data
preparation and produce datasets to the same standard that could be used with the main
microclimate survey tool. These tools include:
-

Buildings Heights Calculator

-

Tree Height Calculator

-

Census Data Preparation

Each of these tools is described in more detail in the following sections.
5.3.1

Building Height Calculator

The first tool included in this set is the Buildings height calculator. This tool takes the building
footprints extracted from the MasterMap data and calculates a variety of height attributes for each
building using a point coverage of feature height data (or a raster DSM which is then converted to a
point by the tool) and a raster bare earth model (DTM) for the base heights. The tool then buffers
each building footprints at 2m and captures each point within the buffered area. These points are
then analysed to produce statistics for each building: mean, maximum, minimum and median
building heights, which are then written to the building shape file for use in the MCST.
The tool is accessed by clicking on the building icon in the MSCT toolbar: a form will then be
generated which has a range of options for the user to choose as illustrated in Figure 36. A set of
drop down lists that displays the layers currently added to the map view – if there are none the tool
will inform that you need to close the form, add the data and then click on the form again. For each
combo box the appropriate layer needs to be chosen; for the building layer the building footprints
processed from the MasterMap, for the feature height data a DSM layer or a point layer
representing height attributes and for the base height data a raster surface of base heights (DTM).
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Figure 36: Building Tool

Once "GO!" has been clicked the tool first converts any raster data into a point feature coverages;
this is to enable a select to be performed upon the height data to capture the height attributes within
the building footprint area. A further sub function is performed when converting the raster to point
feature data; the tool creates a spatial index to speed up the selection methods - although initially it
adds more time to the processing when the tool comes to select the points within the building
buffer the benefits of the spatial indexing become apparent.
Once the tool has captured the DSM points that fall within the building footprint the tool then
interpolates each of these points onto the chosen DTM model. This results in two values the Height
A (feature height) and Height B (bare earth height) in metres above sea level. These two values are
then subtracted from each other resulting in a single feature height for each point. As a collection of
points for each building these can then be statistically analysed to produce a set of height values mean, median, maximum and minimum. These values are then written back to the building shape
file into new columns for use in the MCST.
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5.3.2

Tree Height Calculator

The next tool in the toolset is the Tree Height Tool. The tree height calculation tool uses digital
surface models and aerial photography to estimate vegetation positions and heights.
The tool analyses the photography using spectral signatures (ISO clustering) to identify areas of
green vegetation within the photography. The user defines a cell size upon which the analysis is
performed, an internal ArcGIS tool then performs an ISO clustering analysis at the given cell size
which results in a raster dataset of categorised values. From this raster dataset the green values are
extracted and converted to a point coverage. Then, using the same surface models as in the
building tool, the tool calculates height attributes for all features with a z value greater than 1m
using the same process as the building tool - for each vegetation point calculating the
corresponding DSM and DTM values and subtracting them. The 1m cut-off point is to eliminate
areas of grass and low shrubbery, which would have no impact on the shading of the road surface
and drastically reduces the amount of calculations that need to be performed in the MCST stage.
The result is a height value for each green vegetation point over 1m. For each vegetation point a
buffer is then drawn at a user defined interval which captures all the vegetation points that fall
within it. The same statistics that were produced for the building layer are then produced for the
vegetation layer. Once these have been calculated they are written back to the shape file as height
attributes.
Again, this tool is accessed from the MCST toolbar and populates a set of drop down lists that
show the layers currently added to the map view; this is illustrated in Figure 37. For each category,
the appropriate layer needs to be chosen; for the photo layer the mosaic of photography for the
area, for the feature height data a DSM layer or a point layer representing height attributes and for
the base height data a raster surface of base heights (DTM).
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Figure 37: Tree Positions Form

5.3.3

Population Data Creator

The final tool in the toolset is the population tool; this tool aims to create a set of figures that can be
used as a proxy for the Urban Heat Island effect. This tool uses a shape file of the English census
output area (and polygon of adjacent postcode units that fit into the Office for National Statistics
(ONS) statistical wards and parishes) , with population and a population density fields already
calculated, and creates a population density raster and contour datasets for use in the MCST. The
tool asks you to select the layer and the appropriate density field and produces a raster layer, a user
input is then required to determine the contour interval – the default is ten. A contour layer is then
produced and added to the map with the raster layer.
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Figure 38: Population Form

5.4 Main Survey Tool
The main survey tool takes a variety of data sets, some of which have been processed using the
tools described in section 5.3, and analyses, determines relationships and creates new features and
attributes. The aim of the tool is to produce a set of geographical parameters that can be used as
inputs into the GRIP model.
The first function the tool will perform is to check the maps spatial reference is set to the British
National Grid – if it is not it will convert the map coordinate system to national grid. This is
because much of the source data is predominately based upon the national grid; so to maintain
accuracy a consistent geographical coordinate system is defined.
The second function performed is to check whether the temporary working folder exists and is
empty – if not it will ask whether the user wants to create a new temporary folder or delete the files
that currently exist in the temporary folder. This is a check so that the extension does not fail when
processing the data due to the temporary working folder not existing or the file the extension is
trying to create already existing. Although the tool will process a whole network at a time it is
recommended that the tool is run on a route by route basis for the following reasons:
-

Processing on a route by route basis prevents massive data loss in the event of failure of power
or system crashes

-

File size for smaller areas are easier to manage

-

Processing time is reduced

Once these initialisation checks have been run the main form is displayed which enables the enduser to start processing the data.
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5.4.1

Directory, Forecast and Segments creation

When the MCST button is clicked in ArcGIS, the first form that is shown contains the tools that
will create the directories, geo-database, forecast segments and forecast points. This is shown in
Figure 39

Figure 39: Directory, Forecast Points and Segment Creation

The first tool creates a file structure on the local hard disk that will contain the temporary data and
the geo-database with the final output from the tool. This is to ensure that the resulting tools have a
consistent working location that can be referenced and written to.
The next tool is to create the forecast points based on the gritting routes; if a set of forecast points
already exists in a geodatabase, the end user can select no and then will be able to choose the
forecast points from the data that is already loaded in ArcMap. If the end user needs to create
forecast points they will be asked to choose a polyline file that defines the gritting route road layer
and define the forecast point interval – the default is 100m. The next stage is the cleaning of the
point layer – the tool will ask the end-user to define a search interval to clean the points. This is
important since, depending on the way the road data was captured you can often end up with
clustering of points. The user is then prompted for a search interval, the tool will search each point
for other points that are within the search interval radius of that point and remove them. Finally,
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the tool will then create PointID‟s for the cleaned points – it will ask the end user to define a prefix,
which is usually based upon which route you are processing and the country and county prefix (i.e.
UKHA01) Finally, the tool will buffer the forecast points and create search sectors. The search
sectors parameters are defined before processing (Degree Selection input box) and are constructed
by defining the degrees that each sector covers. For example if you wanted to extract the
geographical parameters for a particular point using a 100m buffer you would need to add some
more directional information to this search to give the attributes you are calculating more meaning.
This is achieved by splitting the buffer into sections, which gives the search, attributes a directional
element, splitting the buffer at 10 intervals results in 36 polygons, which are used to search for
geographical parameters. This is particularly important when calculating attributes such as shading
factors. Upon successful completion, the tool will forward the end-user to the field creation tab.
5.4.2

Field Creation Tab

The field creation tab is the only other essential tab to be run before the end user begins the desktop
survey. It creates all the necessary fields in the forecast point file so that the data from created
using the other tools can be written back to the appropriate forecast point. If these fields don‟t exist
then all the other tools will fail at the point where the data is written back to the forecast point
feature. This is illustrated in Figure 40.

Figure 40: Field Creation Tab
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5.4.3

Building Heights Tab & Tree Heights Tab

The building heights tab and tree heights tab are the same in their layout and functionality. Each tab
allows the user to calculate the tallest building, or tree, in each sector and the distance from the
forecast point to the centre of the tallest building or tree. It then recalculates the height relative to
the forecast point by subtracting the forecast point bare earth height from the highest point bare
earth height and adding the difference to the highest point. This is to allow for any differences in
the topographic heights. This new height is processed using Pythagorean methods to calculate a
new height at 1m from the forecast point; this is to reformat the data so that it can be successfully
interpreted by the GRIP model. The new height data is written back to the forecast point file
according to the PointID and the sector that is being currently processed. The tool moves through
each of the sectors that corresponds to a forecast point and performs the same calculations.
There are a number of attributes calculated by building heights and tree tools as described in
section 5.3.1 . These attributes can be selected in this tab as the height attribute to be calculated.
Typically, the mean attribute would be chosen.
When calculating the building and tree heights the building tab tool should be run first. This will
write the highest building heights to the forecast point file, once this has successfully completed the
vegetation tool can be run. For each sector if the vegetation is higher than the buildings in that
sector the building value is replaced with the vegetation height and the distance value is changed
from 1.0 to 0.5 to represent the fact it is a vegetation feature. This allows the GRIP model to
identify that the type of obstruction that exists in that sector and add a weighting if necessary. The
building height calculation tab is illustrated in Figure 41.
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Figure 41: Building Height Calculations Tab

5.4.4

Coastal Measurements Tab

The Coastal Measurements tool determines the nearest section of coast and its bearing from the
forecast point. Using a coastal outline as defined by the end user, the tool searches for the nearest
point on the coastal layer and records the distance and bearing to that point from the forecast point
in metres and degrees respectively. This data is then written back to the forecast point file.

5.4.5

DTM measurements Tab

The DTM measurement tool calculates the elevation in metres for each forecast point, the azimuth
of the road that a point is situated on and the slope of the terrain the road section that the forecast
point is on, using a digital terrain of model of bare earth heights. For each point, a simple
interpolation is performed using the bare earth model to determine the elevation.
To calculate the azimuth, a buffer of 1m is calculated around the point and the azimuth of road
intersecting the buffer shape is calculated in degrees from north as illustrated in Figure 42.
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Figure 42: Azimuth Calculations

The slope calculation requires a number of calculations to determine the slope of the road - this
results in a more complex algorithm to process the data. The first calculation, like the azimuth
calculation, requires the forecast point to be buffered. The intersection points of the road polyline,
and the buffer polygon then needs to be calculated. These two points are then interpolated onto the
DTM model to give the intersection points a three-dimensional coordinate. From these two
interpolated points, a 3D vector is calculated to determine the hypotenuse and base distance
between the two points. Using Pythagorean methods, the slope angle can then be calculated relative
to the first intersection point and recorded to the corresponding forecast point field; for example if
the western point is lower than the eastern point then a positive slope angle is calculated and
recorded against the forecast point. This is illustrated in Figure 43.

Figure 43: Slope Calculations

5.4.6

Water Measurements Tab

To calculate the nearest water feature to each forecast point, the buffered segments described in
section 5.4.1 are used. Using each segment that surrounds each forecast point, a subset of the water
features is calculated by clipping the MasterMap inland water features to the extent of the segment.
This subset of water features is then analysed to find the nearest point of that water feature in that
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segment to the forecast point. The distance from the forecast point to the nearest water feature is
then recorded in metres. The form is illustrated in Figure 44.

Figure 44: Water Features

5.4.7

Population Tab

The population data generated from the GIS system provides the GRIP model with some of its
most important data. The process involves calculating population densities and distance ratios for
each segment around a forecast point and classifies the resulting values. Each forecast point is
analysed in relation to the population density raster and contours calculated using the population
tool. The population density raster provides a density value based upon the population density at
the forecast location. Using a similar approach to the segmentation methods described in section
5.4.1 the closest population centre from the forecast point is then calculated using the contour data
by buffering the forecast point and splitting the resulting circle into quarters. Each segment is used
to capture the population contours that fall within the segment; the lowest population contour is
retained. After all the segments have been analysed the lowest contour value - indicating which
population centre is closest – is used as the population centre distance. Both data values are then
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classified using criteria defined by the meteorologists at AMI to provide a population proxy to the
GRIP model. This proxy is used to model the urban heat island effect by the GRIP model, which
has a significant influence on the resulting forecast. Figure 45 illustrates the form developed to
calculate the population variables.

Figure 45: Population Tab

5.4.8

Road Class Tab

The road class tab simply analyses the type of road the forecast point is situated on and categorises it
accordingly. The data is extracted from the MasterMap ITN road layer, which stores a number of
attributes, and categorised accordingly by road nature and road type. The road name is also extracted
and written back to the forecast points. This data is then used by the GRIP model to provide textual
based forecast details and as base data upon which a road surface type classification is performed.

5.4.9

Lat/Long Conversion Tab

The Lat/Long tab performs a geodetic transformation from the national grid Coordinates via OSGB1936
to Latitude and Longitude coordinates and writes the new coordinates back to the forecast point file.
This transformation is performed so that the attributes associated with a forecast point can be used with
the GRIP model and existing metrological datasets maintained by AMI.
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5.4.10 Export Tab

Once all calculations have been successfully completed the geodatabase point feature is written out to a
text file in a comma separated values file (CSV) that can be imported into database and spread sheet
packages. This was predefined by the forecaster (AMI) so that there were no compatibility issues with
software.

5.5 Summary
Section Chapter 5 summarises the design and implementation of a GIS tool to facilitate the
production of geographical parameters for the GRIP model. The microclimate survey tool for
ArcGIS was designed and implemented in VB.NET to facilitate this research by streamlining the
methodologies developed as part of this research. In this section data requirements are outlined
before the more technical components are covered in detail. Further to this data, flows that exist
within the software are documented to facilitate the description of the inner workings of the
software. The tool was used extensively to generate geographical parameters for this research and
generally produced excellent results and information for the GRIP model and the GIS user. The
tool was not designed to be used by the public, but by an experienced GIS user and as such, it was
not deemed necessary to conduct any usability testing for this particular research. However if there
was a need to make this tool more widely available then some form of usability survey would be
required to feed back into the software design process. Moreover, as analysis techniques, software
and data availability develop it would be necessary to update the software to maintain its
functionality and the accuracy of the data being produced by the tools. Unfortunately, due to the
sensitive IPR involving the AMI surrounding this research the code could not be included for
reference.
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CHAPTER 6.

NETWORK FORECASTING DISPLAY
INTERFACE

6.1 Introduction
The ability of a weather forecaster to be able convey his/her forecast to the road maintenance
engineers using a clear and unambiguous system is as important as producing the forecast. The
industrial partners identified two functionality prerequisites for the system, namely:


To be readily accessible from any PC



To be available at any time on any given day during the winter period

These prerequisites mean that the only practical solution to providing this service is through an
internet mapping service. In addition to these basic requirements, the industrial partner also
specified technical requirements:


To run from a windows based server



To primarily use ASP.NET and VB.NET programming languages



To be able to read and display ESRI Data formats

Given these core requirements, a minimum set of required tools (e.g. Reports, graphs, route
identification etc) were defined by the industrial partners that needed to be incorporated into the
website. These tools were defined by the industrial partners experience of delivering forecasts by
other methods such has phone, email and basic text based websites. The development of the GIS
infrastructure and specific tool development is discussed in the remainder of this chapter.
6.2 Choosing an Internet Map Server
There were a number of Internet Map Servers (IMS) available at the time that development began,
at a range of different prices, each with different levels of functionality. An overview of the main
IMS‟s currently available is available in Appendix ii. After evaluating the benefits of each map
server, and following consultation with the industrial partner, it was decided that using an ESRI
solution would provide the best map server for this particular element of the project. There are
several reasons why the ESRI software suite was chosen. First, ESRI ArcIMS and ESRI ArcGIS
Server integrate with the existing GIS software being used (ArcGIS). The familiarity with this
software meant that the learning curve for developing the internet application was reduced, due to
the developer‟s knowledge of ESRI data structures, ArcSDE connection protocols and ArcObjects
Programming language. Second, the ArcGIS Server and ArcIMS ADF provided a platform that
integrated with an IDE that the developer had experience of using. In addition, the ADF enabled
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the developer to develop a solution that could run off an ArcIMS server and an ArcGIS server with
very little code changes. This enabled the application to be ported between ArcIMS and ArcGIS
(and vice versa) as required. Finally, it was the preferred software choice of the industrial partners
due to their own personal experiences of using the ESRI software.
6.3 Application Requirements
Once the IMS and platform had been chosen a more detailed set of requirements were outlined by
the industrial partners. The requirements related to the design and functionality of the interface, and
were based upon a user requirement study produced by Findlay Irvine as part of a technical report
for the Icelert.Net internet application (Findlay Irvine, 2001). The requirements are included in the
following section with a brief explanation of how they were met.
6.3.1

Map Layout and Data requirements:

There were several requirements concerning the overview map. Primarily it had to be clear and not
too cluttered. It had to have places names of major towns and cities, county and country
boundaries, and land and sea delineation. Several data options should be available to the user. First,
there should be some large-scale raster mapping at 1:25K and 1:50K. There should also be some
MasterMap and ITN data displayed, and an option for aerial photography. Overlaying the base
mapping there should be forecast points and route sections displayed where the appropriate forecast
point intersects the road network. Furthermore, these forecast points and sections should be able to
be viewed at 20-minute intervals.
Such requirements command a high-end cartographic output. Both ArcGIS Server and ArcIMS are
capable of this using ArcGIS. A map was designed in ArcGIS that took into account the user
requirements and could be served by ArcGIS Server and ArcIMS. The map displayed different
datasets at varying scales and using alternating colour schemes. Producing the forecast data, in
terms of the points and lines, was more involved. The methods investigated and eventually adopted
are outlined in a later section on functionalities.
6.3.1.1 Table of Contents and Functionality:
The mapping interface required several elements in order to allow the user to interact with the map
and query the date being displayed to the end user. A basic table of contents (TOC) that enabled the
user to interact with the map and view a legend for each layer was therefore required. There should
also be a number of functions and tools included in the mapping interface; these included basic
zoom and pan functions, average forecast for the day, overview map, gritting route selection
option, animation tool and a reporting tool. Some of the basic functions such as the navigation tools
came as part of the ADF toolkit supplied by ESRI; many of the tools and functions however, had to
be devised using ASP.NET and VB.NET. These are described in the later section on
functionalities.
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6.3.1.2 Design of interface

The design of the interface went through several stages of amendments as functions were added
and the layout changed. The first design was to have the map interface with a toolbar as a strip
across the top. This gave the user the maximum possible viewable map space. This is illustrated in
Figure 46.

st

Figure 46: 1 Design

However, this design did not give the user a viewable results section or TOC area. In discussions
with the industrial partners, this was seen as essential to the functionality of the website as the
forecast data still had an important role to play. It was decided that a side bar should be added to
accommodate the TOC, options, and results section. This is shown in Figure 47.

Figure 47: 2nd Design

This design was initially taken forward and implemented using ASP.NET and ArcGIS
Server/ArcIMS ADF. It provided the end user with a lot of viewing space as the sidebar could be
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hidden, yet provided a section where any map query results could be displayed as well as a TOC.
The sidebar was split up into a variety of sections that controlled and displayed the result of user
interaction. This included a TOC, navigation, time and route selection controls as well as a results
area that was used to display the results of user interactions.
However, based on initial feedback from a number of test users, this format was altered for a
number of reasons. First, the TOC area was too small and did not provide a clear enough legend to
the end user when fully expanded. To improve the display of the TOC an Asynchronous JavaScript
and XML (AJAX) – which enables posting of data to the server without reloading a web page and
leads to a more interactive experience- tab container was implemented; this meant that the
maximum dimensions of the Sidebar were used for displaying the TOC and a swatch image. Figure
48 illustrates the differences between the two layouts, with version one of the sidebar displayed on
the left. Second, the display of results from user interactions with the forecast data rendering to a
section in a sidebar was cluttered and unclear even for basic information. An asp.net web control
was therefore developed for the display of forecast data and related information. The web control
took the form of a semi-transparent pop-up that was shown when the results had been generated.
Within the control, there were a number of AJAX tab panels and nested AJAX tab panels to
improve the display of the data. The pop-up was activated by a user click on or near a forecast
point. The mechanisms for generating the pop-up and interacting with the map are discussed in
later sections.
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Figure 48: Changes made to the design of the sidebar.

The first tab panel shows the forecast data from the selected point and the time column. As there
were 72 different forecast times it was necessary to include a paging system so that a user could
page through the table of forecasts rather than be faced with a large list of figures. This is
illustrated in Figure 49.

Figure 49: Popup Forecast Details
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The second tab panel (Figure 50) displayed as simple statistical analysis of the road surface
temperature. It includes average temperature for the point over a twenty–four hour period, the
lowest and highest temperature across the same period, the low temperature, and high temperature
times, the average temperature for the route that the point is located on and the PointID‟s for the
lowest and highest temperatures.

Figure 50: Statistics Table

The third tab panel contains a nested set of tab panels, which include a series of graphs. These
graphs were created using .net web control designed and programmed specifically for this website.
The details of the programming will be discussed in a later section. A graph is generated for each
of the forecast categories namely Air Temperature, Road Surface Temperature, Cloud Cover, Dew
Point, Wind Gusts, Pressure, Sub Surface Temperature, and Precipitation. Figure 51 shows a
screenshot of the air temperature graph for that particular forecast point.

Figure 51: Graph tabs
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The final tab in the pop-up is the reports tab. This tab concerns the management and creation of
reports on the RST for that point. Within this tab is another set of nested tabs, which are concerned
with generating reports and managing existing reports. Upon clicking of the generate report button
a word report is generated on the fly containing a table with the RST, statistics table a map of the
area of interest and the RST graph. This is show in Figure 52.

Figure 52: Generating a Report

The Manage Reports tab allows you to download existing reports and delete old reports. This is
shown in Figure 53. A sample of the report produced can be found in the appendices.

Figure 53: Report Management
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6.4 Data Preparation
The data preparation and production for this web mapping application involves two areas. First, the
preparation of the background mapping data to achieve the quickest response possible load time
and the reading of the forecast data files into and SQL server database so that the data can be read
efficiently by the web application. Both of these considerations are crucial to a successful
implementation and delivery of the IMS. A number of tests on the cartographic outputs and the
ease at which changes to the mapping could be managed were performed. This involved evaluating
- amongst the industrial partners - the quality of the cartographic output produced by both options
and how easy it was to implement changes to the base mapping, such as updates or style changes. It
was decided to take the ArcIMS ArcMAP Image Server approach as opposed to the ArcXML
approach. The ArcMAP Image Server approach allows for the quality of the cartographic output to
be substantially higher, and because it would be more efficient to manage one mapping document
for implementing changes when compared to the multi-file approach used when using ArcXML.
This option therefore allowed for greater control and cartographic options and a negligible load
time difference.
The next step was to investigate options for the storage of data. In ArcGIS there are three main
ways of storing geographical data; File System, Personal GeoDatabase and ArcSDE GeoDatabase.
A review of these types of storage was conducted by Batcheller, Gittings and Dowers (2007) of the
rendering time of vector data from these three data types has shown although a file based system
(such as a coverage or shape file store) is quicker than its counter parts, it does result in the whole
dataset being rendered to a client. Although the authors note that this is unlikely to be an issue over
100MBps network over a far slower internet connection it may be an issue. Moreover, Batcheller,
Gittings and Dowers (2007) conclude that for a multi-user environment (i.e. multiple requests for
data) the SDE integrated model employed in a Relational Database Management System (RDMS)
appears to be the best option for delivering spatial data. There are currently three versions of
ArcSDE; Personal, Workgroup and Enterprise. The differences are summarized in Table 10.
Enterprise GeoDatabase
Supported
RDBMS
Management
Interface
Storage Capacity
Licensing
Availability
Supported
OS
Platform
Number of Users
Network
Application

Workgroup
GeoDatabase
SQL Server Express

Personal
GeoDatabase
SQL Server Express

ArcCatalog

ArcCatalog
4 GB
ArcInfo or ArcEditor

Any platform

4 GB
ArcGIS Server
Workgroup
Windows

Unlimited editors and
readers—concurrent
Intranet and Internet

10 editors and
readers—concurrent
Intranet and Internet

1 editor and 3
readers—concurrent
Desktop use

DB2, Informix, Oracle,
SQL Server
ArcCatalog, RDBMS,
ArcSDE command line
Depends on the server
ArcGIS Server Enterprise

Windows

Table 10: ArcSDE Versions
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The preferred version of ArcSDE would have been the enterprise version, as it would enable
multiple users to connect to the system and for a remote connection to be set up via the internet for
the updating of data from the forecaster. However, the only version available to this project was the
Personal version. This did however provide performance and management advantages over a file
based GeoDatabase. The data for this project was loaded into ArcSDE with SQL Server Express
2005 using ArcCatlog. A summary of the data types and storage medium can be found in Table 11.
Format
Motorways, A Roads, B

Polyline

Storage

Comments

ArcSDE /SQL Server 2005

Database

Roads
Rivers

Background Mapping

Polyline

ArcSDE / SQL Server 2005

Background Mapping
Database

Towns & Forests

Polygon

ArcSDE/ SQL Server 2005

Background Mapping
Database

Hampshire County

Polygon

ArcSDE/ SQL Server 2005

Background Mapping
Database

Shapefile, England
Shapefile and Sea
Shapefile
OS 50K Raster Mapping

Raster TIFF

ArcSDE/ SQL Server 2005

Background Mapping
Database

OS MasterMap Area

Polygon

ArcSDE / SQL Server 2005

HANTS MasterMap
Database

Aerial Photography

Raster ECW File

File

Too big to store in SQL
server 2005 SQL Express
edition @ 4.73GB

Forecast Data

SQL datatable

SQL Server 2005

NWF Database

Table 11: Background Mapping Data Storage

The file size of the original aerial photography in this application meant that alternatives methods
and formats of storing the data had to investigate. There are 4,512 aerial photos at 20MB each in
their original file format. The challenge therefore, was to reduce the file size whilst maintaining a
high image quality, and to maintain the pixel size so that spatial accuracy is maintained. There are a
number of different methods and formats for compressing images. The main compressed (JPEG,
ArcGIS, ERMapper, and ERDAS Imagine) image formats were tested for quality and file size.
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Orignal
File Size: 20mb
Cell Size: 0.125m

ERDAS IMAGINE
File Size: 1.12mb
Cell Size: 1.6m

ESRI GRID
File Size: 1.12mb
Cell Size: 1.6m

ERMAPPER ECW
File Size: 1.18mb
Cell Size: 0.23923445 m

Figure 54: Aerial Photography Compression Comparison

The photo compression technique had to produce a high as possible quality photo with a file size of
around 1MB. As Figure 54 illustrates, the initial compression for all four methods tried returned
seemingly good quality. However, the ESRI GRID and ERDAS Imagine formats did suffer from
colour balance issues. Significant differences however, could be observed when zoomed in. As
Figure 54 illustrates, the Grid and Imagine options produced a poorly defined image. This was due
to the larger cell size required to compress the image to the desired file size. Both formats cell size
was 1.6m, which was twenty times bigger than the ERMapper image and resulted in a coarse image
and high resolution. Given the quality differences between the Imagine and ESRI images and the
ERMapper ECW images at high resolution it was decided that the ECW files provided the best
quality to file size ratio. The 4,512 original jpeg images were processed using ERMapper‟s batch
processing tools. The processed ECW files were then mosaiced together to produce a single
coverage. This was to provide a more seamless data load when panning and moving around a map
display via the internet and to reduce the amount of geo-referencing files required, thus reducing
the amount of storage space required.
The next step was to import the forecast data from a raw text file into a RDMS. A RDMS was
chosen as it gave the developers the option to filter and select data using SQL rather than develop
complex text parsing scripts. The first step taken was to design the database. In the first instance, a
relational database was designed as shown in Figure 55.
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Figure 55: Database model

Figure 55 shows the database model for the forecast data, from this model a database was built to
store the forecast data received from AMI. An application was then written in VB.NET to read in
the data file received from the forecast and insert the data into the appropriate tables. However,
upon testing the program it became apparent that this sort of database design, for the bulk load of
data, was impractical. Large database sizes of approximately 700MB per day were being produced,
due to the repetition of key data. Consequently the data loading process was protracted, due to the
way the data was being read and written. In addition, the process of creating a view for each of the
forecast points when loading the data into the web application was too lengthy. Therefore, a more
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simplified approach was taken to the database design with a look up table of forecast points and
Points IDs , one simple table for each day containing the forecast point id as a foreign key and all
the remaining forecast data and then a simple lookup table containing table name and forecast date.
This structure enabled the bulk loading of data into a database and reduced the load time in the
internet application due to the reduced amount of processing required. It also reduced the table size
down to 20MB per day. The speed at which a forecast file could be processed is seen as an
essential part of the system, as in a live environment, a forecast file would need to be processed as
soon as it was uploaded to a server. The dataflow from file to web application is illustrated in
Figure 56.

Web Server
Network
Forecasting VB
Code

ESRI Web ADF
Web Controls

COM
Interoperability

Web ADF Consolidation Classes
Web Browser

Graphics

ArcSDE/SQL
Server

Common Data Source API

ArcGIS/ArcIMS
Server

ASP.NET,AJAX,
HTML,
JAVASCRIPT

Data Sources

ArcGIS/
ArcIMS
Server

ArcSDE/SQL
Server

Data Conversion

Forecast File

Figure 56: Data Flow - Forecast File to Web Application

The VB.NET application was adapted to the new database structure and resulted in a forecast file
being uploaded to the database with all data formatting every 30 seconds. Also included in the
application were functions for creating and viewing the SQL Server database.
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6.5 Functionalities – Programming Specifics
Using the ArcIMS ADF there were a number of functions that had already been developed such as
the zoom and pan tools, the table of contents, and the mapping interface itself. However, there were
a number of functionalities that required development - that could be developed in conjunction with
the pre-existing tools to provide a unique set of tools for the interface. A number of methods and
versions were tried and tested; the final versions of the tools are detailed in this section with a brief
overview of the development history.
6.5.1

Forecast Point Data Load

The first function to develop was the dynamic load of the forecast data. The core functionality that
needed to be developed related to the load of forecast data from the database for any given day
across a forecast period. These points then had to be rendered based on the road surface
temperature at the user specified time and date of the forecast. The first attempts to solve this
problem were made using ArcObjects and COM interoperability with ArcIMS Server. This
approach used a point Shapefile and rendered it directly to the ArcIMS server. However, this
method was slow – it took several minutes to load and often resulted in the web page timing out.
Moreover, this method provided data access problems when updating the point file with new
forecast data as the Shapefile was un-editable due to it having been locked by the operating system.
The next method used the ESRI Web ADF Graphics container to generate a forecast point overlay
on the fly as the application loaded.
In the ESRI Web ADF, the graphics data source can be added as a Graphics Layer to a Map
Resource Manager and displayed in an associated map control. An ESRI graphics layer resource is
essentially an ASP.NET dataset that can hold many data tables and is defined by two graphics layer
types: ElementGraphicsLayer and FeatureGraphicsLayers. A graphics layer is stored in-memory by
the web application. As a result, the amount of content in a graphics layer is proportional to the
amount of memory required for the Web application and can be changed programmatically on the
fly. Of the two graphics layer type, ElementGraphicsLayers are designed to store basic graphic
elements, namely geometry and a symbol. A single ElementGraphicsLayer can store different types
of geometry but they are not designed for attribute storage; making it unsuitable for use here.
FeatureGraphicsLayers are designed to emulate a true feature layer. Each layer only supports one
geometry type. ESRI Web ADF renderers can be applied to symbolize geometry based on attribute
values in the data table and this layer type supports queries. Therefore, for this application the
appropriate graphics dataset to use was the FeatureGraphicsLayers as there was a need to render
each feature in the graphics layer separately and to be able to query the layer to retrieve
information.
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The process of creating a graphics layer can be broken down into three stages:


Create the graphics layer and add the forecast points to it



Categorise the point data based on the RST values and the time/date parameters



Render the graphics layer

The latter two stages are also independent of the main graphics layer stage as they are used to
update the graphics layer from user interactions such as a date or time change. The process for this
is described in Figure 57. The initial functions focused on loading the whole of the forecast data
into the system memory and copying the data value by value across to the graphics data table.
However, the load time for this method was consistently over two minutes, which resulted in a poor
end-user experience and again caused the browser to time out; therefore, a different approach was
required. The code was modified so that a simple table of four columns was initially created with
the column headings of PointID, X, Y and RenderID for the feature graphics layer. A separate data
table for the forecast data that contained the PointID as an identifier was the created and the two
tables were populated with the appropriate data. The PointID column could then be crossreferenced between the two tables to provide spatial and attribute data whenever it was requested.
This improved the load time to approximately 15 seconds, which made the application a lot more
user friendly and did not result in browser time out.
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Microsoft SQL Server

Page Load
User Interaction
Results in date
change
Check Valid user
is logged in and
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Delete Old
Forecast Table
from memory
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default forecast
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forecast
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Continue with
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Refresh Graphics
layer and update
TOC
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Figure 57: Process Flow for Point Data Load

The initial data load function is triggered by the page load event. The first process checks that the
user is logged in and that any parameters are set-up. The application then checks whether the
application is being loaded for the first time, by testing the status of a Boolean object; this is to
prevent duplicate datasets being generated every time a round trip to the server is made. Then
123

based on user preferences it loads point data, route section data and removes the aerial photography
layer. If it is not a first load sequence the code bypasses the data load section and updates any time
and date amendments.
If it is the first time that the page has been loaded, then the graphics layers are created - depending
on user options. The first layer that is created is the forecast point layer as illustrated in Figure 12.
The code creates and manages the point layer and associated data tables on the fly for each user,
and therefore reduces the load on the map server and the SQL Server. At the beginning of the subroutine, there is a further check to see whether it is necessary to run the whole routine by checking
the Boolean statements again. If it is ok to continue the connection string to the database is declared
as is the field reference for the x and y coordinates of the point. The next step populates in memory
data tables with the data from forecast point table of the database and the appropriate forecast data
according to what the default start date is defined. Once these tables have been populated, the x and
y fields of the point table, as declared earlier in the sub-routine, are used to create a new point
shape. Firstly, the graphics layer is set up and attributes columns added to it. Then for each record
in the data table the x and y coordinate data are assigned to a corresponding variable. These
variables are then used to create a point feature in the graphics layer. The variables for route
number and point id are then added to the graphics layer for the corresponding point. This process
is repeated for each row in the data table.
6.5.2

Point load

Once the graphics layer has been created, the graphics layer is passed to another sub-routine to
categorise each point prior to rendering. This very simple sub-routine uses both the forecast data
table and the point data table to add or update the render value in the graphics data table. The subroutine creates an array of rows from the forecast table based on the user selected time and a range
of temperature values. For example, if the user time was selected as 03:40 am then the sub-routine
creates a categorisation in the point layer based upon that column in the forecast data table. The
routine then selects all the rows from the forecast data table that fall between certain values, for
example -3 and -2. The PointID for each of the rows in the array are then matched to the graphics
layer data table PointID „S to create a new array. These rows are then assigned a numeric value,
which allows the data to be rendered based upon a unique value field.
Once the graphics layer has been categorised the graphics layer is rendered using a unique value
renderer that comes as part of the ESRI ADF. An array of colours was set up for each unique value
as defined in the data categorisation sub-routine. Once the array is defined, the sub-routine looped
through each value, creating a simple renderer for each value, and assigning a colour from the
array. The renderer was then added to a renderer collection and the renderer assigned to the layer.
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Once the data categorisation and rendering had been completed a graphics container was added to
the map resources as an in memory dataset. Finally, the map resources are refreshed and the layer
named to produce a dataset that overlays the background mapping as shown in Figure 58.

Figure 58: Mapping interface with Point Data Loaded

6.5.3

Route Section Data Load

The next functionality that needed to be implemented was the display and rendering of route
sections. The main problems came from the inability of the graphics layer to generate a polyline
graphics layer for 44 routes and over 10,000 sections. To describe a simple straight-line section, it
would require a database to have two sets of co-ordinates; for a more complex curve shape, it
would involve numerous sets of coordinates. This in turn would mean that the data tables would be
large and complex and require reading large amounts of data. The net result of reading large
amounts of data is a slow load time and a complex database structure to deal with differing
numbers of nodes. A different approach was therefore needed to speed up the load time. A variety
of methods were tried including simplifying and generalization of the Shapefile but the method that
proved most accurate and fast was to generate a copy in a graphics layer of the route dataset on
application load and then remove the original Shapefile data. This method reduced the load on the
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system as the lightweight graphics layer did not need to be generated each time a date or time
changed.
This method involved three stages. The first stage was to generate the Shapefile coverage with the
appropriate route sections coinciding with a forecast point. This was achieved by splitting the route
polyline layer where the forecast point intersected the polyline. The resulting polylines were split
50% along their length to produce a new point layer, this new point layer was then used to split the
original polyline coverage again to produce a polyline, which had a forecast at or near the middle
of the route section. This is illustrated in Figure 14.

Figure 59: Creation of Route Sections

The second stage was to create a simple ArcIMS layer of the new route sections. No formatting or
rendering was required; it is simply a template for graphics layer to copy. A basic AXL (Arc XML
data format for delivering data via a web service) service was created and added to the map
resource manager of the application. The third step was to create a copy of the route layer into a
graphics layer. The route layer had a point associated with each section at creation stage in ArcGIS;
so once the copy had been made the same data categorisation functions described for the point
layer could be applied to the route sections. The copy was made using some VB.NET code that was
run on page load – depending on user options. The first step in the sub-routine identifies the route
layer from all the layers that are loading into the map. This was achieved by simply looking for the
name of the route layer. An object was created to store all the route sections as a selection. The
table of objects was then iterated through and a copy of each shape was made and added to the
graphics layer along with a PointID, route number and a render ID. Once the route layer had been
created, it was passed through the data categorisation and render functions, resulting in fully
rendered route coverage as shown in Figure 60 and Figure 61.
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Figure 60: Map with Loaded Route Sections

Figure 61: Zoomed in view of sections

6.5.4

Point selection

Being able to interact with the forecast data and extract information from the map is one of the core
elements to the interface. The end user – such as a highways engineer - of information systems like
this would want to know what is forecast to happen at any of the points within the coverage at any
given date and time. Therefore an interactive tool needed to be developed that could interface with
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the map window and return the relevant results from the database to the end user in a timely and
clearly presented fashion. Figure 62 illustrates the process from user click to the production of the
information window.
The method to acquire the point uses a simple buffering algorithm to define a polygonal area
around the user click. This area is used to search for a point within that area, if there is more than
one then the nearest point to the origin of the click is chosen. The first step of this process is to
transform the user click pixel coordinates into the map coordinates. Once these coordinates have
been transformed, a buffer is created around the point at 250m. This buffer is then passed to
ArcIMS query interface to retrieve the points that fall within the buffer and order them based on
proximity to the point. The query interface then returns the nearest result to a data table. If there are
no results in the data table, the sub-routine returns a JavaScript alert to the user and exits. If there is
a result, the code then takes the point ID of the point and retrieves the matching point ID from the
forecast data table that is being stored in the memory.
This information is then rendered to a table using an ASP.NET grid view in the pop-up user control
using a callback – a method to post changes back to the client without refreshing the whole page.
Once the table has been rendered, statistics on the road surface temperature are calculated and
rendered to the statistics grid view. Calculated statistics include:


Average Point Temperature



Low Temperature



High Temperature



Low Temperature Time



High Temperature Time



Route Average Temperature – route which the point is on



Route Low Temperature Point – the point id of lowest temperature point



Route High Temperature Point– the point id of highest temperature point

The next element of the information interface to be developed was the graphs. A number of
commercially available graphing packages (such as VB controls for Microsoft Excel, Dundas, .net
Charting) were trialled with differing degrees of success; however none of the packages gave the
flexibility and control required for this interface. The system required that all the components that
make up a graph be completely customisable so that the data could be displayed clearly and
quickly. It also required that the graph be generated from data table that has been generated from
the data base i.e. it does not require a predefined table structure for the graph to be generated. As a
result, an ASP.NET web control was developed from scratch to produce a set of graph images that
could be manipulated by the developer and control the way the graphs looked and how it read and
handled the data. The user control was embedded in the graph sections of the pop-up – one user
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control for each graph. The data table of forecast point details created for the forecast point details
is passed to the web user control, specifying the time column and the data-mapping column – the
column that contains the data that the graph is produced from. The web user control then cycles
through each record in the table to find the minimum and maximum for the y-axis. The dimensions
of the axis are defined at initialisation, in addition to the number of ticks that are present on two
axes. The colour of the graph lines are also defined by user input, as are a number of other user
variables. A graph is then drawn using the user inputs and saved as .PNG file with a unique image
name. This image name is then passed back to the user control; the resulting output is rendered to
the pop-up through a callback process. This process is repeated for each of the data-columns in the
table to produce a set of graphs for that point and day.
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Figure 62: Process Flow for Retrieving Point Information

The next function to develop was a reporting tool. The aim of this tool was to produce a report that
could be downloaded and printed for a particular point at a particular time on a particular date.
There are several document formats available and ideally, this format would be in a Portable
Document Format (PDF) format, as it is a universally readable document format with the ability to
restrict the editing capabilities so that the content cannot not easily be changed. A number of trials
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were made with PDF document tools with little success. This is because a PDF document is
essentially an electronic photocopy and does not have the formatting and editing tools that a word
processing or desktop publishing package has. Therefore, the report was generated using Microsoft
Word interoperability and COM libraries. A template for the report was generated in Word with a
series of bookmarks to identify sections within the document that the software would be able to
pick out and render the appropriate details. The software then retrieves various elements that have
previously been created and renders them to the document. After the element that has been created
has been rendered to the document a view of the map and the forecast point is generated and
inserted into the document. Fortunately, some code had been developed by ESRI and posted on the
ESRI developer forums2 for the generation of map images, which was adapted for the needs of this
application.
The resulting report is then saved to the logged in users folder. Once the report had been generated,
the user can download the document for printing, save it to their PC or delete the file from the
server. These elements were controlled from a separate tab where a simple search function returned
reports created within a specified data range.
6.6 Navigation and User Options Functions
As well as the point selection function a number of other tools were developed to facilitate user
navigation and date or time selection. These tools were aimed at helping the user navigate around
the map to a particular area, place or point and to enhance the users experience whilst using the
application. These functions included:


Route selection



Time selection



Date Selection



Animation



Find Place or Forecast Point

These functions although unique, did not require large amounts of coding due to the
implementation of AJAX within the application. AJAX enables partial post-backs to the server,
which allows data transfer between the server, this provides a rich user experience.
The route selection function is a simple selection function based on the attributes held within the
graphics feature layer. The user selects the route number from a drop down list; each forecast point

2

http://edndoc.esri.com/arcobjects/9.2/NET_Server_Doc/developer/samples/Web_Applications/Common_
PrintTask/18425b7d-4b61-4d87-b2d2-4919b29c78f4.htm
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that has the same route number is then selected. The extent of the selected forecast points is then
defined as the maps new extent and refreshed, thus zooming to the route.
The time selection function is a simple AJAX slider bar that represents time intervals of 20 minutes
over a 24-hour period. When the slider position is changed, the code retrieves the new position of
the slider and multiplies that position number by 20 minutes thus giving a time in hours and
minutes to add to the start time of midday. This new time is then updated to a session variable ( a
session variable is stored in the end-users browser as a cookie and used to store variable
information which is pertinent to that particular users session on the website) , which holds the time
information. Once the session variable has been updated, the categorisation and render functions
described in previous sections are called to categorise the data based on the new time and render
the forecast points accordingly. Finally, the time labels are updated on the application and the
results are posted back to the application. A similar process is implemented for the date selection
function. The user enters a date they wish to view using an AJAX calendar (using AJAX reduces
the load on the server by performing client side validation and data methods), this date is then
passed to the server to retrieve the appropriate table using an SQL lookup table. Once the table has
been retrieved, it replaces the current forecast table and the forecast points and the route sections –
if loaded – are re-rendered using the new data. The map is then updated using a callback
mechanism.
Animating the map - so that a user can watch the change in temperatures over a 24-hour period has proven the most difficult function to develop. Several methods were investigated including
generating an animation sequence as the data was loaded into the database. However this provided
no user interaction in terms of being able to zoom in to a specific area and was regarded as too
constraining. The option that was decided on was to use an AJAX timer to simulate a user moving
the time slider. This method fires a mechanism to change the AJAX slider position every 4 seconds
causing the time to be updated and the points to be re-rendered. Although not perfect, it provided a
demonstrable function that allows the user to cycle through temperature differences at any point
relatively quickly. The final tool to implement was the place and point search function. Using the
Ordnance Survey Gazetteer for Hampshire a simple SQL search query is run based on the user
input. This returns the values that are the same or similar to the phrase that the user entered, as a
table with the functionality of being able select a record. When the user clicks the select link
column for a particular record the easting and northing for that particular row is plotted in a
graphics layer as a place marker. The map extent is then set to a view that encompasses the place
marker and its surroundings; the map is refreshed, zooming to the area surrounding the marker.
This is illustrated in Figure 63.
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Figure 63: Place Name and PointID Search

6.7 Testing the User Experience
The functionality and design of the forecasting display interface has predominately been driven by
people involved in the research project. Measuring the usability of an application is a useful tool to
check that the product you are developing is not too difficult to use and provides a good user
experience. The International Standards Organisation defines three aspects to usability, defining it
as “the extent to which a product can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use” (ISO, 1998). Definitions by
the Usability Professionals Association and Steve Krug (Krug, 2005)amongst others have led to
(Tullis and Albert, 2008) defining three common themes for usability:


A user is involved



That the user is doing something



That the user is doing something with a product, system, or other thing

(Tullis and Albert, 2008: p4)
Developing a questionnaire and analysing the usability metrics for the Network Forecasting
Display Interface can help identify the significant problems with the display interface for any future
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developments that need to take place. A questionnaire was developed which assessed the user‟s
experience upon completion of an average task that would take place whilst using the system with
the aim of discovering any major problems with the usability of the web application. This task
involved identifying routes, points, places, and producing a report using the system. Upon
completion, the user would be directed to an online questionnaire. The questionnaire predominately
used interval and ratio based questions to assess the user‟s experience of using computers, GIS
systems and their experience of using the interface. Using a semantic differential scale, (e.g.
Strongly Disagree  Strongly Agree) to assess a user‟s experience allows the responses to be
statistically analysed. These can then be combined with the textual responses in the questionnaire
to provide meaningful usability metrics. The questionnaire was set up as an online self-reporting
data tool, allowing the user to refer back to the web application whilst completing the
questionnaire. A copy of the questionnaire can be found in Appendix i.
The main aim of the questionnaire was to identify the main problems with the usability of the
system; this meant that the survey sample size did not need to be large to gain meaningful usability
metrics (Tullis and Albert, 2008: pp17-18). A sample size of 11 participants was collected for this
usability study.
6.7.1

Usability Results

The data collected through the online questionnaire allowed some usability statistics produced; of
the 11 people surveyed, 73% were male, 46% were in the 18 to 29 age category, 55% considered
themselves an experienced computer user, 46% were very familiar with GIS and internet mapping
software and 55% regularly used mainstream internet mapping software more than once a week.
This shows that the majority of people surveyed had a good technical background and some
experience of using GIS and internet mapping software and used similar internet mapping software
regularly. However there were less experienced users included in the survey who had less exposure
to internet mapping and GIS software, this gave the questionnaire a degree of balance and
hopefully any issues that required a more technical background would be exposed. Equally any
elements of the system that may have required specialist GIS skills, and therefore may have
involved too steep a learning curve for the average end user, would also be highlighted by the
respondents with a non-GIS background. A full break down of the respondent statistics is shown in
the charts from Figure 64 to Figure 67.
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Figure 64: Do you consider yourself an experienced computer user?

Figure 65: How familiar are you with gis and internet mapping software?
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Figure 66:How often do you use internet mapping services such as Google Maps or Live Maps?

Figure 67: Respondent age ranges

The section of the online survey that focussed on testing the usability of the website used the
System Usability Scale (SUS) developed by Brooke (Brooke, 1996) which results in a score for the
website of between 0-100. A perfect score is represented by 100. A score is calculated by totalling
the range of scores as defined by the SUS system and the multiplying the result by 2.5, this resulted
in a score for the website for each user. This is illustrated in Figure 68.
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Figure 68: SUS scores

The SUS scores show that the in general the users found the website had good usability with a top
score of 95, a low score of 80 and an average of 88.41. This shows that in general the users found
the website relatively straight forward to use even if they did not have specific experience in GIS,
internet mapping technologies or a meteorological background. However there are some specific
issues that were highlighted by the users that could be improved upon. The first issue raised was
the speed and responsiveness of the website, 64% of the users found that the website was average
or below average in their expectations of its speed. In particular several of the user feedback
comments suggested that when the application is processing data, there should be a more visible
indicator to the end user that data is being processed. The speed issues would be resolved in-part by
hardware and software upgrades and running the application on a dedicated server, however an
area for further work would involve testing these issues and developing the source code where
necessary. For example compression of JavaScript files, comprehensive spatial indexing and
implementing a mapping tile cache would all improve performance. The next issue that the users
felt could be improved upon was the data and time selection tools. The consensus was that the date
and time functions were difficult to use and a numerically based version of the tool would be easier
to use. This functionality could easily be implemented into the website to replace the existing tool
without much alteration to the layout or coding of the website. The final recommendation from this
usability test was to use more intuitive tool buttons that gave the user more information on the tool
they were accessing. Again, this would be relatively easy to implement and would enhance
navigation and use of the website.
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6.8 Summary
The main purpose of developing an internet portal was to provide a method for delivering the
results of a geographically enhanced forecast to the end user in the form of a map based forecast.
Although only at a prototype stage it has been shown that the application successfully delivers the
forecast to the end user without too many usability issues. However, there are several elements of
the website that would need to be developed further, before launching the website as an
information service.
The speed and stability of the application needs to be improved through hardware upgrades,
software upgrades and coding improvements. A dedicated database server coupled with a dedicated
web server would certainly improve the overall performance of the system, couple this with
enterprise level database servers which have been fine-tuned to handle large datasets and the
system as whole would be improved. This should be employed with a tile caching service-the prerendering of base mapping that allows the user to access the base mapping images without having
to wait for the IMS to render them on the fly - and content compression for delivery to the end user.
The net result would be an improvement to the end-users experience and provide a more accurate
and rapid information service. Other usability issues highlighted in the survey would also need to
be improved upon, and finally a more rigorous testing regime would be required before rolling out
the application. This testing phase would require a large sample size to uncover bugs and usability
issues not previously identified.
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CHAPTER 7.
EXAMINING THE IMPACT OF DIFFERENT
DATA SOURCES ON THE GIS MODEL

7.1 Introduction
One of the key issues that has surfaced during the implementation of this research has been the
quality and availability of the datasets used to produce the geographical parameters for the GRIP
model. Moreover, the methods used to extract the geographical data can result in different
parameters for the GRIP model. This chapter focuses on evaluating the impact of data quality on
the GIS model and aims to identify which datasets could be used to create a network forecast for
any county in the UK.
7.2 Location
The original trials of the model and geographical parameters for this research took place in the
county of Hampshire in the South of England and comprised of 10,855 forecast points and took
over 1 billion calculations to compute. These large figures meant that analysis of the impacts of
data quality and conducting a sensitivity analysis (Chapter 8) on the whole dataset was impractical,
due to the amount of data that would require processing, both in terms of producing the
geographical parameters and analysing the results. Furthermore the range of data sources required
to conduct both types of analysis was not available for the whole of Hampshire. Therefore, a test
site was chosen that met the following requirements:


Variety of data available for area



Is comprised of urban and country areas



Is close to a Findlay Irvine Outstation



Is not too large an area so that field survey can be performed



Is on a gritting route

Once these requirements were defined, a survey of possible sites was performed to establish the
proximity of the outstation to the forecast points and to perform a pre-field work assessment of the
suitability of the area. Because of this preliminary fieldwork, an area around Bentley in North-East
Hampshire was chosen as the test site for the sensitivity analysis. Figure 69 illustrates the study
area.
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Figure 69: LOCATION MAP

7.3 High Definition Scanner Survey
Once the test site had been chosen, a High Definition Scanner (HDS) Survey was conducted using
a Leica HDS 3000 system and a Leica SR520 dual frequency Global Positioning System (GPS).
The aims of conducting this survey were to establish a high resolution dataset from which a set of
geographical parameters could be extracted, in particular building and tree heights, and to use the
resulting survey as a base measurement from which the accuracy of the 3D modelling could be
assessed. The accuracy of these systems as defined by Leica is ±6mm at 50m for the HDS and
±3mm for the GPS System.
To survey the gritting routes that ran through Bentley, and the surrounding area (as illustrated in
Figure 69), thirty scans were captured and downloaded to a laptop using the aforementioned
scanner and the Leica Cyclone HDS software. After each scan had been completed, a high
accuracy position was captured using the dual frequency GPS. The data was then post-processed
using SKI-PRO – Leica GPS post-processing software - and corrected to the Ordnance Survey
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RINEX network for further accuracy. Each scan was conducted using the same scan resolution; a
10 cm point spacing at 100m distance from the scanner. These parameters were chosen as they
provided a good balance between accuracy - in terms of the point density and being able to identify
features from the point cloud- and speed. Speed is an important factor when performing this sort of
fieldwork as it directly impacts on the battery life of both the laptop and the scanning system; a
good balance between the accuracy and speed enables a full day‟s fieldwork yet maintaining a high
quality data sample. A typical setup is shown in Figure 70. Once the scanning had been completed,
a measurement was taken from the tripod mount to the floor and then a GPS position was taken
using a Leica 2m GPS surveying pole. These measurements allowed an accurate 3D co-ordinate
position to be assigned to the scan for geo-registering, which is explained in further detail later in
this section.

Figure 70: HDS Scanner

A precise approach was required when capturing the data so that it could be geo-registered using
the Leica Cyclone (Leica HDS image scan registration and model production software) software
once the fieldwork had been completed. These included levelling the tripod precisely so that
accurate returns from the laser scanner were recorded, but most importantly aligning the scan
direction to north using a compass so that when geo-registering the scan, the scanners zero plane is
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aligned north. Figure 70 illustrates a typical scanning setup used during the fieldwork conducted as
part of this research.

Figure 71: HDS SETUP for accurate scan alignment

As Figure 71 illustrates if the scanner‟s zero plane is not aligned the resulting scan is skewed when
it has been geo-registered for use in a GIS system. A scan would then have to realigned manually
which is both time consuming and less accurate. Once a method had been established for producing
an accurate scan (that could be easily and accurately geo-registered) a series of thirty scans were
taken over the Bentley area resulting in a collection of 18 million points.
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7.3.1

Geo-registering the HDS Scans

Each HDS scan produces a point cloud that can be viewed in point cloud software such as Leica's
Cyclone. The point cloud is maintained in a database using a local coordinate system from the scan
origin; that is the scanner is positioned at (0, 0) and each point is given a coordinate relative to this
point.
The method for geo-registering the coordinate system involves recalculating each point within the
scan relative to a known reference point. Each scanner position was assigned a 3D coordinate, as
described in section 7.3. Each GPS point represented the origin of the scan and therefore the scan
could be easily adjusted to a real world coordinate system (in this case the British National Grid).
The method developed for geo-registering the scan involves creating a vertex object at a known
point, in this case the origin or (0, 0), and then assigning that point the known coordinates that were
captured using the GPS. Once the vertex had been assigned a 3D coordinate, each point could be
assigned an updated coordinate relative to the vertex using a tool within the Cyclone software. This
is illustrated in Figure 72.
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Figure 72: Geo-registering an HDS scan

Once each scan had been fully geo-registered all thirty scans could be amalgamated into a single
coverage using registration techniques developed by Leica. When registering point clouds there are
two standard techniques to perform a registration using Leica HDS systems.

The first, and

primary, technique is to use a targeting system whereby the end user creates matching reference
points in overlapping scans by placing targets (paper or plastic targets printed with a unique
symbol) that can be automatically identified by the HDS. These act as known points in both scans
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and as a result act as tie points when merging the scans. It is essential that the registration targets
have a good three dimensional geometry so that the scans don't become skewed in one plane, it is
recommended that more than the minimum three targets are acquired per scan. However, this
method is prone to problems, in particular with the scanner not being able to pick up targets from a
new position either through distance factors or due to the line of sight being blocked. As an
alternative to, or in conjunction with, the previous method described an alternative method has
been developed whereby the end user identifies co-existing points from each scan - a corner of a
building for example. This manual registration method is more of an iterative approach and induces
a larger error factor; however it does provide a method for registering scans when the primary
registration has failed. A combination of both these methods was used when registering the scan
data for Bentley.
Once the data had been registered and merged into one scan the resulting point cloud was exported
to a simple x, y, z comma separated values (CSV) file that could then be imported into ArcGIS as a
point coverage. This data was then processed using the extension developed as part of this research
to calculate values for buildings and trees within the Bentley area.
7.4 Data Sources
The quantity and quality of data available to complete a desktop survey varies from region to
region and supplier to supplier. As a result the cost of acquiring the data also varies and in some
cases the cost becomes prohibitive. There are a number of different data sources required to run
the desktop survey ranging from free datasets to commercially produced datasets. Each of these
datasets is of varying quality in terms of resolution and accuracy. As such it would be expected
that the varying quality of the data would impact on the outputs from the model and thus the
resulting forecast. To test this hypothesis a variety of datasets were acquired through manual
fieldwork - such as the HDS survey as described above - or through data suppliers such as the
Environment Agency. Each of the data sources were then used to calculate the appropriate
parameters for the GRIP model using the ArcGIS desktop extension described in Chapter 5.
7.4.1

Availability

The data availability and quality for Hampshire is varied and has been summarised in a Table 12.
As described at the beginning of the chapter, the location for the trials of the model was based
around data availability coupled with proximity to a Findlay Irvine weather station. The research
into data quality required that data was available at a variety of different resolutions for the study
area.
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Data

Source

Resolution

%Coverage of

Use

Hampshire
LiDAR

NextMap IFSAR
Data
HDS/GPS

SRTM
ONS Census Data
converted to
Population Density
Grid
Global Rural-Urban
Mapping Project
(GRUMP)

Environment
Agency

0.5cm - to 2m

2m = 57%
1m = 41%
0.5m = 1%

Building, Elevation
Calculations and Tree
Heights

InterMap

2m - 5m

100%

Building, Elevation
and Tree Heights

n/a

<10cm

n/a - down to
user collection

Building, Elevation
Calculations and Tree
Heights

NASA

30m

100%

Elevation
Calculations

ONS

Ward Level to
Super Output
Area

100%

Population
Calculations

Socio-Economic
Data Centre
(SEDAC)
Columbia
University

Major towns and
cities

100%

Population
Calculations

Table 12: Datasources

Table 12 shows there is a variety of datasets available that could be used to calculate a number of
the attributes required for the GRIP model. The range and coverage of data is continually being
updated and although there isn't a full coverage for Hampshire for some datasets, and as such a full
survey could not be completed at the time of writing. It could prove that the higher resolution data
could make a significant difference to a forecast both in terms of the low temperature and the
crossing time (the time at which the temperature falls below zero). Further to the high quality and
LiDAR and HDS data, analysis using freely available global datasets such as the SRTM and
GRUMP data was used to see what differences using freely available global datasets made to the
forecast with a view to extending the model to produce a forecast for countries outside of the UK.
7.4.2

Resulting GIS Model Differences

Many different data types were acquired for the study area shown in Figure 69, this data included
LiDAR data at 1m resolution, HDS survey at ~10cm, NextMap Data at 5m resolution, ONS census
data and GRUMP data. All of the data was then processed using the ArcGIS extension to provide a
variety of datasets to be included in the GRIP model. The main differences that result from using
different data sources are changes to building heights and tree heights; these are summarised in
Table 13 and Table 14.
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Data
LiDAR Mean
LiDAR Max
LiDAR Min
LiDAR Median

Mean
3.387
8.227
0.0165
3.770

Range
5.612
21.216
2.154
7.462

Max
5.861
23.524
2.154
7.462

Min
0.249
2.308
0.000
0.000

Median
3.438
8.090
0.000
3.923

25%
2.779
6.889
0.000
2.636

75%
3.965
9.114
0.000
4.883

Std Dev
1.043
2.740
0.181
1.542

NextMap Mean

2.134

11.688

11.179

-0.509

1.827

1.037

2.767

1.755

NextMap Max

3.542

20.080

20.020

-0.0600

3.060

1.882

4.645

2.711

NextMap Min

0.944

9.270

7.810

-1.460

0.690

0.0400

1.603

1.403

NextMap Med.

2.303

13.230

12.600

-0.630

1.900

1.192

3.143

1.908

HDS Mean

4.021

19.992

20.045

0.0528

3.242

1.655

5.005

3.697

HDS Max

10.605

171.435

171.847

0.412

7.053

5.486

9.253

20.120

HDS Min

0.713

24.574

19.159

-5.415

-0.0306

-1.775

1.709

3.530

HDS Median

4.040

23.492

22.426

-1.066

3.108

1.650

5.129

3.868

Table 13: Building Height Statistics

Table 13 is a summary of the descriptive statistics for each of the data types and methods that could
be used to calculate the building heights for the study area shown in Figure 69. The building
sample comprises of 151 different buildings of varying sizes.
The process of creating building height for the inputs into the weather model is automated due to
the number of calculations involved and therefore a degree of error will exist within the building
heights. The errors could be derived from a number of different sources, for example overhanging
trees or birds that coincide within in the building footprint can result in a false value being captured
by the remote sensing instrumentation. False values such as this are known as artefacts, and
although most are removed in the post processing of the remotely sensed data some will still exist
in the data. Statistical values were calculated for the buildings as well as the minimum and
maximum.
Each building within the study area has four height attributes calculated mean, max, min and
median. The mean calculation represent the mean of the height values from the data source that
have been captured within the footprint of the building. The max and min calculation represents the
maximum value and minimum value that was captured within the building footprint. Finally, the
median value represents the median of the height values that were captured within the building
footprint. The HDS survey measurements represent the true height of the building; the statistics
calculated from the HDS data (i.e. mean, max, min and median) are the most accurate statistics and
a comparison of the differences between the HDS values and the other data source values can be
made to ascertain a degree of accuracy of the other data sources. This is useful when examining the
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effects of the data resolution upon the height calculations and to see whether a uniform adjustment
could be made to compensate the poorer resolution.

Means Comparison of HDS, LiDAR and NextMap derived building data
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Figure 73: Comparison of means

Figure 73 is a graph illustrating the differences between the LiDAR and HDS data and the
NextMap and the HDS Data. The differences are plotted against ordered building footprint size in
m2 from smallest to largest. The difference values were calculated by subtracting each building
height value from the corresponding HDS building height value. These calculations resulted in a
positive or negative value, a positive value means that the HDS value was larger than calculated
value, and a negative value means that the calculated value was larger than the HDS value. Figure
73 also has a linear regression calculation plotted to model the relationship between building
footprint size and the difference values. In Figure 73, which plots the mean calculations for each
data type, the regression line shows that there is a constant positive error across the size of
buildings footprints surveyed when using the NextMap data. As the error is constant across this
sample, a value of 1.8m could be added to each of the mean values to bring the building heights
average more in line with the surveyed average. However, there are fewer building footprints at the
larger end of the sample and therefore more samples are needed to provide a definitive constant to
add to the NextMap data.
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In contrast the LiDAR derived mean building heights have a much smaller range of errors,
therefore the regression calculation performed produces values that are very similar to that of the
HDS mean building heights.

Max Heights Comparison of HDS, LiDAR and NextMap derived building data
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Figure 74: Comparison of maximum values

Figure 74 is graph with the max building heights plotted against the building footprint size. The
regression analysis of the NextMap data using the difference in the maximum value attributes
showed that the data values were 4.5m less than the maximum values of the HDS data. However,
the regression analysis for the NextMap data does taper closer to the 4m mark as the building size
increases, this is to be expected, as the larger building footprint size would provide a greater
surface area for the radar data to sample and therefore return a more accurate value – however, 4m
is still a significant difference.
A comparison of the LiDAR data maximum returns show that in general the LiDAR values are a
lot closer to the HDS max values than the NextMap data. This shows that the higher resolution
LiDAR data is much closer to the real heights of the building and would probably be best suited for
the modelling, as it is more likely to result in a realistic height of each building.
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Min Heights Comparison of HDS, LiDAR and NextMap derived building data
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Figure 75: Minimum height comparison
Median Height Comparison of HDS, LiDAR and NextMap derrived building data
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Figure 76: Median height comparison

The final two comparisons were made using the minimum heights and median heights; these are
shown in Figure 75 and Figure 76. The minimum heights for both datasets (Figure 75) show very
little error between the datasets, this demonstrates that the base heights for each dataset are similar
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and provide similar ground points for estimating the building heights from, therefore no adjustment
would need to be made. The median heights graph (Figure 76) illustrates a similar trend as the
mean and maximum calculations, wherein the NextMap regression analysis provides values that
are between 1 and 2m higher than the HDS data, meaning that a value of between 1 and 2m could
be added to the NextMap data to provide a result that is closer to reality.
7.4.3

Vegetation

The vegetation positions are calculated from high resolution aerial photography resulting in a set
of points that represent all vegetation areas above 1m in height within the aerial photography.
These points are then interpolated using a DSM to calculate a vegetation height; the different
sources of DSM data will therefore result in varying vegetation heights. Table 14 summarises the
key statistics for the vegetation heights.

Data

Sample

Mean

Std Dev

Range

Max

Min

Median

25%

75%

NextMap

3729

3.878

3.080

24.830

25.830

1.000

2.930

1.740

4.950

LiDAR

1914

3.863

2.762

20.293

21.294

1.001

3.039

1.938

4.888

HDS

3818

7.067

5.419

26.465

27.468

1.003

5.573

2.830

9.588

Table 14: Vegetation Heights

The first notable statistic is the sample size difference; this is due to the function within the
algorithm which has been developed to automate the calculation of tree heights. The algorithm
identifies the vegetation positions using image classification techniques and then removes any
vegetation features with a calculated height of less than 1m as described in section 4.2.1 . This is to
remove vegetation items such as grass and shrubs which would have no effect on the shading
parameters and drastically improves the model processing time. The differences in the sample size
occur due to the net differences between the DTM and the DSM models of the datasets and can
reflect both a more accurate DSM or a less accurate DTM. For example a more accurate, higher
resolution DSM may result in a more accurate vegetation feature height, this may have resulted in
more vegetation features being eliminated from the sample as the feature was under 1m in height.
However it is more likely that DTM model has been poorly derived from the initial data capture.
Radar (NextMap) data does not benefit from the multi-return readings that LiDAR captures and
therefore relies on algorithms to “strip” away surface features leaving a bare earth model. In some
cases this can result in a DTM that is inaccurate. The result of this is a vegetation calculation that is
either a negative value (hence the removing of features below 1m) or is too high. LiDAR data can
use second and third returns to generate a DTM without having to rely solely on complicated
algorithms to generate a DTM.
Analysis of the lower and upper quartiles show that despite the LiDAR data smaller sample size the
distribution of the main vegetation features is in line with what could be expected when compared
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with the NextMap data and the HDS data. The HDS data is significantly higher than the other two
data sources, with a median of ~2.5m and a max of ~+6m above that of the LiDAR and NextMap
data. However when the samples are plotted on a graph (Figure 77) it reveals that the profiles
share similar characteristics - the high and low points correspond to the same areas for all datasets.

Figure 77: 3D graph comparison of vegetation points

However there are large differences from the measured heights of the HDS data compared with the
remotely sensed data. A mean average difference of ~3.2m between the remotely sensed datasets
and the field surveyed HDS data suggests that remotely sensed data is not that accurate when
trying to estimate the height of small areas of vegetation.
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7.5 Summary
The variety of data available that is suitable to use for the mass calculation of building and tree
heights, slope and elevation calculations and population calculations is increasing. It has been
shown that the data quality impacts on the accuracy of the GIS model - Chapter 8 goes on to
investigate how the differences in the GIS model impact on the resulting forecast. There has been a
lot of research conducted into extracting building and tree heights from remotely sensed data,
particularly LiDAR and photogrammetry. Photogrammetry – although extremely accurate – is a
time consuming process and inappropriate for the mass modelling requirements of this research.
DSM models , as shown in this research, are suitable for the mass modelling environments and
building structures. The majority of the literature, as identified in section 2.6.1, focuses on the
small scale building generation from LiDAR data. Very little work exists on the mass modelling of
buildings, this chapter has shown that there is a difference between the accuracy of building heights
derived from different data sources. Vegetation height estimation is not as accurate as the building
height estimation, which is probably due to the reduced surface area that reflects light. A mean
average difference of ~3.2m between remotely sensed data and surveyed data is more than the
vertical accuracy limit defined by the LiDAR and NextMap data suppliers. Further work is needed
to determine whether this is systematic error or a methodological error. Balzter et al. (2007) have
suggested that there is ~ 2m difference between the estimated heights from remotely sensed data
and surveyed data, however the research was carried out over a large forested area which will have
resulted in more return values being captured from the tops of trees. Further work needs to be
carried out to investigate whether the errors recorded in this research are down to systematic errors
that can be accounted for in future calculations. Moreover further work needs to be carried out to
see the impact of seasonal vegetation coverage on calculated heights. For example the NextMap
data was captured at the beginning of April when the vegetation on the deciduous trees will have
not been in full bloom and the LiDAR was captured in February when little vegetation would have
existed on the trees. This will have reduced the amount of reflective material available to capture
accurate tree heights and may well have caused the errors described above. Further to this work is
needed to investigate the effect of topography on building and vegetation height estimation as it has
been commented on in the literature that the topography impacts on the accuracy of the estimated
heights of features (Balzter et al., 2007) particularly over more hilly terrains where it is more
difficult to extract features. Another area that could be further researched to improve the quality of
the GIS model and accuracy of the extracted building and vegetation features would be to
investigate the use of TIN models. TIN models have an advantage over raster models by being able
to model increasingly areas of complexity, such as those relating to vegetation and building
features, without having to conform and generalise to a predefined grid pattern. In this research a
TIN would potentially offer the advantage of being able to more precisely delineate real world
objects such as trees and buildings. However TIN's are not known to be good at representing other
aspects of terrain such as slope and aspect, another important calculation in this research - therefore
153

a detailed analysis of both data sources would be required. Moreover to generate a TIN would
require the raw data to obtained for the remotely sensed data as creating a TIN from the existing
raster data would not contain the extra detail as it has already been generalised.
Given the current data coverage for Hampshire the NextMap data source is currently the only
option for the mass modelling needed to survey the whole of the network, but as the coverage from
other data sources improves the LiDAR data source seems to provide the best option for surveying
the road network from a desktop based survey. The current 1m LiDAR data has a fine enough
resolution to provide accurate building and tree heights, as well as accurate elevation and slope
calculations.
The research in this section is aimed at mass modelling buildings and vegetation from remotely
sensed data for a specific application. However these methods could be extended, with refinement,
for use in other fields. For example, environmental impact assessments, view shed calculations, air
quality modelling and archaeological projects all potentially use 3D building and vegetation
models. The methods for mass modelling developed in this research could be applied in these fields
where there is a requirement for 3D modelling over a wide area without the need for detailed
building models.
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CHAPTER 8.
EXAMINING THE IMPACT OF DATA AND
METHODOLOGY ON ROAD SURFACE TEMPERATURES
8.1 Introduction
To test the effect of the model accuracy on the RST a series of geographical parameters were
created using the different datasets to input into the GRIP model. A day was then chosen from the
historical archive so that the results could be compared with observations from a Findlay Irvine
weather station. This day also had to have a good range of temperatures across the twenty-four
hour period. Meteorologically the day chosen had to have as few influences as possible (i.e. a clear
day with no precipitation or wind) so that any changes in the RST could be attributed to the
changes in the GIS modelling as opposed to meteorological influences. The day that was chosen
was the twenty four hour period between midday on the 4th March 2008 and midday on the 5th
March 2008. The model was then run using the meteorological data from the 4 th/5th March and
using the varying geographical parameters for the 27 forecast points in the study area. The net
result of the trials was 513 outputs from the model, or nineteen different variations for each
forecast point.
The first trial was to establish a base set of results upon which all the other trials could be
compared against. To create this base result all the geographical parameters were removed or
reduced to a default value (in the case of road type and construction). This dataset could be then
used to see the influence of each geographical parameter and data method upon the forecast. The
GRIP software produced a set of forecasts for each of the survey points, then each of the variations
in the survey data were processed using the maximum value for the building and tree heights as
derived from each dataset, with the exception of the Free Data modelling. Any other parameters
that could change as a result of the dataset change (e.g. slope calculations) were also calculated.
The free data used included the SRTM data, which has a 90m resolution; therefore it was
unsuitable for modelling buildings and tree heights. However, it was suitable for modelling
elevation and slope values and when combined with the building heights from the NextMap data
and the population calculations using the GRUMP data. This combination produced enough
parameters to assess it the SRTM as a data source. Further to this tests were conducted that varied
the GIS model parameters were conducted, for example the search radius around each point that
was used to extract the GIS parameters. A summary of the trials conducted is outlined in Table 15.
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Trial

Comments

No Geographical Parameters In GRIP model

Conducted to create a base reading for the weather
model. Used to assess the impact of the Geographical
Parameters.

Original NextMap Model Settings

Used in the full trial

Original NextMap Model Settings with no

Used to assess the impact of building and vegetation

building or vegetation features

features on the forecast.

Original NextMap Model Settings with no

Used to assess the impact of population calculations

building or vegetation features or population

on the forecast

calculations.
Model run with all parameters. Also run with the

LiDAR

following parameters; elevation only, elevation and
slope, max building and vegetation heights, median
building and vegetation heights, mean building and
vegetation heights and minimum building and
vegetation heights.
NextMap with variation in modelling parameters

Used to assess the impact of the modelling
parameters on the forecast

HDS data with building and veg heights

Used as real world data to assess the impact of model
accuracy on the forecast

Table 15: Summary of trials conducted

8.2 Crossing Times
Once of the key pieces of information that is derived from a forecast by a highways engineer is the
crossing time of a forecast - the approximate time at which the RST reaches freezing point for the
first time in the forecast period. This information allows the highway engineers to efficiently plan
and manage the gritting schedules. The crossing point for the night in question was recorded at
03:26 am by the Findlay Irvine weather station. This allows some analysis to be performed on the
data to see how the differing dataset performed with regard to the crossing time. An initial
examination of the results shows a wide range of crossing times, from 01:20 am to 05:20 am,
which would cause some concern; however the main objective of this and other research in the
field is to model the microclimate surrounding a forecast point. When an examination of the
proximity of each forecast point to the Findlay Irvine Weather Station is performed it is obvious
that only a few of the forecast points are close enough to the weather station to rely on the readings
from the weather station as representative of the microclimate conditions over the period examined
in this survey. This is illustrated in Figure 78.
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Figure 78: Analysis of distance from Findlay Irvine weather station

From the sub-selection of points, those that are within five hundred metres of the weather station,
only two are situated in a similar environment to that of the weather station. The two points,
highlighted bold in Table 16, show that the crossing time is similar to that of the weather station.
This crossing time is the same across all of the data sources for the two points highlighted in Table
16; this can be explained by the limited geographical parameters that would influence the RST. For
example there are no houses, limited tree cover and are not influenced by the population factors as
much as other points in the study area. However it should be noted that without the geographical
parameters the crossing time was two hours earlier than the weather station records. This shows
that the geographical parameters are having a positive influence on the RST and resulting crossing
time produced by the model.
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PointID
UKHA029000023
UKHA029000094
UKHA029000102
UKHA029000182
UKHA029000238
UKHA034000004
UKHA034000006
UKHA034000013
UKHA034000016
UKHA034000017
UKHA034000037
UKHA034000043
UKHA034000045
UKHA034000048
UKHA034000060
UKHA034000065
UKHA034000075
UKHA034000083
UKHA034000091
UKHA034000122
UKHA034000123
UKHA034000131
UKHA034000142
UKHA034000146
UKHA034000152
UKHA034000160
UKHA034000175

Original
01:20
01:20
01:20
01:20
05:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
05:20
03:20
03:20
03:20
05:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
05:40

LiDAR DTM
01:20
01:20
01:20
01:20
05:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
05:20
03:20
03:20
03:20
05:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
05:40

LiDAR Slope
01:20
01:20
01:20
01:20
05:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
05:20
03:20
03:20
03:20
05:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
05:20

LiDAR Max
01:20
01:20
01:20
01:20
05:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
05:20
03:20
03:20
03:20
05:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
05:20

Free Data
01:20
01:20
01:20
01:20
01:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
01:20
03:20
03:20
03:20
01:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
01:40

HDS
1:20
01:20
01:20
01:20
05:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
05:20
03:20
03:20
03:20
05:20
03:20
03:20
01:20
01:20
03:20
03:20
03:20
05:20

No GP
01:20
01:20
01:20
01:20
01:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
03:20
03:20
01:20
03:20
01:20
03:20
01:20
03:20
03:20
01:20
01:20
03:20
03:20
01:20
01:20

Dist. (m)
353.45
283.18
515.74
693.05
324.46
2090.76
1296.83
309.12
922.06
476.01
549.63
1493.92
706.98
1100.02
330.97
866.64
88.95
2290.60
452.18
1891.20
508.02
726.90
599.61
668.30
1691.60
114.66
298.94

Table 16: Crossing times and distance from Findlay Irvine weather station

Examining the other points that are close to the weather station but have more geographical
parameters influencing the RST reveal that the differences in the GIS model - that are a result of
the differences in the data sources - result in different crossing times. A good example of this is
forecast point UKHA034000175. Situated in the middle of the village you would expect the
crossing time to be later in the evening due to the extra heat produced from housing, and shelter the
housing and vegetation provide the road surface from any incoming solar radiation. A forecast with
no geographical parameters provides a crossing time of 01.20 am. Given its relative proximity to
the weather station (299m) and the crossing time of the points closer to the forecast station, it
would be a relatively safe assumption that this crossing time is incorrect and that the weather
forecast without geographical parameters does not model the cooling trend of the road surface
accurately for this forecast point. When the geographical parameters are included in the forecast
model the crossing time is postponed by four hours, according to the forecast. The LiDAR with full
parameters, NextMap - with LiDAR DTM and slope calculations and NextMap based building
heights, and HDS derived models predict a crossing time of 05.20am, while the NextMap based
model and the NextMap based model with LiDAR DTM values predict a crossing time of 05.40am
and finally the free data based model predicts a crossing time of 01.40am. Examination of this
forecast point shows that the key variable is the population indices used to model the urban heat
island effect play a key role in the construction of the thermal fingerprint for this forecast point,
the next factor would seem to be the DTM and slope attributes followed by the screening
influences of buildings and vegetation. Moreover it shows that the quality of the data used for
calculating the geographical parameters does have an influence on the crossing time for each
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forecast point. This is highlighted by the crossing times for all the forecast points within the study
area when the free data, which has a coarse resolution, is used and from the results of the model
where there are no geographical parameters. An examination of the influences that each factor has
upon the GRIP model is discussed in detail later in the chapter.
The next element of the forecast to examine was the predicted RST for each of the forecast points
across the 24 hour period. An analysis of each forecast point was made by comparing the base
forecast that was produced using no geographical parameters with those forecasts that had been
created using geographical parameters from a variety of datasets. Each dataset was examined using
the maximum heights of the dataset, as was used in the live trial for Hampshire.
8.3 HDS
This section focuses on the influence that the real heights (HDS survey) has upon the base forecast.
For each forecast point within the study area a thermal fingerprint was constructed from the
forecast. Each forecast interval for the RST‟s modelled using the HDS data, NextMap data and the
Findlay Irvine data were then compared with the corresponding interval from the forecast that was
produced using no geographical parameters. The resulting data enabled a comparison of the
minimum temperature produced by the GRIP model using the different data sources and a
comparison of the temperature differences using a 1000m search radius due to the limitations
imposed by the HDS and LiDAR coverage.
Within the sample site there are five forecast points site that exhibit a cross-section of the
geographical parameters, these sites are likely to illustrate the influences of the data quality and
therefore have been examined in more detail for this section. Figure 79 illustrates the geographical
distribution of the subset of points and Figure 80 illustrates the sky-view factor, as derived from the
HDS data, for each of these points. The sky-view factor calculations encompass the building,
vegetation and altitude geographical parameters of the forecast and illustrate how these parameters
vary spatially. Table 17 summarises the geographical parameters for each point.
Forecast Point
UKHA029000102
UKHA0340000037

UKHA034000075
UKHA034000175
UKHA034000142

Geographical Parameter
Low sky-view factor, lower
elevation, higher slope calculation.
Exposed southern side resulting in
different shading factors, buildings
and vegetation to the north.
Located in man-made valley, low
sky-view factors.
Most urban area, surrounded by
buildings and some vegetation.
Surrounded by vegetation and
some buildings on all sides. Road
partially covered by tree canopy.

Table 17: Summary of geographical parameters for subset of study area points
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Figure 79:Forecast point subset locations

Figure 81 shows the thermal fingerprint and temperature difference graphs for PointID
UKHA034000075. A positive value in the temperature difference chart means that the forecast at
that particular point is warmer than the forecast with no geographical parameters, a negative value
means that the forecast predicts a temperature cooler than that of the forecast with no geographical
parameters. The forecast point is situated close to the Findlay Irvine weather station, with a good
sky-view factor (sky-view0.71 as illustrated in Figure 80. The high sky-view factor means that the
geographical parameter influences are less prominent than in for other forecast points in the area
and the resulting differences are not as pronounced as they are for other forecast points.
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Figure 80: Sky-view fisheye surveys for the HDS scans

The Findlay Irvine output has also been included due to the proximity of the forecast point to the
weather station. The thermal fingerprint from the forecasts shows that the forecast without the
geographical parameters has a similar profile to the other forecast fingerprints, but generally was 12°C cooler than the actual recorded temperatures and geographical parameter influenced forecast.
On this particular night the 1-2°C difference would have had less impact as the temperature fell
several degrees below zero, however on a more marginal night where the temperatures were around
0°C, a forecast without geographical parameters will have resulted in a no ice prediction. This may
have resulted in no action being taken by HCC to grit road surfaces when action may have needed
to be taken.
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Figure 81: Thermal fingerprint and temperature comparison graph for ukha034000075

The temperature difference graph in Figure 81 illustrates how the forecast varies over the twentyfour hour period. The biggest temperature differences occur where the thermal fingerprint curve is
at its steepest, between 17:00 and 18:00 on the 4th March 2008 when the temperature is dropping
rapidly and between 10:00 and 11:00 on the 5th March 2008 when the temperature is rising rapidly.
The quality of data for point UKHA034000075, where there are fewer geographical parameters,
seems to have very little influence on the on the forecast, and is due to the main geographical
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parameters consisting of vegetation that has a lower weighting in the GRIP model. However the
inclusion of the geographical parameters is crucial to creating a more accurate forecast.
The next forecast point with the most open sky-view factor is UKHA034000037. This is situated to
the west of the study area, and has some open fields to the south of the forecast point and houses
and trees to the north. The thermal fingerprint and difference graph for this forecast point is
illustrated in Figure 82. The plots show that the geographical parameters for this forecast point only
have a small influence on the forecast and do not really impact on the minimum temperatures of the
forecast point. This is due to the fact that the southern side to the forecast point has a clear line of
sight to any incoming solar radiation and giving the maximum amount of time for the road surface
temperature to rise during the day. Moreover as the factors contributing to the RST are primarily
metrological the impact of the geographical parameters aren't as pronounced as for other points.
The maximum differences between the forecasts occur in the 5°C-10°C range , with little variation
between the original NextMap derived forecast and the high resolution HDS derived forecast.
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Figure 82: Thermal fingerprint and temperature comparison graph for UKHA034000037

The forecast point UKHA029000102 is the most rurally based point in the subset; it doesn't have
many building or population influences and is at the bottom of a river valley. There is a relatively
good sky-view factor of sky-view 0.59. However much of the blocked sky is caused by vegetation
and therefore the influence of the shading factors are reduced. As the shading factors are reduced
and there aren‟t many other geographical influences there is not as much deviation from the base
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forecast as there is for other points; however any deviation that does occur reflects a cooler
temperature than predicted by a non-geographically based forecast. This is illustrated in Figure 83.

Figure 83: Thermal fingerprint and temperature comparison graph for UKHA29000102
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The next two points in the subset of study points are based in more urban areas and therefore the
geographical parameters are much more prominent. In order of sky-view factor, the next point
examined was UKHA034000175, which is based in the centre of Bentley village and is surrounded
by buildings and vegetation. The sky-view factor for this point is sky-view 0.5 as illustrated in
Figure 80, Figure 83 shows the thermal fingerprint and difference graphs for the point. The graph
illustrates that there are some key differences between the RST‟s predicted at crucial times. The
non-geographical parameter based forecast predicts a much earlier crossing time and a lower
minimum temperature for longer. This would potentially influence gritting decisions such as when
to send highway maintenance vehicles out and what type and amount of salt mixture to use.
Moreover, the cumulative effect of different RST‟s impacts on future forecasts as it is directly
linked to the sub-surface temperature component of the forecast model. For example, the
subsurface temperature output for the non-geographical based forecast is 5.98°C and for the
geographical based forecast, it is 5.93°C. Although not a large difference, the cumulative effect of
the difference over a sustained period will have an impact on the forecast and RST.
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Figure 84: Thermal fingerprint and temperature comparison graph for UKHA034000175

The final forecast point analysed in this subset was UKHA034000142. The sky-view factor for this
point was the lowest and the point was surrounded by a combination of vegetation and buildings.
The resulting sky-view factor was sky-view 0.48. Figure 85 illustrates the thermal fingerprint and
difference graph for UKHA034000142; it shows that the introduction of geographical parameters
has resulted in the forecast temperatures being reduced.
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Figure 85: Thermal fingerprint and temperature comparison graph for UKHA034000142

Figure 85 shows how the shading and sky-view factors can influence the RST by modelling them
in the GRIP model. The high quality HDS data has made small differences to the RST when
compared with the original NextMap data model inputs. Although the differences are often only
1/10th of a degree centigrade the cumulative effect of such differences on the sub-surface
temperature can impact on future forecasts.
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8.4 LiDAR
The LiDAR data, with a 1m resolution, has been shown to compare well to real heights of the
buildings in this research, is more easily captured then the HDS data and has a relatively good
coverage of the country - with the coverage being improved upon annually. Using the same subset
of five points covering the range of geographical parameter variation within the study site the same
analysis (as the HDS data) was conducted using the LiDAR based forecast with the aim of
highlighting any significant differences between the original NextMap derived model, the HDS
survey data and the LiDAR data. Figure 86 shows the sky-view calculations for the same five
points as the HDS survey data; it illustrates how variations in data resolution can change the model
calculations. The sky-view factor calculations from the LiDAR result in a 12% greater sky-view
factor on average, the minimum sky-view increase was approximately a 3% increase and the
maximum a 19% increase. This is a substantial difference from the HDS data and the resulting
forecast would be expected to reflect these differences.

Figure 86: SKY-VIEW FISHEYE VIEWS derived from the LiDAR data

The highest sky-view factor for the subset of points was UKHA034000075 with a sky-view of 0.9.
Both the HDS sky-view and LiDAR sky-view calculations result in the same point having the
largest sky-view factor, although the sky-view value is different. The differences occur due to the
differences in the resolution in the data that results from a degree of generalisation existing in the
LiDAR data. The impact of these different sky-view and shading factor calculations upon the
forecast created resulted in slightly different forecasts and RST‟s.
For PointID UKHA034000075 the resulting thermal fingerprint and difference graph is shown in
Figure 87. Included in this graph are the original NextMap based forecast and differences, the HDS
based forecast and differences, the LiDAR based forecast and differences, the FI data and nongeographical parameter based forecast. The graph shows, despite having a 19% larger sky-view,
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there is no significant differences between the HDS and LiDAR forecasts. The LiDAR data adds
the same value to the non-geographical based forecast as the HDS data thus resulting in a forecast
that is closer to that recorded in the vicinity of the forecast point by the Findlay Irvine weather
station.

Figure 87: Thermal fingerprint and temperature comparison graph for UKHA034000075 using LiDAR
inputs
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The next forecast point examined in the subset was UKHA034000037, which has a sky-view of .75
when calculated using the LiDAR data – an 8% increase in the amount of visible sky. The 8%
increase resulted in some differences in the forecast; in particular it influenced the rate at which the
road surface cooled towards the minimum and inversely the rate at which the road surface warmed
up from the minimum. This is illustrated in . Although the differences between the LiDAR forecast
and HDS forecast did not influence the minimum RST or crossing time when compared with the
HDS data on this particular night, under colder or more prolonged cold periods the rate of cooling
and warming could prove to be more significant on the forecast RST. Further to the rate of cooling
the LiDAR based forecast resulted in an RST forecast that was on average approximately 1/10 th of
a degree cooler than the HDS based forecast for this forecast point. Again this is not hugely
significant for this particular evening but the cumulative effects of the difference may prove to be
significant over a sustained period of cold weather.

171

Figure 88:Thermal fingerprint and temperature comparison for UKHA034000037 using LiDAR inputs

The forecast point situated at PointID UKHA029000102 has the next highest sky-view factor of the
subset of study points with a sky-view of sky-view 0.73. This point is surrounded by vegetation and
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has the lowest elevation value of all the forecast point subset at 85m above sea-level. There is no
measureable difference between the HDS derived forecast and the LiDAR based forecast when
they are compared, however the LiDAR based parameters when input into the GRIP model do
improve the forecast of the non-geographically based forecast.
Figure 89 illustrates the thermal fingerprint and differences graph for UKHA034000175. The graph
illustrates that the LiDAR derived geographical parameters make a difference to the RST at certain
time intervals throughout the twenty-four hour period when compared with the HDS derived data.
The biggest differences occurred between midday and 10.30pm, and can be attributed to the rate at
which cooling occurred when modelled using the LiDAR data. A larger sky-view factor (sky-view
= 0.66) results in greater fluxes between incoming and outgoing radiation in the GRIP model, and
is a more sensitive process in urban areas, such as that found surrounding UKHA034000175, due
to the effect of the urban heat island. Although these differences occur above the critical
temperatures (less than 1C), they could influence future sub-surface temperatures that are taken
into account as a component of the GRIP model. Therefore, although the differences don‟t prove to
be critical in this particular study, it is recognised that the differences do occur.
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Figure 89: Thermal fingerprint and temperature comparison for UKHA034000175 using LiDAR inputs

The trend shown for the UKHA034000175 point also occurs for the point UKHA034000142 and
further demonstrate the impact of data resolution on the sky-view factor and the resulting forecast
and RST. The graph in Figure 90 shows the thermal fingerprint and difference graph for
UKHA034000142. The sky-view factor for this forecast point is only 3% bigger (sky-view 0.51)
than the HDS sky-view factor (sky-view 0.48) and hence the differences between the two forecasts
aren‟t as marked. Again the main differences occur between the HDS, LiDAR and original
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NextMap data where there is a rapid cooling period or warming period, which can be attributed to
the sky-view and shading factors.

Figure 90: Thermal fingerprint and temperature comparison for UKHA034000142 using LiDAR inputs
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8.5 Population Data
The population data calculations are an important factor in the GRIP model as it is used as a proxy
for the Urban Heat Island effect. There a number of data sources that provided the necessary
information to be analysed by the microclimate survey tool, namely there was some sort of local
regionalisation of population data. Three different datasets were used to calculate the population
proxy, the super output area of the census data (used in the original Hampshire trial), the output
area of the census data and the GRUMP alpha version dataset at its finest resolution. GRUMP is a
dataset that has been developed at the Center for International Earth Science Information Network
(CIESIN), Columbia University3 and is a set of population estimates derived from primarily census
data. GRUMP data has a 30-arc second resolution (1km). An analysis of the forecast points within
the study area showed that the variations in the population data made a significant difference to the
resulting forecast RST. These differences are summarised in Table 18 where the average difference
is calculated from the 5860 forecasts intervals as compared to the non-geographical parameter
based forecast.
Data Source

Average Difference (C)

Super Output Area (Census)

0.23

Output Area (Census)

0.31

GRUMP Data

0.20

Table 18: Average RST differences when derived from population different population sources

Table 18 shows the finest resolution data – the census data using the output area – resulted in the
biggest difference in the average difference with a 0.31C average temperature increase. A more
detailed examination of the differences of the forecast points in the more urban areas of the study
area illustrated the differences more clearly. Figure 91 shows the thermal fingerprint and difference
graph for the forecast point UKHA034000175 which is situated in the centre of the village of
Bentley as illustrated in Figure 79.

3

Center for International Earth Science Information Network (CIESIN), Columbia University; International Food Policy Research Institute

(IPFRI); the World Bank; and Centro Internacional de Agricultura Tropical (CIAT); 2004. Global Rural-Urban Mapping Project (GRUMP):
Urban/Rural Population grids Palisades, NY: CIESIN, Columbia University. Available at http://sedac.ciesin.columbia.edu/GRUMP/

176

Figure 91: Thermal fingerprint and temperature comparison for UKHA034000175 using population
inputs

Figure 91 shows the impact of the quality of the population data upon the resulting forecast;
GRUMP data has a small of impact on the RST for UKHA034000175. This is due to the
population centres in the GRUMP data originating too far from the forecast point for the
microclimate modelling tools to assign the population indices a more significant weighting.
Comparison of the GRUMP data with the census data, which is of a finer resolution, shows that the
census data results in a warmer forecast (+1.8C at its maximum difference) – more in line with
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what you would expect in urban areas. The census data results in a forecast that is closer to that
recorded by the weather station 300m away – although it will have a different microclimate it can
be taken as an indicator that the forecast thermal fingerprint has approximately the correct shape.
Moreover the finest resolution census data (standard output area) resulted in a forecast that was +
0.15 C warmer than the Super Output Area forecast. Another key difference between the GRUMP
data and the census data is the crossing time, for the GRUMP data crossing time was 01.20 while
the census derived data resulted in crossing times of 05.20 for the Super Output area data and 05.40
for the standard output area. Analysis of other points within urban areas revealed similar trends and
differences between the data.
The impact of the variation in population data sources upon the forecast in more rural areas was not
as pronounced as in the urban areas but nonetheless did result in variation in the forecast. Using
GRUMP data resulted in a forecast that had maximums that were 1.1C cooler, at its maximum
difference, than the non-geographical parameter based forecast and at the minimums were 0.1C
cooler. The higher resolution census data had the opposite effect and resulted in a forecast that was
warmer than the non-geographical parameter based forecast which also effected the crossing time.
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Figure 92: Thermal fingerprint and temperature comparison for UKHA029000102 using population
inputs
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8.6 Examining the effects of varying the model methodology
Within the modelling process in the GIS system there are a range of parameters used to calculate
the geographical variables that have been set to a specific unit. For example when calculating the
shading factors for each forecast point the tallest building within a 12,800m radius is calculated as
this is the distance to the horizon. The net result of using this value is a huge number of
calculations for each ten degree sector which in turn results in a long processing time for the model.
If the radius can be reduced to 1000m then the amount of calculations that would needed to be
performed would be greatly reduced, the running time and efficiency of the model would be
improved and the amount of data needed to run the model would be less. The data requirements are
particularly important when considering high resolution data sources due to the amount of physical
hard disk storage required, the cost of acquiring high resolution data and benefits of acquiring high
resolution data as alluded to in earlier sections. For the study area shown in Figure 69, the original
model parameters were compared with model parameters that calculated building heights,
vegetation heights and population calculations using a calculation radius of 1000m and 500m to see
the impact of these altered radii on the forecast. This is illustrated in Figure 93.

Figure 93:Calculation radius comparison
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As Figure 93 illustrates there is a big difference between the areas and number of buildings being
calculated, this impacts on the running time for the model which in turn affects the repeatability
and efficiency of the model. The differences for the twenty-seven forecast points in the study area
are summarised numerically in Table 19.
Radius (m)

Buildings

Percentage Diff.

Area (m2)

Percentage Diff.

12800

122870

0

603736642

0

1000

1128

99.08

10837838

98.20

500

799

99.34

4847629

99.19

Table 19: Summary of calculation differences using different modelling parameters

As Table 19 shows the proportions of data required change drastically by reducing the computation
radius for each forecast point. By reducing the calculation for each point to a 1000m radius the
resulting number of buildings that need to be calculated drops from 122,870 to 1,128 buildings in
the study area shown in Figure 93. This as 99.08% decrease in the amount of building calculations
required and is further reduced when the radius is reduced to 500m; the net result is a more
efficient modelling process and an improved processing time. Even though a five-hundred and
one-thousand metre search radius resulted in a quicker calculation time and a reduced data
requirement it did result in small differences in the resulting RST. Table 20 shows the average
temperature differences and resulting RMSE errors (as calculated by Equation 2) over a twentyfour hour period when compared with the original forecast with a search radius of 12,800m.

√∑

Where

̅

is the observed temperature; ̅ is the predicted temperature and

is the number of values.

Equation 2: RMSE Equation

It is evident from Table 20 that most of differences are in the one-hundredth or one-thousandth of a
degree centigrade. For example UKHA034000142, which showed recorded some of the more
notable differences when analysing data sources, shows an RMSE error of 0.00033C when using a
1000m search radius but a far more significant 0.17525C when using a 500m radius. The forecast
point is surrounded by vegetation and further suggests the shading factors – in particular the line of
sight between the forecast point and the suns position - caused by taller vegetation outside a 500m
radius has an influence on the forecast. However without a more detailed research on this particular
aspect of the modelling – in particular a system to record road surface temperatures for each
forecast point over a twenty-four hour period – it is difficult to ascertain which search radius
produces the most accurate result. Due to the more significant discrepancies using a 500m radius in
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the RST for the forecast points a 500m radius has to be ruled out as a suitable radius for the
modelling methods. However the 1000m radius resulted in very small differences that would not
impact on the resulting RST or future forecast to a significant degree and can be applied as the
search radius for this study area. However a wider range of points and geographical parameter
scenarios would need to be explored before the 1000m radius is applied globally as a model
parameter. One of the other key model parameters is the resolution of the population density grid;
however an analysis of the resulting road surface temperatures and processing times resulted in no
significant changes, so the default of a 10m resolution can remain.
Average Temperature(C) across a 24 hour period.
PointID

12800m(C)

1000m(C)

RMSE(C)

500m(C)

RMSE(C)

UKHA029000023

4.619303119

4.619441417

0.00014

4.619427286

0.00012

UKHA029000094

4.716621292

4.716436352

0.00018

4.711803799

0.00482

UKHA029000102

4.718882821

4.718997185

0.00011

4.718819923

0.00006

UKHA029000182

4.779283183

4.77903914

0.00024

4.779636548

0.00035

UKHA029000238

5.129565311

5.130178085

0.00061

5.130783235

0.00122

UKHA034000004

5.550321933

5.550405506

0.00008

5.550965963

0.00064

UKHA034000006

5.554349893

5.554534014

0.00018

5.549969736

0.00438

UKHA034000013

5.548401347

5.548226672

0.00017

5.548325886

0.00008

UKHA034000016

4.650496184

4.644535269

0.00596

4.670035691

0.01954

UKHA034000017

5.547254112

5.547146965

0.00011

5.547707388

0.00045

UKHA034000037

4.720687005

4.715233199

0.00545

4.718737656

0.00195

UKHA034000043

5.546996267

5.547169239

0.00017

5.54752743

0.00053

UKHA034000045

5.548821924

5.548653226

0.00017

5.549341033

0.00052

UKHA034000048

5.550795333

5.55107554

0.00028

5.55115138

0.00036

UKHA034000060

5.198276979

5.202110784

0.00383

5.197260089

0.00102

UKHA034000065

5.549321877

5.549373955

0.00005

5.549392196

0.00007

UKHA034000075

5.549430252

5.549321492

0.00011

5.549386251

0.00004

UKHA034000083

5.620225065

5.619532086

0.00069

5.622375705

0.00215

UKHA034000091

5.185014011

5.200501395

0.01549

5.201902745

0.01689

UKHA034000122

5.445964986

5.446211068

0.00025

5.446435395

0.00047

UKHA034000123

5.500782321

5.49674117

0.00404

5.4971041

0.00368

UKHA034000131

4.674712816

4.680400577

0.00569

4.682293326

0.00758

UKHA034000142

4.404471393

4.404137131

0.00033

4.579717354

0.17525

UKHA034000146

5.5248743

5.524977996

0.0001

5.52500693

0.00013

UKHA034000152

5.513142605

5.513169598

0.00003

5.513677932

0.00054

UKHA034000160

5.61305332

5.613001003

0.00005

5.613164609

0.00011

UKHA034000175

5.39506264

5.339069076

0.05599

5.341205774

0.05386

Table 20: RMSE errors calculated from methodological variations
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8.7 Which geographical parameter has the greatest influence on the Road
Surface Temperature
There are eighteen (although some parameters have a subset of parameters (e.g. for building
heights two parameters are calculated per 10 (angle) - if 10 was the predefined unit at which the
search radius was split- the height of the tallest building and distance to it) that are calculated using
the GIS and then incorporated into the GRIP model as geographical parameters. Some of these
geographical parameters have a more of a direct impact than others and are therefore are more
important to model accurately. This section attempts to identify the most influential geographical
parameters upon the forecast.
In the first instance regression analysis and in particular Geographically Weighted Regression
(Fotheringham, Brunsdon and Charlton, 2002) seem to lend itself to this kind of analysis.
Geographically Weighted Regression (GWR) is an exploratory data analysis technique that
replaces traditional global approach of multiple linear regression analysis with a geographically
weighted local variable with the aim of better explaining non-stationary localised phenomena.
GWR has been extensively used in socio-economic research however there are some examples of it
being used in physical geography applications and in particular metrology (Brunsdon, McClatchey
and Unwin (2001), Paez, Uchida and Miyamoto (2002a) and Paez, Uchida and Miyamoto (2002b)).
To determine the influence of each geographical parameter on the forecast a set of forecasts was
produced that added each geographical variable to the forecast in succession, thus altering the
previous forecast through the influence of that particular parameter. However there is a major
problem in using GWR as a form of regression analysis with regard to the geographical parameters
being used in the GRIP model. The nature of this research is to predict RST surface temperatures
along a road network; this involves splitting the road network into sections and creating a forecast
point. The result is a highly clustered set of forecast points along the network routes; GWR requires
the sample points to have a good random spatial distribution across the study area. High spatial
autocorrelation amongst the points introduces an over counting bias and renders the model
unreliable.
Further to this, there is a danger that a regression analysis will provide a misspecification result due
to the fact that the details of the key weather variables were not available for the regression
analysis. This is due to the geographical parameters contributing towards the precise microclimatic
conditions, and as result were consumed in the GRIP model. When key explanatory variables are
missing from a regression model, coefficients and their associated p-values cannot be trusted and
therefore a simpler statistical indicator was required to measure the impact of the parameters on the
RST. In this scenario a root mean square error (RMSE) calculation provided a suitable method for
comparing points and has long been associated in GIS for providing a method of statistically
analysing the differences between two points. RMSE is described using equation 2.
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As in the initial GWR tests, each variable was added to the base forecast in turn for the twentyseven forecast points in the study area to assess the impact each variable had upon the forecast. For
each of the twenty-seven forecast points, an RMSE value was calculated by comparing the forecast
temperature to the base forecast which contained no geographical parameters. The geographical
parameters were grouped into four subsets each of which have an influence on the microclimate –
in conjunction with the weather forecasting experts at AMI. These were altitude and slope, urban
heat island characteristics, vegetation cover and building cover. The altitude and slope calculations
represent the altitude and drainage capacity of the road surface; population data is used as a proxy
for the urban heat island effect, buildings represent an aspect of the sky-view and shading factors
and finally the vegetation represent the sky-view and shading factors. This is summarised in Table
21 which includes the RMSE value and the difference of the new RMSE value from the previous
RMSE value. As Table 21 shows there is a marked difference in the forecast values when adding
the slope and altitude variables for each forecast point, however the other variables vary spatially in
relation to the geographical parameters. This spatial variation is better illustrated by producing a
hotspot map by interpolating the RMSE difference values. This is illustrated in Figure 94.

Figure 94: RMSE difference values mapped
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Geographical Parameter group and difference from previous geographical parameter
DTM & Slope

Difference

Population

Difference

Buildings

Difference

Vegetation

Difference

RMSE (C)

RMSE (C)

RMSE (C)

RMSE (C)

RMSE (C)

RMSE (C)

RMSE (C)

RMSE (C)

UKHA029000023

0.287943345

0.28794

0.288021693

0.00008

0.288021693

0

0.287845178

-0.00018

UKHA029000094

0.159150785

0.15915

0.159258059

0.00011

0.159258059

0

0.158611826

-0.00065

UKHA029000102

0.155881693

0.15588

0.15597415

0.00009

0.15597415

0

0.155744799

-0.00023

UKHA029000182

0.107228481

0.10723

0.107291718

0.00006

0.107291718

0

0.106660186

-0.00063

UKHA029000238

0.209250934

0.20925

0.71657135

0.50732

0.716674913

0.0001

0.716828609

0.00015

UKHA034000004

0.941880868

0.94188

0.941880868

0

0.941896944

0.00002

0.942258374

0.00036

UKHA034000006

0.954244778

0.95424

0.954244778

0

0.954298018

0.00005

0.954601178

0.0003

UKHA034000013

0.940665603

0.94067

0.940665603

0

0.940744064

0.00008

0.941301845

0.00056

UKHA034000016

0.233395071

0.2334

0.233395071

0

0.233343889

-0.00005

0.226076357

-0.00727

UKHA034000017

0.940575573

0.94058

0.940575573

0

0.940723132

0.00015

0.941112788

0.00039

UKHA034000037

0.157462606

0.15746

0.157462606

0

0.157251275

-0.00021

0.15501057

-0.00224

UKHA034000043

0.940500222

0.9405

0.940500222

0

0.940520681

0.00002

0.940695413

0.00017

UKHA034000045

0.940792003

0.94079

0.940792003

0

0.940845104

0.00005

0.941735415

0.00089

UKHA034000048

0.947072927

0.94707

0.947072927

0

0.947099078

0.00003

0.947232648

0.00013

UKHA034000060

0.124965453

0.12497

0.707392218

0.58243

0.708089773

0.0007

0.708795717

0.00071

UKHA034000065

0.946022446

0.94602

0.946022446

0

0.946146317

0.00012

0.946345117

0.0002

UKHA034000075

0.944652051

0.94465

0.944652051

0

0.944728266

0.00008

0.945193162

0.00046

UKHA034000083

1.051063886

1.05106

1.051063886

0

1.051081633

0.00002

1.052326122

0.00124

UKHA034000091

0.118017409

0.11802

0.705353903

0.58734

0.705494278

0.00014

0.703274267

-0.00222

UKHA034000122

0.814433028

0.81443

0.814433028

0

0.81450225

0.00007

0.814640681

0.00014

UKHA034000123

0.889415407

0.88942

0.889415407

0

0.889504435

0.00009

0.886957128

-0.00255

UKHA034000131

0.216758318

0.21676

0.216758318

0

0.216465634

-0.00029

0.216134088

-0.00033

UKHA034000142

0.228614537

0.22861

0.228614537

0

0.228464855

-0.00015

0.898243794

0.66978

UKHA034000146

1.143920303

1.14392

1.143920303

0

1.144022466

0.0001

1.144190876

0.00017

UKHA034000152

0.891283833

0.89128

0.891283833

0

0.89131092

0.00003

0.891632122

0.00032

UKHA034000160

1.022965645

1.02297

1.022965645

0

1.02304046

0.00007

1.023435659

0.0004

UKHA034000175

0.330238897

0.33024

0.77203382

0.44179

0.772288858

0.00026

0.803448594

0.03116

POINTID

Table 21: RMSE Calculations
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8.7.1

Elevation model

As illustrated in Figure 94 the highest differences in the RMSE values occurred along the A31, the
main A-road in the study area. This is due to the A-road being situated in an artificial valley that
was created when the road was constructed. To the eastern extent of the study area there is also a
drop in the topography to lower altitudes and the forecast points are located in areas where there is
a more pronounced slope, thus resulting in a greater difference in the RMSE values than the
western extent of the study area. This is better illustrated in Figure 95, which shows the same
difference value raster draped over the DTM model of the study area.

Figure 95: DTM and slope RMSE difference raster draped over a DTM model

The value added by the geographical slope and altitude parameters to the forecast averages 0.62C.
Given that the night in question wasn‟t particularly cold, was not part of a prolonged cold spell and
was only part of a small study area it can be considered that the this value represents a marked
difference from a base forecast and has been shown to have an impact on the crossing time and
minimum temperature for the forecast points in the study area. Of all the geographical parameters,
the slope and altitudinal calculations had the biggest impact on the base forecast. However, this is
to be expected due to the relationship between altitude and air temperature, and the effects of the
slope has upon water runoff, air movements and solar radiation calculations. These elements play a
key role in ice formation, and the DTM and slope values are seen as essential to the forecasting
model due to the well established relationships described above. The other geographical variables
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represent value-added elements to the GRIP model and the impact of these is more of an unknown
quantity particularly using the modelling techniques in this research.
8.7.2

Sky-view and screening factors

It has been established in the literature that the sky-view factor plays a leading role in the air
temperature and RST. The literature demonstrates that this is particularly true in rural or forested
areas where the urban heat Island has less of an impact ((Karlsson (2001); Bogren et al., (2000),
Postgård and Gustavsson (2000)) but also has an impact in urban areas (Svensson, 2004). However
these trials have predominately been conducted in colder climates (Sweden, Poland and Denmark),
and where the air and road surface temperatures are lower. There has been little work to date about
the impact of sky-view factors in a more temperate climates such as those found in the UK and in
particular the impact of the sky-view and screening factors as derived from a GIS based model.
Although using only a small study area, initial results indicate that the sky-view factor and
screening factor still have an important impact on the RST temperature. Analysis of the RMSE
errors for the forecast temperatures show that the most pronounced differences are to be found in
areas where there is a combination of buildings and trees that have the lowest sky-view factor and
provide screening from incoming radiation throughout the day. This is particularly prevalent at
UKHA034000142 where the sky-view factor is ~sky-view0.48 - sky-view0.51 depending on the
data source. At this forecast point the combined impact of the building and vegetation sky-view and
screening factors is 0.69C, with greater impact coming from the vegetation screening factors. In a
more urban area the value of high resolution data becomes apparent, a calculation of building
heights using the NextMap data resulted in an RMSE of 0.708C, for the HDS data it resulted in a
RMSE of 0.812C. Although not as pronounced as the slope and altitude effects, over a prolonged
colder period the tenths of degrees differences caused by the sky-view and shading factors will
have an impact on the sub surface temperature over a prolonged period of time. Svensson (2004)
has used regression analysis to examine the relationship between the sky-view factor and air
temperature in urban areas. Using the techniques described by Svensson (2004), a comparison has
been made between the sky-view factor and RST temperature for the study area in this research.
The regression was calculated using the average of the temperatures for each point of the twentyfour hour period in question and plotting the corresponding average against its sky-view factor.
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Figure 96: Sky-view Factor vs RST

As Figure 96 illustrates there is a negative correlation between the sky-view factor and the RST, as
the sky-view factor increases the RST decreases. However the correlation is not as pronounced as
in Svensson's (2004) study. A Pearson Product Moment analysis of the two variables showed that
although there was a correlation it was not highly correlated for this study area with the r2= -0.365,
and in fact suggests that the correlation between the sky-view factor and RST in this study area is
weak.
Although the direct impact of the screening and sky-view factors on the RST temperature is limited
in this study area there are some impacts on the RST. These impacts of 1/10 of a degree centigrade
may not have a huge impact on the RST for that particular night but, as alluded to before, the
impacts on the sub surface temperature for the following days forecast will be affected. The
alteration of the sub surface temperature can have an significant impact on a forecast over a
prolonged period of time. The difference in the Sub Surface Temperatures (SST) is illustrated in
Figure 97.
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Figure 97: SST

8.7.3

Population calculations

The population calculations are used in the GRIP as a proxy to model the urban heat island effect to model the differences in the cooling of the road surface due to the heat emitted by human
activity. There are a number of sources available for the population data that have been discussed
in more depth previously. However the impact of the population calculations in relation to the other
geographical parameters needs to be assessed. Using the same approach as for the DTM
calculations and building and vegetation calculations a comparison of all the variables can be
made. The population calculations accounted for the biggest difference after the altitude and slope
calculations. On average for all the points in the study area, it resulted in an 11% deviation from a
base forecast with altitudinal and slope geographical parameters included. If the forecast points that
don't have any population calculations associated with them - due to their proximity to a population
centre – are removed from the sample then the population calculations become the overriding
geographical parameter with a 59% deviation from a base forecast with altitudinal and slope
parameters included. These finding highlight the importance of using high resolution population
data to model the urban heat island effects as it plays a vital role in the modelling of RST‟s over a
given period. The population calculations impact on the crossing time and minima of a forecast
points within in an urban area and are as important, in this study, as the altitude of the forecast
point in urban areas.
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8.8 Summary
Of all the data used to model the microclimate, the LiDAR data produced the most accurate GIS
model and resulted in the most accurate RST. However, the impact of using LiDAR data (1m grid)
- although resulting in a difference in the sky-view factor - is not enough to have a significant
impact on the resulting forecast when combined with the other geographical parameters. Given a
more sustained period of cold weather or in a colder climate, the small variations in the forecast
and resulting sub-surface temperatures could have more of an impact on future forecasts.
Essentially the differences in the GIS model with regard to building height and vegetation height
discussed in Chapter 7 did not have a major impact on the forecast. This may have been due to
coarse resolution the forecast was conducted at. The forecast points in the trial area were placed
every 200m, it could be by chance that the microclimate for each of the forecast points were
similar. Future work could include running the model at a finer resolution (e.g. 10m intervals) and
running trials at a number of different locations, which would eliminate the chance of coincidental
microclimates. To examine the minor differences in the forecasts would require a sustained period
of cold weather (several weeks), and possibly in a colder environment where the temperature drops
more rapidly to lower minima‟s than normally found in the UK. This extended forecast data, which
would also require to the meteorological conditions to be similar so that the differences in the RST
could be attributed to model parameters as opposed to meteorological differences, was not
available at the time the research was conducted. An extended trial over a number of weeks would
give a better impression on how the data affects the sub surface temperatures surrounding the
forecast point, which in turn would influence the resulting RST.
The influence of the population data upon the forecast was pronounced, and seems to indicate that
accurate population density estimates, at high resolution, results in more accurate forecasts in terms
of crossing time and minimum temperature. The GRUMP data does improve the base forecast but
when compared with the census-based data it proves to be a poor indicator of the urban heat island
effect. Within the census, data types the higher resolution output area data was shown to influence
the forecast more than the super output area data, and more accurately predicted the forecast
temperature and pattern of cooling and warming for road surfaces in or near urban areas.
It has been shown that of the eighteen geographical parameters calculated there are more dominant
parameter groups with regard to the resulting RST than others. In particular the slope and altitude
parameters derived from the DTM model play a major role as do the population calculations, the
combination of both of these parameters account for approximately 98% of the variation from the
base forecast. However it has also been shown that although the sky-view and shading factors have
a lesser impact that the other variables they still have an important impact on the forecast and
cannot be discounted has irrelevant. Moreover it has been shown that the sky-view factor plays a
greater role in more urban areas and prolonged colder climates (Karlsson (2001) and Postgård and
Gustavsson, (2000)) than those experienced in the study area in Hampshire at present. It has been
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shown in this research that although there are dominant geographical parameters within the forecast
it is the combination off all the parameters that results in accurate forecast - not just for a given day
but for a prolonged period of time.
Examination of the modelling process shows that there seems to be an optimal search radius
surrounding each forecast point of 1000m. Reducing the search radius from the horizon (12,800m)
to 1000m resulted in a 99% reduction in the amount of building calculations required but only an
average of 0.0033C RMSE error between the full horizon based forecast and the 1000m based
forecast. The efficiency improvements of the modelling process by using a 1000m radius probably
outweigh the minor temperature differences, however a more detailed study would be required
before the search radius was applied globally to the GRIP model.
The quality of the data used in these calculations has been shown to have an impact on the forecast
with the higher resolution data often resulting in a more accurate forecast – but not a major impact.
In this trial a weather station was used as a proxy for the RST in the study area, however the
accuracy of the different forecasts with regard to real road surface temperatures is difficult to
measure due to the spatio-temporal nature of the microclimate. A more accurate trial would require
a sophisticated network of sensors embedded in or near the road to record accurate RST. Future
work could also use the latest high resolution infra-red imagery to assess road surface temperatures
for a given night.
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CHAPTER 9.

CONCLUSIONS

9.1 Reflections on the research
This research set out to investigate the following research questions under the premise that a GIS
model can be used to replace field-based survey methods:


Can a GIS be used to generate geographical parameters for a network forecast and replace current
field-based survey methods?



What is the impact of GIS data quality on the resulting network forecast?

The use of route specific forecasts has become a principal component in helping a highway
engineer to make an informed decision on whether to grit a route on a given night. Traditionally
this network forecast has relied on a number of field-based surveys of a road network as a main
input to a forecast model. Although recording actual variables these surveys are often expensive,
time-consuming, lack repeatability and represent the state of the microclimate at a fixed interval.
This research is centred on developing a GIS model and methodology to generate geographical
parameters for use in the GRIP model - the core component in AMI's network forecasting service with the aim of providing a viable alternative to field-based survey methods. The specific aims
identified for this research were:


To review the current ice prediction/network forecasting literature to establish and scrutinize current
practice



To review the relevant GIS literature and data



To develop and test a methodology in a real world scenario to support the substantive argument of
this research



To assess the impact of the methodological variations on a network forecast



To assess the impact of GIS data quality on the GIS model and the resulting network forecast
To develop a web based GIS for the timely delivery of network forecasts

The literature review identified the components of ice prediction models that are essential for
producing a network forecast. Furthermore, the literature review provided the basis from which a
GIS methodology could be developed to enhance and/or replace current practice within the field. In
this research a methodology was developed and trialled to provide the necessary geographical
parameters to AMI's GRIP model and thus provide a network forecast for the county of Hampshire
for the winter period 2006/7. Upon completion of the successful trial, an ArcGIS Desktop
extension was developed to refine the methodologies developed. The methodologies and main
Hampshire trial discussed in chapters 4 and 5 support and provide evidence for the main premise
for this research. The refinement of the methodology and development of a software tool enabled a
sensitivity analysis to be conducted on the GRIP model to explore the impact of data quality and
methodological variations on the resulting forecast as discussed in chapters 7 and 8. These further
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trials added further evidence to support the premise as it illustrated how, and to what extent a GIS
model influences a forecast. Further to this, a web based GIS was developed as a means to
disseminate the forecast to the end user using ESRI ArcIMS, which is discussed in chapter 6.
The original contribution of this research lies in three main areas; firstly a purely GIS desktop based
approach to producing a network forecast has not, according to the published literature, been attempted
before. Current methods for producing a network forecast do model aspects of the spatial distribution of
parameters in a GIS but all of them, to the author's knowledge, still rely on some form of thermal
mapping, sky-view survey or both as the basis of the model. By employing a desktop-based, a new and
innovative approach to producing a network forecast is developed which introduces repeatability to the
forecasting process, thus allowing adjustments and improvements to a forecast on a timely basis.
Secondly, the impacts of GIS data quality and varying the modelling methods on a network forecast
have not been investigated. The amount and quality of data is improving rapidly. Analysis of the
impacts of the quality of the data on the forecast can be used to improve the network forecast GIS
model by feeding the information back into the methodology used in this research. Finally, at the time
of this research there were very few dynamic web based GIS systems described in the literature,
particularly in this paradigm. The use of a web based GIS, in this paradigm, therefore represents a
contribution to this field.

9.2 Limitations of Research
Several limitations to this research are acknowledged. Firstly, the trials were limited to using one
weather model - the GRIP model. This was due to the commercial restrictions surrounding the
research and the weather model in particular, and finding a willing county council who were happy
to conduct trials as part of this research. For a more robust assessment of the GIS model, it would
be necessary to carry out further trials using alternative weather models - if they exist. This would
enable the research to be further refined and provide a better assessment of the impacts of the
geographical parameters on the resulting RST. Secondly, further trials need to be implemented in a
range of different topographies and climatic zones, this would allow a more robust assessment of
the methodology and data and their impact on the RST. A single trial, although providing a good
base set of results, for example does not show how the geographical parameters and data quality
may vary in topographically different areas and how this affects the RST. Associated with this is
the use of weather stations to record RST and SST temperatures. The main reasoning behind
introducing geographical parameters the forecasting process is to model the spatial variations in
microclimate. By relying on a weather station that is situated in the locality of the smaller trial area
in the north of Hampshire, the recorded variations in temperature can only act as a proxy for the
actual RST for each forecast point. To obtain a more accurate reading on the RST a set of road
sensor networks or manual laser temperature recordings are needed. Thirdly, the use of software
and design of the web-mapping portal was strongly influenced by the industrial partners through
their experience and use of established software packages. As a result, there was a limited scope to
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investigate alternative software solutions. Finally, the trials were conducted over a mild British
winter with not many marginal nights. This has limited the testing of how the geographical
parameters influence the SST over a prolonged cold period. Further trials would enable a more
detailed assessment of how the geographical parameters and data quality affect the sub-surface
temperatures in colder conditions when incoming solar radiation is limited.
9.3 Main Findings
The main findings of the research can be grouped into two sections - the success of the modelling
in terms of the resulting forecasts and impact on Hampshire County Council's gritting regime and
secondly the impact of the quality of the spatial data upon the forecast. The initial results from the
Hampshire trials indicate that the GIS techniques used to create the 3D model can enhance, if not
replace, the surveying techniques used in previous ice prediction models. The model has saved
several unnecessary gritting runs for the season 2006/7 which will, given a continued reduction in
unnecessary gritting runs, reduce the environmental impact of gritting, reduce road maintenance
needs, reduce accidents caused by over gritting and ultimately save money and lives. Specifically
the development of desktop-based surveying methodologies reduces the time and money required
to produce a forecast as there is no need to conduct surveys. Moreover, the assumptions a thermal
map survey makes on fixed climate zones, as discussed in section 2.5.2, are not encountered using
this methodology. The dissemination of the forecast through a web-mapping portal although
successful, needs work to provide a more robust tool and to incorporate user feedback into the
system. Further work would also need to be carried out in the archiving of forecast data to provide
a more complete system. Associated with this there is a need to conduct further usability analysis
requirements and specific elements of the portal to improve the quality (e.g. the reporting tools).
More specifically the results of fieldwork show that building heights can be successfully derived
from relatively coarse resolution digital surface models within an RSME 0.4m. However, this
RMSE value has been calculated from a relatively small sample. A larger sample size would need
to be analysed to fully assess the accuracy of the building height extraction techniques.
Furthermore, the building height calculations are for a simple shape that does not model roof
structures. Models of more complex building structure would require higher resolution data and a
more complex modelling process. Potentially, one of the most interesting findings of this research
is the improvement in building height estimates using the NextMap data. By adding the reported
systematic error to the estimated heights and recalculating the error residuals and RMSE, there is
an 11% improvement in the accuracy of the building height calculations when using the NextMap
data.
From a forecasting perspective, a 97% accuracy rate is very impressive and the only poor forecast
has been attributed to a systematic error within the weather forecasting model. However the south
coast of England is a temperate climate and does not often experience extreme low temperatures
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and prolonged cold periods that other prevalent in other regions of the UK and abroad. Further
trials in regions that offer different topographic and climatic conditions are needed to make a full
assessment on the accuracy of the geographical parameters and the weather model as a whole.
From a data perspective, the variety of data available that is suitable to use for the mass calculation
of building and tree heights, slope and elevation calculations and population calculations is
increasing year on year. The quality of the data used in these calculations has been shown to have
an impact on the forecast with the higher resolution data often resulting in a seemingly more
accurate forecast. However, the impact of different data sources on the RST is difficult to assess
with regard to real road surface temperatures due to the spatio-temporal nature of the microclimate.
As highlighted in the limitations, this research relied on pre-existing weather stations to record the
actual temperatures for the forecast period. A sophisticated network of sensors embedded in the
road would be required to conduct a more accurate assessment of the impact of data quality.
Given the current data coverage for Hampshire the NextMap data source is currently the only
option for the mass modelling needed to survey the whole of the network, but as the coverage from
other data sources improves, the LiDAR data source has been shown to provide the best option for
surveying the road network from a desktop-based survey. The LiDAR data has a fine enough
resolution to provide accurate building and tree heights, as well as accurate elevation and slope
calculations. The impact of generalising the data to a 1m grid – although resulting in a difference in
the sky-view factor, is not enough to have a significant impact on the resulting forecast when
combined with the other geographical parameters. However, given a more sustained period of cold
weather or in a colder climate the small variations in the forecast and resulting sub-surface
temperatures could have more of an impact on future forecasts. To examine the minor differences
in the forecasts would require a sustained period of cold weather (several weeks), and possibly in a
colder environment where the temperature drops more rapidly to a lower minima than normally
found in the UK. This extended period of cold weather, which would also require the
meteorological conditions to be similar so that the differences in the RST could be attributed to
model parameters as opposed to meteorological differences, was not available at the time the
research was conducted.
Of all the GIS datasets used in this research, the influence of the population data upon the forecast
was pronounced, and suggests that accurate population density estimates, at high resolution, result
in more accurate forecasts in terms of crossing time and minimum temperature. The GRUMP data
does improve the base forecast but when compared with the census-based data it proves to be a
poor indicator of the urban heat island effect. Within the census, data types the higher resolution
output area data was shown to influence the forecast more than the super output area data, and
more accurately predicted the forecast temperature and pattern of cooling and warming for road
surfaces in or near urban areas.
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It has been shown that of the other seventeen geographical parameters calculated the slope and
altitude parameters derived from the DTM model have a major impact on the RST, the combination
of the slope, altitude and populations parameters account for approximately 98% of the variation
from the base forecast. However, it has also been shown that although the sky-view and shading
factors have a lesser impact than the other variables, they still have an important impact on the
forecast and cannot be discounted has irrelevant. It has been shown in this research that although
there are dominant geographical parameters within the forecast it is the combination of all the
parameters that results in accurate forecast - not just for a given day but for a prolonged period of
time.
Examination of the modelling process shows that there seems to be an optimal search radius
surrounding each forecast point of 1000m. Reducing the search radius from the horizon (12,800m)
to 1000m resulted in a 99% reduction in the amount of building calculations required but only an
average of 0.0033C RMSE error between the full horizon based forecast and the 1000m based
forecast. The efficiency improvements of the modelling process by using a 1000m radius probably
outweigh the minor temperature differences. However, a more detailed study would be required
before the search radius was applied globally.
As part of the research process two pieces of software were developed. The first piece of software
was the development of a tool for ArcGIS to model the microclimate using the GIS data. Chapter 5
summarises the design and implementation of a GIS tool to facilitate the production of
geographical parameters for the GRIP model. The microclimate survey tool for ArcGIS was
designed and implemented in VB.NET to facilitate this research by streamlining the methodologies
developed as part of this research. The tool was used extensively to generate geographical
parameters for this research and generally produced excellent results and information for the GRIP
model and the GIS user. The tool was designed to be used by experienced GIS users, not by the
public, and as such, it was not deemed necessary to conduct any usability testing for this particular
part of the research. However if there was a need to make this tool more widely available then
some form of usability survey would be required to feed back into the software design process.
Moreover, as analysis techniques, software and data availability develop it would be necessary to
update the software to maintain its functionality and the accuracy of the data being produced by the
tools. The second piece of software developed was an internet portal to convey the resulting GRIP
forecast to the end user, this was discussed in section Chapter 6. The main purpose of developing
an internet portal was to provide a method for delivering the results of a geographically enhanced
forecast to the end user in the form of a map based forecast. Although only at a prototype stage it
has been shown that, the application successfully delivers the forecast to the end user without too
many usability issues – as shown in the usability test conducted as part of the research. However,
there are several elements of the website need to be improved. The speed and stability of the
application needs to be improved coding and performance tuning, such as compression of data and
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code and map tile caching. A dedicated database server would certainly improve the overall
performance of the system and reduce system loads and the web server. The net result would be an
improvement to the end-users experience and provide a more accurate and rapid information
service. Other usability issues highlighted in the survey would also need to be improved upon, and
finally a more rigorous testing regime would be required before rolling out the application. This
testing phase would require a larger end user sample size to uncover bugs and usability issues not
previously identified.
9.4 Achievements
This research set out to establish whether the premise that a GIS model can be used to replace fieldbased survey methods: It has been shown through the body of this thesis that a GIS can
successfully be used to generate a set of geographical parameters that can be used to model the
microclimate surrounding road network. Several achievements in this research are particularly
pleasing. Firstly, modelling a whole county in 3D was a big undertaking and resulted in large
datasets, the only way to conduct this sort of analysis was to write software to perform the
calculations. Given the relatively little programming experience I had at the beginning of this
research one of the major personal achievements is learning to program to a good standard.
Developing software for the microclimate survey tool and for the website resulted in a variety of
different programming languages being learnt including VB.NET, ArcObjects, ASP.NET,
JavaScript and SQL. Without learning these skills, it is doubtful whether this research would have
been a success. Moreover, developing a web based GIS - although not one of the primary research
objectives - has proved to one of the most rewarding aspects of this research. At the time of
developing the forecast website there were very few dynamic websites available that offered
similar capabilities as those developed as part of this research. Given the opportunity, I believe this
website could be developed into an excellent forecasting service, which would definitely improve
the timeliness and efficiency of the forecasting process. Secondly, learning to capture and analyse
data using an HDS for use in this context is relatively novel. Using a relatively new piece of
technology successfully and providing an added dimension to the research proved to be very
satisfying and enjoyable. Moreover, the techniques developed in this research for using an HDS
can be used in other research areas that require similar data capture (e.g. Environmental Impact
Assessments, 3D modelling etc). Finally, the biggest achievement of this research has been the
successful completion of the research objectives under sometimes-difficult circumstances. It has a
very rewarding experience and I feel this research has gone a long way to a fulfilling the research
premise outlined in the introduction.
9.5 Future Work
The main area that needs further research is the rolling out of trials across different counties - and
different microclimates - to provide a more robust set of trial data that can be used to better assess
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the impact of the geographical parameters on the forecast. It is recognised that a limitation of this
research is that the trials conducted in this research were done so under relatively mild climatic
conditions with topography that is relatively flat. It would be interesting to see the impact of the
geographical parameters in a climate that experiences prolonged colder periods and in landscapes
where there is a greater variety in the topographic features. These trials would allow for the
refinement of the methodologies developed and introduce the possibility of conducting further
sensitivity analyses under different topographic and climatic scenarios.
Further to this the quality and quantity of data available for a GIS is rapidly expanding with the
introduction of near infrared imagery, more detailed DSM's and higher resolution photography.
The improvements in the data quality coupled with improvements in GIS techniques and
computing power will need to be reassessed in any future work to make sure that the highest
quality geographical parameters are being extracted from the model and to ensure that the
microclimate is being modelled as accurately as possible. Further research is also needed into the
mass modelling of buildings – the modelling of large numbers of building heights over a wide area
has shown that that the addition of the residual error of the NextMap data to the calculated height
may result in an improved estimation of buildings heights. This is certainly worth investigating
further to develop a more robust mass modelling technique. Moreover, the testing of the
methodological elements of this research has shown that optimisation of the model parameters
results in significant reductions in calculations times and model efficiency, more investigative
research would be worthwhile to optimise the GIS model. Finally, it would be interesting to be able
to a direct comparison between two weather models, one using the traditional surveyed data and
one using the new techniques developed in this research. However due to the commercial
sensitivity of the weather models and the fierce competition between vendors it would be unlikely
that this direct comparative research would be able to be conducted.
9.6 Final Thoughts
Overall the research has successfully demonstrated that a microclimate can be modelled using a
GIS without the need for specific route based surveys. Using readily available spatial data eighteen
parameters were extracted and incorporated into a weather forecasting model to provide forecasts
for the winter season 2006/7. It is argued that there this approach would provide a more efficient
and cost effective way of developing network forecasts and introduce a degree of repeatability that
is not currently available in the survey-based methods. In conclusion, this research has shown that,
given more trialling in alternative locations and microclimates, the methods developed in this
research could move the paradigm away from network based surveying techniques to a more
modern GIS based techniques. With future developments in computing power, GIS modelling
techniques and data acquisition advancements the prospects of this research becoming a viable
alternative to a survey based approach to network forecasting are promising.
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Appendix i.

Fieldwork Raw Data

Building ID

Estimated Height

Recorded Height

0

6.75

6.82

1

6.75

8.28

2

5.29

6.66

3

5.06

6.66

4

6.75

6.73

5

5.29

8.93

6

5.29

8.93

7

5.29

8.93

8

6.23

6.63

9

6

7.84

10

7.96

8.1

11

5.67

6.62

12

5.67

6.62

13

5.67

6.62

14

5.67

6.62

15

5.29

6.62

16

5.29

6.62

17

5.29

6.62

18

5.29

6.62

19

5.29

5.88

20

6.23

6.41

21

6

7.79

22

6

7.79

23

6

7.79

24

6.23

7.79

25

5.29

5.88

26

5.29

5.88

27

6.75

8.63

28

6.23

8.5

29

6.23

6.53

30

6.23

6.53

31

6.75

7.32

32

5.29

6.06

33

5.29

6.06

34

5.29

6.06

35

6.23

5.61

36

5.06

4.73

37

5.06

4.73
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38

5.06

4.73

39

5.06

4.73

40

5.06

4.73

41

5.06

4.73

42

6.23

6.71

43

3.78

5.06

44

3.78

5.06

45

3.78

5.06

46

3.78

4.83

47

3.98

4.83

48

5.29

7.45

49

3.86

5.06

50

4.36

5.06

51

3.78

5.06

52

5.67

8.22

53

5.67

6.73

54

6

6.73

55

5.29

6.66

56

4.36

2.68

57

3.98

4.66

58

4.36

4.63

59

4.36

4.62

60

4.36

4.45

61

4.36

5.56

62

4.36

2.7

63

4.36

6.44

64

3.98

3.39

65

4.36

2.35

66

3.98

3.2

67

4.36

4

68

4.36

3.16

69

4.36

3.2

70

4.36

3.73

71

4.36

6.38

72

3.98

2.5

73

4.79

6.48

74

4.36

4.63

75

4.79

4.78

76

4.36

4.98

77

3.98

2.35

78

4.36

3.01
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79

3.98

3.22

80

3.98

6.73

81

3.98

2.15

82

4.36

4.33

83

4.79

6.71

84

3.98

4.89

85

3.98

2.81

86

3.98

4.52

87

3.98

3.29

88

4.5

3.37

89

8

7.69

90

7.93

8.38

91

7.55

5.93

92

7.37

6.93

93

4.46

3.68

94

6.48

5.55

95

8.99

7.76

96

7.38

6.09

97

5.96

5.92

98

8

6.81

99

7.59

5.83

100

8.08

6.17

101

7.66

5.83

102

5.66

5.49

103

7.7

6.74

104

7.61

7.1

105

8.53

6.89

106

4.46

3.74

107

9.71

8.79

108

6.78

6.54

109

6.57

5.51

110

9.88

9.14

111

6.28

4.73

112

7

6.82

113

6.67

5.62

114

7.74

5.82

115

7.95

6.31

116

8.84

7.4

117

8.83

8.2

118

7.12

5.25

119

7.48

6.52
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120

5.92

4.71

121

4.79

2.96

122

7.68

7.15

123

6.04

4.43

124

7.33

7.17

125

8.91

8.11

126

5.33

4.09

127

4.7

4.26

128

7.66

7.3

129

6.06

4.63

130

7.39

6.64

131

5.96

5.13

132

7.95

7.79

133

8.9

8.68

134

9.25

8.76

135

5.83

5.16

136

6.35

5.31

137

9.46

8.46

138

8.45

7.35

139

6.52

4.92

140

4.9

3.68

141

8.62

6.66

142

9.92

9.88

143

5.85

5.18

144

9.81

7.83

145

5.46

4.29

146

7.1

5.43

147

5.66

5.13

148

9.53

8.69

149

7.07

6.54

150

6.86

6.58

151

6.28

6.26

152

6.55

4.91

153

9.88

8.11

154

5.01

3.59

155

8.8

8.11

156

7.56

5.68

157

7.23

5.89

158

9.39

8.27

159

5.88

4.08

160

4.59

3.33
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161

9.56

7.84

162

9.26

8.55

163

7.16

6.19

164

7.71

6.61

165

8.06

7.56

166

9.27

8.68

167

8.96

8.94

168

9.2

8.54

169

9.23

8.08

170

4.22

3.4

171

5.81

5.43

172

5.95

4.05

173

4.3

2.61

174

9.35

8.85

175

8.41

7.88

176

6.68

5.12

177

5

3.81

178

5.05

4.21

179

9.44

8.27

180

7.15

6.95

181

7.55

5.56

182

6.57

6.51

183

5.76

3.88

184

4.48

4.39

185

8.96

8.26

186

9.33

8.8

187

8.18

7.92

188

6.98

5.54

189

7.74

5.92

190

4.83

3.37

191

4.13

2.26

192

7.4

6.13

193

4.13

2.97

194

8.45

8.41

195

9.08

8.06

196

4.51

3.66

197

7.14

6.93

198

4.66

3.21

199

7.64

7.63

200

6.19

4.99
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Appendix ii.

Name

Price

Internet Map Servers

Manufacturers

Pros

Cons

Platform

IDE

Description
ESRI

£5-10k

Delivers dynamic maps and

Provides

Relatively

Windows ,

Visual

ArcIMS

depending on

data via the Web. Create

high levels of

expensive,

Sun

with ADF.

machine

easy-to-use, task-focused

scalability

Slower than

Linux

configuration.

applications that use

and out of

some

geographical content.

the box

IMS.

Develop custom

functionality.

Difficult

applications using industry-

Ability to

install

standard Web development

integrate

environments. Share data

with ArcGIS

with others to accomplish

system

tasks. Implement GIS

through

portals.

ArcIMS

&

Studio

2005

other

to

ArcMap
Server

Lower cost of ownership

Full GIS

Very

Windows ,

Visual Studio 2005

ArcGIS

through centrally managed,

solution

expensive

Sun &

with Application

Server

focused GIS applications

delivered

and difficult

Linux

Developer Framework

that can scale to support

across the

to install.

many users. Browser-based

internet

access to GIS. Integration

allowing

with other enterprise

powerful

systems such as customer

analysis and

relationship management

editing. Also

(CRM) or enterprise

can deliver a

resource planning (ERP)

3D

systems using industry-

environment.

ESRI

Up to £50k

(ADF).

standard software. ArcGIS
Server provides the
foundation for geospatially
enabling a service-oriented
architecture (SOA). Support
for interoperability
standards in both the GIS
domain (Open Geospatial
Consortium) as well as the
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broader information
technology (IT) domain
(W3C). Ability to create
custom applications using
.NET or Java.
AspMap

$799

AspMap for .NET is a set

Cheap and

Basic

of high-performance, Web

relatively

mapping

mapping components and

simple to

output,

controls for embedding

deploy

limited GIS

maps in ASP.NET

Windows

Visual Studio 2005

functionality.

applications (Web Forms).
AspMap gives you the
ability to generate maps,
drill-down capability,
thematic mapping, routing,
vehicle tracking and other
features that - generated on
the server - will make the
maps fully interactive on
the client-side.
Google
Earth

£0 - POA

Massively scalable

Fast reliable

Expensive

Windows,

architecture publishes

system with

for enterprise

Linux

terabytes of geo-data to

good quality

solution.

many users from a server

base data.

Limited GIS

cluster

functionality

3D view provides a

for analysis.

complete picture of the area

Requires

of interest by fusing

Client

imagery, elevation data,

software to

points, lines polygons, 3D

be

models, and dynamic KML

downloaded

Browser-based 2D Maps
view gives your users a
Google Maps like view of
your imagery and vector
data, inside your network.
Fluid and responsive
interaction streaming
technology enables easy
exploration of massive
datasets via the Google
Earth Client or browsable
2D maps. Search functions
allow users to search
geographical data attributes
and databases.
Collaboration and sharing
are enabled through built in
tools to email views,
placemarks and annotations
using KML, a flexible
XML format .
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Google

£0 - POA

Maps

Google Maps is a Google

Fast reliable

Initial testing

Maintained

service offering powerful,

system with

showed the

by Google

user-friendly mapping

good quality

mashups to

technology and local

base data.

be slow and

business information --

Customizable

cumbersome

including business

through

compared

locations, contact

mashups and

with other

information, and driving

Google maps

IMS.

directions

API

Enterprise
solution is
expensive for
commercial
use.

The Microsoft Virtual Earth

Fast reliable

Initial testing

Maintained

Virtual

platform is an integrated set

system with

showed the

by

Earth

of services that provides

good quality

mashups to

Microsoft

quality geospatial data, rich

base data.

be slow and

imagery, cutting-edge

Customizable

cumbersome

technology, and dependable

through

compared

performance that helps

mashups and

with other

organizations visualize data

Virtual Earth

IMS.

and provide immersive end-

SDK

Enterprise

Microsoft

£0 - POA

user experiences. Backed

solution is

by a commitment to

expensive for

ongoing investments in

commercial

innovation, driven by

use.

customer feedback, the
Virtual Earth platform
continues to offer new map
detail and precision
imagery, feature
enhancements, and robust
platform capabilities.
AutoDesk

$15000-

The next generation of web

Combines a

Relatively

Windows

MapGuide

$30,000

mapping technology,

variety of

Expensive,

and Linux

Autodesk MapGuide

data sources ,

and online

Enterprise offers a powerful

uses open

demos seem

platform for distributing

source

slow for

spatial information quickly,

technologies

basic

easily and cost-effectively.

Visual Studio 2005

mapping.

Improve productivity and
communications amongst
internal teams, mobile field
workers and customers.
Based on MapGuide Open
Source, Autodesk
MapGuide Enterprise offers
simple deployment and
flexible development
options.
MapServer

Free
Source

Open

MapServer is an Open

Does not

Source development

provide GIS

Fast

Windows
and Linux
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environment for building

analytical

spatially-enabled internet

capabilities

applications. MapServer is
not a full-featured GIS
system, nor does it aspire to
be. Instead, MapServer
excels at rendering spatial
data (maps, images, and
vector data) for the web.
GeoServer

Free

Open

Source

GeoServer is an open

Limited

source software server

analytical

written in Java that allows

capabilities

Fast

Windows
and Linux

users to share and edit
geospatial data. Designed
for interoperability, it
publishes data from any
major spatial data source
using open standards.
Manifold Websites can be

Poor

Fast and

Internet

simple displays that allow

cartographic

Cheap

Map

visitors to view data, turn

rendering

Server

layers on and off and query

and web

database information

development

associated with the map, or

tools.

Manifold

$295 - $475

Windows

they can be elaborate sites
employ custom
programming to enable
users to interact through the
web to edit data as well as
display it.
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Appendix iii.

Questionnaire

Q1. I consider myself an experienced computer user


Strongly Disagree Strongly Agree (1-5 Likert Scale)

Q2. How Familiar are you with GIS and Internet Mapping Software?




Very Familiar
Somewhat Familiar
Not At all Familiar

Q3. How often do you use internet mapping Sites Such as Google Maps, Live Maps





Once a Month
Twice a month
Once a week
More than once a week

Q4.Have you successfully completed the example exercise?
Yes/No
If you haven‟t already done so please perform the example exercise supplied.

Q5. How would you rate the speed of the website?
Too Slow Excellent (1-5 Likert Scale)
Strongly
Disagree
1
Q6
Q7
Q8
Q9
Q10
Q11
Q12
Q13
Q14

Strongly
Agree
2 3 4
5

I found this website unnecessarily complex
I thought this website was easy to use
I think I would need the help of a technical person
to be able to use this website
I found the various functions in the website were
well integrated
I thought this website was too inconsistent
I imagine most people would learn to use this
website very quickly
I found this website very cumbersome to use
I feel very confident in using this website
I need to learn a lot of things before I could get
going with this website

218

Q15. What specific suggestions for improvement do you have for the Display interface?
Text Response
Q16. What Specific things did you like about the display interface
Text Response
Q17. What is your age range?
18-29, 30-45, 46-60, Over 60.
Q18. What is your Gender?
Male/Female
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