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This consultancy report is provided by Stephen Wright (z2276102), Pablo Garcia Valtanen (z3273661) and Johan van Breda (z3280236) as the main report for GEOS9016.

[image: image5.jpg]Erosion Model
327000 327%0 328800





The consultancy report should be read in union with the Metadata Report submitted
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1. EXECUTIVE SUMMARY

The University of New South Wales engaged Triumvirate Transnational GIS Solutions in Feb 2009 to provide GIS support to the selection of a site for expansion of the UNSW Cowan Field Station research and accommodation facilities.

A GIS analysis was conducted of the Cowan Field Station Area and four models were developed using data obtained from various sources including maps assumed to have been developed by the NSW Department of Land, a field survey conducted on 29 Mar 09 and data of unknown origin. Two modeling criteria were applied to the models such that both a medium level of conservation and a high level of conservation were applied to the selection of sites.

Four sites were determined as being suitable for construction with a medium level of conservation applied while two sites were determined as being suitable for construction with a high level of conservation applied. Of these, Site 4 is recommended as being the most suitable under balanced conservation restraints while Site 2 is recommended as the most suitable under high conservation restraints. These sites have a low impact on the local environment, a high ease of construction, low residual construction costs such as road building and connection to existing utilities and high aesthetic appeal.
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Figure 1 : Recommended Sites (Sites 2 and 4)

2. INTRODUCTION

This report has been produced in order to provide a number of GIS solutions to selecting a site for expansion of the UNSW Cowan Field Station research and accommodation facilities. Expansion is assumed to require a minimum of 5000m2 of land (approximately 70m x 70m) and access to water, power and sewerage utilities. The analysis has been restricted to the following boundaries except where the boundaries would affect the analysis (such as the influence of important locations (eg vulnerable mangrove sites) close to the boundaries on sites within the study area):

i. North: MGA Zone 56 N6284205

ii. South: MGA Zone 56 N6278795

iii. West: MGA Zone 56 E325448

iv. East: MGA Zone 56 E330505

2.1
OVERVIEW OF THE REPORT

2.1.1
Aim

The aim of this report is to provide recommendations to UNSW as to the most suitable sites for allowing expansion of existing research and accommodation infrastructure at the Cowan Field Station.

2.1.2
Objectives

The objectives of this report are to ensure understanding of the methodology of the modeling conducted, how the data available has been utilised and the methodology of the site selection such that the client can verify, request further investigation or reject the recommended sites as required.

2.2
LOCATION
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Figure 2: Location of Cowan Field Station
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2.1.1
Existing infrastructure

There are three existing buildings that are located approximately 200m south of the junction of Glendale Rd and the Eastern Fire Trail. Additionally, a number of enclosures have been constructed immediately north east of the existing buildings and cover an area of approximately 200m by 200m.

Mains power is provided to the existing infrastructure but does not run any further north than the southern junction of Glendale Rd and the Eastern Fire Trail. It is assumed that sewerage and water utility coverage is similar to the mains power coverage (in terms of location).

2.1.2
Terrain

The terrain surrounding the Cowan Field Station is very undulating with few locations having areas of extended flat ground, thus restricting suitable construction sites. Two main ridgelines run approximately north off the plateau on which the existing infrastructure of the field station is sited. Glendale Road runs along the plateau and then the north western ridgeline. Another minor track, called the Eastern Fire Trail, runs along the top of the north eastern ridgeline. The two tracks converge approximately 1.5km to the north. Numerous spurs and creeklines run off the two main ridgelines and make construction of roads and buildings in the area difficult.

2.1.3
Fauna & Flora

The area surrounding the Cowan Field Station is generally open woodland of medium vegetation which consists mostly of eucalyptus and other native species. There are few cleared areas, these being primarily in the immediate vicinity of the Cowan Field Station infrastructure where enclosures have been constructed for scientific studies of various animal species.

There is a particularly high density of threatened fauna and flora in the area around Cowan Field Station. The threatened fauna include such species as the Red-Crowned Toadlet, Eastern Pygmy Possum, the Glossy Black Cockatoo and variety of Owl species.

2.1.4
Watercourses

A major tributary of the Hawkesbury River bounds the Cowan Field Station to the north and west. It is a major water system with a width of at least 200m in the local area.

Minor creeks run through the Cowan Field Station area into the Hawkesbury River system but most are seasonal and only flow in periods of rainfall.

2.2
AVAILABLE DATA

The data that was initially used in analysis and developing further data included the following:

	Data
	Data type
	Geometry type
	Feature class

	Vegetation
	Shapefile feature class
	Polygon
	

	Mangroves
	Shapefile feature class
	Polygon
	

	Threatened
	Shapefile feature class
	Point
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	fauna
	
	
	
	

	Threatened
	
	
	
	

	flora
	Shapefile feature class
	
	Point
	

	Infrastructure
	Shapefile feature class
	
	Line
	

	GPS survey
	Shapefile feature class
	
	Point
	

	Fire trails
	Shapefile feature class
	
	Line
	

	DEM
	Shapefile feature class
	
	Line
	

	Spot heights
	Shapefile feature class
	
	Point
	

	Contours
	Shapefile feature class
	
	Line
	

	Creeks
	Coverage feature class
	
	
	Arc

	Fuel load
	
	
	
	

	components
	Raster
	
	
	


Table 1: Data used for modeling

3. MODELS

3.1
EROSION MODEL

The erosion model is based on the Universal Soil Loss Equation (USLE) developed by Wischmeier and Smith in 1965 (Selby, 1993). The USLE has been modified by several authors to solve some of its flaws which included lack of real-environment applicability and is now called the RUSLE.

Equation 1:
A = R*K*L*S*CP
(Selby, 1993)

where A = the soil loss (tonnes/ha/yr) R,K,L,S and CP are as described below.

ERODIBILITY FACTOR.

The K factor relates to both susceptibility of soil to erosion and the rate of runoff. Low values of K indicate that the soil is resistant to particle detachment (Institute of Water Research, 2002).

The K-factor values are derived using Table 2 from Rosewell (1993). The raster generated is itself a function of the DEM, flow accumulation, slope, and NDVI and greenness indices, correlated with the K factor values from the survey using a decision tree (Laffan, 2009a).

SLOPE GRADIENT FACTOR.

Moore and Burch (1986) argue that since the slope and length factor (SL) of USLE is based on empirical data it fails to account for all of the hydrological processes that affect runoff and erosion. Therefore, the slope gradient (or steepness) factor is based on a modified equation of that of the slope gradient factor in the USLE. An S factor derived from unit stream power theory (Moore and Burch, 1986) has subsequently been implemented and it can be written as:

Equation 2:
S = sin (slope/0.0896)1.35
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The exponential is 1.3 in the original formula from Moore and Burch, however a value of 1.35 has been used in this case as per Selby, 1993 (Musgrave 1947, cited in Selby, 1993, p.225).

SLOPE LENGTH FACTOR

The L factor was also modified by Moore and Burch by using unit stream power theory.

Equation 3:
L = (al/22.13)0.4
(Moore and Burch, 1986)

Tarboton developed an algorithm to be used in GIS software such as ArcGIS. In such software the parameter a which relates to the flow accumulation area is substituted by A/L where L is the cell size and A is the flow accumulation calculated using his algorithm. Therefore, L from equation 3 can be redefined as per equation 4 below when dealing with slope length factors in a Digital Elevation Model (DEM).

Equation 4: L = [Flow Accumulation * (Cell size / 22.13) ]0.4 (Tarboton, 1994)

Several of the literature pertinent to this factor provides conflicting assessments of what exponential should be applied to Equation 4 (Moore and Burch, 1986). For the modeling in this case, a value that was in the middle of those recommended was applied.

The critical slope length, 150m, over which increases in the distance do not have a significant effect on the erosion (in our erosion model) is given by:

Equation 5:
Xmax (meters)= 153.98 – loge (45.02)
(Rosewell, 1997)

CROPPING AND PRACTISE FACTOR

The CP factor relates to the susceptibility of the existing vegetation cover to erosion. A value 0.004 was assigned to the portions of the study area covered by vegetation (table D-2 in Rosewell, 1993). This value relates to erodibility of soils with 60% vegetation coverage. For cleared areas this value is 0.042 (table D-3 in Rosewell, 1993). A value of zero was given to all sealed roads as these roads will have negligible erosion resulting from them.

The values used for this factor do not take into account different types of vegetation or different levels of cleared areas (ie the level of intermediate vegetation that actually covers the cleared land).
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RAIN FACTOR

A value of 3000 was used for the rain factor, extracted from Rainfall erodibility

(R) values for New South Wales map (Figure 2, Rosewell, 1993). The source used to obtain this value, while comprehensive, provides coarse values over large areas of New South Wales as opposed to particular values for the study area in question (or even a study area similar to this one). Thus, this can be judged to be a source of uncertainty in the model.

2.3.2
Erosion Model Values

Figure 3 details the factors applied in the Erosion Model and their relative values over the study area. Figure 4 details the values of the final model and shows the areas that due to slope steepness, slope length, vegetation cover and rainfall erodibility, are likely to lose excessive amounts of soil over time as denoted by the areas of blue colour.
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Figure 3: Factors of the erosion model
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Figure 4: Erosion Model

3.2
FIRE DANGER MODEL

The fire model used for this report is based on a simplified equation of the McArthur forest fire danger meter Mark 5 developed by Noble et al (1980). It is a function of various factors including air temperature, relative humidity, wind velocity, fire fuel weight and moisture content, degree of fuel curing and the energy that the fuel will burn with.

The values used in the equations set out by Noble were obtained both in the field, from the Bureau of Meteorology and from other literature as detailed. In all cases, worst applicable scenarios are used. The following table details the values used and the reasons for using them:
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	Factor
	Value
	Justification / Assumption

	
	Applied
	

	D
	10
	When D is set to values greater than 10 the fire intensity and the

	
	
	. T

	
	
	rate of spread is overestimated (Sirakoff, 1985)   he worst case

	
	
	scenario is thus D to a value of 10.

	T
	0
	Maximum temperature in Cowan area (BOM, 2009).

	
	37.2 C
	

	H
	15%
	Lowest relative humidity in Cowan area (BOM, 2009).

	V
	40km/h
	Assumed

	C
	80%
	Assumed

	W
	Variable
	W is calculated by summing all the fuel components that were

	
	over the
	measured in a field survey conducted in the study area on 29th

	
	area -
	Mar 09 (elevated fuel component, bark fuel component, and

	
	tonnes/ha
	surface fuel component). The values of each of these components

	
	
	was estimated using Table 3 in the Overall Fuel Hazard Guide

	
	
	(McCarthy et al, 1999). This data was then converted into a raster

	θ
	Variable
	file covering the entire study area.

	
	
	Slope was calculated using an algorithm based on the maximum

	
	over the
	change in elevation values from one 10m x 10m Digital Elevation

	
	area -
	Model (DEM) cell to its surrounding eight cells. This was calculated

	
	degrees
	in ARCGIS9.3 and was based on the DEM described in the Metadata

	
	
	Report already submitted.

	E
	18600J
	Assumed as the mean energy that Eucalyptus will burn at.
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Table 2: Factor values used in the fire model

The rate of spread of fire for different types of forest vegetation, including mangroves, has not been taken into consideration. Rather the wooded area has been assumed as one type of vegetation and a single factor applied to it. While this may seem an inaccurate method, Gould et al asserts that the rate of spread of fire is a function of fuel moisture content, wind speed, surface fuel load and near surface fuel load (Gould et al, 2007). Thus it has been assumed that the type of vegetation does not play a major role in determining rate of spread of fire.

Sudden shifts in wind direction have also not been taken into consideration. Wind direction shifts during a bush fire are extremely difficult to model but it should be noted that this fire model will still identify the areas with the least danger from a bush fire.

3.2.2
Fire Model Values

The high fire danger areas, as denoted by the red areas in figure 5, are mostly in cleared areas and areas of steep slope. Additionally, for this study area, the range of values is extreme and indicates that some areas are comparably dangerous to build in.
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Figure 5: Fire Intensity Model

3.3
CONSERVATION MODEL

The conservation model is based on the distance from threatened or vulnerable locations in the study area, including threatened flora locations, threatened fauna locations and mangrove locations. Those areas that are a reasonable distance from all three of these types of locations are considered suitable for construction.

Two separate conservation models were developed for deriving suitable locations with the first one being considered factoring moderate distances for a reasonable environmental impact. The second model effectively doubled the minimum distance required from threatened and vulnerable sites thus has a higher conservation effect on the suitable sites derived from the modeling. The values for the limitations applied to site selection using this model do not have any supporting literature. Indeed, the values applied were chosen using logic and common sense as opposed to any scientifically derived methodology.
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The most drastic limitation of the conservation model is that the source of the data is unknown. Thus, the reliability of the information from which the model has been built on is low. However, the use of fuzzy logic, as described in Part 4.1 of this report, reduces this uncertainty and allows the model to be accepted as the best available option for ensuring the site selected will not overly impact on the local environment.

3.3.2
Conservation Model Values

Figure 6, shown below, details the areas in white where construction sites are not suitable and the areas in black where construction sites are suitable for both models. This model has had fuzzy logic applied to it and this is detailed in Part 4.1 of this report as are the limiting values applied to the model.


Figure 6: Conservation Models

3.4
BUILDING MODEL

The building model is based on reducing the cost of construction of the Field Station infrastructure and ensuring livable and workable sites are identified.
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The model sets limiting parameters for the distance from existing roads (GPS survey data used rather than the inaccurate firetrail data), distance from existing utilities, distance from existing buildings, distance from high voltage power and the slope of the site. As per the conservation model, the values for the limiting factors in this model have not been applied with scientific rigour. Rather, common sense has been applied.

4. SELECTION OF SUITABLE SITES

4.1
REDUCTION OF ERRORS AND UNCERTAINTY

The data used in the models for this analysis contains inherent error. This is primarily due to the source and uncertainty of the data. The fire trails for instance, as noted in the Metadata Report submitted to UNSW on 10 Apr 09, were found to not correspond with the actual location when compared with points of the GPS survey conducted in the study area. In addition, the GPS accuracy also contains error (of approximately +/-10m depending on the characteristics of location). Other data such as the DEM, infrastructure map, threatened fauna and flora maps, etc, present similar problems. To minimize the error contained in the data and to ensure that such errors do not affect the site selection process beyond an acceptable level two fuzzy concepts have been applied.

In the building model there are two examples of how fuzzy logic principles have been applied to the site selection. The high voltage power lines located to the east of the study area pose a risk for human health. Therefore, an ideal buffer distance of 300m was established between any possible building site and the power lines. Above this distance value all locations were considered ideal; thus, a value of 1 (best for building) was given to those locations. From 100m to 300m the value given increases linearly from 0 to 1. The minimum value of 0 is given to locations 100m or closer to the power lines. This method softens the error contained in the values that fall between 0 and 1. The same principles apply to the second tool used. However, this tool allows four input values. The plateau of values between input value 2 and 3 contain the best locations (building value = 1 as in the previous case). This tool has been used to select the sites that comply with the criterion of distances from the existing fire trails. It selects sites located at distances between 20m and 400m (input values 1 and 4 respectively) but considers the best sites to be located between 50m and 200m from the firetrail (input values 2 and 3).


Figure 7: Functions of the two fuzzy logic tools applied to the models (Laffan, 2009b)
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4.2
CRITERIA FOR SELECTION

Two broad methods of criteria were used to find suitable sites depending on the building priorities. The first broad method, called the balanced method, takes the approach of finding the most suitable site to build on with reasonable environmental conditions applied. In this method, 400m was considered the ideal distance to be away from fauna and flora habitats while 100m was considered the minimum distance.

The second broad method, called the conservation method, takes the approach of finding the most suitable site to build on but with stricter environmental conditions applied. In this ranking, 500m was considered the ideal distance to be away from fauna and flora while 200m was considered the minimum distance.

Under the fuzzy logic methodology the following parameters were applied for each method:

	Model
	Parameter
	Ideal
	Minimum / Maximum

	Erosion
	Pollution (T/ha/yr)
	<10
	20
	maximum

	Fire Danger
	Fire Danger Index
	<3000
	4000
	maximum

	Building
	
	50-
	20,
	minimum,

	
	Distance from existing road (m)
	200
	400
	maximum

	
	Distance from existing buildings (m)
	>200
	100
	minimum

	
	Distance from power & utilities (m)
	<500
	2000
	maximum

	
	Distance from high voltage power
	
	
	

	
	(m)
	>300
	100
	minimum

	
	Slope (degrees)
	<10
	15
	maximum

	Conservation
	Distance from mangroves (m)
	>400
	200
	minimum

	
	Distance from flora (m)
	>400
	100
	minimum

	
	Distance from fauna (m)
	>400
	100
	minimum

	Table 3: Fuzzy
	logic parameters - balanced selection criteria
	

	Model
	Parameter
	Ideal
	Minimum / Maximum

	Erosion
	Pollution (T/ha/yr)
	<10
	20
	maximum

	Fire Danger
	Fire Danger Index
	<3000
	4000
	maximum

	Building
	
	50-
	20,
	minimum,

	
	Distance from existing road (m)
	200
	400
	maximum

	
	Distance from existing buildings (m)
	>200
	100
	minimum

	
	Distance from power & utilities (m)
	<500
	2000
	maximum

	
	Distance from high voltage power
	
	
	

	
	(m)
	>300
	100
	minimum

	
	Slope (degrees)
	<10
	15
	maximum

	Conservation
	Distance from mangroves (m)
	>400
	200
	minimum

	
	Distance from flora (m)
	>500
	200
	minimum

	
	Distance from fauna (m)
	>500
	200
	minimum
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Table 4: Fuzzy logic parameters - conservation selection criteria

Statistical analysis was applied to the models such that the following methodology occurred to select suitable sites:

i. Select maximum values for all cells in the conservation model such that the output was a union of all three fuzzy rasters;

ii. Select minimum values for all cells in the building models, the erosion model and the fire danger model such that the output was the intersection of all seven fuzzy rasters;

iii. Subtract the values of the cells in output (i) from the values of the cells in output (ii) such that the output contains values between -1 and 1. The high values represent good building sites where conservation is achieved, fire danger is low, erosion is low and the site is adequate for building on. The low values represent the opposite.

iv. Set an upper threshold to the values from output (iii) for identifying suitable sites. Choose a suitable site from those identified using the final criteria of site size, viewshed and solar exposure (for this report viewshed and solar exposure were determined using ARCGIS tools that give a representation of the amount of area that can be viewed from a viewing point and the average solar radiation that reaches a specific area over a single year. It is acknowledged that visiting the site may determine these characteristics to a more accurate degree).

5. SUITABLE SITES

In the balanced method, using the fuzzy logic criteria shown in Table X and an upper fuzzy logic threshold of 0.8 on the final output, four sites were identified as being suitable for construction. A minimum area for construction was set at 5000m2, thereby eliminating any locations identified as being suitable but not large enough to contain the required building and construction footprint. The four sites are referred to as Sites 1, 2, 3 and 4.

In the conservation method, using the fuzzy logic criteria shown in Table X and a similar upper fuzzy logic threshold, two sites were identified as being suitable for construction. The sites identified were the same as the first two sites identified in the balanced method and are referred to as Sites 1 and 2.

It should be noted that Sites 3 and 4 are connected but have been treated as two separate sites due to their shape and size.
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Figure 8: Location of suitable sites

5.5
RANKING OF SITES

The ranking of sites is shown in Table 5. As noted in the viewshed results, Site 1 has more area of view than Site 3. However, it is much more dispersed and is considered to have a poorer view than Site 3.

	
	
	Rank
	
	Rank
	
	
	Rank
	
	Rank

	
	
	Site
	
	Site
	
	
	Site
	
	Site

	
	Site 1
	1
	Site 2
	2
	Site 3
	
	3
	Site 4
	4

	Area (m2)
	9500
	2
	7300
	3
	
	6900
	4
	13700
	1

	Solar
	
	
	
	
	
	
	
	
	

	Radiation
	
	
	
	
	
	
	
	
	

	Average
	
	
	
	
	
	
	
	
	

	(WH/m2)
	591000
	4
	606000
	1
	
	602000
	2
	599000
	3
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	Viewshed
	356000
	
	
	
	301290
	
	
	

	(m2)
	(sporadic)
	3
	121900
	4
	(concentrated)
	2
	394000
	1

	
	
	
	
	
	
	
	
	

	Overall
	
	
	
	
	
	
	
	

	Suitability
	
	
	
	
	
	
	
	

	(Total Score)
	
	9
	
	8
	
	8
	
	5

	Rank
	
	
	
	
	
	
	
	

	(Balanced
	
	
	
	
	
	
	
	

	method):
	
	4
	
	2
	
	2
	
	1

	
	
	
	
	
	
	
	
	

	Rank
	
	
	
	
	
	
	
	

	(Conservation
	
	
	
	
	
	
	
	

	method):
	
	2
	
	1
	
	N/A
	
	N/A


Table 5: Final criteria and site rankings


Figure 9: Viewshed for all four suitable sites

5.5.1
Balanced Ranking

The balanced ranking found Site 4 to be the most appropriate as it has the largest area to build on, has the best viewshed and the third most exposure to solar radiation. Site 2 and 3 achieved similar scores.
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5.5.2
Conservation Ranking

Under this approach, Sites 3 and 4 became unsuitable for consideration as both were eliminated by the fuzzy logic consideration taken. Of the two remaining suitable sites (Sites 1 and 2), as shown in Table X, Site 2 achieves a higher ranking. However, the difference in Solar Radiation between the two sites is only 3% and this could be ignored in this consideration which would make Site 1 more suitable. Additionally, the shape of Site 1 may be more conducive to construction of additional facilities as Site 2 is quite long and thin.

6. RECOMMENDATIONS

It is recommended that Site 4 is chosen for expansion of the Cowan Field Station by UNSW. The site sits a reasonable distance from vulnerable environmental sites, its size allows for large scale expansion into the future and it has probably the best view of the surrounding area of all four suitable sites.

As noted above, imposition of stricter environmental controls precludes Sites 3 and 4 from consideration. With these environmental controls in place, Site 2 is recommended as the best available site.

Prior to selection, it is recommended that site visits are conducted in order to confirm such factors as the viewshed and slope of each site. The calculated viewshed from the data available may be inaccurate due to variables such as vegetation height and density at the site. The algorithm used to calculate slope is limited by the quality of data available such as the DEM and in particular its cell size.
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