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Abstract
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sprawl, increasing potential flood risk. Studying and increasingmaderstanding of land change

in these environments helps mitigatingenvironmental degradationNirupama and Simonovic
(2006) studied the Thames River in London, Ontario and established that increasing urbanized
area correlated with an increase in theagnitude and numbeof annual flood peaks. Thssudy

seeks toclassify and quantiffand use chage over the past century within the Mcintosh Run
Watershed located southwest of Halifax, ,NSing highresolution historical air photos and
satellite imagery. By classifying land into six classes (forest, barrens, water, wetland, high density
urbanand bw density urban), | have established a timeline of urbanization within the watershed.
Since 1931, the watershed has transformed from a largely forested environment with some
scattered agricultural use, to forestith no agriculture, and considerable lowd high density

urban development. These changes will increase surface runoff, resulting in more pronounced
and regular flood peakwithin the McIintosh Run Watershed

Mcintosh Run; Watershed; Land Change Analysis; Land Use Change; HyRmiugjg,
Sensing; Spryfield; Long Lake
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Chapter 1: Introduction

Study and Problem

Watersheds globally are increasingly being pressured by expanding urbanization,
resulting in their transformation fronmatural land covers to high and low density urban land
covers. This changeausesconcernof increased floodingn urban areasdue to deaeased

infiltration.

The McIntosh Ru watershed is located between Bayers Lakel Herring Cove, Nova
Scotia, suthwest of the Halifax Peninsulavithin the Halifax Regional Municipalityrhe
watershedis 30 km?, extendingfrom northwest of Long Lakesoutheast to the mouth of
Mclintosh Run near Herring Coffegurel). Thewatershed las undergone significant changes
land surfacdargelydue to anthropogenimnfluences over the past 200 years, as the city of Halifax
has expandedThe watershed has trafsoned frommixed forest and granite barrens, sparse
F ANRKR Odzft GdzNIF f dzaS GKNRdzZAK GKS wmynnQa |FyR SI NI
commercial development in the late 2@entury through to presentiowever, large areas of the

watershed renain undeveloped.

My study seeks to establish a historic timeline of land use change within boundaries of
the McIntosh Run Watershed, and quantify how the hydrologythef watershed has been

affectedas land use has shifted towards a more urban environment.

The use of remotely sensed ddtas been usetb determine global land use change from
a wide variety of cause3hese causes range fraamthropogenic changesuch aglevelopment

and construction, or natural causes such as vegetation lost dugets, fboding,and climate
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Figurel: Boundary of the Mcintosh Run Watershidage is 2006 Air photo.

A Remote Sensing investigation into the McIntBamprovides an opportunity to further
our knowledge andinderstanding of how historicénd usechanges havaffectedthe health of
the watershed, and how contemporary changes continue to alter its behawunarthe future.
Through the use of variousr photos spanning back to 193fultispectral satellitedata, and
elevation maps of the region, the project will attempt to determine how the history has changed

over the past century as urbanizan in the region has increased.

The availability of a digital elevation map is crucial for taking thidysheyord land use
change.In 2007 in response to concerns over sea level chdhigdifax Regional Municipality,

2007) HRM flewLiDARover much of the cityThis coverage included Mcintosh Run watershed.



Climate and Physiography

Halfax has a mil and wet climate typical of Maritimeitieson the coast of the Atlantic
Ocean. An average of data from 1960 through 1979 shows annual precipitation totalling
1339.2mm, and a mean annual temperature of°€2January average temperature4slC, and

June average temperature is 14&See appendix 2.Environment Canada, 2015)

Geologically, the upper extents of McIintosh Run are firmly ongifamitic rocks of the
South Mountain Batholith (SMBBased orinterpretation fromgeologic maps, the rivdoosely
followsalong a boundary between the leucomonzogranite and monzogranitic rocks to the south

(MacDonald & Horne, 198 Mefore reachingts mouth in Herring Cove antié Atlanic Ocean.



Chapter 2 Background

Background Theory

Change detectionthroughremote sensingnethods uses series ofmages collected over
time, to show how a given region has changhee to urbanisation, natural disasters, industrial
development, environmental factorsor other causes/ 2 YY2yt & NBFSNNBR G2 |
OKIFy3aSQ 2N Wit tay e uskdn Siny Gelion ywHeS: Ghere isistoricalcoverage by
aerial photographs or satellite images, and can also be used in a limited capacity using accurate

historical mapsincludingtopographic(USGS, 1999)

A number of land cover classification systems arelusgractce. This poject elected to
use a modified version d@he U.S. Geological Survey Land Use/Land Cover Classification System
for Use with Remote Sensor Dg¢fnderson, Hardy, Roach, & Witmer, 19S5 a LA G S G KS wmd
imagery being of lowequalityin resolution compared to all other aerial photos, it was still more
than sufficient to produce meaningfuand confident classifications and allowed for the
establishing of a baseline datasé#luch of the a&rial photography usedasblack and wite, or
panchromaticsingle band imagery, andhage classification can be accomplished using a single

band, albeit not as robubt as in a multispectral image.

Multispectral data captures portionsf the spectrum that aremissed by methods that
only captue visible light, such as colour or black and whitepaintos. This extra spectral detail
can be used to determine vegetation health, make distinctions on species of vegetation, and
allow for greatly improved analysis. These sensors are most typically found aboard satellite

platforms, and are greatly beneficial in analysis where operator kexygd of the study area is
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marginal, as the extra spectral data allows for improved computerized classification.
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Figure2: Wavelenghts of the spectrum, showing the restricted range of visible (&gtelite Imaging Corp, 2016)

Two major categories of image classification, supervised classification and unsupervised
classification can be utilized in image analysiallowing for the comparison of how each
classification system produces differing resuWithin this, there arehard, and soft or dzzy

classification logics.

Supervised Classification requires the GIS or Remote Sensing software to be taught
through the use of training sites, where the operator manudkifinesa classlocationin the
images. The software learns spectral values pixels and uses thisnformation in determining
land classificatiorfLillesand, Kiefer, & Chipman, 201By training a number of map areas, the
software is then able to complete dsification on its own. This requires the use haveprior

knowledge of the area

With unsupervisedlassification systemshe GIS softwarwvill use statistics to determine
bounds for a set number d@fifferent classes, and does not require gristing knowledge about

ground cover in the study area.



A third systeminvolves a form of artificial intelligence through the progniag of a

learning neural network, and is beyond the scope of this project.

Automated classification systems can use hard or soft classification logic. Hard logic is
where the system applies a single class to each pixel, and disregards the possibility of a pixel not
being 100% agricultural, or 100% water. Soft classification tqggas up the possibility that a
pixel can be more than onby single land use classnd may assign a pixel a percentage value of
various classes that the pixel represents, such as 10% soil, 10% water, 80% forest. This soft
classification can produce dathat is moreprecise for pixels that have considerablgried
composition, or mixed pixel3his is not relevant to my studs an assumption is being made
that the mixed pixel problem is overcome by teab-metre resolution ofthe ar photos and

commercal satellite imagery.

It is important to note that no one classification system is superior to oth#érere is
weakness irall systemghat make them appropriate for certain sets of data, and less appropriate

for others.

A manual classificatioincreaseghe risk of human error in the classification process, but
if the same individual is classifying imagery with an established and consistent criterion for each
land classnay provide excellent results. This is useful when there are insufficient speepth
to use any type of band ratio or multiple spectral signatures to assign to a feattaout
multispectral data, manual classification is the most reliable and consistent means to classify land

usage with meaningful results.

In the McIntoshRunregion, wecan see a historicavent thathas beercaptured through



remote sensing platformsin 2009 aforest fire burned much othe vegetation within the
southern portion of the watershed and @eserved through aerial photography which was
capturedin 2009 after the fire Datasets from prior to 20Q®cluding the2005 QuickBird satellite
imageryand 2006 aerial photographghowthe watershed prior to the damage dealt by the fire
Historically, the older air photos may capture old events that moewidely known, such as
natural disasters, buthe primary expectationis that change analysis will show significant

conversion to urban environments.

Similar Studies of Other Watersheds

London, Ontario

Nirupama and Simonov{2006)usedremote sensing aalysisand historical gauge data
to determine how urbanizatioand forest clearingn London Ontari@ffectedthe Thames River.
They found that between 1974 and 2000, land use change in the anetuded major
deforestation.Urbanized areancreasedfrom 10% to 22% othe watershed Agricultural land
decreased from 83% to 73%nd open water decreased from 3.65% to 2.73B&ir hydrologic
analysis determined that peak flow 1970 was 350 Afs when total precipitation was 400mm,
and by 1997, 200mm of totalrecipitation resulted in peak flows of 800%s. They concluded
that an increase in impervious area resuhlisreased magnitude and occurrence of peak flood

events, ancenhancediver flows.

The study had four major componentk), landuse classificationf satellite imagery2)
remote sensing data analysi3) hydrologic data analysignd 4) integration of remote sensing

images with hydrologic data.



Image classification in Nirupama and Simonovic (2006) usetvamum likelihood
method, which depends omean, variance, and covarianogatricesof spectral signatures to
estimate the probability that a given pixel belongs to a class. The method calculates the level of
correlation between bands for each clagayes Theorerns central to the methodwhere the
class probability density 6& is multiplied by the prior probability 6 , the product of that

is then divided by the feature probability densityc according to

Equation 1

v wo
0 &

A major issue with thenaximumlikelihoodmethod is that it does not consider variability
seen within a classlowever, as mentioned éxcels inconsidering class variability through the

covariance matrix.

The land classification system used in Tieames River study was one develogdhe
Upper Thames River Conservation Authofifyrupama & Simonovic, 20Q&nd relied solely on
LandSafor the remote sensing componenhich in 1973 provided 60m pixel resolutiorheT
Mclintosh Run project will utilizesgial photographyof sub-metre resolution withtemporal depth
to 1931, and some modear commercial satellite imaginghich is of50cmpansharpened pixel

resolution

Cleveland, Ohio
Clapham (2003)nvestigated thechallenges of using remotely sensed imagmsland
use/land cover classification purposmsCleveland, Ohjdinding thatclassifications generally

robust in rural settings, butencountered mixed pixel problera from the heterogeneous



character ¢ urban areas. The problem is increased when usiagdSaimagesdue to coarse
spatial resolutionCommercialplatforms likeQuickBird(0.61m) Ikonons(1m), Pleiadeq0.5m)
Worldview(0.31m) offer far superior resolution, but areot freely provided Coarse LandSat
pixels result in the spectral values being a composite of the various land cekerstheyare

present in a given pixel.

Clapham (2003utilized a classification technique that differed from the London, ON
project. Continuumbased classificationis a type of unsupervised classification that forms
statistical clusters based on spectral banflse continuabeing consideredn the analysis are
chosenbased on factors which vary from a minimum to maximumoag all pixels to be
analyzed Each statistical clusr is associated with gogcific continua positiothosen,andthe
results are fielechecked to determine validityThus Land Cover images are thematic, and

continuum analysis images are continug@apham, 2003)

The SPOS3eries of satellites are of medium resolution, and offer resolutarging from
10m pansharpened for SPOT 1 and 1.5m pansharpened for SPOT .6Ganuviércial satellites
achieveresolution on the order on 40cfhim, and allow more precise discrimination ¢énd
cover.As more of this highresolution data is accessible ovespreadof time, the capabilities of
remote sensing analyswill become much more powerfurhe McintosiRunproject is limited
to historical single bandisible lightair photosfor hidorical datg and some moderrhigh
resolutionsatellite imagery The advent of trulyhigh-resolutionremote sensing platformi the
sub-metre resolution scale with IKON®@&he 2000s will make a major changduture studies

when historical datasets oaconsist of high resolution multispectral data.



Clapham sought to characterize the increase in impervious land cover, and the decrease
in canopy cover in Clevelaniihe study does not break out individual land cover classes, but

rather broadly charactezies regions in terms of the permeability as a whole.

Changes in the six watersheds

Doan Maill Salt West Tinker's Yellow
Brook  Creek Run Branch Creek Creek
Increase in 1.63 5.13 1.30 0.34 6.19 3.60
IMpervious
land, %
Increase in 4137 26885 943 31.05 153629 29020
impervious
land, ha
Decrease 1n 022 241 16.76 6.15 13.83 9.02
canopy
cover, %
Decrease in 23346 44071 121.80 56844 343487 72816
canopy

cover, ha

Tablel: Results from Clapham (2003) on the six watershetisei Cleveland Study,
showing the percent change in impervious land céwethe six watersheds

Studies such athose undertaken in Cleveland and Londigtected urbanizationover
approximately 30 years in large watershet®wever, in mystudy, | aim to establish donger
timeline of almost100 years andfor a smaer watershedof about30 kn?, or 3000 Havhich
experienced lad use change at scales too fitteresolve with the modest resolutioof LandSat
imagery. Hence my imagerincludes aerial photographssatellite data, and a different

classification approach in order to maintain consistency across theblaraagery.
Earth Observing Satellites

In deciding on whatatellite platform to obtain data from, factors such as spectral
resolution, pixel resolutionand cost must be assessed. Nirupama & Simonovic used LandSat

which is freely accessible though theS@S, but has much lower image resolutionntha
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commercial satellites. Due to the5800 km size of the Thames river watershed, this coarse
resolution is nota major issugasland use change is not being assessed at a very fine. scale
Clapham utilized SPOAWhich must be purchased from an image retailer, but has improved

resolution over LandSat.

Image resolution for earth observing satellite platforms has changed considerably since
earlyLandSaimagesn 1973.LandSaf produced images with 60m pixel resdlu on 4 spectral
bands from the Multi Spectral Scanner (MS&)ichremained the standard throughandSa®
and 3, until 1982 when both SPOT 1 &rathdSa#t were launchedLandSa#t captured 30m pixel
resolution across 7 spectral bands, usithg ThematicMapper (TM)sensor SPOT 1 pduced
20m multispectral images from the High Resolution Visible (HRV) sdmsiohad a 10m
panchromatic band, which allowed for the coarser multispechahdsto be pansharpened,
producing more detailed multispectral imagett captured, Green, Red, and Near Infrared (NIR)
spectral dataLandSab was a virtual twin oEandSa#, launching in 1984 and operating for 28
years(USGS, 2015%pot 2 was launched in 1990, and had the same spexichpixel resolution
as SPOT 1, as did SPOT 3 which was launched in 1993. SPOT 4 was launched in 1998, still carried
identical pixel resolution of the prior SPOT satellites, but carried an upgraded HRV Infrared
(HRVIR), allowing for improved capture oframéd dataand improving the return time for

recapture

After the launch failure ofandSa6, LandSa¥ was launched in 1999 and remains active
today. It is the firstandSasatellite to have a panchromatic banghart of the Enhanced Thematic
Mapper + gstem, (ETM+)allowing for 30m multispectral images to be pansharpened to 15m.

SPOT 5 introduced improved pixel resoluttonthe High Resolution Geometrical (HRG) and High
11



Resolution Stereoscopic (HRS) senswith band ranging from 2:5m for the panchomatic, and

10m for multispectral sensors, a marked improvement over previous iterations. SPOT 6 and 7
share the same design, and carry thew AstroSat Optical Modular InstrumefNAOMI) and

were launched in 2012 and 2014 respectiveligth pixel resoluion equal to SPOT. handSa8,
operational as of 2013, carries a new Operation Land Imager (OLI) and the Thermal Infrared
Sensor (TIRS), and has the same 30m pixel resolution for multispectral data, with pansharpening
to 15m. It has increased spectral obstion compared to any previousandSaBatellite, capturing

10 spectral bands, plus the panchromatic bgdb&GS, 2015)

The Pleiades satellites were launched by Astrium, now owned by Airbus, and was the
source of the 2015mage used in this project. It is considered to be avyegyresolution (VHR)
satellite, and captures 2m multispectral pixel resolution, and 0.5m or 50cm panchromatic
(Satellite Imaging Corporation, 2018)is ideally suitefor land change detection at a small scale

such as the MclIntosh Run Watershed.

I andsat 1 July 1972 - January 1978
I Landsat 2 January 1975 - July 1983
I Landsat3 March 1978 — September 1983

I Landsat4 July 1982 — December 1993

I Landsat5 March 1984 — January 2013
| Landsat6 October 1993

Landsat 7 April 1999 -
Landsat 8 February 2013 [P
Landsat 9 2023 B9

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Figure3: Timeline oLandSaprogram(USGS, 2015)

Most imagery used in this project wasurces fromaerial photos which until recently

used film, so pixel resolution cannot be compared with satellite platforms, howevemsite

12



features can generally be discerned. Thisages can be expensive to obtain for large areas due
to spatial coverage of a single image being quite small, resulting in large numbers of images

needing to be purchased for effective coverage.

Landsat 1 magery of Mcintosh Run atershe

™

4 Kilometers

Figure4: LandSatl Image of Mintosh Run Watershedlustratingthe challenge of working with early multispectral data and
diminishedresolution in comparison to Aerial PhotograpBege figures on pag@s23and24to compare image quality.

13



Chapter 3 Methodology

Air photos wereacquired from the Feeral andProvincial GovernmentéNova Scotia
Geomatic Centre, 2015pnd asatellite image acquéd from the Pleiades satellites &0cm
pansharpened resolutianA major difference between my project and the previous works
discussed above is the lack of multispectral dasadfor automatedimage classificationOur
Mclintosh Rin imagery included singleand monochrome air photos that captured visible light

spectrum, with selec8-band (RG-B Colourpf more modernimagery.

2015imagery isa 50cm pansharpenedultispectralscene from Pleiade$A, and could
have been classifiedsing supervised and/or unsupervised methods. | used a manual approach
for all imagery, asarying method between difierent data sets will result in datahich cannot

be reliably compareavith meaningful results

Imagery Used in Study

Year Acquisition Source Type Scale/Resolution Bands
1931 June 22-25 NAPL B/W 1:15,000 1
1947 November 3 NAPL B/W 1:35,000 1
1954 June 20 NAPL B/W 1:15,000 1
1966 June 3 NS Gov B/W 1:16,500* 1
1973 June 4 NS Gov Colour 1:15,840 3
1981 August 14 NS Gov Colour 1:10,000 3
1992 July 25 NS Gov Colour 1:10,000 3
2006 May 8 Dal GIS B/W 1:40,000 1
2015 May 6; June 15 | AIRBUS Multispectral 50cm 4

* Indicates approximate scale, slight variation between images

Figure5: Comparison of datasets used in this project. All imagery captured betweeAdmst (exception 1947)

14



Processing

Defining the Watershed

Watershed delineation was completing using ArcGIS and the included suite of Hydrology
Toolsusing a Digital Elevation Model (DEM)m 2007 provided by the Dalhousie GIS Centre
OKNRdzZAK | wa Q& h THS MDAR Haiialfthe’DEM \iias ¢aptured By PHB Lasermap
for the Halifax Regional Municipality, and processed by the Applied Geomatics Research Group
at Nova Scotia Community College in 2Qd2alifax Regional Municipality, 2013)he data wa
processed to 1m accuracyhe workflow of the watershed delineatioprocesscan be seen in
Figure6. Initially theFilltool wasutilized,whichusesthe DEM as amput andcorrectselevatiors
errors or local pitsthat are inherent in DEM datasets usedthe Flow Directiontool, which
calculateghe direction of downslope from any given pixel in the steepest directiveating a
raster dataset where cell values indicale direction water would run if it was to falh any given
cell. From the output oflow DirectionFlow Accumulatiodetermines how many cells flow into,
or accumulate in any cell, and assigns eeeh a value which represents this. High value cells
represent concentrated flows, likely representing streams and river systems, i@
represents areas which do not accumulate at all, suchigis peaks andidgelines. This allows
for the determinaton of regions which are storingnd transporting water. This accumulation
raster isSnapped to Pour Poinor the cell within a set distance for which the highest flow

accumulation data exist3.his represents the mouth of the river or stream system.

15



Figure6: Model for delineation of the boundary for the Mclntosh Run Watersiech ArcGIS ModelBuilder.

TheSnap Pour Poimtutput rasteris used along with the previously createldw Direction
raster within theWatershedtool to create boundaries as seen iRigurel on page2. Finally,

Raster to Polygoproduces avector polygon, which ssthe study boundary for the project.

Using this watershed boundaryir @hotos werechosernto providecost effective coverage
of the watershed. Images wemquired from the National Air Photo LibrgiiyAPLQivision of
Natural Resources Canada, The Nova Scotia Provincial government, and the Dalhousie University
GIS Centre in approximately cdecade intervals. Pr2960 images & archived with theNAPL
in Ottawa, while images post 1960 are available from the Province of Nova Scbgamost
recent image was purchased from an image retatepturedo @ ! ANb dza 5 SISy asSQa

commercial imaging platform.
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Georeferencing

All aerial photographic images were obtained wotlt spatial referencen approximately
one-decade intervals froml931 through 1992 The 1931 air photos were scanned at a lower
resolution of 1200 DPI due to scanning limitations of the original film rollgpasaliced a 9017
x 11360 pixel imageémagery from 1947 to 1954 werzanned from film to produce a 2032 DPI

TIFF image file containing 17968 x 18149 pixels.

1931 1947 1954

Roll # Photo # Roll# Photo # Roll# Photo #
A3525 29 A11767 65 A14195 38
A3525 30 Al11767 66 A14195 39
A3525 65 A11767 76 A14195 41
A3525 67 A11767 77 A14195 79
A3554 22 Al11767 78 A14195 81
A3554 24 A14195 82
A3560 24 A14291 20
A3560 25 A14291 22
A3561 22

Table2: Aerial Photos acquired through the National Air Photo Lil{ifdAPL) (NRCan)

Air photos were obtained from 1966, 1973, 1981, and 1992 from the Provincial
Government of Nova Scotia as 16860 x 16859 TIFF images without spatial reference. This is

comparable in quality to the 1947 and 1954 NAPL data.
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1966 1981 1992
Roll# Photo # Roll# Photo # Roll# Photo #

19576 016 81321 115 92350 062
19576 017 81321 116 92349 199
19599 107 81321 086 92349 150
19599 108 81321 087 92349 151
19599 018 81321 088 92349 101
19599 019 81321 049 92349 102
19599 038 81321 050 92349 103
81321 013 92347 185

1973 81321 034 92350 060

Roll # Photo # 81321 038 92350 064
30675 071 81321 083 92349 099
30675 029 81321 085 92349 148
30675 028 81321 090 92349 182
30675 027 81321 112 92349 154
30675 021 81321 114 92349 195
30675 022 81327 032 92349 197

81327 034 92347 183
Table3: Aerial Photos acquired through the Province of Nova Scotia (DNR)

Georeferencing was completed in ArcGIS ArcMap 10.2.2 usingirphoto indexto
arrangethe imagery,in combination withuniquefeaturesto precisely reference imagéscluding
exposed bedrock, water features, and identifiable buildings and infrastructure including St.
aAOKIStQa /I iK2t A0 / KdzZNOK3 (0 Ro&d intesectiodpaials@é / Sy i
be used butare consideredan undesirable georeferencing feature @uo changes in road
AY TN a0NHzOG dzNB T NR Y. All #athsetmngpre pré)ettedirdoUTIMNIBnE 30/ 1 R &
using a NAD 1983 CSRS dattiime 2006 digital air photowere provided witha pre-existing
spatial referenceall imagery without spatial refencewere georeferencedelative to the 2006

images.Pleiades satellite data was purchased as raw data without spatial reference, and was

georeferenced using decimal degrees coordinates provided in the metadata.
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Mosaic Datasets

Figure7: Left- Uncorrected air photo with vignette present; Rigkame air photo after the correction procekme shows
direction of profile graph which was used to produce the correction factor.

Prior to the classificatignmosaicdatasetswere producedto gain a single large image
which wasa composite of the dataset for each decadde 197 and 1954 datasetsad a very
noticeable vignette, or change in brightness value in a radiating pattern from a point on the
image.This may hee been caused gn artifact introduced intie scanning or exposure process,
andmade it difficult to view the images clearbreating inconsistengreyscale values for similar
land coverat different locations This was correctedby first calculating te centroid for each
image of the two datasets, marked by a single pdia: 1931 the centroid model was not used,
and the Euclidean distance point was placed manually due tooffset center point of the

vignette
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Figure8: Retassifying georeferenced Air Photos for the Centroid for each image.

This became the point from which a Euclidean Distance operats calculated
producing a raster dataset where values increagtd distance from thecentroid, limited by the
extent of the image UsingArcGIS3D Analyst, a profile graph was generated for each image of
the dataset, and an average correction factor was calculated and applied to each image of the
dataset. Raster Calculator was then used to multiply the Euclidean distamput by the

correction factor creating a raster that is referred to as the Mask

Equation 2

Y DO®I DR Qi1 DR Qi i
O¢i i D0 QO & ———
DWAOQI 0wWwe wQ
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o
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Figure9: ProfileGraph of an Air Photo that required Vignette Correction.

Since all images in the given dataset suffered from the vignette problem, it was assumed
that each image was affectedy the same amountbased on visual inspectiodutomated

classification systemisad they been useavould havehad difficultywith the radial brightness
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value shift across images, gestral values of land covers would vary wildly based on where they
were located on an image. Many other methods could be pursued to remove the vigastte,
would likely be equally suitabl@he resultingcorrection factormask raster was theadded to

the original air photo to producéhe vignettecorrected imageas seen ifrigure?.

Removal of Borders
With the exception of the most recent digital datasedli imagery had thick black borders,
a result of the film scanning process. Thesgeremovedin order toproduce a seamless mosaic.
Am RSt ¢ a ONBSModeBRildek, ywhicthwuRiltergte@dough alllie images for a
given dataset, tore the filename as a variable amdeate a mosaic daset within a file
geodatabaseThenthe modeladded a single raster to the nemosaic, creahg a mosaic dataset
consisting of a single image€inally, itbuilds footprints, whic Ay Of dzZRS& I & { KNX )
variable whichcuts a set number of pixels off of trexlge of the mosajcremoving the black
borders. This tool must be run twice due to arror in ArcGIS where the model does not

recognize a geodatabase that the tool itself creates, prior to the model being run.

Al4195_038

FigurelQ: Iterative Model which removes image bordémn film negatives
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Each ofthese single imagenosaicswas exported back to a borderless TIFF imagel
added to a new,@mplete mosaic dataset for all images in a giyear. All of the mosaics can be

found in @pendix 4. A selection ohé mosaic images can Iseen in the following figures.
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Figue 11: 1931 Mosaic Datasgsingle band black/white imagery.

Figurel2: 1954 Mosaic Datasgsingle band black/white imagery.
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Figurel3: 1973 Mosaic Datasemulti-band colouimagery.
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Figurel4: 1981 Mosaic Datasemulti-band colour imagery.
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Image ClassificatioRProcess

An attempt was made to use unsupesed classification using th&o clustemethod, but
due to variation in exposure, sun reflection, and a variety of other factbes results was
unusablein the sinde-band black and white imageryVhile the automated classification could
reliably identify road networks and granite barrens,misidentified all other features. For
example, open water was classified inifl classesdue to varying reflectance and angle of
incident light Automated or unsupervised classification was abandoned in favour of manual

classification.

Land Classses

{GFNIAY3I Ay GKS mMobponQazx fFyR dz&Al 3S 6AGKAY
Lake has shifted from a dominantly forested environment with some agricultural activity, to a
denselypopulated urban community.iland use classifications wechosen to differentiate
water infiltration, categorizingk 2 ¢ & Tafldcadidb &vaéuld beFlashy refers to the degree of
imperviousness of a land surface, and how likely it is to produce flash flood style events. in a non
flash land surfacenfiltration and germeabilityis high.The land surface can absorb water, which
decreases the running surface watéerhese six classes were based on a modification diltBe
Geological Survey Land Use/Land Cover Classification System for Use with Remote Sensor Data
(Anderson, Hardy, Roach, & Witmer, 1976)e modifications were the division afbaninto
high density urbamandlow density urbanthe inclusion ofgricultural landwith the low density
urban, and the omitting operennial snowke, Tundrg andRangelandas they are not relevant

to the McIntosh Run Watershedhe $x classes of land uskat were choserare:
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1)Barrens defined as areas of undeveloped land that had a concentration of outcropping
granitic rocks. There are three tadble areas of barrens within the watershed, and they are

assumed to exhibit a somewhat flashy behaviour in relation to hydrology and infiltration rates.

2) Forestedareas consist of undeveloped vegetated lands, or land that was once in usage
but has nowbeen returned to a wild state. This land class include®veringvegetated area

that weredestroyed in the 2009 wildfire.

3) Wetlandswere classified based on visual inspection of high resolution colour imagery,
and could be differentiated by a markedolour change fromgreen of the forests to
orangel/yellow wetlandslf uncertainty existed in determining if the wetland did or did not exist
in black and white historical imagery, it was assumed the wetland is there, and no change was

recorded.

4) Open water consists ofall lakes, rivers, and streams within the Mcintosh Run

Watershed.

5) Low density urbanwas classified as all roads, residential neighbourhoods, and
development that did not consist of extreme levels of paving, concrete, and roofinglseac

In the earliest air photos, notabl§93L, this land class also incled agricultural lands.

6) High density urbanonsists of any urban areas that were not covered by the low density
urban class. This consisted mostly of developments such as Bakersthe shopping center in
Spryfield, some larger community buildings, and any parking lots. These types of development
would have the least infiltration of all the land classifications, and result in the flashiest
behaviour.
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Using he manualclassifici A 2y YSGK2RX Ay 2 NR StWasinigalyl @2 A R
assumed that everything within the watershed was a forest poly§oom thispolygons of other
land cover typesvere drawn over themagery and polygons were then erased from each other,
leaving no overlap in the final classification image for a consistent total &ahure to erase
featuresresultsin doublecounting of polygorareas,and erroneousnconsistent total areas of

the watershed.This was done using Model Builder within AR®l eliminate human error.

Images were classified beginning witletimost recent imagery from 201%his was done
due to the method in which the Low Density Urban polygons were created. Using the shapefiles
available within the CanVec digital topograpiiaps available from the Government of Canada
through GeoGratis(Natural Resources Canada, 2Q1the Roads shapefilevas isolated, and
brought into ArcGIS with the 2015 satellite imagery. Additional roads from recent development
in the watershed that CanVec was missimgre manually drawnWith thisupdated 20150ad
polyling a buffer operation creatda set of polygosextending45m, or roughly the deth of a
plot of land around the roadspolyline For 1931 through 1953 the buffer was set1bm, a
smaller value to account for the lack of development along the rdaegs assumed that this is
an accurate representain of development along roads in the area. Any major light density urban

areas that were unaccounted fovere identified and manually drawn

Next, the rivers and lakes shapefiles were isaddtom the CanVec dataset and compared
to the datasets to confin all bodies of water were accounted for and all rivers and streams had
been correctly identified. After this, a 5m buffer was placed on the rivers polyline in much the
same manner as the roads and light urban shapefitee Rivers and the Lakes shapsfileere

then merged to produce the Open Water polygoconsistingf connected rivers, streams, and
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lakes.

Classification Process

High Density Urban polygons were all drawn manually, and consisted of large shopping
areas, parking lots, schools, aady otrer area that consisted of large developed areas which
were almost entirely paved or roofedndicating significant changes to the infiltration in the
watershed This was identified as an area that woulé very flashy andhave amore

hydrologically negaterimpact onthe area,relativeto a residential districor barrens.

The ganite barrens of the McIntosh Run Watershed were also manually classifinet],
were defined asireas of significanexposed granite ahe surface Smaller areas with one or two
small outcrops were excluded from this cla3$iemost significant barrefieson the east side of
the Mcintosh Runwith asecond west of Herring Cove Road. The exposed barrens have areas of
bogtype vegetation between outcrops, but for the purpose of this sttiggse regionsvere
includedas granite barrensThe barrens are considered to still be flashy relative to a forst

wetland land class.

Wetland polygons were identified baseflom image interpretation of the colour
datasets, where a notablerange/brown colouof the wetland areas made them easy to classify.
These regions were then compared to the older datasetsaadécision was made if the wetland

did or did not exist in the pastWetland are not considered to be a flashy land class.

Once all areas were satisfactorily identified, the process of erasing polygon overlap began
to eliminate the doublecounting ofareas, as each area could only be classified as one of the six

classes. Following this, all polygons were clipped to the watershed polygon, as the ftlves of
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study isonly in areas strictly within the boundaries of the watershasl defined inFigurel. As
each class for each dataset was a separate polygon at this point, they were merged to produce a
single polygorfor each yeawhere an attribute identified thdand use From this, the area of

each clas$or each year was then calculated

Data was exported frorArcGlas seen iAppendix 2.)into Microsoft ExcelHere it was
prepared into the formaseen in Appendix.2, 2.3whichwasused to produce charts and graphs

of the Land Use Change within the McIntosh Run Waterginesented in the following section
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Chapter 4 Data Analysig Discussion

Land Use Change

The change analysis shovggnificant land use change within the ~3000 hectétia)
Mcintosh RutWatershedTable4 and Table5). With the exception of the damming of LongKe,
almost allchange in land covewithin the watershed is due to urbanizatiomith a secondary
effect from clearing of woodlantbr agricultural uses, which is considered as low density urban
in the classification systenihe majority of this developmeérmccurs in the northern part of the
watershed, where Bayers Lake was constructed, as well as south of Long Lake where the town of
Spryfield has developed. Other low density urban development has occurred along Herring Cove

Road.

Baselinel931

Beginning wth the damming of Long Lake 1848and the advent of farming in the region,
a major shift inand usewithin the watershedoegan.From 1800 baseline to 1931, land change
included the loss of approximately 14.5% (324.6 Ha) of forested land. Low density urban reached
152.2 Ha by 1931, 5.1% of the watershed. Open water increased by 178.5% (177.4 Ha) from 99.4
Ha to 276.8 Ha. This obsed change should, however, be taken as a maximum; without data on
pre-Long Lake land cover we assumed it to be forest. Cocked Head Lake once existed beneath
what is now Long Lak®cintosh Run Watershed Association, 2Q@lpugh most flooded area
was likely wetland or forest. It is unlikely any barrens were lost to Long Lake, because none are

in the area and barrens occur in the uplands elsewhere in the watershed.
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Land Use Change 1850-2015 w/ Forest
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Figurel5: (Top) Graph showirgl six land use classification, 1800 through 2015.
(Bottom) Land Use Change omitting Forest class, to bring attention to the lower area land usages.

31



By 1931, a road network had been established which included what is now Herring Cove
w2 | R |y BCovalRedn Sahdfs€condary roads which led to various agricultural plots. With
the exception of some residential building in Herring Cove in the southern limits of the
watershed, land change is restricted to farming activity scattered along Herring CadeaRod

west of Long Lake.

1931-1954

By 1954, land use iBeginning toshift from agricultural to low density urban and
residential developmentd.ight urban land usage increased by 46.89045Ha) At thistime, we
now seethe first high density urban delopments in some large buildings which are 0.69 Ha.
23.6Ha, or 1.2% of the forested area was cleared to accommodate this urban gartens

decreased in area by 3.4%, (20 Ha).

Through the classified 1947 air photose candetermine significant chages in the
urbanization of Spryfield and the watershaad this 16year span. By 1947, the shift from
agricultural use to urban environment is well underway, witlajon urban development
beginningat the south end of Long Lake. By 1954, most farmland agpeabe abandoned as

forests begin taencroach the fields, or are redeveloped into residential neighbourhoods.

19541973

Over the following two decades, agricultural use is fully abandoned and the watershed
now hostsmajor residential areas. More land wesnverted from forest, with a loss of 169.3 Ha
(8.7%) of the remaining forestrea cleared for developmentsHigh density urban grew

significantly and expanded by 1337.78%panding from 0.686 Ha to % by 1973. Low density
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urban doubled with an increase of 163.3 Ha (102.6%¢& 1966 air photoshowsmuch or the
growth in urban land classes had already occurred by that tirhés indicated very rapid land

use change between 195/66.

19731981

In the 8 years separating tee datasetsthe most significantchange is thecontinuing
growth in high density urban developments. This land class increased by a fude®no,
growing byl9.4Haas a result of shopping and other large building being construdtedan
developments hat were low desity increase increased by 59Ha @0.94 as residential
neighbourhoods continued to expand. This expansion resulted in the conversihldfla of

forest and7.6 Ha of barrens to urban usage.

19812006

In the next 25 years, there wdarther low density residential expansions around the
community of Spryfield ashis land class increased by 8%& (5%).25.8 Ha of high density
urban development occurred mostly in tigayers Lake area representiBg.3%growth. This
resulted in the cleang of92 Ha of forested landBayers &ke in particular, though largely outside
of the watershed boundary, would be a major factor in reducing infiltration and increasing flood

peaks in the region, and the large parking lots and buildings cause increa$ade runoff.

During construction othe Bayers Lakeommercial and light industrial pagportion of
the Chain Lakes watershemas linked with the Mcintosh Run Watershday a diversion dam
upstream of Long Laki&ee appendix 4.1fHalifax Water, 2013)Vater that would otherwise

have flowed intothe Chain Lakesinstead diverted toLong Lakeand the Mcintosh Run
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Watershed. This diversion, which persitt the present, was to avoid contaminationtbe Chain
Lakesby acidic runoff generated by arsenic bearnogks in the Bayers Lake region which
(McIntosh Run Watershed Association, 200hen exposed by blasting and construction, these
rocks leached acidic runoff. A resultas decreased water quality, increasedrea of the

watershed, andhigherflow volume in the McIntosh Run.

20062015

From 2006 to the present dagl.5% 68.9Ha) of the barrens along with 2.3% (37.3)Ha
of forest was converted to urban development. This grew the total area of low density urban by
104 Ha, an increase of 230, caused by new residential developments in the region. There was
no change recorded for the high density urban class. Much ofning expansion is directly

alongside the Mcintosh run itself.

AttheD2 S NY 2 ND& . N&8nzhp eabt Side fth2 Mah®sh Rutevelopment
is occurring with a minimum buffer of approximately 40m of the Run, with storm sewer boulder
lined channelglischaging directly into the rur(Rideout, 2012)This meets the 20m vegetated
buffer requirement of the Halifax Regional Municipality, which storm infrastructure is exempted
from (Rideout, 2012)As part of urbanization and land development in the region, water was
diverted from its original flowpath from Colpitt Lake outside of the eastern boundary of the
watershed,into the Mcintosh Run WatershedNova Scotia Utility &iew Board, 2004)This
serves to both decrease the volume of water into the Colpitt Lake Watershed, and to increase
the volume of water in the Mcintosh Run Watersh@dcintosh Run Watershed Association,
2004) This increased runoff would be probably largdsting spring melts and significant rain

events,due to decreased infiltratioflood events within the watershed.
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Figure16: (Top) Standing near Mcintosh Run at Governor'siBievelopment; Storm water drainage channel directly into
Mclintosh Run. (Bottom) Storm Drainage channel into McIntosh Run.
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Baseline2015
Overall, between 1800 baseline and 20151 Ha (23.2%) of barrens and 625.1 Ha (27.8%)
of forest was lost to the Ly Lake Dam project, which flooded sections of forest, and growing

urban developments along Herring Cove Road and through Spryfield.

Total land use in Ha
1850 1931 1947 1954 1966 1973 1981 1992 2006 2015
Barreng 629.13 624.78 606.95 626.57 625.79 625.79 618.17 621.30 598.21 529.32
Forest 2228.10 | 1903.55 | 1914.60 | 1862.00| 1741.05 | 1761.22 | 1690.13 | 1638.27 | 1598.15 | 1560.87
HighDensityUrban  0.00 0.00 0.00 0.69 2.18 9.86 29.17 31.62 54.92 60.70
LowDensityUrbal 0.00 152.17 158.91 190.62 311.20 283.62 342.80 388.52 428.43 532.44
OpenWater 99.39 276.79 276.77 276.77 276.77 276.77 276.77 277.33 277.33 272.93
Wetland| 44.40 43.74 43.80 44.37 44.03 43.77 44.03 44.03 44.03 44.83

Table4: Total Area in Hectardsla)of each land classification by year

Net change in Land Class (Ha)
1850-1931 1931-1947 1947-1954 1954-1966 1966-1973 1973-1981 1981-1992 1992-2006 2006-2015 1850-2015 1931-201%

Barren -4.35 -17.83 19.62 -0.78 0.00 -7.62 3.13 -23.09 -68.89 -99.81 -95.46

Forest -324.56 11.05 -52.59 | -120.95 20.17 -71.09 -51.85 -40.12 -37.28 -667.24 | -342.68
HighDensityUrbap  0.00 0.00 0.69 1.50 7.68 19.31 2.45 23.31 5.77 60.70 60.70

LowDensityUrban 152.17 6.74 3171 120.58 -27.58 59.18 45.72 39.91 104.01 532.44 | 380.27
OpenWater 177.40 -0.02 0.00 0.00 0.00 0.00 0.55 0.00 -4.40 173.53 -3.87
Wetland| -0.67 0.06 0.57 -0.34 -0.27 0.27 0.00 0.00 0.79 0.42 1.09

Table5: Land Use Change in Hectafea)between datasets

Percent change between Datasets
1850-1931 1931-1947 1947-1954 1954-1966 1966-1973 1973-1981 1981-1992 1992-2006 2006-2015 1850-2015 1931-201F
Barreng -0.69% | -2.85% 3.23% | -0.13% | 0.00% -1.22% 0.51% -3.72% | -11.52% | -15.86% | -15.28%
Fores{ -14.57% | 0.58% -2.75% | -6.50% 1.16% -4.04% | -3.07% | -2.45% | -2.33% | -29.95% | -18.00%
HighDensityUrbat - - 218.32%| 351.66% | 195.84% | 8.40% 73.71% | 10.51% - -
LowDensityUrbal - 4.43% 19.96% | 63.26% | -8.86% | 20.86% | 13.34% | 10.27% | 24.28% - 249.89%
OpenWater 178.49% | -0.01% 0.00% 0.00% 0.00% 0.00% 0.20% 0.00% -1.59% | 174.60% | -1.40%
Wetland| -1.51% 0.15% 1.31% | -0.77% | -0.61% 0.61% 0.00% 0.00% 1.80% 0.95% 2.50%

Table6: Percent change between given years

Other notabé changesio the watershed include the damming of Long Lake, which
occurred in thel848(Mcintosh Run Watershed Association, 2Q0#goding a smaller lakand
lifted water levels 8netres (Nova Scotia Department of Natural Resources, 2008hile
beyond the scope of this project, in terms of watershed habitat health the Long Lake Dam lacks

a fish ladder and is a hard barrier for access to spawning growddlife activity can be
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observed in the 2015 satellite image as new open water is édrin the eastern part of the
watershed barrens, a result of beavers damming a section of a stream that feeds the Mcintosh

Run.

To summarize, between 18a015,100 Ha of barrens were converted into low density
residential developments, 66Ha of forest was converted into low and high density urban, and
also into open water by the damming of Long Lakgh Density urban matotals 60.7Ha, while
the majorityof urban growthhas occurred in Low Density urhavhich now accounts for 532a.

Open Water increaseds a result of the Long Lake Dam and the activity of beave&lis, for a
total increase of 174a. Finally, wetlands saw no substantial change in area, which is expected
due to the difficulties of draining a wetland for constructimpmpared to simply building on

plentiful stable and dry land elsewhere.
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Chapter 5 Conclusios and Further Work

Conclusions

| haveestablished distorical dataset and a baseline of land use change in thatbkh
Run Watershed tat serves to quantify land use change, and may serve as a baseline for future

monitoring within the watershed.

In the Mcintosh RurwWatershed, forest and granite barrens have been converted into
urban developmentsBeginning with the damming of Long Lake and the advent of farming in the
region a major shift in the land usage within the watersheasset in motion.We see a gradual
AKATO FNRY FIENXVEIYR (G261 NR&a NBAARSydoavatéd K2 YSa

to urban or abandoned to forest regrowth

Between 1973 and 198the Bayers Lake shopping distriethich is partially within the
watershed wasdevelopedresulting in diversion of the Chain Lakes watershed to the Mcintosh
Run WatershedThis convertd an area in the nortlof the watershed to concrete and asphalt,
which significantly decreaseinfiltration and absorption capacities for that portion of the
watershedand increasd flashy behaviourWhile this development is a distance away from the
run itself, it is nevertheless part of the watershed that feddsng bke and eventually the
MclIntoshRun.Overdevelopment and urbanization in the north of the watershed may lead to
further decreasing infiltration. This will result in increasing flow and fldsétyaviour during
heavy precipitation events, and the potential overtopping of Long Lake Damently the upper
watershedis protected by Long Lake Provincial Park, this is key to protecting the infiltration

capacity of the upper watersheehd maintainirg the health of the watershed
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Through the remainder of the datasets, we see continuand steadyexpansion of
residential areaswith the 2015 dataset showing new lowdensity residential development
converting a portion of the exposdshrrens The cleaing and construction for the Governors
Brook residential development, along with a second new development of some 50 hectares are
occurring in direct proximity to the Mcintosh RuPevelopments this close to the river give little
buffering distance to all the remaining infiltration capacity to absorb surface wat€his will
cause increased surface runoff, and higher flood peaks during peak flood events within the

MclIntosh Run Watershed.

Further Work

The Mcintosh Run provides a wealth of future resegpolsibilities, including but not
limited to the modelling of hydrology within the watershed basedngssoftware such as
GreenKenue. This softwaran input historical rainfall data in combination with infiltration
estimates for each land cover classifioat to simulate the watershed underariables and
conditions which the user sets as model parametdrsis would provide a further level of

understanding to understand how the land use changeschasged thevatershed hydrology.

The continued monitoring of the watershed through remote sensing provides the
opportunity to monitor land change into the future in combination with the historical dataset
created here. The installation and monitoring of stream gauges would also be valuabl
beginning a true flow record of the McIntosh Run which would benefit future waslkhe newest
development is happening directly on the banks of the McInt®sh, which would be very

interesting to study how these developmerdffect the watershed wih data from before and
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after. Hydrochemistry or water quality analysis would be extremely useful in determining the
health of the watershed, and if that is limiting factor or has a significant impact on the biodiversity

of life within the MclIntosh Run.

The next logical step for this project if it was to be expanded upon is to monitor the
Mclintosh Run for a period of years to establish a small hydrology dataset, produce hydrographs,
and compare them to modeled flow values from GreenKenue. Through adjusiimables, we
can match the curves of the modeled and actual hydrographs, which will allow for much more

accurate historical modelling of the Mcintosh Run Watershed, and for future predictions.

40



References

Anderson, J. R., Hardy, E. Boach, J. T., & Witmer, R. E. (1976).and Use and Land Cover
Classification System for use with Remote Sensor Idahington D.C.: United States
Government Printing Office.

Clapham, W. B. (2003). Continudrased classification of remotely sensed imagery to describe
urban sprawl on a watershed scaRemote Sensing of Environmg822340.

Environment Canada. (2015). Historical Data. Halifax, Nova Scotia.

Halifax Regional Muaipality. (2007)Award- Tender No. 0-D33 LiDAR Data Acquisitidtialifax,
NS: Halifax Regional Municipality.

Halifax Regional Municipality. (2013, April 10DAR 5m DENRetrieved from HRM Open Data
Initiative: http://www.halifax.ca/opendata/document© DMT_LIDAR_DEM_5m.pdf

Halifax Water. (2013, October 30). Lakeside Pump Station Diversion to Halifax Watershed.
Halifax, NS.

Lillesand, T., Kiefer, R., & Chipman, J. (2(&note Sensing and Image Interpretation (7th
Edition).Hooken, NJ: Wiley.

MacDonatl, M. A., & Horne, R. J. (198Beologic Map of Halifax and SambRetrieved from
Nova Scotia Geoscience and Mines Branch:
http://novascotia.ca/natr/meb/download/mg/map/htm/map_198-006.asp

Mclntosh Run Watershed Association. (206@storing the McIntsh RunHalifax, NS: Dalhousie
University.

Natural Resources Canada. (2015). Canvec Shapefiles for 011D12. Ottawa, ON, Canada.

Nirupama, N., & Simonovic, S. P. (2006). Increase of Flood Risk due to Urbanisation: A Canadian
ExampleNatural Hazards2541.

Nova Scotia Department of Natural Resources. (20@8hagement Plan Long Lake Provincial
Park.Halifax: Province of Nova Scotia.

Nova Scotia Geomatic Centre. (201Npva Scotia Aerial Photography Libraymherst, NS:
Government of Nova Scotia.

Nova Setia Utility Review Board. (2004, November 12). Williams Lake Conservation Company vs
Chebucto Community Council of Halifax Regional Municipality. Halifax, Nova Scotia.

Rideout, E. (2012%etbacks and Vegetated Buffers in Nova Scbl@ifax: Hydrologic Systems
Research Group.

41



Satellite Imaging Corp. (2016, Marclgpectrum Retrieved from Satellite Imaging Corp:
http://s3.amazonaws.com/content.satimagingcorp.com/media/cms_page_media/120/e
lectromagnetiespectrum.jpg

Satellite ImagingCorporation. (2015)PleiadeslA Satellite SensoRetrieved from Satellite
Imaging Corp: http://www.satimagingcorp.com/satellisensors/pleiaded /

Steeghs, H., Zuck, J., & Davis, D. (199%.MclIntosh run wildlands working group study area :
environmatal resource analysis for the wildlands working group and the citizens of
Mainland South in Halifax Countyalifax: NSCAD.

USGS. (1999%\nalyzing Land Use Change in Urban EnvironmBetston, VA: U.S. Department
of the Interior.

USGS. (2015, January )15Landsat Band Designatians Retrieved from USGS:
http://landsat.usgs.gov/band_designations_landsat_satellites.php

USGS. (2015, November 23).Landsat Missions Retrieved from  USGS:
http://landsat.usgs.gov/about_mission_history.php

42



Appendix

Appendix 1: Classification Maps
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Appendix2: SelectedTables

2.1-Land Use values in Hectares (Ha)
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2.2 - Selected.and Use Calculatiofx data visualization
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2.3- Historical Precipitation data for Halifax.

Year Annual Precip Mean Annual Temp Mean Temp (Jan) Mean Temp (June)
1960 1084.8 8.2 -3.3 15.9
1961 NODATA 7.4 -5.6 14.5
1962 1494.5 6.8 -3.6 14.2
1963 1339.4 7 -0.9 14.8
1964 1401.6 7.1 -3.1 13.4
1965 933.5 6.7 -4.8 14.8
1966 928.9 7.8 -2 14.2
1967 1588.6 7 -1.7 15.1
1968 1066.9 7.5 -5.5 14
1969 1132.7 8.3 -1.7 16
1970 1125.5 7.2 -6.7 14.6
1971 1497.6 7.5 -5.6 14.6
1972 1538.5 6.7 -3.2 13.9
1973 1220.8 7.8 -3.3 15.5
1974 1265.5 6.3 -4.7 15.1
1975 1451.2 6.7 -8.2 9.6
1976 1587 7 -4.8 16.9
1977 1574.7 7.2 -6.2 13.5
1978 1265.5 6.5 -4.1 14.3
1979 1946.7 7.4 -2.5 15.5
MEAN 1339.2 7.2 -4.1 14.5

Source(Environment Canada, 2015)
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Appendix 3 Graphs

3.1¢ Land use change 18@D15
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Imagery- 1931-2015
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