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1.0 ABSTRACT

Netley-Libau Marsh, the largest coastal wetland adijoinLake Winnipeg, has been mapped by aerial
photography in the past (Grosshans et al 2004; Verbiwski 1986), indicating a trend of vegetation loss, but
a lack of historic aerial photography has limited mapping efforts to sporadic inteBatislliteimagey,

though of a coarser spatial resolution, has the advantage of high temporal and spectral resdliging.
Landsat images andraethodology developed in an earlier phase of this study (Watchorn 2@14me

series of classified vegetation cover mayasproduced for twelve years between 1990 and 2013. Water
cover maps were produced for another eigigars within this intervalresulting in a time series
representing 20 years of ih 23-year period This time series allowed for an investigation into
rStFiA2yaKALIAE o0SiG6SSy (KS SEGSYd FyR RAAGNROdziA 2y
hydrological factors on adjoining Lake Winnipeg and the Red River, which can be used to guide future
marshremediation measures.

The analysis of thiime seriesindicates that the longerm trendof vegetation loss in NetleiibauMarsh

has not been steady, nor has it been unidirection@bserved ggetation change; both loss and gaiq

was characterised by sudden dramatic changes disrupting periods of eedtdiis. Lake Winnipeg water

level wasidentified as the major factor responsible for shifting the balance between emergent wetland
vegetation and open water. Periods of low water as short as one year had dramatic and persistent effects
on emergent vegetion cover, particularly in smaller lakes. Regenerated emergent vegetation was less
persistent in the large Netley Lake, suggesting that marsh bathymetry is dynamis. stilithy also
identifiedthat Lake Winnipeg water level and Red River fio@/bothcontributing factors whiclnfluence

the extent of wet meadows around Netléybau Marsh. Decreaseiver discharges and lake levels were
correlated with increasing use of these regi@sshayed or cultivated land. Finally, the interpretation of
the cova map time series indicates the connectivity between the marsh lakes and Lake Winnipeg has
varied and is presently increasing.
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6.0 INTRODUCTION

LakeWinnipeg is a large, shallow, hypereutrophic lake in Manitoba, Canada, which has experienced more
frequent harmful algal blooms as nutrient loading has increased from its tributaries, particularly the Red
River (Environment Canada and Manitoba Water Stdalip 2011). Netleyibau Marsh, located
FR2FOSyld (2 GKS [F1S 2AyYyALSIQE &a2dziKk aK2NB 6pndo
north into the lake (Figure 6.1) Hydrogeomorphically classified as a barred drowned river mouth
(Watchornet al 2012), Netleyibau is a complex of over 20,000 ha of open bays, channels, and wetland
vegetation separated from Lake Winnipeg by an incomplete barrier beach.riiggugh historically the

marsh abounded with emergent vegetation, which sequestienutrients (Cicek et al 200&rosshans et

al 2004) and provided fish and wildlife habitat, it has long been noted that the extent of open water bays
has been increasing, while areas of emergent wetland vegetation have become reduced (Verbiwski 1986).
Thisdegradation is thought to have reduced the ability of the marsh to sequester nutrients transported
to Lake Winnipeg by the Red River (Grosshans et al 2004).

Maps displaying vegetated and open water areas of Netley date back to 1922 (Public Works Cagpda 19
but the first attempsto map and classify vegetation within the mamshre undertakenin the 1980y
Hathout and Simpson (1982) aierbiwski {980;1986). Using colour infrared aerial photography shot
in 1979, Verbiwski created a map delineatingenclasses of vegetation within five marsh zonester,
emergent, wet meadow, low prairiandupland Comparable imagery was used by Grosshans (et al 2004)
to create a map of Netley for the year 2001, using a comparable classification methodology \akich w
able to resolve a further thirteen cover classes including a sixth marsh zomenefegetatedareas.
Between 1979 and 2001, the area of open water within Nelliau Marsh had increased by 48%, while
the extent of emergent and wet meadow vegetationdhdeclined by 41%.

Many factors have been implicated in the losseaiergent vegetatiorand other landin NetleyLibau
Marsh. Grosshans et al (200#pposed thatthe introduction of the invasive common car@yprinus
carpig andthe increased nutrientdad of the Red Rivanay have contributed to some deterioration of
wetland vegetation Nielson (1998) identified a centuriesg trend of southward transgression of the
barrier beach ridge due to isostatic rebound following the last period of glaciaBoosshans et al (2004)
Ffa2 LINRPGARS O2YLIStftAy3d OANDdzvaidlyaAlrt S@GARSYyOS
degradation may include changes to the hydrological regime of Lake Winnipeg and the RedrRiver.

on the Red River have been incse® since the 1990s (Lake Winnipeg Stewardship Board 2006; Lévesque
and Page 20113nd the frequency ofimajor floodshasalsoincreasedover this period(Red River Basin
Commission 2001 The cessation of dredging of the Red River at its mouft®99 (KGS Group 2002jas
causeda backflood effect, causing greater volumes of water to enter NdtlbguMarsh via channels
through the riverbanks, before it can reach Lake Winnipeg (Manitoba Hydro 20hé)of these channels,

The Cut, was excavated as amar channel to Netley Lake in 1913 (Goldsborough 2015) but is now wider
than the river itself, and carriespproximately one third of itHow into the wetlandrather than along its
traditional channe(Clark 2014)A long wet cycle across the Lake Winnipeg wateddiees contributed to
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a higherwater level regimen recent decades (McCullough 201Wwhile theregulation ofLake Winnipeg
levels by Manitoba Hydro has dampened the potential for periodic lowest water levels (hianl#014).

¢ K2dza2K b St e has EeénbSsérved th chaghge following low and high vitates to and

levels on Lake Winnigg(Grosshans et al 2004), it is difficult to infer a long term trendunderlying
relationships between vegetation distribution and hydroldzgsed on onlyhe two snapshots in time
provided by Verbiwski and Grosshans: impacts to the vegetation community of antecedent conditions in
the short termg such as a period of low water facilitating recruitment of emergent vegetation from the
seedbankc are unknown. Aime series of vegetation maps, with sufficient temporal and comparable
spatial resolution, would be necessary in order to explore trends in vegetation change and their
relationship to hydrological alterations.

Although aerial photography has been the feneed imagery for wetland vegetation classification based

on its spatial resolution, it is expensive to obtain, and only sporadic historic images exist. Satellite imagery,
though often with lower spatial resolution, can provide increased temporal resoluitincreased spectral
resolution, and an easigccessible archive of the complete historic record since the launch of the satellite
in question.In a previous phase of this studyy&ual delineation and classificationethodology was
developed to creat a classified digital vegetation map of Netldpau Marsh in 2001 uginGIS software

and Landsat 7 imagery (Watchorn 2014).comparative analysis @his map with that produced by
Grosshans et g2004) demonstrated thasatellite imagerymay be used tomap wetland vegetation,
accurately and in sufficient detail.

In thissecond phasgthe techniques developed in that work weeenployedto produce a time series of

vegetation maps for Netlekibau Marsh from 1990 to 2013. This time series allowed fimagstigation

into relationships betweeithe extent and distributior2 ¥ b SiGf SeQa @S3aSGl GAzy 02Y
hydrological factors on adjoining Lake Winnipeg and the Red River, which can be used to guide future
remediation measures.
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Figure 6.1: Weerbodies and landmarks on Netleiibau Marsh, 1990.
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7.0 METHODOLOGY

7.1 IMAGESSELECTION ANPROCESSING

Imagery from Lands&i, Landsa¥? and LandsaB8 with 30m spatial resolutionwas provided by
Environment Canada geatics specialist Guy Létourneaur fis many years as possible between 1990
and 2013. In severalyears, only one suitable Landsat image was available. For years innalitgsie
Landsat images were availabéesinglamage vasselectedfor analysisaccording the following hierarchy

of rules. First, cloudree images were chosen over images in which some portion of the area of interest
was obscured by clouds. Secbndmages captured within the last week of July or first week of August
were preferred to images captured earlier or Igteo that plants were at approximately the same stage

of development, and therefore appeared with similar spectral signatures as in the 2001 Landsat image
which has beetruthed to aerial photography (Watchorn 2014Jhirdly, images obtained via the same
Landsat thematic mapper as the preceding and following years were chosen where possible, to minimize
artefacts from minor differences in band spectraable7.1 lists those images which were ultimately
selected, and on which further mapping has been base

All images wergeoreferenced to UTM Zone 14N / WGS 84, cropped to focus on MNdtiey Marsh, and
saved in PCI Geomatica format ()pby Guy Létourneau Minor georeferencing issues with the 1997
image were rectified with a nearest neighbour / fister polynomial technique, through the addition of
8 road intersections as control points, based on the 1999 im@geparable band combinations to those
described in Watchorn (2014, Tabld)pwere used talisplay and visualisthe images.

7.2 VEGETAIONDELINEATION AND.ASSIFICATION

Esri ArcGIS 10.2 software was used foage analysis and cover mapping, following a methodology
modified fromWatchorn(2014). The 2001polygoncoverageproduced by that work, comprising 34799
ha of the NetleyLibau aea,wasused as a template fahe 2000 and 2002naps In each case, a copy of
the 2001polygonfeature classvas made, then modified according to differences in the distribution of
water and vegetation. Similarly, polygons from 2000 were used as teaspiat 1999; 2002 polygons
were used as templates for 2003; and so &y. these means, the introduction of classification artefacts
was minimised.
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Table7.1: Landsat images selected fartime series analysis of cover types in Netlepau Marsh, 199G 2013.
Digital water coverage maps were produced from all available images; vegetation coverages were produced from
those images of appropriate quality and which seasonal plant development was suitable for classification (see
Section 7.2.1.)

Image Water  Vegetation
Year Date
Type Coverage Coverage

1990 Landsats 12/08/1990 X X
1992 Landsats 17/08/1992 X X
1993 Landsats 20/08/1993 X X
1994 Landsats 22/07/1994 X X
1995 Landsats 26/08/1995 X

1996 Landsats 12/08/1996 X

1997 Landsats 30/07/1997 X X
1999 Landsat7 28/07/1999 X X
2000 Landsat7 30/07/2000 X X
2001 Landsat7 02/08/2001 X X
2002 Landsat7 05/08/2002 X X
2003 Landsats 16/08/2003 X

2005 Landsats 05/08/2005 X X
2006 Landsats 25/09/2006 X

2007 Landsat5 11/08/2007 X

2008 Landsats 29/08/2008 X

2009 Landsats 01/09/2009 X

2010 Landsat5 03/08/2010 X X
2011 Landsats 07/09/2011 X

2013 Landsai8 11/08/2013 X X

Each polygon was inspected to determine whether the cover type still matched the class assigned for the
previously mapped year, guided by the vegetation classification key (Watchorn 2014, TabM/6e3g

I a0FyR O2YLX SG8te OKFIy3aISR FTNRBY 2yS$S 02 ¢S Nandi & LIS
reclassified Images were then inspected at a 1:150@8olution to determine where a cover type
remained consistent through to the adjacent year, but with shifted stand boundaEggsting polygons

were edited, reshaped, mergedlipped, explodedand/or split to appropriately represent changing stand
shapes. Theerror inspector tool, referenced to a customisgelodatabase topologgnsured that polygon
coverages remained complete, without gaps, slivers, or overlaps.
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7.2.1 Challenges

Clouds posed a small challenge to producing the time series of Ndilgy Marsh cover maps. Though
imagery with cloud cover was avoided to the extent possible, a limited selection meant it was inevitable
but that some maps would need to be produced from images showing minimal clouds. Where clouds
obscured a portion of tharea of interest, as they did in the 1993, 2007, 2008, and 2013 images, cover
class boundaries were assumed to be the same as the adjacent year that had already been mapped.

Some spectral challenges were anticipated because of the variation in Laadsats The images used

in this time series were captured by three different Landsat satellite thematic mappers: L&ndsat
Landsat7, and Landsa8. The main band combination for inspection were bands 4,5,3 on Labdsat
Landsat7, and bands 5,6,3roLandsa8. (Other band combinations, as described in Watchorn 2014,
contributed supplemental classification information.) These bands measure a comparable, but not
precisely equivalent, range of spectra: each satellite has slight differences indpeiets of wavelengths
captured on each band, particularly Land8atThe challenge posed by switching back and forth between
differently sensed imagery from year to year was mainly avoided by image selection rules which
accounted for sensor consistenc®nly one Lands&® image was the basis of a cover n{2p13) it was

of high quality, and its band information translated well between the LanrBsatage from the adjacent
year.

There were greater spectral challenges posed by the wide range in timeanfwhen images were
captured. The images selected for this time series mapping exercise ranged from July 22 to September
25. Images dated between late July and #Aishust showed appropriate and distinct spectral signatures

for the major vegetation typegcomparable to Figure 6.3, Watchorn 2014), and were suitable for
producing vegetation cover maps.

However, images dated from late August through Septemitbnot produce sufficiently distinct spectral
signatures for distinguishing most vegetation salBsks. This lack of distinguishing information for
classification can be attributed to a loss of chlorophyll and moisture as leaves cease growing and begin to
senesce. The effect was particularly pronounced in the inner marsh amongst newer growth, giohsum
because there is less organic litter contributing to a background signal. (For example, new cattail growing
near open water zones appears different from cattail growing deeper inland, partly because of the
presence of litter. In midsummer, theressfficient spectral information to differentiate littdess cattail

from the bulrush/sedge/phragmites complex. However, as the vegetatiotsstasenesce, where there

is little to no litter, the two stand types appear less distinct.) Despite an imeggtof effort, it was not
deemed feasibldéo produce vegetation coverages for several years in which the only available images
were taken too late in the season. Those years for which vegetation coverages were produced are
indicated in Table 7. Watercoverages, however, were mapped for all years in which Landsat imagery
was available.

A final challenge was presented where new growth of emergent vegetation appears: it can be very
difficult or impossible to classify newly established emergeamnts ©h the case of small new stands there
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is so much edge noise from the surrounding water or vegetation that the spectral signal is diluted. In the
case of large new stands, the lack of organic litter from previous seasons means that water or exposed
mud between shoots can overwhelm the signal.

The effects of these multiple challenges to vegetation delineation and classification were cumulative, with
the result thatsome new emergent stands could not be identified to vegetation class. It is unfortunate
that the zone of most interest to this investigation should be so challenging to classify. The emergent
stands which eluded classification were assigned a vegetation clasglehtified emergent

7.3 HYDROLOGICARELATIONSHIPS

Relationships between hydrologyd vegetation extent were investigated by linear regression.y&hady
total areaof each vegetation class and marsh zone, as well as the change in area since the last mapped
year in the areas of each vegetation class and marsh zone were treated exgiéep variables.

Hydrometric parameters, including metrics of the level on Lake Winnipeg at Gimli and discharge on the
Red River at Lockport (192008) and Selkirk (20e813), were treated amdependentvariables. Selkirk

river discharges were assth to be equivalent to those at Lockport; given the short distance between
the two (~12 km by river), that the slope of the river in this reach is almost flat (<0.00001m/m;
Lindenschmidt 2012), and that Water Survey of Canada reports their drainage areqigad.

Lake level parameters considered were mean daily lake level on the date of Landsat image capture,
maximum daily lake level between April and July, minimum daily lake level between April and July, mean
April to July lake level, mean June to Jake level, and mean June lake level. Red River discharge
parameters investigated included daily discharge on the date of Landsat image capture, maximum daily
charge between April and July, minimum daily discharge between April and July, mean Aprigdischa
mean May discharge, mean June discharge, mean July discharge, mean April to July discharge, and mean
June to July dischargd-or one daily discharge value that was unavailable, it was linearly interpolated
based on values the previous and next alddareading. Where mean monthly discharges were not
available, missing daily discharges were determined by linear interpolation, then the mean of daily
discharges was calculate®oth actual hydrometric parameters, as well as the change in those
hydrometric parameters since the previously mapped year, were considered.

Correlations where g 0.05 have been reported as significant. Due to the very small sample sizes of the
comparisons in question @11 to 20), Type Il errors are to be expected, anddfoge any relationships
where p<0.1 have been reported as suggestive, and warranting further investigation.

7.4 VEGETATIONODVERSURROUNDINBEFERENCGEINTS

A list of eight fixed reference points was provided by Environment Canada {T3bler theassessment
of 2011 and 201¥egetation cover within 500m and 1000m of each. Of the eight points, only one (Site ID
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I) was wholly within the mapped area of Netlejpau Marsh(as defined by Grosshans et al 2004 and
Watchorn 2014). Four were partially Wih the mapped area (Site 15 F, K,)Lwhile three were
completdy outside (Site ID$, J, M. Vegetation and water was delineated and classifiedhese
additional zones for 2013, then clipped &500m and 1000m radius of each reference point ufiieg
buffer tool.

The Landsat imagr 2011 was taken in September, which was deertwllate in the season to be
reliably mapped for emergent vegetatiditable7.1). Howeverbecause the majority of theeference
points were located in upland areashere late-seasonvegetation signatures were somewhat more
distinct, an attempt was made to map 2011 vegetation only irrtinemediate vicinity. It should be noted
that the classification of emergent vegetation and wet meadow may be less accurate irRthEsenaps
than elsewhere. The 20t8veragavas used as a template, which was modified as appropriate for 2011.

Table 72. Locations of reference pointpecified by Environment Canadaound which surrounding vegetation
was quantified.

Coordinates Within Netle
Refer_ence y Comments
Point N W mapped extent?
B 50.243653  96.880225 no
C 50.246439  96.844153 partial cloudy in 2013
F 50.337914  96.697086 partial
| 50.291889  96.917806 yes cloudy in 2013
J 50.211536  96.839794 no
K 50.350808  96.623475 partial settled area of Brokenead
Ojibway Nation
L 50.424392  96.608219 partial
M 50.240386  96.95375 no somewhat cloudy in 2013
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8.0 MAPSERIES

Map Series8.1: Annual maps of NetleyLibau Marsh 1990z 1993, displaying areasvhich changed between water and other marsh zones frtma previous
mapped year.

Netley-Libau Marsh 1990
Changes in water distribution between years
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LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA  PROJECTION: WGS84 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 12, 1950
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 12, 1990 AND AUG 17, 1992

Netley-Libau Marsh 1990 - 1992
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 17, 1992 AND AUG 20, 1993

Netley-Libau Marsh 1992 - 1993
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 20, 1993 AND JULY 22, 1994

Netley-Libau Marsh 1993 - 1994
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED JULY 22, 1994 AND AUG 265, 1995

Netley-Libau Marsh 1994 - 1995
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 26, 1995 AND AUG 12, 1996

Netley-Libau Marsh 1995 - 1996
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 12, 1996 AND JULY 30, 1997

Netley-Libau Marsh 1996 - 1997
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

CORIGINAL IMAGERY: LANDSAT-S/7 TM/ETM+ MULTISPECTRAL OBTAINED JULY 30, 1997 AND JULY 28, 1999

PRODUCED BY K ELISE WATCHORN 2015

Netley-Libau Marsh 1997 - 1999
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED JULY 28, 1999 AND JULY 30, 2000

Netley-Libau Marsh 1999 - 2000
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL CBTAINED JULY 20, 2000 AND AUG 2, 2001

Netley-Libau Marsh 2000 - 2001
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED AUG 2, 2001 AND AUG 5, 2002

Netley-Libau Marsh 2001 - 2002
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

CRIGINAL IMAGERY: LANDSAT-7/5 ETM+/TM MULTISPECTRAL OBTAINED AUG 5, 2002 AND AUG 16, 2003

Netley-Libau Marsh 2002 - 2003 ‘J .
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 5, 2005 AND SEPT 25, 2006

Netley-Libau Marsh 2005 - 2006
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED SEPT 25, 2006 AND AUG 11, 2007

Netley-Libau Marsh 2006 - 2007
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 11, 2007 AND AUG 29, 2008

Netley-Libau Marsh 2007 - 2008
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 29, 2008 AND SEPT 1, 2009

Netley-Libau Marsh 2008 - 2009
Changes in water distribution between years
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED SEPT 1, 2009 AND AUG 3, 2010

Netley-Libau Marsh 2009 - 2010
Changes in water distribution between years

Land
New Land

New Water

Water -

0051 2 3 4 5km

PRODUCED BY K ELISE WATCHORN 2015

0 05 1 2 3 mi

w
N

Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 3, 2010 ANDSEPT 7, 2011

Netley-Libau Marsh 2010 - 2011
Changes in water distribution between years
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PROJECTION: WGS84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA

CRIGINAL IMAGERY: LANDSAT-5/8 TM/OLI MULTISPECTRAL OBTAINED SEPT 7, 2011 AND AUG 11, 2013

Netley-Libau Marsh 2011 - 2013
Changes in water distribution between years
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Map Series88.2. Classifiedannual vegetation mas of NetleyLibau Marsh, 199Q 2013,displayed by marsh zone, created based on Landsdtandsat7, and
Landsat8 multispectral imagery with a spatial reseition of 30m.A 1979 map based on aerial photography is shown for comparative purposes (Verbiski
1986; Grosshans et al 2004).

Netley-Libau Marsh 1979
aerial photography-derived vegetation coverage
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VEGETATION WAP BASED ON COLOUR INFRARED AERIAL PHOTOGRAPHY PRODUCED BY VERBIWSKI 1980 /1986

DIGITISED BY GBOSSHANS ET AL 2004
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 12, 1950

Netley-Libau Marsh 1990
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 17, 1992

Netley-Libau Marsh 1992
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 20, 1993

Netley-Libau Marsh 1993
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED JULY 22, 1994

Netley-Libau Marsh 1994
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED JULY 30, 1997

Netley-Libau Marsh 1997
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL CBTAINED JULY 28, 1999

Netley-Libau Marsh 1999
Landsat-derived vegetation coverage

Water

Not Vegetated
Emergent Vegetation
Wet Meadow
Upland

0051 2 3 4 5km

PRODUCED BY K ELISE WATCHORN 2015

0 05 1 2 3 mi

N
w

Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA PROJECTION: WGS84 UTM NORTH ZONE 14

CRIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED JULY 30, 2000

Netley-Libau Marsh 2000
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED AUG 2, 2001

Netley-Libau Marsh 2001
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL CBTAINED AUG S, 2002

Netley-Libau Marsh 2002
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 5, 2005

Netley-Libau Marsh 2005
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 3, 2010

Netley-Libau Marsh 2010
Landsat-derived vegetation coverage
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PROJECTION: WGES84 UTM NORTH ZONE 14

LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA

ORIGINAL IMAGERY: LANDSAT-8 OLI MULTISPECTRAL CBTAINED AUG 11, 2013

Netley-Libau Marsh 2013
Landsat-derived vegetation coverage
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Map Series8.3: Classified vegetation mapof NetleyLibau Marsh, 199¢ 2013, displayed by vegetation classre@ed based on Lands&i, Landsat7, and
Landsat8 multispectral imagery with a spatial resolution of 30mA 1979 map based on aerial photography is shown for comparative purposes (Wekbi
1986; Grosshans et al 2004).

Netley-Libau Marsh 1979
aerial photography-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 12, 1990

Netley-Libau Marsh 1990
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 17, 1992

Netley-Libau Marsh 1992
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 20, 1993

Netley-Libau Marsh 1993
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

CRIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED JULY 22, 1994

Netley-Libau Marsh 1994
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED JULY 30, 1997

Netley-Libau Marsh 1997
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL CBTAINED JULY 28, 1999

Netley-Libau Marsh 1999
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL CBTAINED JULY 20, 2000

Netley-Libau Marsh 2000
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED AUG 2, 2001

Netley-Libau Marsh 2001
Landsat-derived vegetation coverage
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-7 ETM+ MULTISPECTRAL OBTAINED AUG S, 2002

Netley-Libau Marsh 2002
Landsat-derived vegetation coverage
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAU MARSH, MANITOBA, CANADA PROJECTION: WGS84 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 5, 2005

Netley-Libau Marsh 2005
Landsat-derived vegetation coverage
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 3, 2010

Netley-Libau Marsh 2010
Landsat-derived vegetation coverage
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-8 OLI MULTISPECTRAL CBTAINED AUG 11, 2013

Netley-Libau Marsh 2013
Landsat-derived vegetation coverage
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



Map Serie8.4. Masof NetleyLibau Marsh, 199G 2013, displaying areag which the classified marsh zone changfedm the previousmapped year.

Netley-Libau Marsh 1990 - 1992
Changes in marsh vegetation zone between years
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LOCATION: METLEY-LIBAU MARSH, MANITOBA, CANADA  PROJECTION: WGS84 UTM NORTH ZONE 14
ORIGINAL IMAGERY: LANDSAT-5 TWM MULTISPECTRAL OBTAINED AUG 12, 1990 AND AUG 17, 1892
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LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL CBTAINED AUG 17, 1992 AND AUG 20, 1993
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Netley-Libau Marsh 1992 - 1993
Changes in marsh vegetation zone between years
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED AUG 20, 1993 AND JULY 22, 1994
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Netley-Libau Marsh 1993 - 1994
Changes in marsh vegetation zone between years
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14

ORIGINAL IMAGERY: LANDSAT-5 TM MULTISPECTRAL OBTAINED JULY 22, 1994 AND JULY 30, 1997
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Netley-Libau Marsh 1994 - 1997
Changes in marsh vegetation zone between years
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag



LOCATION: NETLEY-LIBAL MARSH, MANITOBA, CANADA  PROJECTION: WGSE4 UTM NORTH ZONE 14
CORIGINAL IMAGERY: LANDSAT-S/7 TM/ETM+ MULTISPECTRAL OBTAINED JULY 30, 1997 AND JULY 28, 1999
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Netley-Libau Marsh 1997 - 1999
Changes in marsh vegetation zone between years
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Water and vegetation cover in Netldybau Marsh (199@2013): a time series analysis based on Landsat imag
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