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Abstract
Western North American mountain regions are warming at a faster rate than the global average,

which is influencing the retreat amdelting of glaciers, with a 75% disappearance of glacier
volume in Western North Americ@ossible by2100. The impastof this are wide reaching,
including increasing contributions to sea level rise, decreased freshwater availab#itgf los
stability of mountain slopeandchanging aquatic ecosystems. Hubbard and Valerie glaiers

in the St. Elias Mountains of Alaska/Yukon, which is an important area of study as Alaskan
glaciers are likely to respond to climate change differently than glaciers inrethens of the
world. The studies on seasonal velocity flow of both glaciers have been limited, with few recent
reports of dynamics and mass balance. The goals of thiswardio 1) determine the seasonality

of Hubbard and Valerie glacieby creatingthe densest record of flot@ datefrom July 2013

April 2022, 2) analyze the lonterm velocity trend from 1982022 to confirm if both glaciers are
decelerating; and 3jse surface elevation change and temperature dateatypze potentiadrivers

of the determinedelocity patterns. The velocity record of Hubbanad Valerieglaciers was
created using ITS_LIVE, RADARSA2, RADARSAT Constellation Mission, and TerraSAR
X/TanDEM-X derivedmeasurements/alerie glacier had an expected seasonal pattern of peak
velocities in May and minimum velocities between Augdevember. Hubbard Glacier had a
seasonal pattern that had never been identifigaevious studiesyith peak vebcitiesbetween
DecembeiFebruary velocities dropping slightly between Janudwyril, a second velocity peak

in May, and minimum velocities in August/September. The May peak and late summer minimum
of both glaciers was determined to be from surface reatthing the bedncreasing flow speeds

with an inefficient drainagesystem before changing a channelizegubglacial hydroloigal
systemthat causes a velocity drop | t is |likely Hubbard Gl aci et
slowdown before its May peak isternally driven, however the exact driver was not identified.
The longterm velocity trend revealed Hubbard Glacier is decelerating, with a minimal
deceleration neats terminus that was similar to the minimal deceleration on Valerie Glacier,
while there wasncreased deceleration further-glacier.For both glaciershie decelerationlid

not match theexpectedpatterns of thinning/thickenindglrevious instances gjulsing were not
resolved in this dataOverall, this study helps improve the knowledge of tidewater glacier
dynamicsthrough the identification o& unique intreannual velocity patterand can assist in

improvingsea level riseice dynamics, anohass dss moded.
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Chapter 1: Introduction
1.1Introduction

Humaninduced global warminig changingclimatepatternghroughout the worldvith global
warming fromthe preindustrial period until present day likely to cause impactsitiagt continue
to be observed for centuries to millen{i®@CC, 2018. The cryospherean particularis being
greatly impacted by humanducedclimate change, witlthanges seeall the wayfrom high
mountains, polar regionand into the ocea(Figure 1-1) (Abram et al., 2019 Changes to the
cryospherdincluding observed declines in leglevation snow cover, glaciers and permajrass
affecting physical, biological, and human systefosexample agriculture, tourism, and cultural
values (Hock et al., 2019pver the past few decad@sountain regionsr Western North America
have experiencedwarming rateper decadef ~0.3+ 0.2°C, whichis larger than the 020.1°C

global warming rate per decade (Hock et al., 20B€C, 2018.

Glaciers are retreating, and the melting of glaciers can greatly impact sea level rise due to the
input of fresh water (Abram et al., 2018laciers in Western North America have already lost a
substantial amount of maskidure 1-2), and boking towards future change, models project
substantiaylacial volume loss within Western Canada and the Uth 75% of current glacier
volume possibly disappearingy 2100 Hugonnet et al., 202Bliss et al., 2014)With glaciers
retreating and permafrost thawing, mountain slopes are losing stability and changing the integrity
of infrastructure (Hock et al., 2019)his results irthangedo natural hazard frequency, location
and duration, with more people exposed to these hazards through tourism (Hock et al., 2019)
Glaciersalsthol d freshwater that is critical i#gso wat e
onwater frommountain runoff) and withthis water supply changingmpactswill affect aquatic
habitats, hydroelectric power, recreation, tourism, agriculture, and indBsalyney et al., 2017;

Clarke et al., 2015; Bolch et al., 2010

Given this background, the goal of this thesis imwestigate glacier change ameimportant
locationwithin Western North America; the fast flowing Hubbard andexialglaciers of the St.
Elias Icefield Giventhat the @termination of glacier flow patterns is important for understanding
how dynamic discharge and mass loss are chammieg time and to improve predictions of

glacier contributions to sea level rise (Van Wychen et al., 2016).
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Figure 1-1: Summary of hanges to the cryosphere and oc&dre blue arrows represehe movement
of water, the red arrow represents the movement of heat, and the green arrow represents the movement of
caron dioxidgAbram et al., 2019).
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Figure 1-2: Elevation chagefrom 20M-20190f Western North American glaciensith the colour of
each circle representing the mean elevation change rate fror2200Gnd the size of the dot

representing the size of the glacierized gmeadified from Hugonnet et al., 2021).

Although Hubbard Glacier has a lodgcumented history, research gaps exist when looking
at specific details of glacier behaviowvijth no recent investigatn of variability of seasonal
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glacier flowthat has been undertaken (Trabant et al., 2068).exampleHu b b ar d GI aci
seasonality and/or subglacial discharge has been analyzed in a few studies (Trabant et al., 2003;
Ritchie et al., 2008; Stearns et al., 20&Bywith remote sensing methodesw commonly used

for velocity determinatiorterminus velocitiesanbe fully resolved\(Vaechter et 412015 Stearns

et al., 2015Van Wychen etl., 2018. With the increase in the amount of remote sensing data
available, there is an opportunity tesoéve seasonality in much more dethdnwaspreviously

possible This is important, because this @sobe used taletermine longerm velocity patterns

on Hubbard Glaciaewhich have been difficult to disentangle frone large seasonal variabilibf

the glacietthat has not been well quantifi¢8tearns et al., 2015%imilarly, only onestudy was
foundthat briefly mentionshe seasonality of Valerie Glacier, although there are some reports of
the glacierexperiencing a dynamic instability knovas @ulsingd (Trabant et al., 1991yayo,

1989; Ritchie et al., 2008In the future, the effects of climate change will likely be different for
glaciers in Alaska in terms of their lotgrm dynamic response than other regions of the world
andthis studyon Hubbard and Valerie glaciezanused to better understand how glaciers in this

region of the world arbehavingdynamically(Burgess et al2013).

Monitoring of glaciers withinYukon/Alaska is limited, with most programigitiated on
relatively small glaciers, and with ordy4 longterm mass balance programs (Arendt et al., 2002).
Hugonnet et al. (2021) found that Alaskaountedor 25% of glacier mass loss globadpd that
thinning rateswere acceleratingThe last report specificallinvestigating the mass balance of
Hubbard Glaciewas conducted in 2003 afaundthatit had a positive mass balané®m 193-

€

2000thatwasme asur ed t hr ough ¢thangeqTgdbantet &.r2008hisisi c k ne s

different than other Alaskan Glaciers, as the majority of those studied are thinning along their
lengths(Hugonnet et al., 2021).

1.2Research Objectives

Themajor objective ofhis thesis igo explore glacievariability andchange for twalaciers
in Western North America that are currentiyderstudiedthe very large tidewateterminating
Hubbard and Vatie glaciers of the St.Elias Icefield. Thesglaciersprovidekey case studies of
how climate change is impang glacierswithin Alaska The major researclobjectivesof this
studyarelisted below.



1) Build a dense record of ice motion for Hubbarttl Valerie taciers that can be used to
resolve the seasonality bbth glacierver the last ~decade;

2) Create a logterm velocity record of icenotion b determine whether the loitgrm
deceleration of Hubbard Glacier that has been previously reported continues to present day
and determine thieng-termvelocity trend of Valerie Glacier

3) Utilize records of climatend surface elevation chandatato explore the seasonal and
long-term drivers of ice dynamics at Hubbauad Valerieglaciers.

The work done in this theswsill greatly increase ounnderstanding odeasonagjlacier flow
patterns of tidewater glaciers of Western North America, which can help improve the
understanding of how muchater is being contributed to the ocean for sea level Alksa,
determiningthe elevation change allovesgreater understanding of how fast these glaeiers
losing mass, which can help with future mass loss projections.

1.3Thesis Structure

There are five chapters within this thesis,
style.Chapter Jprovides a broad introduction on why the work of this thesis is important and the
specific research goals. Chapter 2 is a background chapter, encompassing a description of the study
site and a literature review. Chapter 3 explains the methods used fongethe objectives of this
thesis. Chapter 4 presents and interprets the results of this study and is presented as the manuscript
entitledPatterns and drivers of seasonal and leegnm velocity variability of Hubbard and Valerie
glaciers Finally, Chapte5 provides a summary of the work presented in this thesis, including
discussions of the limitations and overall significance, and ideas for how this work can be

expanded in the future.



Chapter 2: Study Site and Literature Review
2.1 Study Site

In Westen North America (specifically southern British Columbia, the Rocky Mountains, and
southern parts of the Alaskan Panhandle), climate is relatively maritime and, in comparison to
northern glaciated regions in Canada, these regions have high levels of atimumauid ablation
(Van Wychen et al., 2018). The St. Elias Mountains reach higher 16@@ a.s.l.andincludes
some of the tallest Canadian mountains (Bevington & Menounos, 2022). The mountains along the
coast of Western Canada have an abundance of glaciers and include both volcanic-and non
volcanic mountains (Bevington & Menounos, 2022). Low elevatioombinedwith maritime
climatestypically results iness glaciatedreain Western Canaddike Vancouver Island), while
glaciers at high elevations exist in the northern, central, and southern Rocky Mountains (Bevington
& Menounos, 2022). The specifeceaof interest for this thesis akHubbard and Valeriglaciers,

which are located in Western North Ameriaad described in the followirggections

2.1.1 Hubbard and Valerie Glaciers
Hubbard Glacier Kigure 2-1) is a large tidewater terminating outlet glaci@reviously

measued to bel23 km in length, making it thargestcalving glacier inside North America and
thelargesttidewater glaciegloballywhen excluding the pol€3rabant et al., 2003; Ritchie et al.,
2008). The glacier has a grounded terminus and a calving face thha4 isnl in width Meier &

Post, 19877Trabant et al., 2003). Hubbard Glacier begins in the flanks of Mount Logan in the St.
Elias Mountains (Yukon, Canada) affows from its upper accumulation area to its terminus in
Disenchantment Bay and Russel Fjord (near Alaska) (Ritchie et al., 2008/Vyemen et al.,
2018).

Valerie Glacieris a tributaryglacierthat connectso thewest of HubbardSlacier, with its
terminus having ice flowing paral (Majo, 1988 Hu b b :
labelled orFigure2-1). Valerieand Hubbardslaciess are separated by a medial moraine,ieed
from Valerie Glaciercompriseghe first2 km of the western calving front ofubbard Glacier's
terminus(Ritchie et al., 2008).
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Figure 2-1: Hubbard Glacieoutlined inpink, and Valerie Glacieoutlined in blue from RGI Consortium
(2017 (Sentinel2 imagery froml1/06/2021in WGS 1984 UTM Zon&N). Theinsetshowsthe Alaskan
glaciated regions (RGI Consortiu2017), andthe location of Hubbardnd Valerie taciers is indicated

with the red boXWorld Topographic Map, in WGS 1984).

2.2 Background and Literature Review
2.2.1 Glacier MassBalance and Climate Change

Glacier mass balance is determined through the summation of all forms of accumulation and

ablation occurring at a glaci@ver a specified time period (usually one yeanyl is a factor

influencing glacier advance and retreatr{geet al., 2013; Intsiful, 2020). Accumulation is mainly

caused by liquid water refreezing and by precipitation falling onto the glacier in the form of snow

(Intsiful, 2020). Accumulation can also involvblown snow and avalanches (Benn & Evans,

2013).Ablation is generally caused by the melting and runoff of ice and snow from warm air

temperatures, calving, and sublimation (Intsiful, 2020). A glacier is said to be in balance when its

ablation and accumulation are the sameamgequently h e g | aswill@at dhangenftduss

& Hock, 2018) . I f there is net

accumul

at

o

glacier will grow, while a glacier will shrink when the ablation exceeds accumulation (Intsiful,

2020; Benn & Evans, 2013). The zonelk awcumulation and ablation are divided by the

equilibrium line, which can provide information on glacier retreat or advance (Intsiful, 2020).
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Above the equilibrium line, the accumulation zér@s net mass gain, while below the equilibrium

line (ablation zone), there is a net mass loss (Benn & Evans, 2013).

Mass balance is a useful measurement that can give information on climate change, with
increasing temperatures largely leading to glacier mass loss (Zemp et al., 2013; Wouters et al.,
2019). Bepending on the glacier, its response to climate change can occur immediately or be
delayed for years, meaning that changes observed today can be the response to climate changes
over multiple decade8(ahney et al., 2017Mass balance is important as msss from glaciers

leads to increased sea level rise (Zemp et al., 2013).

An individual gl aciersd6 mass balance can var
decline in glacier mass was observed (Wouters et al., 2019). Frdr2@%6, the change glacier
mass gl obald7P75@tansth 30 Gt S since 2003 (Zemp et al., 2019; Wouters
et al., 2019). The amount of mass lost since 2003 is equivalent to ~8 mm of sea level rise (Wouters
et al., 2019). Glacier shape, size, hypsometeplogic setting, and feedback mechanism influence
how individual glaciers respond to climate change (Comeau et al., 2009). For example, Bolch et
al. (2010) found that glaciesouth of 60N in the Canadian Cordillera Western Canadtnat
werefurther from an ocean lost more mass than maritime glaciers. Since individual glaciers can
respond differently, some may be able to survive future climate scenarios by retreating to higher
elevations (Clarke et al., 2015). Glaciers retreatingi¢er elevations can also have a lower
albedo from snowline retreat through exposing different glacier ice earlier in the melt season,
which cancause increased melt in the summer (Comeau et al., 2009). Annual variations in mass
balance have partly beeassumed to be causedlaygescale atmospheric circulatichangesnd
can reveal climatic patterns through its relationship to precipitation and temperature (Wouters et
al., 2019; Shea & Marshall, 2007). However, glaciers in different locations aroeimebttd are
affected differently due to local atmospheric circulation changes (Wouters et al., 2019). Within the
northern hemisphere, interannual variability of mass balance can be changed by Arctic Oscillation
(AO), Pacific Decadal Oscillation (PDO), Elid-Southern Oscillation (ENSO), and North
Atlantic Oscillation (NAO) (Wouters et al., 2019).

2.2.11 Glacier Mass Balance and Climate Change at Hubli@lakcier
Alaska has relatively few mass balance progra®<! (ongterm programs), withthe

majority on relatively small glacie(é&rendt et al., 2002)Glaciers within Alaska are experiencing



accelerated thinning ratesnd accourfor 25% of global glacier mass logsugonnet et aj2021)

From 1959 to 2000, Hubbar d @éteantne asmassbalanhei ¢ k n e s
which was found to bpositive(Figure2-2) (Trabantet al.,2003).During this41-yearperiod the

change of thickness of Hubbard Glacier varievith 120 m of thickening occurring near its

terminus, an@7 m ofthinning at higher altitudes (2560 m) (Trabant et al., 2003). As reployted

Trabant et al. (2003at the higheelevationof 2200-2600 m, Hubbard Glaciexperiencedolume
decreasesHu b bar d GI a c icontrastsmostAkadkan \Glamersy asut of 67 glaciers

analyzed from the mid950s to the mid990s,the majority of thosexperiencedhinning along

their lengthswhile less than 5% showed thickening (Adeet al., 2002) However, the rate of
thickening of Hubbard Gl acierds | om@inl988 km h a:
1959, 2.1m/yr from 19481978, 1.4m/yr from 198-1978, 1.7m/yr between 1978988, and 1.4

m/yr from 19881999 (Trabant et al., 2003).

360

300 -

Glacier surface altitude {m)

124 122 120 118 116 114

Longitudinal profile location {km)

Figure 2-2: Thickening of Hubbard Glacier's terminal lolataused for this comparison fiiom 1948,
1959, 1978, 1988, and 20Q0rabant et al., 2003).

Since 1895, Hubbard Glacier has slowly been advancing, although seasonal adf/ances
up to 100 mare superimposed on thirabant et al., 2003). The advance into Russel Fjord has
been faster than that into Disenchantment Bay due to deeper water in Brgeraiit Bay (200 m
vs 30 m at Russel Fjord) (Trabant et al., 2003). The advance into deeper water is slower because a
|l arger volume is needed for a terminal mor ai n
face (Trabant et al., 2003).



In 2003 it was suggested thhfubbard Glacier is not as sensitivenboderateclimate change
due to the majority (95%) of the glacier lying in the accumulation ,Zoa&ng a positive mass
balance, and undergoing an advance (Trabant et al., ZD@Xefore, cinate change may not
influence Hubbard Glacier for a long time until its accumulation area ratio (AAR) is lower than
0.7 (Trabant et al., 2003; Trabant et al., 1990hHis would occur only when the equilibrium line
altitude (ELA) risesby 1,000 m, with Hubbr d Gl aci er 6 s AAR (dbegtaitsg r ep
high ELA of 1,000 m(Trabant et al., 2003 rabant et al., 1991Sensitivity to climate will occur
when calving glaciers have melting | osses neatl
(Trabant et al., 2003). However, Hubbard Glacier may become sensitive to tidal currents that
melt/erode ice as it reaches the end of Russell Fjord (Trabant et al., 2003). If Hubbard Glacier
continues to advance, the length of the tidal channel connéutisge! Fjord and Disenchantment
Bay will increase, reduce energy, and thus reduce melt/erosion and-¢odwesed calving at the
ice face (Trabant et al., 2003).

2.21.1.1Melt and Calving of Hubbardnd ValerieGlaciers
Sea levels get large contributiomisvater from mountain glaciers, which effects future sea

level rise (Burgess et aR0133). Previously,rain input into dammed lakes have caused outburst
floodson Hubbard GlaciefTrabant et al., 2003). This occurred in August 2002, after a moraine
blocked the entrance to Russel Fjardiwater levels increased to overflow the moraine (Trabant
et al., 2003). After the outburst flood, the lake drained, allowing tidal exchange wagelRFjord

to occur again (Trabant et al., 200Bjdal currentsaffect eéosion and melt on Hubbard Glagier
with the narrow entrance to Russel Fjbal/ingthe slowest advance due to extreme tidal currents
causing large amounts efosion and melt (Trabaet al., 2003). Seasonally, surface water will
warm from ApritAugust, which leads to an increase in submarine melt and iceberg cahdng
ultimately toincreasing retreat (Ritchie et al., 2008). Subglacial freshwater discharge at Hubbard
Gl ac i einud drives sesvaiter convection, increasing the amount of warm saline waters to
the calving front (Ritchie et al., 2008).

Calving rates of Hubbard Glaciare estimated to béhe highestrates of steadgtate
discharge of all glaciers globally, outsideGreenland and AntarcticiMaechter et al., 2015)he
findings ofBurgess et al2013a)how the best estimate of volumetric flux from Hubbard Glacier
(without Valerie Glacier) to be 2.48 Ryr, and for Valerie Glacier to be 0.22 Riyr. Waecher

et al. (2015) found the best calving flux estimate of Hubléalatier (when including Valerie
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Glacier) to be 5.48 kifyr, which is 27.17% of thotal calving flux for central Alaskadowever,

as previously stateaurrentinduced calving, melt and elioa may eventually decrease as the
length of Hubbard Glacier increases, as a result of an increasing length of tidal channel connection
between Russel Fjord and Disenchantment Bay that causes a reduction in the energy gradient
through the passage (Trabanal., 2003).

Looking towards future change,glacier mass balance mddej studythat usedh multr
model mearfiorced bytemperature and precipitation scenapogectedsubstantial volume losses
in the glaciers within Western Canada and the(BI8s et al., 2014)Specifically, it is possible
>75% of current glacier volume will disappear by 2lfd@rmalized to the 2332012 meangBliss
et al., 2014)R a d& Hock (2011) found through a multimodel mean tAkiska was one of the
global regions that contributes the mosséa level rise froomountain glacier and ice cap losses
by 2100(0.026 £ 0.007 m SLE)However,these projections useurfaceglacier mass balance
modelsthat neglectalving losses frortidewaterglaciess, meaning the sea level rise from glaciers
may be higher thathe value provided bR a d& Hock (2011)

2.2.2 Melt and Water Supply
Water stored and released from glaciers has impacts on many diffeie andhings.

Glaciers hold large amounts of freshwater and are a critical resource for water supply, as runoff in
mountain systems supply wat e popuation @pmeyetal, mat el
2017). The global retreat of glaciers is a large concern for how long glaciers can be relied on for
water supply (Huss and Hock, 2018). The communities that are put at risk arevitmosater

coming from glacierfed rivers wilose streamflow will see large changes if glaciers stop
contributing meltwater (Anderson & R&di2020). There are many other insgsof changing

meltwater supply, with aquatic habitats, hydroelectric power, recreation, tourism, agriculture, and
industry going to be affected (Clarke et al., 2015; Bolch et al., 2010).

Annually, streamflow changes in times of glacier accumulationadtattion, with increased
flow during times of net ablation (summer months) and decreased flow during times of net
accumulation (Bliss et al., 2014). This is the result of glaciers storing water when the weather is
wet and cold, while releasing water whersiwarm and dryComeau et al., 2009).

With rising temperatures and gl acier retreat

long-term storage (Huss & Hock, 2018). Initially, there will be an increase in annual runoff until
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Opeak watero6 occurs ( Hus s e&leveloootrinoff witl bebolBsgrved Af t er

as glaciers becomes smaller, the snowline rises, and temporary meltwater storage is decreased
(Huss & Hock, 2018; Brahney et al., 2017). It is possible that the annual runoff of a glacier can
return to the same levelwtas at before its retreat if the glacier reaches a new state of equilibrium

in its mass balance and no other components of the water balance have changed (Huss & Hock,
2018). However, Huss & Hock (2018) state that their conclusion of annual runoff mgttwnis
preretreat value differs from conclusion of other researchers, as others have found that annual
runoff will fall below its initial value (for example, Milner et al., 2009 and Baraer et al., 2012).
Huss & Hock (2018) state the differences mageafromtheir methodological approach of using

a fixed glacier area, while the other studiéize a changing glacierized area. For raad high

latitude glaciers, it is expected that melt season runoff will become less than its original level
before gacier retreat due to less water availability from its kergn storage (Huss & Hock, 2018).
This results in the glacierds water -dioemfleanc e
change (Huss & Hock, 2018). Overall, this will cause a reduatiorater resource availability in

the future (Bliss et al., 2014).

2.2.3 Glacier Dynamics and Subglacial Hydrology
Glacier dynamics refers to the movement of glaciers and is causerbbybination ointernal

deformation bed deformatiorand basal sling, summarizedn Figure 2-3 (Hoffman & Price,
2014).Internal deformation of a glacies always present argenerally involvegither pure shear

or simple shearesulting fromthe gravitational driving stre¢Benné& Evans, 2013)Pure shear
involves the glacier being flattened/stretchetlile simple shear involvete glacier being skewed
without being flattened/stretch@@enn & Evans, 2013 his movement iseferred to as ice creep,
when the ice crystalsave movement within or between theimstead of fracturingBenn &
Evans, 2013).The geed of deformation from ice creep is influenced by temperature,
size/orientation of ice crystals, presence of impur(ties gas bubbles or rogbarticles) and water
content (Benn & Evans, 2013).

Bed deformation occurs whelnet material®f aglacier bed can deform duestresses caused
by the iceandgenerally occurs within the first few centimetersted bed (Benn & Evans, 2013).
This type of movemenwill not occur if the glacier is sitting on hard rodiyt ratheronly occurs
on unlithified sediment or sedimentary rocks that are poorly constréBeth & Evans, 2013).

For both bed deformation and basal slidiggopmetry and water pressure at the bed of the glacier
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are extremely important (Alley, 1989WWater reaching the bed isommonly from surface
meltwater transferring downwards and caodify glacier motion through changing the subglacial
water pressure or bed contact (Hoffman & Price, 20treasing water at the bed leads to
decreased bed deformatigeven though till strength decreases)e tothe decoupling of the
glacier and the betipwever, thideadsto increasethasakliding, explained below (Benn & Evans,
2013).

Basal slidingnvolves the glacier sljngover its bed (Benn & Evans, 2013he more sliding
a glacier experiences, the higher its basal water pressure (Hoffman &2eleg.If the glacier
has a frozen bed, theed can resist a greater amount of shstaessbefore sliding can occur
leading tasmallamounts of slidingBenn & Evans, 2013A glacierwith awet bedhas resistance
to slidingresultingfrom obstacles on the bed (form drag) and debris in the basal ice (frictional
drag)(Benn & Evans, 2013)V/hen obstacles are in the bed, the glatiayexperienceegulation
andcausethe ice upglacier of the objettt meltso water can flow over liefore refreezing after
the object (Benn & Evans, 2013 nhancedcreepalso allows ice to flow past an obstatle
deforming the ice around/over the obstacle (Benn & Evans, 20b8).mechanisnused will
depend on the size ofdhobject, where regulation is more effective for small obstacles and

enhanced creep is more effective for large obstacles (Benn & Evans, 2013).

Basal sliding can occur with or without cavitation, whitbolves the formation ofvaterfilled
cavities between the ice and the glacier bed (Benn & Evans, 20h8h these cavities form, this
leads tadheobjects on the bed becoming submerfghstreamg resistive strees) t he O0hydr a
j ackod6 me c hHecreasmgrigbedacaugling (Benn & Eans, 2013)Hydraulic jacking
occurswhen the pore pressurethesalimentfock under a glacier increasasdis larger tharthe
other forces acting on the fractucausng a fracture to dilat@ropagateandincreaseglacierflow
rates (Lonngvist & Hokmark, 2010Hall et al., 2021; Hooke, 20)9
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Figure 2-3: Movement of a glacier from a) only internal deformation, b) internal deformation and basal

sliding, c) internal deformation, basal sliding, and Befbrmation (Boulton, 1996).

Subglacial channels greatly impact flow speeds of a gld@8ienn & Evans, 2013)If

subglacial flow paths have a large transport capacity relative to the amount of subglacial water

there is, basal sliding and bed deformatiah lse slow or norexistent (Alley, 1989). These are

efficientlocalized drainage systems with low water pressheiequickly move water through the

network(Benn & Evans, 2013 ewitt & Fowler, 2008). This is commonly seen in glaciers with

thick, highpemeability subglacial aquifers, glaciers with slow basal melt, and small glaciers with

short paths for subglacial water to exit the glacier (Alley, 1989). Conversely, if water at the glacier

bed cannot be efficiently transported out from underneath thleeeglat will accumulate and

increase the water pressure at the base of the glacier, with water being speattheutebed

interfacein a thin film, as a distributed, inefficient drainage system (Alley, 1989; Hewitt & Fowler,

2008). However, increasing water at the bed can continue to develop the system into channelized

flow (Alley, 1989). The quantity of meltwater, type of glacier bend,da t h e

gradient 0s

direction/ magnitude wi

cavities, films) shown inFigure2-4 (Hewitt & Fowler, 2008; Alley, 1989).
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Figure 2-4: Subglacial systems. 1) Till deformation (inefficient). 2) Darcian porewater flow (inefficient).
3) Pipe flow (efficient). 4) Dendritic netwoi(efficient). 5) Linked cavities (inefficient). 6) Braided
channels (inefficient). 7) Thin film (inefficient). (Benn & Evans, 2013).

2.2.3.1 Season&ubglacial Hydrologynd Velocity Changes
There are three main factors controlling seasonal changes ta@abgydrology weather

conditions, snowline retreat, and distribution of moulins and crevabkeso(v et al., 1998).

Nienow et al. (1998) found that seasonal velocity changssilt from the evolution of the
subglacial hydrology throughout the melt s@a, changing from a distributed network to a more
channelized and efficient system towards the end of the melt season. This generally causes high
velocities in the spring, intermediate velocities in the summer, and minimum velocities
experienced during éhlate summer or fall (Armstrong et al., 2017). Seasonal flow can be modified

due to accumulation and ablation of glaciers d can af fect the gl acier
mass balanc@Paterson, 1964Turrin et al., 2014 For example, rainstorms occug early in the

melt season may also facilitate the formation of efficient subglacial drainage ch&tiaets(et

al., 1998). The magnitude and duration of a water pressure perturbation in the subglacial drainage

system will affect the rate and patterinchannel growth Nienow et al., 1998). These channels
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tend to extend dowglacier, although some channel growth can bglapier in certain instances
(Nienowet al., 1998). For example, ygpacier channel growth was made possible from snowline
retreat and its relation to its firn aquiferr evasses and moulins of the
rate of snowline retreat and extension of the channelized sygtegiacier were comparable
(Nienow et al., 1998). The efficient channels may not survive until the next melt season, and a

distributed system may form again due to ice deformahlenpwet al., 1998).

2.2.32 Glacier SurgingPulsing
Glaciers that surge underggo phasesghat can range from a few years to several decades

of fast flow (surgdactive phaseand one of slow flow{quiescent phasgyvith surge velocities
reaching one to two orders of magnitddgherthan quiescenphasevelocities(Benn & Evans,
2013).Surges are generaligternally triggeredalthough internal dynamics are often influenced
by external factors (Benn & Evans, 201B)e quiescent phasevilves a buildup of icap-glacier

in the reservoir arethat increases the ice surface gradiamil a surge occurs (Benn & Evans,
2013). Once the surge begins, ice is rapidly moved from thgager reservoir areand moved
downrglacier to the receiving argaesulting in the surface loweririg the reservoir area and
thickening in the receiving arg@enn & Evans, 2013)The surge may cause the glacier to
advance, although the surge may not always travel allthg wt o t he gl aci er 6s
Evans, 2013)Glaciersshow a characteristgurge front, which is a bulge in the ice causgdhe
meeting of fast, surging ice and slower ice (Benn & Evans, 2@&L8jes b landterminating
glaciersoften travel dowrglacier, while tidewater glaciers can have the surge start in the lower

tongue and travel uglacier (Benn & Evans, 2013).

Glacier pulses occur periodically whaglacier has fast unstable flow, with these movements
in-between normal flow and surging (Mayo, 1978)ink between basal hydrology and pulsing
of glaciers may exisfas pulsing may occur when a large glaciammed lake drains (Turrin et
al., 2014)However, the exact cause of glacier pulsing has yet to be identified (Turrin et al., 2014).
Within Alaska, there are-140 glaciers featuring physical characteristics of pulgirey wavy
medial moraines, largecale wavy foliation, boudinagen part of the kacier), identified by A.
Post and L.R. Mayd@Turrin et al.,2014). During a glacier pulse, mass can be rapidly moved to
lower elevations anthe ablation zone (Turrin et al., 201%Yithin the Canadian Arctic, glacier
pulsingis classified differently thaglacier surging due to the fast motioha pulseoriginating

near the glacier terminus and propagatipglacierbut is limited tovhere the glacier bed is below
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sea levelVan Wychen et al., 2016Many of these glacierdo ot show enough evidence to be
classified as surging, but their unstable flow variations lead to the classification efypdg®an
Wychen et al., 2016)

Both Hubbard and Valeriglacierswere found to have pulsed in the p@ddayo 1988;Mayo,
1989;Trabant et al., 1991; Ritchie et al., 200Bhe velocity of Hubbard Glacier is also influenced
by its tributary glacierswith times of increased velocity on Hubbard Glacier possibly resulting
from its tributary glaciers pulsindr{tchie et al, 2009. Previously, Hubbard Glacier had pulses in
1986and 1989and previous work has speculated thaterieGl aci er expdriikerdces
surges every several yeghdayo 1988; Mayo 1989Trabant et al., 199Ritchie et al., 2008)n
May of 1986,V al er i e gl ac i e rthathinardased veldoiesg&st 18,1650 opgdd
caused Hubbard Glacier émlvances00-700 mand block theentrance to Russé€jord, creatinga
glacierdammed lakéMayo 1988;Mayo, 1989).Displacements of the medial moraine between
Hubbard and Valerie glaciers led Ritchie et al. (2008) to believe this was due to increased flow
speeds and similar pulsingevent to that seen by Mayo (1989), eh®d between August 139
August 1995 and July 20865eptember 2002.

2.2.33 Tidewater Glacier Cycle
The tidewater glacier cycle is oneayfclical advance and retrg&tigure2-5), which is not

directly related to climatand often involves fast flovor temperate glacie®/eier & Post, 1987).
There are many factothat affect how long each advance and retreat stage Iastsding the
geometry of both the drainage basin and fjord.
available erodible materia, and more (Meier & Post, 1987Mhe cycle has four disaee stages,

the first being the advang#asewhere calving flux is decreased due to shoal development and
advection(Brinkerhoff et al., 2017)Next is the extended phase, where advance is hdiiedo
equilibrium in accumulation and ablation (Brinkerheffal., 2017). The retreat phase beginse

it cannot be grounded by the shoal due to insufficient thickness of glagi@adeng to basal drag
decreasinginstability, and ungrounding (Brinkerhoff et al., 20IIMe retreat phasis completed
once the glacier becomesgsunded on bedrocand the terminus positioreturns to where it
would be without sedimentation, typically kilometers shorter than timeirtas position in the
advanced stag@Brinkerhoff et al., 2017)For the advance stage to restart, a sediment shoal is
rebuilt (Brinkerhoff et al., 2017).
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Figure 2-5: Glacier geometry changes during the tidewgtacier cycleand the cycle between retreat
and advance occurring over hundreds of yéarnskerhoff et al., 2017).

Hubbard Glacier is one of the advancing tidewater glaciers located in Alaska, with its rate
of advance being35 m/yr in 2014although ipreviously had periods ¢dister and slower advance
(Stearns et al., 2015It is currentlythought to ben the early phase of advanoéa tidewater
glaciercycle with a tidewater glacierbdés advance po:
2003; Meer & Post, 1987). High water pressure exists at the bed (close to the ice pressure), as this
is needed to expel the water into the sea by overcoming the seawater pressure that exists at the
terminus (Meier & Post, 1987). Temperate tidewater glaciers c&e faster than polar tidewater

glaciers whichmay be due to more basal water availability for sliding in temperate seftieger
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& Post, 1987). Howeversomeof theseglaciers showevidence of little seasonal variatidimat

points tomovementbeing caused mostly by internal deformation (Meier & Post, 1987). A fast,
grounded tidewater glacier has its flow rates mostly dependent on calving and sea level boundary
conditions at its terminus (Meier & Post, 1987). Advance into deeper water islpddstié glacier

has a moraine shoal in front of the terminus to aid in calving reduction (Meier & Post, 1987). Due
to the need to create a terminal moraine, Hubbard Glacier is advancing faster into Russell Fjord
than Disenchantment Bay due to DisenchamthBay being deeper (200 m) then Russel Fjord (30

m) (Trabant et al., 2003).

The retreat phase of tidewater glaciers largely depends on the depth of water and may range
in duration from a few decades to a century (Meier & Post, 1987). The speed dfe¢hepbase
is caused by deep water and calving rates of
up to 100 m/yr (Meier & Post, 1987; Trabant et al., 2003). Also, there may be a feedback
mechani sm where once r et ressard dedeasgs (and thustcduses g | a
thinning and increases velocityhile it decreases effective pressure at the bed), which increases
stretching and calving (Meier & Post, 1987). High velocities of ice and calving can be reached
from this (Meier & Post, 187). Between 1130 and 1891, Hubbard Glacier was in its retreat phase,
with an average rate of 80 m/yr (Trabant et al., 2003).

Ritchie et al. (2008) reported that the terminus of Hubbard Glacier changed seasonally,
with OctobefMay showing advance and M#&yctober showing retreat, possibly a result of water
temperatures. Although seasonal retreats of up to 500 m were observed, there was a net advance
of the terminugrom 192-2006(Ritchie et al., 2008). However, the tidewater glacier cycle is not
directly related to changes in the climate, with calving glaciers in the retreat phase hardly sensitive
to climate (Meier & Post, 1987; Trabant et al., 2003). Ritchie et al. (2008) confirms this, as they

stated that correlations with warmer temperatures and indreakeéng was not consistent.

2.2.3.4Dynamics of Hubbard and Valerie Glaciers
Waechter et al. (2015providedthe first studywith full coverage ofthe velocities of

Hubbar d dichement e wds h Hubbar d GI a E&iguer-6. slubhaell oci t vy
Glacier is one of th&2 glacier systems in Alaska with velocities greater tB&m25 m/yr seen
over large portions of the glacier (Burgess et241133). Van Wychen et al. (2018) helped to fill

the knowledge gaps of velocity at Hubbard Glaciers terminus and found that Hubbard Glacier was
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one of the fastest in the St. Elias Mountainsity the winters of 20008 and 200/10, with
velocities greater tha2200m/yr.

580000 585000 590000 595000

6655000 6660000

6650000

Figure2-6:Vel oci ty of Hub b d&romdRAGARSAT-R ienagérg in ¢prng 2012n u s
(modified fromWaechteet al., 2015).

Seasonal variations in surface ice velocity at the terminal lobe of Hubbard Glacier have
been observefrom aerial and satellite images (processed with analytical methods, identifying
repeat serac and crevasse pattemsh differences as large ag30.5m/yr (Trabant et al., 2003).

Stearns et al. (20)%lso found that velocities can vasgasonallyfrom 1,500 to 5200 m/yr.

Generally, the fastest glacier flow occurs between May and 32850 m/yy and the slowest

flow seen in September tdovember at-2,447 m/yr(Trabant et al., 2003). Ritchie et al. (2008)

found embayment locations likely corresponding to subglacial drainage, but these locations moved
over the years. From the summer to the fall, the openings were seen, but were clogethduri

winter (Ritchie et al., 2008). Ritchie et al. (2008) state that the surface melt also caused the
subglacial discharge to peak around madlate summer. The most recent measurement provided

by Trabant et al. (2003) showsdrface icdlow of ~4,200m/yrnear t he gl aci er 6s t
and August 2001. Ho we v e rarendtinetessarily d redslt oétidewater 6 s f «
glacier dynamics, as other extremely fast glaciers in the region are land term{Baitiggss et

al.,2013). Instead, this is likely from having large coastal accumulation areas in high elevations
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meaning thathe large amounts of accumulation cause high flow rates as the glacier tries to
maintainbalance (Burgess et @013). The dynamics are likely also different than other glaciers

due to high velocities and driving stresses without the loss of mass (Burges2Gt3a).,

Valerie Glacier has had extremely limited wark resolving its seasonal velocities, but
Trabant etl. (1991) deployed satellitedata telemetry transmittand marine navigation receiver
on Valerie Gl acier s sur f aandeuset fadiotbeaboasgti@aresohen 2 2
velocities During this period, there were no unusual motion eventh,sgasoal changesanging
from ~500 m/yr to ~D00 m/yr seemetweenl98-1989(Trabant et al., 1991).

Due to the large seasonal variability, it can be difficult to determine-tkmmg velocity
patterns (Stearns et al., 2015). Trabant et al. (2003) removed seasonal variability adlmpgint
the centerline of theglacier, approximately 3 km above the 198fminus location (shown in
Figure 2 of Trabant et al. (2003) papand found that from 1978997 there was a slowdown
from 7.7 m/day to 6.7 m/day. Without removing seasonal variability in 11 points near Hubbard
Gl aci erds <cal vi ng Idrasianevas olzsserved(Tr&bant andl.d2808). Larger e
rates of deceleration are observed at | arger
decrease of surface strain rates (Trabant et al., 2@0&3iers in Alaska may have a different
respons to climate changgroughchanges to theiong-term dynamicshanice sheets will, due

to thehigh accumulation rates in Alaska causing the downstream flux (Burgess et al., 2013a).

Overall, Hubbard and Valerie glaciensake for an interesting study due to the large
seasonaVariability in velocities long-term changes in veloa#ts, andthe tidewater glacier cycle
playing a rolein their dynamicbehaviour Previous studies dhese glacierslo not have their
velocitiesvery well resolvednorlooked atintra-annualvelocities over a long time peripdhich

this thesis will do in the highest temporal resolutol densest velocity recotal date.
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Chapter 3: Methodology

This chapter presents the methodology used in this thesis to inveshigitehaviour of
Hubbard and Valerie glacierShe methodsvere primarily remote sensingased with synthetic
aperture radar (SAR) datand optical imagerysed to determinglacier velodies. Prederived
rates of elevation change were used to determine geometry chaingedbard and Valerie
glaciers Supplementary climate dateasprovided by reanalysis data, due to the lack ediin

weather stationaroundHubbard and Valerie glaciers.

3.1Methods

3.1.1 Synthetic Aperture Radar

Synthetic aperture radar (SAR) produces imdgesmitting energy from the sensor and
detectinghowmuchisef | ect ed by the earthoés skigukedce and
1) (EarthData, 2020 This technique relies on active microwave reflectivity, with the energy
received after reflecting off the eaméferred to adbackscatte(Bamler, 2000 Lauknes, 2010
The energy emittedvhich is not obscured by clouds and does not requirethen 6 s 1 | | umi n:
of the earthmears that images can be collected day or night and regardless of weather conditions
(EarthData, 202Bamler, 200). Thesignalis, however responsive to structure and moistofe
t he e ar t(BabtlsData, RO bedirae between when a pulse is transmittedveimenits
A e c s eceived provides information on distance and locat@ovérnment of Canada, 2015
The signal the receiver obtajrthe backscattecontainsinformation onboth theamplitude and
phaseof the returned energy aade often digitally processed on ground stations, although onboard
processing exists (Franceschetti & Lanari, 20I8)e spatial resolutioof the obtained data is
dependent orboth the wavelength and antenlemgth, wherea longer antenna for a specific
wavelength increases the resolution (EarthData, 20R®imulatedlong antenna for SAR is
achievedby combining acquisitions from thirward motion of ashorter atenna (EarthData,
2020).Figure3-1 shows a schematic of a SAR satellite, where the look angle represents the angle

between the satellite beam and the surface nqiiraaknes2010).
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Figure 3-1: Schematic of a SAR satellte s howi ng the satellitebs flight
angle, and ground swafhauknes, 2010).

The microwaves used in this technique can have different wavelengths and are categorized
into different bands (s€Eable3-1). For example, Yand has wavelength of ~3 cm,-Band ~6
cm, and Lband with ~24 cm (Bamler, 2000; EarthData, 2020). For monitoring of the cryosphere
and glaciers, the most commonly used bands are X, C and L (EarthData, 2020; Wang et al., 2021).
The longer the wavelength, thather it is typically able to penetrate, and this impacts the utility
of different sensors for observing different land cover types (Balmer, 2000; EarthData, 2020).
Commonly, it is the amplitude or intensity images that are of interest, although phaseuszu
for offset tracking and is of interest during SAR interferometry (INSAR) processing (Bamler, 2000;
Schellenberger et al., 2016). The brightness of an image can be influenced by surface roughness,
the incidence angle, density/distribution of thettecar, and the dielectric constant of the material
(Bamler, 2000).
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Table 3-1: The band, frequency, wavelength, and application for SAfn(EarthData, 2020).

7-40 GHz 1-0.8 cm Rarely used for SAR (airport surveillance)
K 18-27 GHz 1.7-1.1cm rarely used (H,O absorption)
Ku 12-18 GHz 2.4-1.7 cm rarely used for SAR (satellite altimetry)
X 8-12 GHz 3.8-24cm High resolution SAR (urban monitoring.; ice and snow, little

penetration into vegetation cover; fast coherence decay in
vegetated areas)

C 4-8 GHz 7.5-3.8cm SAR Workhorse (global mapping; change detection; monitoring
of areas with low to moderate penetration; higher coherence);

ice, ocean maritime navigation

S 2-4 GHz 15-7.5cm Little but increasing use for SAR-based Earth observation;
agriculture monitoring (NISAR will carry an 5-band channel;
expends C-band applications to higher vegetation density)

L 1-2 GHz 30-15 cm Medium resolution SAR (geophysical monitoring; biomass and
vegetation mapping: high penetration, InSAR)

P 0.3-1 GHz 100-30 cm Biomass. First p-band spaceborne SAR will be launched ~2020;
vegetation mapping and assessment. Experimental SAR.

SAR sensors can have varyinglgrizatian, althoughthey aregenerally linear (EarthData,
2020).The electromagnetic wave that is transmitted daapecificorientation of the pland is
oscillating in, and this changes how the microwaves will interact with the syEacthData,
2020 Government of Canada, 20131 represents horizontal polarization and V represents
vertical polarization (EarthData, 2020)e polarization of SARatais given by two lettergex.
HH, HV, VH, and VV) with the first representing thmolarization of the emitted signal and the
second is the polarizatiari the received signal (EarthData, 2020}s also possible for the waves
to have a circular polemationwhen being transmittedlthough this is less common than the linear
polarization(Jet Propulsion Laboratoryn.d). Circular polarization is created when H and V
signalsare both emitted butave aphase shifof 90°, resulting in acircular wave motion (Jet
Propulsion Laboratory, n.d.Compactpol exists in a hybrid system that can transmit with a

circular polarization but receives linear polarizations (Jet Propulsion Laboratory, n.d.).

3.1.2 Glacier Motion Tracking andGAMMARSSoftware
Glacier motion is commonly determined from SAR data, popularly through image

matching/offset and speckle tracking, coherence tracking, and differential INSAR (Schellenberger
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et al., 2016). The process of offset tracking looks femaeurring patterns of amplitedand/or

phase in two SAR images to provide displacements in range and azimuth directions
(Schellenberger et al., 2016). Offset tracking is less affected by changes from rain or snow, snow
drift, melt, or movement of the glacier itself compared to In$&Rniqueshowever, this results

in a lower resolution of glacier velocities (Schellenberger et al., 2016). Because of this, offset
tracking is more advantageous on larger glaciers with large displacements (Schellenberger et al.,
2016). Due to the large gand fast velocities of Hubbard Glacier, offset tracking is a robust way

of determining motionAnother important aspect of offset tracking in comparison to INSAR
techniquesis that INSAR provides displacements in threedimensionalline of sight of the

sensor, so it is spatially limited compared to offset trackuiprmann & Garthwaite, 2019)

In this thesis, fiset tracking in GAMMA RS softwarewas usedto determine glacier
motion and is a commonly used software package for this purfdsezzi et al., 202
Schellenberger et al., 2016he image with the earlier dasasused as the reference image, with
thelater dated imageased ashe secondary imagé general, the code &t changes the images
from proprietarySAR images into gormat GAMMA expects (SLC and MLI), creates a lookup
table, resamples a DEM to radar geometry (in this case, DEMs were obtained from Copernicus
(retrieved from https://panda.copernicus.eu/webt@talogue/panda)), resamples the seapnd
SLC to the geomntey of thereferenceSLC using the lookup table (coregistratidn)ensure the
secondary image matches the geometry of the referamtereates a new MLI with the resampled
SLC. Next, the offset trackingalgorithmis conductedusing acrosscorrelation pocedurethat
looks for nearly identical features between two SAR imaggiag defined patchagindows of a
specified pixel siz€Strozzi et al., 2002 Coherence between the two imagesequiredfor the
speckle pattern to be correlataddallows forsmall window sizeso be used, while the loss of
coherenceavould require larger window sizes and decreased accuracy (Strozzi et al., TA892)
slantrange and azimuth offsesse usedn the search for the crossrrelation maximumwhich
givesthe image offsefStrozzi et al., 20020nce thisoffsetis found glacier motion iseparated
from thedifferentsatellite orbit configurationsetweerimageshrough subtracting orbital offsets
resulting n a displacement of glacier motion given in metsozzi et al., 2002)For 3-D
displacements, a DEM combined with the slaimange and azimuttlisplacemen(Strozzi et al.,
2002) Complexvaluesarechangedo real values, before finally creating GeoTIFF files with the
magnitude of displacemenFigure 3-2 and Figure 3-3). These fileswere scaled to meters of
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displacement between two images and were imported into ArcMap 10.8.1 to be converted to

standardizedn/yr value(described in SectioB.1.5later in this chapter).

To determine the window and step size used for offset tracking, experimental runs of the
GAMMA software using different valuesere conductedwith TerraSARX (TSX) daa. The
experimental combinations used weaefollows: window size of 400 x 400 pixels with the step
size of 100 x 100 pixels, window size of 300 x 300 pixels with the step size of 75 x 75 pixels,
window size of 200 x 200 pixels with the step size of EDxpixels, window size of 300 x 150
pixels with the step size of 75 x 38 pixels, window siz&5f x 300 pixels with the step size of
38 x 75 pixels, and window size of 150 x 150 pixels with the step size of 38 x 38 pixets
Hubbard Glacier, the window size of 200 x 200 pixels, and step size of 50 x 50 pixels was
determined to provide the best resultsth this step and pixel size used for the retyi of the
study on Hubbard Glaciewith TSX and RADARSAT Constellation Mission RCM).
RADARSAT-2 (R2) data was provided for this study anpreprocessed format, anchage chip
sizes of ~500 m x500 min GAMMA were usedas described in Main et aq22) (althoughthe
data was used without the pgsbcessing describad theMain et al. (2022) papgr

‘ Create the

Input SAR Create Resiglfalga?_EM Coregistration
nmagery SLC/MLI files ‘ lookup table of SLCs
\ ) \ ) . geometry )
Output Change complex ‘ . Change _
GeoTIFFs to real numbers | dlsplacetment to Offset tracking
| ) meters

Figure 3-2: Schematic othe dfsettrackingprocedure aBnplementedvithin theGAMMA RS software
package
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Co-registration

Offset tracking

Geocoding

Figure 3-3: GAMMA workflow of offset tracking with a) the coregistration of SLC images, b) offset
tracking and c) using a DEM to geocode the SAR intensity image and velocity map (modified from
Schellenbager, 2016).

The Copernicus DEMsisedare derived from WorldDEMW, an edited digital surface
model from data collecting in the TanDEXIMission (Airbus Defence and Space GmbH, 2020).
The downloaded products were the DGED GBO@products, which havelatitude grid spacing
of 1 arc second (Airbus Defence and Space GmbH, 2020). The longitude grid spacing varies
depending on the latitude of interest (Airbus Defence and Space GmbH, 2020). B&e€&n 5
there is a longitude grid spacing of 1.5 arc sespadd between0870°, the grid spacing is 2 arc
seconds (Airbus Defence and Space GmbH, 2020). Hubbard Glacier is mainly above 60° N,

although its most southern tip falls below this

3.1.3 SARDatasets

Measurements of ice motia@re determinedusing the offset tracking approach outlined
above from data collected bymultiple SAR satellites(Table 3-2), including TerraSAR
X/TanDEM-X (provided by German Aerospace DLR), RADARSAX (provided byBrittany
Main), andRADARSAT Constellation Missionpfovided by Natural Resources Canada
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Table 3-2: SAR data used in this work, including RADARSAT(Main et al., 2022) RADARSAT
Constellation Mission(Government of Canada, 2(81and TerraSAR-X (Airbus Defence and Space,
2015)

Sensor Beam Band Polarization Resolution of Orbital
Mode detected Repeat Pass
products Period (Days)

RADARSAT-2 Ultrafine C-band HH 3 mx 3 mfor 24
Ultrafine
RADARSAT High C-band HH 5mx5m 4
Constellation  Resolution
Mission 5m
TerraSARX StripMap X-band HH I9mx9m 11

RADARSAT-2 is a Gband satellitehatwas launched ofi4 Decembe2007and is still
active to date(Government of Canada, 21 R2 is owned by MacDonald, Dettwiler and
Associates Ltd. (MDAJGovernment of Canada, 2081This satellite is at an altitude of 798 km
and completets orbit in 100.7 minutes (Government of Canada, 2DZlhe polarizations of R2
available are HH, VV, HV, and VH (Government of Canada, 2802 images in multiple beam
modesdependent on polarization typeith the selective single polarization (transmitor V,
receive H or V) includingspotlight, ultrafine, wide ultrafine, extrafine, multilook fine, wide
multi-look fine, and ship detectid@overnment of Canada, 208 1In this study ultra-fine beam
mode andHH polarizationin either24- or 48dayspacingsare used

On 12 June 201RCM was launchedconsisting ofhree satellitesompletely identical to
each othe(Government of Canada, 202 Government of Canada, 2020heseC-bandsatellites
areowned by the Government @fanada andrestill currently active (Government of Canada,
20214). The altitude of RCM ranges from 6&15 km and completes an orbit %6.4 minutes
(Government of Canada, 2081The available beam modes of RCM include low resolution 100
m, medium resolution 50 rmedium resolution 30 m, medium resolution 16 m, high resolution 5
m, very high resolution 3 m, low noise, ship detection, spotlight, and-ppladzation
(Government ofCanada, 2024). RCM also images in multiple polarizatiortdH, VV, HV, VH,
compact polarimetfy(Government of Canada, 208 1Here, the high resolution 5 m beam mode

is usedwith theHH polarization.
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In June 2007, the GermattbandSAR satelliteTSX was hunchedAirbus Defence and
Space, 2015)lanDEM-X (TDX) was launched in June 20&6d is nearly identical to TSXyith
TSX andTDX operating closely togethgAirbus Defence and Space, 2018Yhile working
together, these satellites are abladquire data for the global WorldDEM Digital Elevation Model
(Airbus Defence and Space, 20155X has an 11 day repeat pasal an altitude of 514 km at
the equatofAirbus Defence and Spac2015). There are multiple imaging modes possible for
TSX, including standard TerraSAR operational mode, SpotLight, StripMapnd ScanSAR
(Airbus Defence and Space, 2015)ngle anddual polarizationare most common for these
imaging modesbut quadruplgolarization is available on some imaging mo¢iEsbus Defence
and Space, 2015 this study, TSX/TDX data withHH polarizationand Stripmap beam mode

was used

3.1.4 Offset Tracking Velocity Errors
To determine if real change has occurledween two velocity products, the velocity

difference must be bigger than the sum of the errors of the prodirotss in offset tracking
products are often from images chips being misregisterigia high coherence needed high
accuracy(Van Wychenet al., 2012)The loss of coherence can be causedhsnging surface
features, such snowfall and meithich can lead to a lower accurg®an Wychen et al., 2012).
To determine the error afffset trackingmethod,a common methodsedis to determine the value
of displacements over bedrock, which aable groundand should have no displacement
(Schellenberger et al., 2018)he highest accuracy and best coregistraiotiis methodvould

result in the smallest displacement over beki&chellenberger et al., 2016).

To bound uncertainty in this study values frgreviousstudies that have investigated
uncertainty margins from the differesdtellitesareutilized in this thesigsummarizedn Table3-
3). TSX imagery has 6 m/yr uncertainty in surface velocityetermined through offset tracking
in GAMMA RS (Samo, 202), offset tracking of RCM data has an error of 7.8 m/yr (Van Wychen
etal., 2022), and speckle tracking of R2 imagery showed an uncertainty of ~8.7 m/yr (Van Wychen
et al., 2016). The speckle tracking of R2 imagery was done using a MATLAB algorithm, however,
the MATLAB script (GRAY method) and offset tracking in GAMMA Rem@&ensing Software
provide comparable results (Schellenberger et al., 2016). Due to the fast velocities of Hubbard and
Valerie glaciergdiscussed iisection 4.4.}, the velocity errors are negligibdeie to the variation
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in glacier motion exceeding tleeror boundsFor all the uncertainties listed here, the general error

for velocity maps created in GAMMA expected to be under 9 m/yr.

Table 3-3: Errors of TSX Samo, 2022 RCM (Van Wychen et al., 2022) and R2 (Van Wychealg
2016) used in offset tracking

SAR Sensor Error
TSX 6 m/yr
RCM 7.8 mlyr

R2 ~8.7 mlyr

3.1.5 ITS_LIVEVelocity Products

Prederived glacier velocity products were retrieved from the Jet Propulsion Laboratory of
N A S A 6 s-Mission TenreSeries of Land Ice Velocity and Elevatidim$_LIVE) online portal
(https://nsidc.org/apps/itslive/ This program provides global data on the surface velocity and

elevation change of glaciers and ice sheets (Gardner et al., 2019a). Velocity products are created
by a method ofoffset tracking autonomous Repeat Imagdeature Tracking (aHBIFT) of

Landsat 4, 5, 7, and 8, Sentiielnd SentineR data(Gardner et al., 2019ayith Gardner et al.

(2018) providing full documentation on the feature tracking methodologies used for this dataset.
Before auteRIFT, preprocessing was done to normalize image radiance that results locally from
shadows, topography, and sun angles (done through applying a 5 by 5 Wallis operator) (Gardner
et al., 2018). After prprocessing, matching features between image pairs are searchsuhdor u
normalized cross correlation (NCC) and finding a local NCC maxima at a specified search distance
(Gardner et al., 2018). A sparse NCC search (1/16 of full search) is followed by a dense search,
with the template size not allowing overlap of adjacemilate search chips (Gardner et al., 2018).

A dense search is guided by the mean and standard deviations of the x and y displacements, and
pixel template chips being either 16 x 16 or 32 x 32 (chosen based on the expected surface velocity
gradients) (Gander et al., 2018). If the velocity is unable to be resolved at these pixel template
chips sizes, those areas will use increasing template chip sizes (32, 64 and 128), although this

deteriorates the spatial resolution (Gardner et al., 2018).

To find succesful matches a novel approach was used; a normalized displacement

coherence (NDC) filter (Gardner et al., 2018). There is an acceptance criterion (iterated 3 times)
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where if there are 7 or more values in a 5 x 5 pixel centered window that are witityjnaotez of

the x and y search displacement components, the normalized displacements are accepted (Gardner
et al., 2018). A final iterative filter is used twice that acceplses within 4 times the 5 x 5 window

mean absolute deviation (Gardner et al., 20%Batially coherent errors that cause match blunders

are removed in the merging process, combining information from all of the image pairs (Gardner

et al., 2018). Other errors can arise from scale distortions from the Antarctic Polar Stereographic
projecton used, image geometry causing geolocation errors (~1amd)natch blunders that

require posprocessing (Gardner et al., 2018). The image pair velocities have pixel sizes of 120 x

120 m, while the annual velocity mosaics have a pixel size of 240 m240

For the analysis of Hubbard Glacier, imggar velocities of Alaska and Western North
America were downloadedslith a time separation betweenages being>7 and <30 days to allow
for a submonthly temporal resolution to be analyzed from July 2018pwl 2022. The density
of velocity products increadethroughout the study periods a result ohew sensors being
launchedsuch assentinellA launching inApril 2014,Sentinei2A in June 20155entinellB in
April 2016, and Sentinel2B in March 2017(European Space Agency, 2021; European Space
Agency 2020. The imagepairs downloaded provided data froBentinell, Sentinel2, and
Landsat8. These image pairs were imported into ArcMap and manual filtering was done to remove
velocity mapsthat had poor coverage amtli d n ot cover the majority

lowermost terminus.

Valerie Glacier imag@air data was downloaded from thE'S_LIVE widget
(https://itslivedashboard.labs.nsidc.oyg/ Two poi nt s wemear confludnéc t e d
point located at latitud60.0758 longitude-139.4337 whi | @@ | alte edo O p poi nt i s
latitude60.1018 longitude-139.4687 Datawasdownloaded in a CSYile and filtered using MS

Excelby selecting a time separation betw&eB0 days and separated based on the satellite used

to obtain the data.

In addition to prederived imagepair velocities|TS_ LIVE also provides annuaklocity
mosaicdor the major glaciated regions of the world. Theseimsgeryfrom theLandsat 4, 5, 7,
and 8sensorgGardner et al., 20H). These velocity products were obtainied Alaska and
Western North Americdrom 19&%-2018 in the GeoTIFF formatused in the analysis of both
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Hubbardand Valerie taciers. The data in this period was not complete, with more scarcity prior
the launch of Landsat 8 in 2013 which improved cover&gedneret al., 2019h

Once GeoTIFF files containing velocity informatiarere obtained, theywereimported
into ArcMap, as described ithe following sectionPossible erroref the ITS_LIVE velocity data

canbe in the rangef 20-30 m/yr (Gardner et al., 2018).

3.16 ArcMap and Further Analysisf Velocity Products
Once GeoTIFF files containing velocity informatiarere obtained, theywereimported

into ArcMap 10.8.1for further analysisThe velocity outputs fronthe GAMMA offset tracking
arescaledin meters betweethe image acquisitions arnlerefore need to bermalizedto m/yr.
This is done byapplying Equation3-1 to all SAR derived glacier velocity products using the
ORaster CaihAraMapat or 6 t oo

- 5 (31

This step conversion was not necessary for the data obtained frofStHdVE mission as it is

provided scaled in m/yr.

3.16.1 Glacier Velocity Extraction
To analyze velocity changegelocity data from all sources (ITS_LIVE data &8MMA

RS data)was extracted using the following methimal Hubbard GlacierA centerline shapefile

was createdmanuallyfor Hubbard GlacierThis wa done by creating a polyline shapefile in
ArcCatalog 10.8.1, changing the coordinates to WGS 1984 UTM Zone 7N, importing it into
ArcMap, wusing the O6Edit Featuresd tool bar to
Usi ng t he 0 Blbar, wintsweeetcneated svéry 0@ m along the centeusiieg a

points file created in ArcCatalog in WGS 198#d velocity datavasextractedrom thesepoints
using the 0Extr alhdatddontained in the shapefileasthedexpgomednto

an Excel file Al ong Hubbar d Gihraecspeeific pasnts warenof ietarestj 1rkm,,5

km, and 10 km from the terminugere usedshown inFigure4-1. These were chosen to understand

how the terminusf Hubbard Glacier is behaving (1 km point) and how this behaviour may change

when moving uglacier.

Velocity data derived in GAMMA RS and annual FLB/E datafor Valerie Glaciewere

extracted athe samewo pointlocations ashe ITS_LIVE imagepair data were obtainddr, one
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near theconfluence of Valerie and Hubbard glacjensd one further up glaciélemoved from the
influence of Hubbardslacier), also shown irFigure4-1. These pointgor Valerie Glaciewere

madeby creating a point shapefile in ArcCatalogWGS 1984andimporting it into ArcMap The

point files were t hen toeldartd ceedte featusdhengthe shapefiled Ed i t
of interestwashi ghl i ghted i n the theCmae was eghtfleledndr es 6 v
Oabsolute xyd was sel ected. ,letore saving the editftheat es o

tear confluenad2 poi nt latiudd6@OY58 torgidudeal89.4337 whi |l e t he Oup
point is located alfatitude 60.1018 longitude-139.4687 Data at these two specific points along
Valerie Glacier were extracted inthe samewayi ng t he OExt r daforebdihgl t i t

exporedinto an Excel file.

The data that was exportgdo Excelcontairs the velocities determined froeachimage
pair. The combinedGAMMA RS and ITS LIVE datasete sul t ed i n Hubbard C
locationhavingl,153velocity datgpointsHu b b ar d G| lacatiorhavidigl,2 Blvelboity
datapoints Hubbar d Glbcationhaingd®lvebdity datgoints the neaconfluence
locationon Valerie Glacier having,273velocity datapoints and the ugglacierlocationhaving
994 velocity datapoints (AppendiX. In Excel, themiddle date (between theference and the
secondarymage) was determingdrough summing the dates and thi@niding by 2. The resulting
date wasused as the-xalue forgraphingthe specific velocity valueAfter work in Excel was
finished,graphingwasconducted using MATLABTo graph the velocity data as a timeseries, a

running mean line using k=3 wased to show trends.

3.1.7Climate Analysis
Climatereanalysis datavasused to understand the climate of the region and if temperature

fluctuations may be the cause of any velocity variabilities that are fdRemhalysis data was
required for this, as #re was not angvailablein situ measurements of Hubbard Glacikne
reanalysis products thatere downloadedare NCERNCAR reanalysis IKalnay et al., 1996)
provided by NOAA PSL, Boulder, Colorado, USMeandaily air temperature at sigma level 995
downloaded for 203-2022 fromhttps://psl.noaa.gov/data/gridded/data.ncep.reanalysisast@l

representatin of surface temperatur@egd was usetb calculate the Positive Degree Day (PDD)
sumsfor each month in the 2312022 period (explained further below)he reanalysis surface

air temperature products are provided in & .8.5 grid.
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A positive degree day (PDD) suis the sum of temperatures abov& @luring aspecific
period Braithwaite, 199% This can be related to glacier meltjgit is presumed th&DD sums
are proportional to theamount ofsnow/ice melt(Braithwaite, 1995)PDD sumsused as melt
indices gained popularity in mi®0" century with the availability of massalance series
(Braithwaite & Hughes2022. The wse ofdaily mean temperaturés sum>0°C temperatures
a traditional method of calculating PDD sums (Braithwaite & Hughes, 282&)stom code was
created to determine the number of PDBisdach montin the periodhatdaily mean data was
downloaded for.This codeinvolved determining the grid cell dest to Hubbard Glacier through
indexing to the @0.&s0R7®andlengitade-@39.899458) transfarming d e
temperature from Kelvin to Celsius, arnflthe daily mean surface tempture in that celvas

above 0°C, the valuder that monthwerecumulativelysummed

3.18 Elevation Change

Prederived glacier surfacdevation changeate dataoriginally determined and reportéxy
Hugonnet et al. (2021) wassed to explore how glacier geometry changed over the last ~two
decadesThese glacier surface change data wierenloaded for the N60W140 tiehich provides
coverage of Hubbard and Valerie glaciéxam Theia Cartographic Layemt 100m x 100 m
resolution in fiveyear intervals starting in 2000 (2BQ004, 20(-2009, 2010-2014, and 205-
2019) (data openly available: https://www.sedoo.fr/thetaublicatior
products/?uuid=c428c9ilf8f-4f86/9b75/e04c778e2909 The change in glacier surface

elevationis determined fronopenly awailable satellite and airborne elevation data from @00

2019 Most of thedata conesfrom the Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) stereo imagast elevation data is also provided from additional sources
such asArcticDEM, Reference Elevation Model of Antarctica (REMANd TanDEMX 90 m

global DEM (Hugannet et al., 2021)Datausedhasan error of less than 0.5 through using
TanDEM-X as the referencer co-registration and bias correctiamice-free regiongHugonnet

et al., 2021)Theglobalelevation changesre not affected by elevation change bias (000011

m/yr) caused by regional and seasonal vertical shit® snow cover differencgglugonnet et

al., 2021) Full documentation and description of how surface elevation products were derived for
thisdataset is provided by Hugonnet et al. (20Zhg obtained elevation change tiles for the@®00
2004, 206-2009, 20D0-2014 and 203-2019 periods were imported into ArcMap @hddata vas
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extracted along Hubbard

Gusiagcthe samé methoceaf telecitl i n e
extraction as detailed in section 3.1.4.1

3.19 Methods Summary

Collectively, the datasetsitlined in this chapteallow for the investigation of the dynamic
and geometry evolution of Hubbard and &®d glaciers in suport of the research objectives

outlinedin Section1.2 A flow chart of the use of the methods described in this chapter is shown
in Figure3-4.

a) Seasonal Velocity Data

TSX/TDX & GAfI\f:hiA
RCM data Ofse
tracking
Velocity data 2013-2022
Pre-derived R2 ex;ratlz\;ed in seasonal velocity
velocities S record
Comparison to the
Pre-derived 2013-2022
ITS_LIVE image seasonal velocity
pair velocities record
MNCEP-NCAR
Reanalysis 1 PDD sum
surface calculation
temperatures
b) Annual Velocity Data
1985-2018
Pre-derived Velocity data annual velocity
ITS_LIVE annual extracted in record
velocities ArcMap
Theia Comparison .to
Cartographic Pre- Data analysed annual velocity
derived Elevation and extracted record
change rates in ArcMap

Figure 3-4: Summary of the nthods used in this thesis, with the blue boxes represergingity data

and the orange boxes representing potential dria¢represents the data used in the creation and
analysis of th0132022seasonal velocity record, while b) representdtita used in the creation and

analysis of the annudb852018velocity record.
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Chapter 4. Patterns and drivers of seasonal and lonterm velocity
variability of Hubbard and Valerie glaciers

Abstract
Hubbard Glacier isa largefastflowing tidewater terminating glacier in the St. Elias Mountains
andis connected at its termints Valerie Glacier Although Hubbard Glacier has been shown to
experience large intrannual velocity changes and haverag-term deceleration,rpvious studies
thathaveexamiredseasonalitjhave only been able to doap a limited timescaleithout a dense
recordof motion In terms of variability oWalerie Glacieyit toohas been understudiesiith only
one study reping its seasonal behaviour. Tigeal of this study wasto combinelTS_LIVE,
RADARSAT-2, RADARSAT Constellation Mission, and TerraSA&TanDEM-X derived
velocity data to create the densest recofdnotion ever constructed for Hubbard and Valerie
glaciers from July 2013-April 2022 to explore seasonal velocity variability of both glaciers
ITS_LIVE annual mosaics from 1882018wereused to analyze the lorigrm velocity trend of
Hubbard and Valeei glaciersThese recordaereexaminel to seaf pulsesthatwerepreviously
reportedon either glacier can be observed, alitjo it was found thahesepulses wereinable to
be resolved Elevation and temperature were analyzed as potential drivers fotdongand
seasonal velocity changegalerie Glaciethada o6t ypi cal 6 s e fosvonnviay, pat t e
with minimum flow sometime betweeAugustNovemberbefore accelerating agaifrlubbard
Glacier displayed a unique seasonal pattern that has not been observed previously. It showed two
periocs of fast motion; one in Decemb&ebruarybefore velocities dropped slightlyetween
JanuaryApril, accelerating towards its second peak aroivy, then reaching minimum
velocities in lateAugust/Septembellt is inferred that the spring peakand late summer/fall
minimums on both glaciersare due tomelt reaching the bed and influencing thigbglacial
hydrology The cause of thewinter peakand slightvelocity drop before the spring peain
Hubbard Glaciehas not been determinatid should be a topic for future studiehough it is
hypothesized to be an internal procddsth glaciers showd a long-term decelerationalthough
larger chages were seen further 4gpacier than near the terminaa Hubbard Glacieandwere

minimal on Valerie Glacielanda direct relationship to thinning was not found

4.1Introduction
Glacier dynamics irAlaska can vary interannualljyowever,winter velocitieshaveshown

synchronicity throughout the regipwhich suggestthat Alaskanglaciersmay have a common
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mechanism for velocity changdgely hydrological (Burgess et al2013b). For exampldast
winter velocites in Alaskaoccurredat the samdime two glaciers within the regiosurged
(Burgess et al2013b).Armstrong et al. (2017tuded land terminating glaciers ithe Wrangell

and St. Elias Ranges in Alaskadsuggestethatsummer speedups were causethyyraulically
induced enhanced basal motidiot all glaciers studied had the summer speed up, although the
majority that did notwerequiescenistagesurgetype glacierghat likely have different coupling

mechanisms for meltwater and basal mof{ldrmstrong et al., 2017).

Hubbard Glacier is known forgtvery highvelocities ands one out of 12 systems in Alaska
with velocitieshigher than 365.25 m/yaver most of its lengtfBurgess et al., 2013ajhese 12
systems arékely operating differently than other fast velocity glaciers outside of Alaskey
maintain high velocities without high rates of mass loss, dthestolinkage to high accumulation
rates (Burgess et al., 2013a)ot only does it differ from other glaciated regions, Butbbard
Glacierhas previously shown behaviour that differs from other glagwittsn Alaskaand does
not show a large response to climbte has flow speeds mostly controlled by geomefRitchie
et al., 2008 Stearns et al., 20)4There hae beena coupleobservatios of pulsing activity for
Hubbard Glacierpbservedn the spring of 1986 and 1988and reported by Trabant et al. (1991)
However, Hubbard Glacier is not identified as a surging glacier, lugrisdynamically active
(Clarke & Holdsworth, 2002).

Long-term velocity trends on Hubbard Glacier have previously been difficult to determine
because obkparse measurements dadge variation in flow speeds seasonally (Stearns et al.,
2015). When removing seasonaariability, Hubbard Glacier was found to have a linear
deceleration from 1978 tb997 anddecreased from ~2,800 m/yr +@,200 m/yr (Trabant et al.,
2003). Stearns tal. (2015) foundrelocities varied seasonallyfrom 1,500 to 5200 m/yr while
Trabant et al. (2003) also found large seasdimal changes of up to 730.5 m/y8tearns et al.
(2015) found he fastest flowover mostregionso f Hu b b ar dermi@udsaccured in 6 s
April/May and slowest flow in October/NovembandTrabant et al. (2003) found maximum flow
in May/June and minimum in September/Novemdrich is the usual trend of Alaska tidewater

glaciers (Stearns et al., 2015)

Mostresearch done on Valerie Glaciety b bar d GI aci e ) lesbedarelated ut ar y
to pulsing activity(in 1986 August 193-August 1995and July 200-September 2002where
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velocities reachetiigher than 43,150 m/yrin 1986 (Ritchie et al., 2008Mayo, 1988;Mayo,

1989. Few studies havanvestigatedthe seasonaflow patternsof Valerie Glacier although
Trabant et al . (1991) a nfam y198-1089Waithdadilame G| a c i
seasonal variationdlow speedsn this period rangeffom ~500 m/yr to ~2,000 m/yrwith no

unusual speed up even&earns et al. (201Mvestigatedseasonality at different sections along
Hubbard Gl acierdés terminus and found the regi
slightly different pattern than other region
velocities in July/August long-termflow patternof Valerie Glaciewasnot found to have been

reportedn previous work

With more remote sensing data availablgpcity trends of Hubbard and Valerie glasiean
now be resolved in a higher temporal resolution thas been amged in the pastGiven this
background, the goals of this work are to utilize a large catalogue of remote sensing data in order

to:

1) build a dense record of ice motion for Hubbard and Valerie glaciers that can be used to
resolve the seasonality of botlagiers over the last ~decade;

2) create a longerm velocity record of ice motion to determine whether the -teng
deceleration of Hubbard Glacier that has been previously reported continues to present day
and determine the lorAgrm velocity trend o¥alerie Glacier;

3) utilize records of climate data and surface elevation change to explore the seasonal and
long-term drivers of ice dynamics at Hubbard and Valerie glaciers.

Collectively, his studycontributesto the understanding of how large tidewatkcgers are
evolving within Alaska whichcan helpfurther resolve current dynamic and mass balance
conditions within the region and ultimataipnderstand its impact on sea level ridet only can
this help with our current understandiofjice dynamicsbutit canassist in the improvement of
surface mass balance projectidoismountain glacierswhich ardimited due to tidewateglacier
dynamicsnot being resolved or understood well (Burgess et al., 2013a).

4.2Study Area
Many glacier types exist @ high concentration itneranges of the St. Elias Mountajmghich
borders Alaska and Cana@alarke & Holdsworth, 2002 The St. Elias Icefielccts as both a

hydrologic and climatic divide, withlubbard and Valerie glacielscatedin this mountain range
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(Figure 4-1; Clarke & Holdsworth, 2002)Globally, HubbardGlacier is the largest tidewater
glacieroutside of the poleswith its grounded terminus havingcalving frontthat is11.4 km in

width (Ritchie et al., 2008Meier & Post, 19877 rabant et al., 2003Hubbard Glacier beginsn

Mount L oga596%n (Yukom, Gdnadaand sharesévés and divides with other valley

glaciers (such as Kaskawulsh and Logan glaci¢ngn flows >120 kmto sea levelwhere it

terminaesin Disenchantment BagndRussel Fjord Yakutat Bay,Alaska)(Ritchie et al., 2008

Stearns et al., 201&Jlarke & Holdsworth, 200R VValerie Glacier is a tributary glacier of Hubbard

Glacier, contributingiceont o t he western edge d¢MayoHW988bar d C
Ritchie et al., 2008 A medial moraine exists between the two glaciers, marking their separation
(Ritchie et al., 2008).

5, o
2 # | Hubbard |
Glacier

Valerie
Glacier

Russell D
Fiord

Figure 4-1: Hubbard Glacier and Valerie Glacier (Senti@gamagery fronl1/06/2021in WGS 1984
UTM Zone 7N), with Hubbard Gl acierds centerline s
km, 5 km, and 10 km from the terminus. Two points on Valerie Glacier neeoifieence of Hubbard
Glacierand further ugglacier and the leations of data extraction. Inset: Alaskan glaciated regions (RGI
Consortium 2017 with the red box showing the location of Hubbard Glacier (Esri World Topographic
Map, in WGS 1984 Web Mercator).
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4 .3Data and Methods

4.3.1 Velocity Data

43.1.1ITS_LIVE Data
Prederived glacier velocity products for Hubbard andedalglacierswere retrievedrom

NASA MEaSUREs InteMission Time Series of Land Ice Velocity and Elevation (ITS_LIVE)

online portal (ttps://nsidc.org/apps/itslive/This program provides global data on the surface

velocity and elevation change of glaciers and ice shiemts 19%-2018(Gardner et al., 2019a).
Imagepair velocities of Alaska and Western North Ameacadeterminedisingtheautonomous
Repeat Image Feature Tracking (aBi#-T) algorithmbetween repeated acquisitions of Sentinel
1, Sentinef2, and Landsa8 satellite imgerywith O60% cloud covefGardner et al., 2019pyith
Gardner et al. (2018) provity full documentation on the usetethods usefibr this dataseiThese
products have a pixel resolution ®20 m and velocity products were constrained to a time
separation betweemages of 7-30 days. This allowed for a suhonthly temporal resolution of
the dynamics of both Hubbard and &f& glaciers to be obtained between July 2013 to April
2022.Data is moe scarce towards the beginniofjthe ITS_LIVE record, withhte density of
velocity productsn the dataseincreasng at the end of 2016s a result othe launch oimore
sensors that could be used for tiwark (Gardneret al., 2019bEuropean Space Agency, 2021;
European Space Agency 2028fter importingthese velocity maps into ArcMap 10.8.1, manual
filtering was completed teemovevelocity data that did not cover the majority of Hubbard

G| a c lowermbstterminus

Valerie Glacier data was downloaded from A& _ LIVE widget from https://itslive
dashboard.labs.nsidc.org/ Two poi nt s we mear cordluersd® t ppai, n twi It dic a th
latitude60.0758 longitude-139.4337 whi | gl alce ed G p poi nt 60.18181 oc at e
longitude-139.4687 The OExport Datadé button was select

Excel, the data was filtered for those of interest by selecting a time separation of b&@een

days and separaté@dsed on the satellite used to obtain the data.

In addition to the prelerived image pair velocities, ITS_LIVE also provides annual
composite velocity data for the major glaciated regions of the wprtluced using the same
autoRIFT method (Gardner ell., 2018) For this study, annual velocity products with a pixel
resolution of 240 m from 1%82018 of Alaska and Western North America was retrieved from
the ITS_LIVE portal whichwere created using Landsat 4, 5, 7 and 8 senandsvere created
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through error weighted averagéshe middle date of the image pairs fell within that calendar year
(Gardner et al., 2019akrror margins for the ITS_LIVE velocity products are in the orderOef 2
30 m/yr (Gardner et al., 2018), which is talaly negligible when compared to the high flow
speeds that have been reported forelf@aland Hubbard Glaciers (Waechter et al., 2015; Van
Wychen et al., 2018).

43.12 GAMMA RS Data
To augment the prderived velocity products provided BYS_LIVE, additional velocity

measurements were generated from offset tracking of SAR imagery (AR5 anDEM-X
(TSX/TDX), RADASAT-2 (R2), andRADARSAT Constellation Mission datasdlRCM)) using

the GAMMA RS software.The GAMMA software reads SLC fileend uses a crog®rrelation
algorithmto determinénow farthewindows ofpixels moved between the reference and secondary
images(Strozzi et al., 2002For TSXTDX and RCM data, a window size of 200 x 200 pixels
and a step size of 50 x 50 pixels wasedfor offset trackingR2 velocity data wabtainedpre-
processed witlimage chip sizes of ~500 x 500 used in the creation of the velocity maps
described in Min et al. (2022)For thecrosscorrelationalgorithm to worktheinputimage pairs
need to have been acquired in the same image geometry, determined by the repeat pass of the
satellite.For this, TSX/TDX imagepairs have anltday spacing, RCM data has multiples of 4
days and R2 is multiples of 24 dayilsnage coherence is amportant aspectfavhethervelocities

are able to bevell resolvedusingthis method with the loss of coherence resulting in a lower
accuracy (Van Wychen et al., 201€pherence can be affected by changing surface feasuics,

asmelt and snowfall otheglaciersurface(Van Wychen et al., 2012).

Once completed, the GAMMA workflow outputs the calculated displacements in a geocoded
GeoTFF file which are scaled to etersof displacement between the two images. In order to
standartze these output® the common unit of m/yr of the ITS_LIVE velocity products, these
files are imported into a geographic information system (AqeMO0.8.) and modified This is
doneby applying equatior-1 to all SAR derived glacier velocity prodeat si ng t he ORa
Cal cul atAscMép t oo | i n

(4-1)
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4.3.1.3 Glacier Velocity Extraction for Hubbard and ¥a Glaciers
To provide a detailed determination of the seasonality variability of both Hubbard and

Valerie glaciers, the velocity data from all sources (ITS_LIVE data &@AMMA RS datawas
imported into ArcMap10.8.1and wasanalyzedat five locations threelocations onHubbard
Glacier andtwo locations ornValerie Glacier)from July 2013April 2022 On Hubbard Glacier,
the velocity data was extracted along a manually digitized approximation of the glacier centreline,
and analyzeat a distance of dt km, 5km, and 10 km from the termingshown inFigure4-1).
Velocity data of Valerie Glacier wasxtracted abne point nearthe confluencewith Hubbard
Glacierand one further uglacier(shown inFigure4-1). These points on Valie Glacier were
selected in order to evaluate the velpditictuations near the confluence of & Glacier and
Hubbard Glacier and at a location further removed from the influence of Hubbard Gléaeier.
combinedvelocity datasetesulted inl,153 velocity samples siu b bar d G| bcatogr 6 s 1
1,274 velocity samples &itu b b ar d G| batioeandB&l vedocitiksamples at Hubbard
Gl aci er 6 s 10 V&ene Glagier 3,273velatity safmpes were obtained confluence
location and 994 velocity sampled the upglacier location (dates of images listed in the
Appendiy).
4.3.2 Climate Analysis

Climate wasanalyzed using reanalysis data from N&&PAR reanalysis {Kalnay et al.,
1996) provided by NOAA PSL, Boulder, Colorado, USAe&ndaily air temperaturs at sigma
level 995 representing surface temperaturesere downloaded for 203-2022 from

https://psl.noaa.gov/data/gridded/data.ncep.reanalysisdrichiveraised to calculate the number

of Positive Degree DayPDD) sumsfor each monthn the 20B-2022 period. The reanalysis
surface air temperature products are provided on ‘ax2X5’ grid, and the grid cell closest to
Hubbard Glacier was used. To calculate Pidihs thefirst steptransformed the temperature from
Kelvin to Celsius, and thahthe daily mean surface teragature in that cellvas above 0°C, the

valuesfor that monthwerecumulativelysummed

4.3.3 Elevation Change
Prederived glacier surface elevation change datgimally determined and reported by

Hugonnet et al. (2021) was ustxlexplore if glacier geometry has evolved over the last ~two
decades. These glacier surface change data were downloaded for the N60W140 tile which provides
coverage of Hubbardnd Valerieglaciers from Theia Cartographic Layemt 100 m x100 m
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resolution in fiveyear intervals starting in 2000 (2BQ004, 208-2009, 200-2014, and 208-

2019) (data openly available: https://www.sedoo.fr/thetpublicatior
products/?uuid=c428cSllf8f-4f86/9b75/e04c778e29H9 Full documentation as well as a
description of how the surface elevation products were derived for this dataset is provided by
Hugonnet et al. (2021). However, in brief, the change in glacier sugfacation is determined

from openly available satellite and airborne elevation data fro®2009. Most of the data comes

from Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) stereo
imagesbut elevation data is also provided from additional sources suattBsDEM, Reference
Elevation Model of Antarctica (REMA), and TanDEKI90 m global DEM(Hugonnet et al.,

2021) Error associated with these products is expected @B emby using TanDEMX as the
reference for coegistration and bias correction ireifree regions (Hugonnet et al. 202The
obtained elevation change tiles for the @2004, 206-2009, 200-2014 and 208-2019 periods
were I mported into ArcMap and data were extra

in Figure4-1) for each epoch

4. 4Results

4.4.1 General Velocity Structure of Hubbard avidlerie Glaciers
Figure4-2 provides the general velocity structure of Hubbard andriéaglaciers. With

respect to Hubbard Glacier, higher velocities are found close to its terminus where the glacier front
meets the ocean. Moving gpacier from the terminus, glacier velocities decrease reaching a
minimum ~5.5 km from the glacier front. Aftehis point, velocities increase again and reach a
maximum ~12 km from the glacier front in a location where the glacier is constricted between
valley walls and has a relatively steep slope. Although this pattern of ice motion is observed at all
times, theras a large amount of temporal variability in glacier motion. For exaraplekm from
Hubbard Gl aci er 6s t edsaasomllyd$rgm ~83mgr tor~-4300ondyr, &atbes r a
km from the terminus velocities rartyseasonally from ~230 m/yr to ;800 m/yr and athe

location10 km from the terminus velocities ramggeasonally from ~700 m/yr to ;800 m/yr.

Valerie Glacier experiences faster velocities when movinglager away from its terminus

although with large seasonal variations invit¢docity also observedVhen approaching Hubbard

Gl aci er, Val reariconfluéhtea vieeomchad e in t,600mygrange o0
Further upglacier, velocities ranged from ~80 m/yr to,710 m/yr.A further description of the

seasonalityf both glaciers iprovided in the following secti@n
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Figure 4-2: Glacier velocities of Hubbard and Valerie glaciers fifb8X data or21/08/20150
01/09/201Hoptical imagery: Senting? imagery fron1/06/2021in WGS 1984 UTM Zone 7N).

4.4.2 Seasonality of Hubbard and #aé Glaciers
Figure 4-3 a-e, pesents the velocity structure of Hubbard &aderie glaciers from July

2013 to May 202 from the extractedemotesensing derived displacement maps at 5 distinct
locations (identified with teal dots drigure4-1). Seasonality of glacier motion is much more
detailed after 2016 due to the wider availability of glacier velocity maps after this anm2022
data does not covee full year. As such, the description and quantification of seasonality that

follow focuses on the time periad January2017 to Januan2022.

Seasonally, at all thrdecationson Hubbard Glacier, two velocity peaksd two velocity
dropswere observedeach yearKigure 4-3 a-c). This velocity patterrwas most evident athe
location1 km from the terminus, with theamepattern, abeitwith a much smaller amplitudalso
observedat the 5 km and 10 km points. Therefore, this discussion is focused on the 1 krAtpoint.

this location, ae velocity peakoccurredin the winter monthsvarying betweerbecemberand
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Februaryin different yeary before velocities drggedslightly andreach a minimunbetweenrthe
end of JanuapApril (again varying between yearsAt 1 km from the terminus, Hubbard
Gl aci er 6s v el,30€&mir g itsemaxéneum dueind) this winter pe@lanuary 2020)
and reachaglower than~1,800 m/yr when it dr@s after the peaMarch2021) The drop between
this peak andollowing minimum wasgenerallyless than ~B00 m/yr, although velocities
dropped as much as 080 m/yr from JanuaryApril 2020. Velocities increased after this
minimum to asecond velocity peathatoccuredin the spring/summer (most commonly in May,
with fast velocities also often seen in April/Juneherevelocities at 1 km from the terminus
reacked higher than ~%00 m/yr at its maximuniMay 2019) After this spring/summer peak,
velocitiesdramati@ally decreasa, with this dropoftenlarger thanwhat occurredafter the winter
velocity peak,to reach minimum velocities in the late summer/fall (August/Septembkese
werethe slowest velocities of the yeaeaching as low as ~370 m/yr at 1 km from the terminus
(September 2018 his drop in velocitywas always larger than@O0 m¥r andreachedhigher
than ~3000 m/yr in2018

Although the spring/summer velocities reach a peak, often the fastest velocities of the year
were during thevintertime peak, with this pattern most obvious in the lowermost terminus region
For exampleat Lkmf r om t he gl atkeifastesbvelocities of e yearocean
winter in 2017 (velocity peak in December), 2019 (peak velocities in December), 2020 (peak
velocities in January), and 2021 (peak velocities in December).

Unlike Hubbard Glacieryalerie Glacier(Figure4-3 d, e) only experience one seasonal
velocity peakand velocity drogeach yearThe velocity peakccuredin spring (generally in May)
after agradualacceleratiorfrom the winter until this peak/elocities were observed to reach
higher than ~B00 m/yr at thenear confluencgoint and ~I760 m/yr at the wglacier point.
Following this peak, velocities demaserapidly until dropping to its minimum velocitieghen
plateauing at this low flow speed in late the fall, with velocities as low as ~20 m/yr redhe
confluencepoint (minimum velocities varying betwee®eptembeNovember) and ~81 m/yr at
the upglacier point (AugusBeptember). After the minimum velocities, flow speeds gradually

increase until the spring pealasreached agaihis pattern was consistent in all years analyzed.
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4.4.3 Positive Degree Days and Climate Analysis
Figure4-3 f shows the PDD sums from 282022 with this analysislsofocusing on

January2017December202L to allow for adirect comparison tgeasonaVelocity trends The
general PDD surseasonal cycles described here, although some yeaay have differences in
the timing of increases and decreases of valteserally JanuaryMarchhad minimal PDD sums
(<10°C), with March/April PDD sums increasing but stdimall (<25C), coinciding with
increasing velocitiesn Hubbard and Valerie Glaciers until their peak velocities around Muar
April, PDD sums continued to increase until the maximum was reaclet/idugust (maximum
values in July 2019 reaching ~3@), with minimum velocities following close after these
maximum PDD sumvalues are reached (Augi(&tptember for Hubbard I&ier, August
November for Valerie Glacier)After the maximum PDD sums are reached, values begin to
decreasdut are still relatively high until September/Octobet{>C). Following this until the
end of the year, values keep decreasing and beoommal againaround November/December

(<6°C, although maximum December PDD sum-&i°C occurred in 201)7
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4.4.4 Longterm velocity trends of Hubbard and Valerie Glaciers
The longterm velocity trend of Hubbard Glacier is showrFigure4-4. At 5 km, and 10

km from the terminus, a deceleration is observed frond-P28.8 while a very slight deceleration
trend is observed from 198018 at the 1 km location. The largest deceleration is seen at 5 km
from the terminus (linear line of best fit slope oR4), followed by 10 km from the terminus
(linear line of best fit slope of-19), and the smallest and very minor deceleration was at 1 km
from the terminus (linear line of best fit slope 607). The 1l km location had a pattern that was
different from the other points, with a larger amplitude of speed up and slow dalthtigh

those tendetb cancel each other oainhd resukdin the minimal deceleration

Annual Velocity Hubbard Glacier
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Figure 4-4: Annual Velocity of Hubbard Glacier from 198018 at 1 km, 5 km, and 10 km from the
terminus.The dashed line represents the linear line of best fit.

The longterm velocity trend of Valerie Glacier is also one of decelenafrigure 4-5).
Although it was decelerating from 182018, both neahe confluencand further ugglacier, the

deceleration was minor. This is seen in the linear line of best fit slope beir®at the near
confluence pointand ~1.7 at the ugglacier point.
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Annual Velocity of Valerie Glacier
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Figure 4-5: Annual Velocity ofValerie Glacier from 198-2018 at one point near its terminus, and one
point further upglacier, with the dashed lines representing the linear line of best fit

4.4.5 Elevation Changes
Over Hubbard Glacier, there were some regions near the terminus thiedsontheastern edge

of the glacier that were thickening throughout eagle& epoch from 2002019 Figure 4-6).

From 20002004, the thickening in the southeastern edge of Hubbard Glacier generally ranged

from ~27 m/yr.In this time periodon t he edge of Hubbard Gl aci er
was in the range of5-10 m/yr, althoughit was observed to excge-12 m/yr From 20052009,

the thickening around the gl acierods spoeht heast
with mostthickening around 2-5.5 m/yr There was a smaller spatial distribution of thickerahg

the terminusduring this time with most values in the range of -85m/yr, although values ~10

m/yr were observed20102014 continued the trend of decreasing thickening over Hubbard
Glacier,with lessspread of thickening across its southeastern side, althbagoutheastern edge
thickening was still mostly in the range ©2-5.5 m/yr. In this time,most thickening on the

terminus was around ~Am/yr, althoughthe terminus thickeningras observed texceel ~8.3

m/yr. 20152019 showed the least thickening of all the epochs. The southeastern edge of the glacier
generallyhadthickening in the range of0:23m/yr. The edge of Hubbard GI ¢
most thickening values in the range of ~&/yr, although themaximum thickeningexceeded-12

m/yr.
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The elevation change alotite first 10kmoHu b bar d GI a c iFiguredgdshonwsnt er | i

within ~0.5-0.6 kmof the terminus over all years (2BQ019), thickening occurredalthough this

value decreased over each epoch. From 20082, this maximum was-8.6 m/yr,decreased to

~7.6 m/yr from 20022009, ~6.3n/yr from 20162014, and ~4 m/yr from 2018019 After ~2.5

km from the terminugrom 20002004 and after ~4 km fromhe terminus from 2062009, the

centerline valuesvere all abovezero (representing thickeningHowever, after 2010, there is a

general trend of thinning along the centerliwégh the majority of centerline values from XD

2014 after ~1.5 km from thertainus and 2012019 values after2.5 km from the terminus being

belowzero(representing thinning)

Much ofthe region of confluence betwe¥malerie Glacierand Hubbard Glacier until the
terminuswas thickening from 2032004 and 203-200 (Figure4-6). In each epoclthroughout
the whole period of 2@2019, the thickening of Valerie Glacier within its lower region has been
decreasing, and theveereincreased areas of thinningt the near confluence point (as indicated
on Figure4-1), the rate of thinning increased in each epdtie rate of thinning from 206R004
was~0.08 m/yr, 20082009 was~0.3 m/yr, 20162014 was~0.4 m/yr and 2012019 was ~0.7
m/yr. At the upglacier location of Valerie Glacier (also indicatedragure4-1), from 20062014,
thickening occurredat a decreasing rate from each cansige epoch)with thinningfrom 2015
2019. From 200004, the rate of thickening wa®.5 m/yr, in 20082009 it was ~0.2 m/yr, and
from 20102014 it was ~0.07 m/yr. The thinning from 262619 occurred at a rate €0.15 m/yr.
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Figure 4-6: Elevation Changes of Hubbard and Valerie Glaciers inyaar intervals from 2012020
from Theia Cartographic Layers clipped to the RGI extent of Hubbard and Valerie glaciers (black
outline), with Hlindshoavnidblué (R&ICbnsartiG017c Therdink circlein a)
represents the southeastermesr while thebluecircle in a) represents the terminus edge, which have
bothshown tohave a general trend tifickeningfrom 20062019
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Elevation Change of Hubbard Glacier (Theia Cartographic Layers)
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Figure 4-7: Elevation changes along Hubbard Glacier's centerline frof®-2020 in fiveyear intervals.

4 .5Discussion

45.1 Seasonality of Hubbard Glacier
Figure 48 displaysa summary of the seasonpatternsHubbard Glacier experiende

including its subglacial hydrology, ice motion, and meihich are described throughout ¢h

following sectiors.
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Figure 48 Summary of Hubbard Gl acierds seasowadr patter

and spring peakandthe minimums after each peakhe subglacial hydrologg described as distributed

or efficient, ice notion descrilsif sliding of the glacier on its bed is increasing or decreasing, and melt
describes how much melt was observed from the PDD sums.

The latespring/earlysummer velocity speed up on Hubbard Glacier follows the expected
velocity response ofglacier to inputs of melt water into an inefficient subglacial drainage network
(Willis, 1995;Nienow etal., 1998 For exampl e, each year #Hubbard
until a velocity peakvasobservedn May (Figure4-3 a-c & Figure 48) which coincidesvith the
increasingmonthly PDDsumsthroughout the spring/summéfigure 43 f). This suggestthat
early in the melt season, identified as the period from Pdaly each yearKigure4-3 f), when
PDD sumswereincreasing from montto-month,the melt thatwasbeing generatedasbeing
transmitted to the glacier bexhdinto an inefficient sulglacial drainage networkThis ledto
increased glacier velocitieBigure4-3 a-c & Figure 48) as the glacier can slide more easily over
a well lubricated be¢hardbedded) or have mofeed deformation (sothedded)Willis, 1995).

The velocities of Hubbard Glacier decelerateh yeaafter the May peaknd reache the
lowest velocities of the yean August/SeptembeffFigure 4-3 a-c) over a period of time when

monthly PDDwere diminishing from their peak in Julkugustuntil December Figure 4-3 f).
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This evolutionin dynamic response to air temperatures and, by proxy surface melt, is likely
explained by a switch to an efficient glacial drainage system that is able to quicklysortaee
meltwater through the englacial and subglacial drainage netfidire 48). Thisleads to less
lubrication between the glacier and its bedereby increasing frictioror decreasing till
deformationand causing flow speeds to decre@sflis, 1995). This hypothesis is supported by
the findings of Ritchie et al. (2008) whlxamined imagery anfdundthat 50% of summers had
embaymerd located on the terminusat Disenchantment Baylhesewere likely caused by
increased calving at the terminus frasta result ohcreasedubglaciadrainagewherefrom the

summer to the fall, the openings weeen, but were closed during the winter (Ritchie et al., 2008).

Each year, the flow speeds of Hubbard Glacier rebedredatively quickly(from November
to Decembergafter the annual velocity minimumasobservedn AugustSeptemberKigure4-3
aC). To account for this behaviouit is arguedthat the overall fast movement of Hubbard Glacier
may quickly cause icdeformation and destruction of the efficient subglbchannels that were
developed during the summeausingthe distributed sulglacier system toapidly rédorm again
(Nienowet al., 1998) The only way forefficient channels to enlarger be maintaing is if the
amount of surface meltwater reaches the bed in appreciable quantities (Willis, AB9&)gh
PDD sumsweregreater than zerover this periodalbeit diminishing from month to montiter
July/Augusteach yearKigure4-3 f), it is unlikely the amount of melt thatas generatedvas

sufficient to maintairthis efficient subglacial drainage network.

An interesting aspect of Hubbard Glacier is the relatively high flow speedse¢hateached
duringthe winter seaso(peak velocities varying between Decembebruaryeach yearFigure
4-3 a-c & Figure 48). From a purely remotsensingbasedapproach it is difficult taletermine
the exact cause of the high winter velocities, but a few theories are presentéddishiergknown
if Hubbard Glacier has a hard or soft bed, however, if a hard bed exists, thettheeavinter
speedup may be due to trapped water existing at high pressures in the subglacial channels (linked
cavity systems), which decreases friction at the bed and allows sliding to occur throughout the
winter (Willis, 1995). If Hubbard glacier is ebedded, fast winter velocities may be facilitated
from bed deformation because of water trapped within till or from till failure by liquefaction
(Willis, 1995).An example of a glacighatshowedslower summer velocities than annual speeds
is Hintereiderner, although ithadlittle to no meltwatereaching thébed to affect the subglacial
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drainage(Blimcke & Finsterwalder, 1905; Willis, 1995)herefore,the winter velocities were
likely the result ofincreased ice deformation and/or basal motibrough enhanced basal
deformation and regelatioas a result of accumulation of snow increasing glacier thickness
(Blimcke & Fingerwalder, 1905Willis, 1995). The high winter velocities of Hubbard Glacier
were consistent in all years in this stydhut this patternmvasnot found orivalerie Glacier Figure

4-3 d-e), meaning that the process thats causing high flow rates for Hubbard Glacier at this
time is likely internal to Hubbard Glacier. For example, if the procesbeing driven solelyy
climate conditionsa similar winter velocity peak foralerie Glacier would also be expectédhis

is supported by the hypothesis of Enderlin ef24118) stating that seasonal changed®w speeds

and basal drag are controlled throughbbaci er 6s geometry which has
hydrology.However, tle study by Enderlin et al. (2018) was focusing on geometrgtgating
tidewater glaciers, although it is possible this also applies to advancing tidewater glaei¢éos

the evidence shown ihis study (Enderlin et al., 2018).

After the velocity peakbetweenDecembeiFebruaryon Hubbard Glacierthe velocities
droppedslightly to reach dow point betweenthe end of January and Aprilhis is unexpected
behaviourandthe exact cause of this was not determifnech a remote sensing focudowever,
we hypothsize thatalthough the subglacial hydrologic netwavksdistributed,it may havehad
a minor reorganization wherevaterfoundpreferential paths to create some channglsch lead
to the drop in velocityThesechannet may get destroyed quickiyue to the relatively fast flow
speedsand change back to the fully distributed netwdelading to the increasy velocitiesuntil
thespring peak

It is important to note that the seasonal variations on Hubbard Glacier diminish when moving
up-glacier, meaning this process may be linkeddeanprocesses at the calving frofttis also
possible thathe increasedvelocity varability further downglaciermay be causelly pressure
variationsfrom variations insurface water inpuiWillis, 1995). These pressure variations can be
the result of higher melt rates the lower ablation areahaving thinner snowpacks further
downglacier (this decreases the attenuating influence)ammtreased chance of the creation of
an efficient englacial hydrologic system dovglacier (Willis, 1995). However, this efficient
system was stated to be from lowes-deformation rates in the dowglacier region, which was
not observed on Hubbard Glacier (Willis, 1995The water pressure dowglacier is more
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probable to be a higher percentage ofiteeoverburden pressucempared to regions further-up
glacier (Wilis, 1995).

45.2Comparisorof Hubbard GI ac wigP@sousSaudies o n a | FI ow
The large degree of velocity data provided in this study has provided a significant improvement

on the understanding of the seasonality of flow of Hubbard Glacier ogeiops studies. For
example, Stearns et al. (2015) found that the general seasonal pattern of Hubbard Glacier was one
of maximum velocities occurring in April/May and minimum velocities in October/November for
most regions along its terminu&milarly, Trabant et al. (2003) found fastest flow in May/June

and slowest in September/Novembenjch conformswith the spring peak and fall drggpesented

here. Howevemeither of thosevorks describe the fast overall motion during the winter months

that is reported here. The differences in the seasonal pattern may arise from our study using data
with a higher temporal resolution, as the velocity data used in Stearns et al. (2015) may be
averaging out the winter velocity peak duetheir winter velodies being determined through
averaging fall to sprindata As well, Trabant et al. (2008nalyzed two different velocity datasets,

one of a fixed location consisting of 22 image pairs, andseten a moving location with 11

velocity measurement$hroughthelimited amount of speed measuremetitss pattern may not

have been captured the Trabant et al. (2003) studyhe amount of data used in this study was

not available untisynthetic aperture radar become popular and an increased nunsegisofs

were launched, allowing th&gudy to characteze seasonality on Hubbard and Valerie glaciers in

a way that was not possible in the past.

Moon et al. (2014) provided erof the largest characterizations of seasonal patterns of ice
motion using reords oftidewaterglacier motion from Greenlanddere, we use the schemes
identified in that papeto further investigate the drivers of flow variations for Hubbard Glacier.
Hubbard GI aci e(Figuse 49 eaes rmnfiexactly iht@ amy of théoehaviours
identified by Moon et al. (2014) bappearsnostsimilar to thefi ype 3 behaviour, deit with
some differenced.ype 3 behaviouis characterized byjaximum velocities in the spring/summer,
slowing velocities over theummer, leading to minimum velocities in the late summer before
velocities speed up again over the winter (Moon et al., 2@dnceptually, he late summer
slowdown observed on Type 3 glaciers believed to be caused by the subglacial hydrology
changingrrom an inefficient to an efficient netwo(koon et al., 2014)which conforms with the

arguments put forth for Hubbard Glacid¢dowever, Hubbard Glacier differs from Type 3

55



behaviour in the fact that winter velocitiaeehigh, as shown irFigure 49. Giventhat Hubbard
Glacier does not fit completely into any of the three categorizations by Moon et al. (2014) further
demonstrates theniquenes®f this behaviourThis difference might arise fromte number of
observations used, whetige glaciers studd byMoon et al (2014pnly had 36 measurements
annually from 20022013 although a few glaciers had more frequent measureméstisl. et al.

(2017) found thaKangerlussuaq Glacier in Greenland behaved similarly to what is presented here
for Hubbard Glaier, with a velocity peak in theummerdue to temperaturescreasing melt that
reachd the bedand a velocity peak in the wintdue to retreat of the ieghelf.

Columbia and Posglaciers are tidewater glacierkbcated in Alaskahat also experience
interannualelocity changes a similarway to Hubbard Glaciemwith seasonal velocitpatterns
assumed to beausedoy changes to the subglacial hydrological netwakdboth glaciers had
largervariations in flow speeddoserther termin than further uggylacier(Enderlin et al., 2018).

Enderlin et al. (2018) use89 velocity fieldsfrom 20122016, and dspite the similaritie®f
ColumbiaGlacierand Hubbardslacier, the first half of their study period show&blumbia and

Post glaciergenerallyhavingmaximum velocities in May/Junéhena rapid drop in velocities to
reachminimum velocities in October/November (Enderlin et al., 20H®wever, h 2014, Post

Glacier showed unusual flow behaviour with increased flow speeds/anatlocity peakswhich

is similar to the unique pattern we observed on Hubbard Glacier (Enderlin et al., 20&8)
behaviour of Post Glacier differed from Hubbard Glae®ithat anomalous year also had much
higher flow speeds thaaverage before dropping to much lower flow speeds than average for the
2015 minimum, which is not observed on Hubbard Gtaagthe pattern of two velocity peaks
occurredn all years analyzed frodanuary 2017 to January 20Zhderlin et al., 2018 Although

there are differencesetween the results of Enderlin et al. (2018) wt is reported here, it

would be interestinépr future workto studyColumbia and Post glacieirs the same resolution of
Hubbard and Valerie glaciers to determine if
observed on similar glaciers (i.e. large size, tidewatgrg¢n the density of data allows the
observationThe seasonal behaviour of Hhdyd Glacier is unusual for Alaska, and it is likely that
previous studies never observed this seasonal pattern due to their data density being much sparser

compared to what is presented here.
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4 5.3 Seasonality of Vatie Glacier
Val eri e G| a bdahaviou is susmmasized iRigule 410, showing the seasonal

changes to its velocity, subglacial hydrology, ice motion, and melt.

Fast flow Spring peak
P - N
Velocity P
Slow flow N
S
Month Jan Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec
Inferred Distributed
Subglacial Distributed +water | Efficient+wateradded Distributed
Hydrology added
lee Motion Sliding increasing sliding decreasing Sliding increasing
Minimal
Melt Minimal melt Melt increasing Melt decreasing :Lrlr;a

Figure4-100 Summary of Val eri e Gl acdcig figire shewvs thesmaxinaum patt e
velocity in the spring, followed by minimum velocities in the fall. The inferred subglacial hydrology
describes if the system is distributed or efficient, ice motion describes if the glacier is increasing or
decreasing slidimon its bed, and melt describes how much melt was observed from the PDD sumes.

Valerie Glacier shoed a very traditional melinduced flow variability signal and can be
explained in the same way as the spring peak on Hubbard Glacier; through changg&tiasub
hydrology (Willis, 1995). The velocities of Valerie Glacier incredsentil the spring peakvas
reachedgoincidentwith warmng temperaturethatincreagd meltthatis inferred to belelivered
to the bedandincreagd basal water pressurBuring this time, the discharge of water out from
beneath the glacier is likely low to moderate, leading to the lubrication of the bed of the glacier
and a shorterm increase in flow speed@Villis, 1995). As the melt seasorprogreses the
distributed network that leads to the spring velocity peak eddiv® a channelized/efficient
system by the end of the melt season, leading tteth@nationof fast spring velocitiessndwas
followed byintermediate summer velocities and mmoim velocities in later summer/faNlienow
et al., 1998Armstrong et al., 2007 This is supportetly the distribution of PDD sum@igure4-
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3 f), with peak melt conditions occurring with velocity minimums. Val&slacier experienag
gradually increasing velocities following the minimum fall velocitissggestinghe efficient

channelsvolved back to alistributed system because of ice defornrefidienowet al., 1998).

This differedfrom Hubbard Glacieas Valerie Glacier only experierttene velocity peak and
one velocity drop each year, unlike Hubbard Glathet hadtwo velocity peaks and dropghe
winter velocity pealobservedn Hubbard Glaciedid not exist on Valerie Glacigalthough they
both hal a spring peak around the same time each, yaa late summer/fall minimum¥alerie
Gl aci er 6 s f aeeinghe $pring, @as opposed KHulebard Glaciér fastest velocities
commonlyobservedn the winter.Also, Valerie Glaciedid not reboundo faster velocities after
its minimum velocitiesverereached as quickly as Hubbard Gladt, andin comparisonit had
a more gradual speedup untilsfringpeakwasreachedagain The slower acceleratioof Valerie
Glaciermay have been caused by stewervelocities than Hubbard Glacier, which wouldve

taken longer to destroy the efficient drainage network.

4 5.4 Pulsesof Hubbard and Varie Glaciers
Pulsing has previously been identified on both Hubbard and Valerie gl@dieys 1988;

Mayo, 1989; Trabant et al., 19Ritchie et al., 2008 and here we look at the lotgrm velocity

trend of both glacier§-igure4-4 andFigure4-5) to determine ithese pulses are observedacier

pulses occur periodically when the glacier has fast unstable flow, with these movements in
between normal flow and surging (Mayo, 1978). Ritchie et al. (2&@8)ethat every several years
Valerie Glacier experiences pulke surges, and Mayo (198%atedthat Valerie Glacier
experienced a weak surge in 19&@h velocities reachinggigherthan~13,150 m/yr (Mayo, 1988

Mayo, 1989. When looking at the annual velocity data, Valerie Glacier does not show fast
velocities in 1986;ratherit is a velocity minimumin the ITS_LIVE record Figure 4-5).
Displacements of the medial moraine between Hubbard and Valerie glaciers led Ritchie et al.
(2008) to believe this was due to increased flow speeds and similar events to that seen by Mayo
(1989), observed between August 39Rugust 1995 and July 2065eptember 2002. When
comparing this to the annual velocities found in this work, 1993 showed fast velocities and a
slowdownat the near confluence poiafter this year, while uglacier contimed to have fast
velocities until 1995. In 2000, fast velocities were observed, but followed a similanpatteat

seen in 19%8-1995 where neaerminus velocities decreased afttais, while up-glacier continued

to be fastAs well, Valerie Glaciewelocities presented here never reach above 1,200 m/yr, which
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is much slower than those obsenigdMayo (1988) and Mayq1989). Therefore,none of the

pulses were readily resolved in the annual velocity dapmesented here

The velocity peaks on Hubbard Glacier may be the result of its tributary glaciers
experiencing pulsing, as was suggested by Ritchie et al. (2008), or Hubbard @iy itself
(Trabant et al., 1991). This has been confirmed to happen when Valerie glacier experiences pulses,
as Mayo (1989oundthatHubbard Glacier increadén velocity (reachedaround 5,000 m/yr and
wasobserved thr ough duimngthegpulse oVakenedGsacieaid 986 and )
Trabant et al. (1991) al so char aitstowerregioeid Hubb
1986. Trabant et al. (1991) characterized a pulse in the spring of 1989 on Hubbard Glacier through
aerial phodgraphic and telemetry datahich showed velocities reaching arow#d750 m/ymear
Hubbard GI aci e rHbweveg, likethepulde oniValarie Glacier e 1986, our annual
velocity dataset shows a minimum in 198he dataset her@~igure 4-4) showedmaximum
velocities in 2002 at 1 km from the termirheng~3,725 m/yrlower than the velocities observed

in previous surges (Mayd989).

Through this, we find thahe annual velocitiepresented herdo not fully encapsulate
previous pulsing eventikely a result of sampling issudsis possible that the fast velocities may
be averaged out in the annual data if the pulsesai@ncompass the full yeasthe fast pulse
velocities of Hubbard Glacier typically lasts months (Trabant et al., 188b}her problem may
arise from the ITS_LIVE datdat isused to create annual velocity mosaicsh@ehgcollected at
the specific timing of the pulseAs shown in the previous section, there are large variations in
flow speeds of both glaciers between different months of the year, meaning that if velocity
measurements used to determine annual averages were only collected in times of seasonal fast or
slow flow, there may be large differences from one year to the next, with pulses not necessarily
capturedn the specific time of measuremebifferences may alsarise from the work of Ritchie
et al. (2008) inferring velocity from the medial moraine displacement, rather than having direct
velocity measurementgiowever, if these pulses are expected to occur every several years on
Valerie Glacier, the dense timessrfrom 20132022 should have shown something representative
of a surgeRitchie et al.2008) This could be a focus for future work to determine if the glaciers

are still experiencingulsesor if previouspulseswere misidentifiedbr misinterpreted
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4.5.5 Longterm velocity changesf Hubbard and Vigrie Glaciers

The Trabant et al. (2003) study found that Hubbardci&taexperienced a621 m/yr
deceleration between 19-4897by removing seasonality from their dataaatllooking at speeds
in the same seasdimat had a period @ months Similar to the velocities near the termirused
by Trabant et al. (2003), seasonality was not removed frorongitermvelocity data set, which
may be the cause of the jumps in velocity between yElasever, the velocity jumps may also
be due toAlaskanglacier velocities varying inteannually, everwhen considering seasonality
(Burgess et al.,, 2013a). This has also been observed before in Greenlanda \glamieis
seasonal velocity patterns can vary from one year to the next, which may be caused by differences
in subglacial hydrology (Moon et ak014).Even with these jumps in velocity our dataseta
deceleration is still observed at all locations along Hubbard Glacier (although very minimally at 1
km from the terminus)leading to the conclusion that the deceleration of Hubbard Glacier has
continued from 198-2018.

Hubbard Glaciewasthickening near its terminus, and thinning when movinglagier
(Figure4-6 andFigure 4-7), which is similar to the findings of previous studies (Trabant et al.,
2003). Glacier thickness and surface conditions influence the effective basal water pressure and
thus the velocity o& glacier, where increasing glacier thickness can increase flow rates (Willis,
1995; Bindschadler et al., 197 However, it is hard to determine an exact relationship between
the thickening/thinning rates of Hubbard Glacier and the-teng deceleratioat the 1 km, 5 km,
and 10 km pointsThis is becausat 1 km from the terminushere wagshe smallest deceleration
from 19892018 of all three locationdutthis regionwould be expected to slow down the most
due having the most thinning. In comparison, the Spkmnt thickered from 20062009,and 10
km locationthickeredfrom 20002019(Figure4-7). These two regions would be expected to have
less of a deceleration than the 1 km point, duedeasing surface thickness increasing flow rates
although this was not observéWillis, 1995; Bindschadler et al., 1977Jhis points tothe
deceleratiorbeinginfluenced by more than just elevation change, as Trabant et al. (2003) found
that deceleration occurred in some regions of increasing thickness and may be the result of surface

strain rates

Valerie Glacier also showed lottigrm velocity decreases fror88-2018at both the near

confluence and uglacier pointsalthough the decrease was snfljure4-5). Seasonality was
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also not removed from thisathset, which is likely a factor of why there were jumps in Valerie

Gl acierbds velocities between Yy eannusalyariaidnsih ough
velocities Burgess et al.,, 2013aSimilar to Hubbard Glacier, a direct relationship between
thickening/thinning and flow rates was difficult to determiAdarger deceleration was observed

at the near confluence pointvhere thinning did occur from 20019, while a smaller
deceleration occurred tite upglacier pointwhere it was thickening from 202014 and thinned

from 20152019 This is again similar to the findings of Trabant et al. (2003) where deceleration

still occurred in regions of thickening, like at thegipcier point on Valerie Glaer.

4.6 Conclusions

This study examined the seasonality of Hubbard andriéajlaciers at a higher resolution
than previouly possible and provided the densest velocity record of Hulaett&/alerieglaciers
ever created. This record reveals that Hubbard Gfager s e a s o n a Wwhethmgovingn cr e a s
towards its calving front, andeixperiences two velocity pealsd dropshroughout the year, one
peakin the spring/summer (Mayyefore droppingo minimum velodies in August/September
peaking agairin the winter (Decembefebruary, before dropping slighthpbetween Januafry
April. This is different from the behaviourdalerie Glacier whichexperiences one velocity peak
in the spring/summer (Mayefore dropping to minimum flow speedstween AugusNovember
The summertime velocity peak of both glaciers waguedto be caused by rising temperatures
increasing meltwatesindraising water pgssure at the bed, which allows enhanced basal sliding
(Willis, 1995). Once seasonal melt increases enough, efficient channels form, leading to minimum
velocities in late summer/fall, generally around when PDD valuedemeasing, but stithigh
(Nienowet al., 1998; Armstrong et al., 2017). On both glaciers, the efficient channels shift back
to a distributed systerdue toice deformation, leading to both glaciers speeding up, although
Hubbard Glacier at a faster rate than Valerie Glacier, likely due faster velocitiesNienowet
al., 1998).Although there are similarities between Hubbard and Valerie glaciers and Columbia
and Post glaciers, there are differences between their seasonality, further showing how unique this

velocity patterrwithin Alaskais (Enderlin et al., 2018).

A cause of thisvintertime velocity peak observed on Hubbard Glas@snot determined,
but a few methods for fast velocities were hypothesized. Firstntysalso be due to water trapped

beneath the glacier, although thethwal of increased velocities differs depending on if Hubbard
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Glacier has a hard of soft bed (Willis, 1995). If a hard bed exists, fast winter velocities may result
from water increasing lubrication beneath the bed, while if it has a soft bed, it mightakave
winter velocities from water causing bed deformation or till failure (Willis, 1988fond fast

winter velocities may be caused by increased ice deformation and/or basal byothmneased

basal deformation and regelation due increasing thicknesssnow accumulation (Bincke &
Finsterwalder, 1905; Willis, 1999)ue to fast winter velocities not found on neighbouring Valerie
Glacier, t is likely the driver of the winter velocity peak is an internal procebtutibard Glacier

This study can also not draw aiimyn conclusions to the cause bktvelocity drop after the winter
velocity peak although it is hypothesized thatater may be finding preferential paths and
increasing the efficiency of theubglacialdrainagebefore being destroyed by the fast velocities

and becoming fully distributed again to reach the spring.peak

The annual velocity observations from 59818 shows periods of speeds ups and periods
of slowdownsalthoughprevious instances @iulsesthat occurred ir1986, August 198-August
1995 and July 2@BSeptember 2002 on Valerie Glacier, @86 andl989 on Hubbard Glacier
were not evident in this datagbtayo 1988; Mayo, 1989; Ritchie et al., 2008; Trabant et al., 1991)
This may be due tthis study using a different method than previous oneshawmithgsampling
issues of the ITS_LIVE daset (where the annual velocities did not cappuitee3. However in
the dense velocity datasebrin 20132022, there were no instances of glacier pulbeg to this,
we are unable tonake any conclusionsf glacier pulse®n Hubbard and Valerie glacierBhe
determination of pulsingf these glaciers isf importarce because if sediments continue to
accumulate in the Gilbert Point Gapen thecalving rate reduces and a pulse of Valerie Glacier
woul d accel erate Hubbardodés terminus advance af
be blocked again (Ritchie et al., 2008

This study also found that Hubbard and Valerie glaciers hatreexperienced longerm
(198-2020) velocity decreasealthougha direct relationship between thickening/thinning and
this longterm deceleration was not found. Therefore, the-femg deceleration of Hubbard and
Valerie glaciers may be influenced by othiactors, such asurfacestrain rates (Trabant et al.,
2003).

Overall, it would be beneficial for both the winter velocity peak and the velocity drop

before the spring peak be the focus of future work, as no firm conclusions to the cause of these can
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be made.Both glaciers would benefit from futuemalysis of their pulsingvents, ago instances
of pulsingwere able to be resolved in botbklocity datasets provided here. Lastly, the factors
influencing their deceleratiozould be a topic of further study, as they are both influenced by more

than just changes to glacier thiness
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Chapter 5. Conclusions

5.1 Summary

Western North Americés warming at a higheratethan the global averagendthis is
leading toa decline in glaciers this region(Hock et al., 2019)The dynamics of glacierare
being alteredlue to the changing climateading to different behavioursmfass loss andlynamic
dischargewhich affects how much glaciers contribute to sea level rise (Van Wychen et al., 2016).
One difference in glacier dynamics is occurring in Alaska, whereegtawithin Alaskalikely
hawe a differentlong-term dynamic response to climate changempared taglaciers in other
regions of the worldvhereoutlet glaciersare major influencers afownstream fluxegreatinga
needfor this dynamic response to be identifi@@urgess et al.2013). To characterizé¢hese
changes to glacieia Western North Amerigahe majorgoal of this thesis was to examine the
flow behaviour of twoAlaskantidewater glaciersHubbardandValerie glacies. This was done
throughusing a combination of SAR and optical imagery to create an extremely dense record of
glacier motion at the highest temporal resolution possiitm, with Alaska accounting for 25%
of mass loss globallypbut very Bw longterm mass balance programs that mostly focus on
relatively small glaciersanothergoal of this thesis was to determine how much elevation change
has occurred in the recent pasthe two study sitegHugonnetet al., 2021 Arendt et al., 2002

Thefull objectives of this thesare listed below.

1) Build a dense record of ice motion for Hubbard and Valerie glaciers that can be used to resolve
the seasonality of both glaciers over the last ~decade;

2) Create a longerm velocity record of ice motion to determine whether the lbemgn
deceleration of Hubbard Glacier that has been previously reported continues to present day and
determine the longerm velocity trend of Valerie Glacier;

3) Utilize records of climate data and surfacevakion change to explore the seasonal and long

term drivers of ice dynamics at Hubbard and Valerie glaciers.

5.2Primary Findings
This sectiorexplains thgrimaryfindings for each of the research objectives of the thesis,

subdivided into sections for each objective.
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5.2.1 Objective Ii Dense Velocity Dataset and Seasonality

The first objective of this studyas to resolve the seasonality of Hubbard and Valerie glaciers
through creatinghe densest record of motion possifleis was done through using a combination
of pre-derived glacier velocities frotTS_LIVE that includeds1, S2, and Lands8tdata, as well
as glacier velocities derived from SAR imagery throtlghGAMMA software(R2, TSXTDX,
andRCM). This record extended from the summer of 2618e summer of 202however, due
to the density of data increasing in 2016, this stgdgntified seasonality frordanuary 202-
January 2022The seasonality of Valerie Glacier was determined ta bee 0 tsgagonat a |l 6
patten with peak velocitiearoundMay (velocities exceeding1,600 m/yr near the terminasd
~1,760 m/yr upglacier) before droppingin late summer/fallwhere it reaches its minimum
velocities between Augudlovember(as low as ~20 fgr near the terminus and ~81 m/yr-up
glacier) before gradually increasingelocitiesagain untilthe following May.Hubbard Glacier
behaved differentlyhaving two velocity peaks during the year; one in the wingy(ng between
DecembeiFebruary before velocities lowered slightlyetween end of January to April, before
rising to another velocity peakaund May (alhough sometimes observed in April/Jun&)l km
from the terminusyelocities reached higher than,8d0 m/yr during the winter peak, before
dropping lover than~1,800 m/yr after the pealt this time, velocities were observed to diagp
much as ~3,000 m/yalthough the drop was generally less than ~1,800. g May velocity
peak reached as high as,5( m/yr before dropping to a fall minimum as slow as ~370 m/yr
before increasinggain for the winter peakAt this minimum after the May peagkvelocities

generallydroppedmore than-2,000 m/yr, but a drop @fs much as3,000 m/yrwas possible.

5.2.2 Objective 2 LongtermDynamics andeceleration

The second research objective for Hubbard and Valerie glaciers wagetmine if Hubbard
Glacier is still experiencing a lorigrm deceleratiothat had been previously reportexhd to
determine what the loagerm velocity pattern of Valerie Glacier iBhis was dondy analyzing
thelTS_LIVE annual mosaics from 198018 and from 198-2018 at the 1 km from the terminus
point on Hubbard GlacieHubbard Glacier has been decelerating throughout this period, with the
biggest change observed @atkm from the terminus, then 10 km from the terminus, with the
smallest deceleration observed at 1 km from the termifaisrie Glacier is also experiencilag
slight velocity decelerationwith theslightly stronger deceleration near the terminus than the up

glacier point During this periodon both glaciersthere were multiple velocity peaks and drops
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however, the velocityecord used herdoes not coincide withpreviously observegulsesthat
were reported to haveccurred in 1986August 1993-August 1995and July 200-September
2002 on Valerie Glacier, antthe spring of 1986 an@989 on Hubbard Glaciglikely due to
sampling issue@Mayo 1988; Mayo, 198%Ritchie et al., 2008; Trabant et al. 1991

5.2.3 Objective 3 Climate and Elevation Analysis

The final objective for Hubbard and Valerie glaciers was to determine the doivélts ice
motion forthe seasonal and losigrm dynamics tservedthrough looking atPDD sumsand
elevation change$’DD sums were used as a proxy to understand ondihe surface of the
glaciess, and led to the argument that the spring velocity meakoth glacierss influenced by
temperatures amslibglacial hydrologyWith increasing temperaturaad PDD sumg the spring
and summemmore meltwater igiferred to beable to reach the glacier heshichlubricatesit and
allows for morebasalsliding (Willis, 1995).Theincreasing meltwater at the bed will continue to
evolve the subglacial networlntil it switches from an inefficient to an efficient systewards
the end of the melt seasarsulting in increased frictiort ¢he bed andlecreased flow speeds
(Nienowetal., 1998. The drop in velocities after the spring peak occurs around the same time as

maximum PDD sumsupporting this hypothesis.

The winter velocity peak of Hubbard Glacreay also be influenced byh e g ksubglacia r 6 s
hydrologyfrom water trapped under the glac{@¥illis, 1995).Previous work has shown thae
fast velocities can occur in the winter fromater beneath a hard bedded glacier inengethe
lubricationand sliding, while on a soft bedded g&dt can cause bed deformation and till failure
(Willis, 1995).1t is also possible for increased accumulation of snow in the wintetdimerease
theglacier thickness and cause itflow at fast speeds (Bincke & Finsterwalder, 1905; Willis,
1995).The winter velocity peak was alsmt seen on Valerie Glacideading to the conclusion

thatthereis an internal driver on Hubbard Glaceausingthe winter velocity peak

Elevation changelatafrom 20-2019 was used to explain the logrm deceleration that
was observed on both Hubbard and Valerie glad®hen a glacier thins, the effective basal water
pressure and velocitf the glacier is affected, with decreasing thickneading todecreaseflow
rates(Willis, 1995; Bindschadler et al., 1977R direct relationship between thinning rates and
long-term velocity decreases could not be found in this dat&etHubbard Glacier, the region

that showed the most thinning (1 km from the terminus) had thikestrdeceleratiorOn Valerie
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Glacier, the uglacier point showed thickening throughout the majority of #nalysis (2000
2014) yet still showed a trend of deceleration. Therefore, it is likely that a different driver is

affecting the longerm decelation, such as strain rates, as suggested by Trabant et al. (2003).

5.3Limitations

The major limitation of this study is that all velocity data was derived from remote sensing
datg with no ground observation data available to validate thesssurementd-dowever, tle
methodsof image matching/offset trackingsed in thisstudyhave beemsed in previous studies
andare common ways to derive glacier motioonfroptical and SAR imagery (Schellenberger et
al., 20®). Similarly, all climaticcondtions were inferredrom reanalysiglata as there were no
automatic weather stations on the glasterwithin its valley Due to thisthe reanalysis data could
not be validated, but was used to understand the general trends ob$heredvereno direct
measuremestof melt andsubglacial hydrology madia this study, withPDD sumsused as a
proxy for understandinmelt reaching the glacier be@llthough PDD sums have often been used
as to estimate how much melt a glacier experiences, it @mnexact measurement (Braithwaite,
1995). Another limitation arose from the climate analysis in this study only focusing on
temperature, without any precipitation daaalyzed It is possible that if the wintertime
experienced rain events, that this cboké one of the drivers for the winter velocity peakother
possible driver of glacier motion that was not analyzed in this work was the influence the ocean

has on the glaciers, as both are tidewater terminating.

5.4Significance

Thevelocity record created in this study is the densest rdbatchas been published to date
for Hubbardand Valerie glacierdrom the summer of 2013 to the summer of 208age pairs
used in this studizadas little ast-day spacings due to novel RCM daisedThrough this, a new
pattern of glacier motion on Hubbard Glacier was observed that previous studies had not
previously beemdentified with each year havintgvo peaks of fast velocitiebetweerDecember
Februaryand around MayWith this pattern consistent in all yeafsatseasonalityvasanalyzed
andthis pattern not seen on Valerie Glaciers proposed that Hubbard Glacier has some internal
mechanism creating this pattefirough this study, the knowledges#fasonalelocity behaviour

on tidewater glaciers has been expandéds allows for a greater understanding of how dynamic
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discharge may be changing witie changing climate, and thus, a better understanding of glacier

contributions to sea level rise.

5.5Future Work

Beneficial future work would involve determining the cause of the fast winter velocities
observed on Hubbard Glaci®ue to time constraints on this thesis, more driving factors could
not beassessedind no conclusion could be made for what is caussngnique seasonglattern.
For example, ame of the drivers that could be analyzed seasonalglacier retreatbed
topography, sea ice,pr eci pi tati on, t he o c e a raridsfurthern f | uen
researchmodelling ofthe subglacial hydrology systei@ome of these drivers could be analyzed
throughfieldwork at Hubbard Glacier. Field measurements would also allow for validation of the
remote sensing methods used in this work and could involve the set up of an auteatier
stationto more accurately analyze how climatic conditions are influencing seasonal velocity

variations.

The pulsing of Hubbard and Valerie Glaciers could be a focus on future wditie asaita
presented here showed no instances of glacier pulSimgrefore, it is difficult toaccept the
characteriation oftheseg | aci er € ygp® o p Flud a1 r enorevad thekimechetwderd | o o |
pulses as itseems longer thagvery few years on Valerie glacier that waportedby Ritchie et
al. (2008.

The annualong-term velocity record on Hubbard Glacier could be improved through showing
all the individual image pairs used to create ltf®@ LIVE mosaics, rather thaawveraging them
into one annual value. This would more accuyatbow when speed up events occurred and could
look for pulsing events that could not be accurately observed in the annualAdather
improvementor data access would be for all SAR daggngopenly availableAs of August 2023,
R2 and RCMwerenotopenly available

It would alsobe beneficial for more glaciers to have their seasonal velocity patterns analyzed
with a similar density in the velocity record like what was presented for Hubbard Glacier. Previous
studies that looked at Hubbard Glacié s s easonal vel oci tthanplat t er n
was presented here did not find the winter velocity §€ekbant et al., 2008Btearns et al., 2015
Therefore, it is possible that this velocity pattern occurs on more gauigrn Alaska, ad
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globally, but has not been resolvéd previous studiesThis dynamicbehaviour could then be

applied tomass loss and sea level rise models.
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Appendix
The image pairs and dates of velocity measurements used in this study for Hubbard and
Valerie glaciers are given in five tables belowstow the data that was available at the 1 km
(Appendix Table 1), 5 km (Appendix Table 2), and 10 km (Appendix Table 3) points on Hubbard
Glacier, and the near confluence (Appendix Table 4) arglager points (Appendix Table 5) on
Valerie Glacier, as ishown in Figure 4. If multiple images were provided on the same date at

different times, the one with most spatial coverage over the terminus was used.

78



Appendix Table 1: Images used in the analysis at the 1 km froméhmihus point on Hubbard Glacier.
LC is Landsat, S1 is Sentingl(includes Sentinela and Sentinelb), S2 is Sentine? (includes Sentinel
2a and Sentine2b), TSXTDX is TerraSARX/TanDEM-X, and RCM is RADARSAT Constellation
Mission.

LC 12/07/2013 28/07/2013 20/07/2013
LC 28/07/2013 13/08/2013 05/08/2013
LC 08/11/2013 24/11/2013 16/11/2013
LC 20/01/2014 05/02/2014 28/01/2014
LC 05/02/2014 21/02/2014 13/02/2014
LC 28/02/2014 16/03/2014 08/03/2014
LC 16/03/2014 01/04/2014 24/03/2014
LC 25/03/2014 10/04/2014 02/04/2014
LC 01/04/2014 17/04/2014 09/04/2014
LC 10/04/2014 26/04/2014 18/04/2014
LC 17/04/2014 03/05/2014 25/04/2014
LC 23/08/2014 08/09/2014 31/08/2014
LC 08/09/2014 24/09/2014 16/09/2014
LC 11/11/2014 27/11/2014 19/11/2014
S1 08/11/2014 02/12/2014 20/11/2014
S1 26/12/2014 19/01/2015 07/01/2015
S1 12/02/2015 08/03/2015 24/02/2015
TSXITDX 03/03/2015 14/03/2015 08/03/2015
S1 08/03/2015 01/04/2015 20/03/2015
LC 19/03/2015 04/04/2015 27/03/2015
LC 28/03/2015 13/04/2015 05/04/2015
LC 13/04/2015 29/04/2015 21/04/2015
LC 06/05/2015 22/05/2015 14/05/2015
LC 15/05/2015 31/05/2015 23/05/2015
LC 31/05/2015 16/06/2015 08/06/2015
S1 12/06/2015 06/07/2015 24/06/2015
LC 23/06/2015 09/07/2015 01/07/2015
TSX/TDX 27/06/2015 08/07/2015 02/07/2015
TSX/TDX 08/07/2015 19/07/2015 13/07/2015
LC 09/07/2015 25/07/2015 17/07/2015
S1 06/07/2015 30/07/2015 18/07/2015
TSX/TDX 19/07/2015 30/07/2015 24/07/2015
TSX/TDX 30/07/2015 10/08/2015 04/08/2015
S1 30/07/2015 23/08/2015 11/08/2015
TSX/ITDX 10/08/2015 21/08/2015 15/08/2015
TSX/TDX 21/08/2015 01/09/2015 26/08/2015
S1 23/08/2015 16/09/2015 04/09/2015
TSX/TDX 01/09/2015 12/09/2015 06/09/2015
TSX/TDX 12/09/2015 23/09/2015 17/09/2015
S1 16/09/2015 10/10/2015 28/09/2015
TSX/ITDX 23/09/2015 04/10/2015 28/09/2015
TSX/TDX 04/10/2015 15/10/2015 09/10/2015
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TSX/TDX
TSX/TDX
S1
TSX/TDX
S1
S1
S1
LC
S1
S1
S1
S1
S2
S1
S1
S1
S1
LC
LC
LC
LC
S2
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
LC

09/10/2015
15/10/2015
10/10/2015
22/11/2015
08/12/2015
21/12/2015
07/02/2016
27/02/2016
02/03/2016
26/03/2016
19/04/2016
13/05/2016
18/05/2016
06/06/2016
30/06/2016
24/07/2016
17/08/2016
29/09/2016
08/10/2016
15/10/2016
31/10/2016
25/10/2016
02/11/2016
09/11/2016
26/11/2016
07/12/2016
20/12/2016
31/12/2016
13/01/2017
24/01/2017
04/02/2017
06/02/2017
13/02/2017
17/02/2017
13/02/2017
20/02/2017
17/02/2017
01/03/2017
02/03/2017
03/03/2017
02/03/2017
03/03/2017
08/03/2017
14/03/2017
14/03/2017
26/03/2017
24/03/2017

80

20/10/2015
26/10/2015
03/11/2015
03/12/2015
01/01/2016
14/01/2016
02/03/2016
14/03/2016
26/03/2016
19/04/2016
13/05/2016
06/06/2016
07/06/2016
30/06/2016
24/07/2016
17/08/2016
10/09/2016
15/10/2016
24/10/2016
31/10/2016
16/11/2016
24/11/2016
26/11/2016
03/12/2016
20/12/2016
31/12/2016
13/01/2017
24/01/2017
06/02/2017
17/02/2017
20/02/2017
02/03/2017
03/03/2017
01/03/2017
15/03/2017
08/03/2017
13/03/2017
13/03/2017
14/03/2017
15/03/2017
26/03/2017
27/03/2017
24/03/2017
26/03/2017
07/04/2017
07/04/2017
09/04/2017

14/10/2015
20/10/2015
22/10/2015
27/11/2015
20/12/2015
02/01/2016
19/02/2016
06/03/2016
14/03/2016
07/04/2016
01/05/2016
25/05/2016
28/05/2016
18/06/2016
12/07/2016
05/08/2016
29/08/2016
07/10/2016
16/10/2016
23/10/2016
08/11/2016
09/11/2016
14/11/2016
21/11/2016
08/12/2016
19/12/2016
01/01/2017
12/01/2017
25/01/2017
05/02/2017
12/02/2017
18/02/2017
22/02/2017
23/02/2017
28/02/2017
28/02/2017
01/03/2017
07/03/2017
08/03/2017
09/03/2017
14/03/2017
15/03/2017
16/03/2017
20/03/2017
26/03/2017
01/04/2017
01/04/2017



S1
S1
S1
S1
S1
S1
TSX/TDX
S1
S1
S2
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

27/03/2017
07/04/2017
07/04/2017
08/04/2017
19/04/2017
19/04/2017
28/04/2017
01/05/2017
02/05/2017
06/05/2017
11/05/2017
18/05/2017
13/05/2017
18/05/2017
30/05/2017
30/05/2017
06/06/2017
11/06/2017
06/06/2017
11/06/2017
18/06/2017
23/06/2017
23/06/2017
05/07/2017
17/07/2017
17/07/2017
29/07/2017
29/07/2017
05/08/2017
06/08/2017
06/08/2017
10/08/2017
05/08/2017
06/08/2017
10/08/2017
17/08/2017
18/08/2017
22/08/2017
17/08/2017
18/08/2017
18/08/2017
22/08/2017
29/08/2017
30/08/2017
03/09/2017
29/08/2017
30/08/2017

81

08/04/2017
19/04/2017
01/05/2017
02/05/2017
01/05/2017
13/05/2017
09/05/2017
13/05/2017
26/05/2017
26/05/2017
27/05/2017
30/05/2017
06/06/2017
11/06/2017
11/06/2017
23/06/2017
18/06/2017
23/06/2017
30/06/2017
05/07/2017
30/06/2017
05/07/2017
17/07/2017
17/07/2017
29/07/2017
10/08/2017
10/08/2017
22/08/2017
17/08/2017
18/08/2017
18/08/2017
22/08/2017
29/08/2017
30/08/2017
03/09/2017
29/08/2017
30/08/2017
03/09/2017
10/09/2017
11/09/2017
11/09/2017
15/09/2017
10/09/2017
11/09/2017
15/09/2017
22/09/2017
23/09/2017

02/04/2017
13/04/2017
19/04/2017
20/04/2017
25/04/2017
01/05/2017
03/05/2017
07/05/2017
14/05/2017
16/05/2017
19/05/2017
24/05/2017
25/05/2017
30/05/2017
05/06/2017
11/06/2017
12/06/2017
17/06/2017
18/06/2017
23/06/2017
24/06/2017
29/06/2017
05/07/2017
11/07/2017
23/07/2017
29/07/2017
04/08/2017
10/08/2017
11/08/2017
12/08/2017
12/08/2017
16/08/2017
17/08/2017
18/08/2017
22/08/2017
23/08/2017
24/08/2017
28/08/2017
29/08/2017
30/08/2017
30/08/2017
03/09/2017
04/09/2017
05/09/2017
09/09/2017
10/09/2017
11/09/2017



S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

03/09/2017
10/09/2017
11/09/2017
11/09/2017
15/09/2017
11/09/2017
15/09/2017
23/09/2017
25/09/2017
22/09/2017
23/09/2017
23/09/2017
05/10/2017
09/10/2017
05/10/2017
16/10/2017
17/10/2017
17/10/2017
21/10/2017
17/10/2017
28/10/2017
29/10/2017
29/10/2017
02/11/2017
04/11/2017
02/11/2017
09/11/2017
10/11/2017
14/11/2017
09/11/2017
21/11/2017
26/11/2017
03/12/2017
08/12/2017
03/12/2017
15/12/2017
20/12/2017
15/12/2017
20/12/2017
27/12/2017
28/12/2017
01/01/2018
27/12/2017
28/12/2017
01/01/2018
08/01/2018
09/01/2018

82

27/09/2017
22/09/2017
23/09/2017
23/09/2017
27/09/2017
05/10/2017
09/10/2017
05/10/2017
11/10/2017
16/10/2017
17/10/2017
17/10/2017
17/10/2017
21/10/2017
29/10/2017
28/10/2017
29/10/2017
29/10/2017
02/11/2017
10/11/2017
09/11/2017
10/11/2017
10/11/2017
14/11/2017
14/11/2017
26/11/2017
21/11/2017
22/11/2017
26/11/2017
03/12/2017
03/12/2017
08/12/2017
15/12/2017
20/12/2017
27/12/2017
27/12/2017
01/01/2018
08/01/2018
13/01/2018
08/01/2018
09/01/2018
13/01/2018
20/01/2018
21/01/2018
25/01/2018
20/01/2018
21/01/2018

15/09/2017
16/09/2017
17/09/2017
17/09/2017
21/09/2017
23/09/2017
27/09/2017
29/09/2017
03/10/2017
04/10/2017
05/10/2017
05/10/2017
11/10/2017
15/10/2017
17/10/2017
22/10/2017
23/10/2017
23/10/2017
27/10/2017
29/10/2017
03/11/2017
04/11/2017
04/11/2017
08/11/2017
09/11/2017
14/11/2017
15/11/2017
16/11/2017
20/11/2017
21/11/2017
27/11/2017
02/12/2017
09/12/2017
14/12/2017
15/12/2017
21/12/2017
26/12/2017
27/12/2017
01/01/2018
02/01/2018
03/01/2018
07/01/2018
08/01/2018
09/01/2018
13/01/2018
14/01/2018
15/01/2018



S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S2
TSX/TDX
S2
S1
S2
S1
S1
LC
S2
S1
S2
S1
LC
S2
S1
S1
S2
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
S2
S1
S1

13/01/2018
09/01/2018
09/01/2018
13/01/2018
21/01/2018
23/01/2018
23/01/2018
25/01/2018
20/01/2018
21/01/2018
28/01/2018
28/01/2018
23/01/2018
25/01/2018
28/01/2018
02/02/2018
02/02/2018
31/01/2018
02/02/2018
06/02/2018
07/02/2018
02/02/2018
07/02/2018
02/02/2018
06/02/2018
13/02/2018
07/02/2018
14/02/2018
18/02/2018
17/02/2018
13/02/2018
14/02/2018
14/02/2018
18/02/2018
25/02/2018
26/02/2018
02/03/2018
25/02/2018
25/02/2018
26/02/2018
04/03/2018
09/03/2018
10/03/2018
04/03/2018
04/03/2018
14/03/2018
09/03/2018

83

25/01/2018
02/02/2018
02/02/2018
06/02/2018
02/02/2018
02/02/2018
07/02/2018
06/02/2018
13/02/2018
14/02/2018
07/02/2018
08/02/2018
17/02/2018
18/02/2018
17/02/2018
14/02/2018
14/02/2018
16/02/2018
17/02/2018
18/02/2018
17/02/2018
26/02/2018
23/02/2018
04/03/2018
02/03/2018
25/02/2018
04/03/2018
26/02/2018
02/03/2018
04/03/2018
09/03/2018
10/03/2018
10/03/2018
14/03/2018
09/03/2018
10/03/2018
14/03/2018
21/03/2018
22/03/2018
22/03/2018
24/03/2018
21/03/2018
22/03/2018
29/03/2018
03/04/2018
26/03/2018
02/04/2018

19/01/2018
21/01/2018
21/01/2018
25/01/2018
27/01/2018
28/01/2018
30/01/2018
31/01/2018
01/02/2018
02/02/2018
02/02/2018
02/02/2018
04/02/2018
06/02/2018
07/02/2018
08/02/2018
08/02/2018
08/02/2018
09/02/2018
12/02/2018
12/02/2018
14/02/2018
15/02/2018
17/02/2018
18/02/2018
19/02/2018
19/02/2018
20/02/2018
24/02/2018
24/02/2018
25/02/2018
26/02/2018
26/02/2018
02/03/2018
03/03/2018
04/03/2018
08/03/2018
09/03/2018
09/03/2018
10/03/2018
14/03/2018
15/03/2018
16/03/2018
16/03/2018
19/03/2018
20/03/2018
21/03/2018



S1
S1
S1
S2
S1
S2
S2
S1
S2
S1
S1
S2
S2
S2
S2
S1
S1
S2
S2
S1
S1
S2
S1
S2
LC
S2
S1
S2
S2
S2
S1
S2
S1
S1
S2
S2
S2
S1
S2
S1
S2
S1
S1
S1
S2
S2
S1

10/03/2018
14/03/2018
21/03/2018
22/03/2018
22/03/2018
24/03/2018
22/03/2018
26/03/2018
22/03/2018
21/03/2018
22/03/2018
24/03/2018
22/03/2018
29/03/2018
01/04/2018
26/03/2018
02/04/2018
03/04/2018
01/04/2018
03/04/2018
03/04/2018
06/04/2018
07/04/2018
29/03/2018
05/04/2018
01/04/2018
02/04/2018
03/04/2018
06/04/2018
11/04/2018
14/04/2018
13/04/2018
15/04/2018
15/04/2018
16/04/2018
06/04/2018
11/04/2018
19/04/2018
13/04/2018
14/04/2018
16/04/2018
15/04/2018
15/04/2018
19/04/2018
26/04/2018
16/04/2018
26/04/2018

84

03/04/2018
07/04/2018
02/04/2018
01/04/2018
03/04/2018
03/04/2018
06/04/2018
07/04/2018
11/04/2018
14/04/2018
15/04/2018
13/04/2018
16/04/2018
13/04/2018
11/04/2018
19/04/2018
14/04/2018
13/04/2018
16/04/2018
15/04/2018
15/04/2018
16/04/2018
19/04/2018
28/04/2018
21/04/2018
26/04/2018
26/04/2018
28/04/2018
26/04/2018
26/04/2018
26/04/2018
28/04/2018
27/04/2018
27/04/2018
26/04/2018
06/05/2018
06/05/2018
01/05/2018
08/05/2018
08/05/2018
06/05/2018
09/05/2018
09/05/2018
13/05/2018
06/05/2018
16/05/2018
08/05/2018

22/03/2018
26/03/2018
27/03/2018
27/03/2018
28/03/2018
29/03/2018
29/03/2018
01/04/2018
01/04/2018
02/04/2018
03/04/2018
03/04/2018
03/04/2018
05/04/2018
06/04/2018
07/04/2018
08/04/2018
08/04/2018
08/04/2018
09/04/2018
09/04/2018
11/04/2018
13/04/2018
13/04/2018
13/04/2018
13/04/2018
14/04/2018
15/04/2018
16/04/2018
18/04/2018
20/04/2018
20/04/2018
21/04/2018
21/04/2018
21/04/2018
21/04/2018
23/04/2018
25/04/2018
25/04/2018
26/04/2018
26/04/2018
27/04/2018
27/04/2018
01/05/2018
01/05/2018
01/05/2018
02/05/2018



S1
S1
S2
S2
S1
S1
S2
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S2
S1
S2
S2

27/04/2018
27/04/2018
28/04/2018
26/04/2018
01/05/2018
26/04/2018
28/04/2018
27/04/2018
06/05/2018
01/05/2018
08/05/2018
08/05/2018
09/05/2018
09/05/2018
13/05/2018
08/05/2018
09/05/2018
20/05/2018
21/05/2018
25/05/2018
20/05/2018
21/05/2018
21/05/2018
25/05/2018
01/06/2018
02/06/2018
06/06/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
14/06/2018
18/06/2018
14/06/2018
14/06/2018
18/06/2018
26/06/2018
26/06/2018
30/06/2018
26/06/2018
26/06/2018
01/07/2018
02/07/2018
30/06/2018
02/07/2018
05/07/2018

85

09/05/2018
09/05/2018
08/05/2018
16/05/2018
13/05/2018
20/05/2018
18/05/2018
21/05/2018
16/05/2018
25/05/2018
18/05/2018
20/05/2018
21/05/2018
21/05/2018
25/05/2018
01/06/2018
02/06/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
14/06/2018
18/06/2018
13/06/2018
14/06/2018
18/06/2018
25/06/2018
26/06/2018
30/06/2018
25/06/2018
26/06/2018
26/06/2018
30/06/2018
08/07/2018
08/07/2018
12/07/2018
08/07/2018
08/07/2018
12/07/2018
20/07/2018
20/07/2018
17/07/2018
17/07/2018
24/07/2018
22/07/2018
20/07/2018

03/05/2018
03/05/2018
03/05/2018
06/05/2018
07/05/2018
08/05/2018
08/05/2018
09/05/2018
11/05/2018
13/05/2018
13/05/2018
14/05/2018
15/05/2018
15/05/2018
19/05/2018
20/05/2018
21/05/2018
26/05/2018
27/05/2018
31/05/2018
01/06/2018
02/06/2018
02/06/2018
06/06/2018
07/06/2018
08/06/2018
12/06/2018
13/06/2018
14/06/2018
18/06/2018
19/06/2018
20/06/2018
20/06/2018
24/06/2018
26/06/2018
26/06/2018
30/06/2018
02/07/2018
02/07/2018
06/07/2018
08/07/2018
08/07/2018
09/07/2018
09/07/2018
12/07/2018
12/07/2018
12/07/2018



S1
S1
S2
S2
S1
S1
S1
S2
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S2
S1
LC
S1
S1
S2
S2
S1
S1
S2
S1
S1
S2
S1

08/07/2018
08/07/2018
02/07/2018
05/07/2018
12/07/2018
08/07/2018
12/07/2018
17/07/2018
20/07/2018
20/07/2018
22/07/2018
24/07/2018
20/07/2018
05/08/2018
24/07/2018
01/08/2018
05/08/2018
01/08/2018
01/08/2018
12/08/2018
13/08/2018
17/08/2018
12/08/2018
13/08/2018
17/08/2018
24/08/2018
25/08/2018
29/08/2018
24/08/2018
31/08/2018
25/08/2018
03/09/2018
29/08/2018
03/09/2018
05/09/2018
03/09/2018
06/09/2018
06/09/2018
08/09/2018
31/08/2018
10/09/2018
05/09/2018
05/09/2018
06/09/2018
06/09/2018
10/09/2018
10/09/2018

86

20/07/2018
20/07/2018
01/08/2018
30/07/2018
24/07/2018
01/08/2018
05/08/2018
01/08/2018
30/07/2018
01/08/2018
01/08/2018
05/08/2018
13/08/2018
05/08/2018
17/08/2018
13/08/2018
17/08/2018
25/08/2018
31/08/2018
24/08/2018
25/08/2018
29/08/2018
05/09/2018
06/09/2018
10/09/2018
05/09/2018
06/09/2018
10/09/2018
17/09/2018
10/09/2018
18/09/2018
13/09/2018
22/09/2018
18/09/2018
17/09/2018
19/09/2018
18/09/2018
18/09/2018
18/09/2018
30/09/2018
22/09/2018
29/09/2018
30/09/2018
30/09/2018
30/09/2018
30/09/2018
04/10/2018

14/07/2018
14/07/2018
17/07/2018
17/07/2018
18/07/2018
20/07/2018
24/07/2018
24/07/2018
25/07/2018
26/07/2018
27/07/2018
30/07/2018
01/08/2018
05/08/2018
05/08/2018
07/08/2018
11/08/2018
13/08/2018
16/08/2018
18/08/2018
19/08/2018
23/08/2018
24/08/2018
25/08/2018
29/08/2018
30/08/2018
31/08/2018
04/09/2018
05/09/2018
05/09/2018
06/09/2018
08/09/2018
10/09/2018
10/09/2018
11/09/2018
11/09/2018
12/09/2018
12/09/2018
13/09/2018
15/09/2018
16/09/2018
17/09/2018
17/09/2018
18/09/2018
18/09/2018
20/09/2018
22/09/2018



S1
S2
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1

17/09/2018
08/09/2018
18/09/2018
18/09/2018
13/09/2018
22/09/2018
18/09/2018
17/09/2018
18/09/2018
18/09/2018
22/09/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
11/10/2018
12/10/2018
12/10/2018
08/10/2018
08/10/2018
16/10/2018
11/10/2018
12/10/2018
16/10/2018
23/10/2018
24/10/2018
28/10/2018
23/10/2018
24/10/2018
28/10/2018
04/11/2018
05/11/2018
06/11/2018
09/11/2018
04/11/2018
05/11/2018
09/11/2018
16/11/2018
17/11/2018
15/11/2018
21/11/2018
16/11/2018
17/11/2018

87

29/09/2018
08/10/2018
30/09/2018
30/09/2018
08/10/2018
04/10/2018
08/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
23/10/2018
24/10/2018
24/10/2018
28/10/2018
23/10/2018
24/10/2018
24/10/2018
28/10/2018
02/11/2018
28/10/2018
04/11/2018
05/11/2018
09/11/2018
04/11/2018
05/11/2018
09/11/2018
16/11/2018
17/11/2018
21/11/2018
16/11/2018
17/11/2018
22/11/2018
21/11/2018
28/11/2018
29/11/2018
03/12/2018
28/11/2018
29/11/2018
01/12/2018
03/12/2018
10/12/2018
11/12/2018

23/09/2018
23/09/2018
24/09/2018
24/09/2018
25/09/2018
28/09/2018
28/09/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
05/10/2018
06/10/2018
06/10/2018
10/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
17/10/2018
18/10/2018
18/10/2018
18/10/2018
20/10/2018
22/10/2018
23/10/2018
24/10/2018
28/10/2018
29/10/2018
30/10/2018
03/11/2018
04/11/2018
05/11/2018
09/11/2018
10/11/2018
11/11/2018
14/11/2018
15/11/2018
16/11/2018
17/11/2018
21/11/2018
22/11/2018
23/11/2018
23/11/2018
27/11/2018
28/11/2018
29/11/2018



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
S2
S1
S2
S1
S2
LC
S1
S2
S1
S2
S1
S2
S1
S1
LC
S2
S1

21/11/2018
28/11/2018
29/11/2018
03/12/2018
28/11/2018
03/12/2018
10/12/2018
11/12/2018
15/12/2018
15/12/2018
23/12/2018
27/12/2018
22/12/2018
23/12/2018
04/01/2019
08/01/2019
04/01/2019
15/01/2019
16/01/2019
18/01/2019
20/01/2019
16/01/2019
20/01/2019
28/01/2019
31/01/2019
01/02/2019
31/01/2019
27/01/2019
28/01/2019
02/02/2019
31/01/2019
01/02/2019
02/02/2019
09/02/2019
10/02/2019
10/02/2019
13/02/2019
15/02/2019
09/02/2019
10/02/2019
13/02/2019
15/02/2019
20/02/2019
21/02/2019
19/02/2019
25/02/2019
25/02/2019

88

15/12/2018
10/12/2018
11/12/2018
15/12/2018
22/12/2018
27/12/2018
22/12/2018
23/12/2018
27/12/2018
08/01/2019
04/01/2019
08/01/2019
15/01/2019
16/01/2019
16/01/2019
20/01/2019
28/01/2019
27/01/2019
28/01/2019
02/02/2019
01/02/2019
09/02/2019
13/02/2019
09/02/2019
10/02/2019
13/02/2019
15/02/2019
20/02/2019
21/02/2019
22/02/2019
25/02/2019
25/02/2019
27/02/2019
21/02/2019
25/02/2019
26/02/2019
25/02/2019
25/02/2019
05/03/2019
07/03/2019
09/03/2019
07/03/2019
04/03/2019
05/03/2019
07/03/2019
07/03/2019
09/03/2019

03/12/2018
04/12/2018
05/12/2018
09/12/2018
10/12/2018
15/12/2018
16/12/2018
17/12/2018
21/12/2018
27/12/2018
29/12/2018
02/01/2019
03/01/2019
04/01/2019
10/01/2019
14/01/2019
16/01/2019
21/01/2019
22/01/2019
25/01/2019
26/01/2019
28/01/2019
01/02/2019
03/02/2019
05/02/2019
07/02/2019
07/02/2019
08/02/2019
09/02/2019
12/02/2019
12/02/2019
13/02/2019
14/02/2019
15/02/2019
17/02/2019
18/02/2019
19/02/2019
20/02/2019
21/02/2019
22/02/2019
25/02/2019
25/02/2019
26/02/2019
27/02/2019
27/02/2019
02/03/2019
03/03/2019



S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S2
S2
S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S2
LC
S1
S1
S1
S2
S1
S1
S1
S1
S2
S2
S1
S2
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1

20/02/2019
21/02/2019
25/02/2019
04/03/2019
05/03/2019
25/02/2019
27/02/2019
09/03/2019
04/03/2019
05/03/2019
07/03/2019
07/03/2019
09/03/2019
16/03/2019
07/03/2019
17/03/2019
21/03/2019
16/03/2019
17/03/2019
27/03/2019
21/03/2019
28/03/2019
29/03/2019
29/03/2019
30/03/2019
02/04/2019
28/03/2019
29/03/2019
29/03/2019
02/04/2019
09/04/2019
10/04/2019
10/04/2019
01/04/2019
06/04/2019
14/04/2019
13/04/2019
09/04/2019
10/04/2019
15/04/2019
14/04/2019
21/04/2019
22/04/2019
26/04/2019
21/04/2019
22/04/2019
22/04/2019

89

16/03/2019
17/03/2019
21/03/2019
16/03/2019
17/03/2019
27/03/2019
29/03/2019
21/03/2019
28/03/2019
29/03/2019
27/03/2019
01/04/2019
02/04/2019
28/03/2019
06/04/2019
29/03/2019
02/04/2019
09/04/2019
10/04/2019
06/04/2019
14/04/2019
09/04/2019
10/04/2019
13/04/2019
15/04/2019
14/04/2019
21/04/2019
22/04/2019
28/04/2019
26/04/2019
21/04/2019
22/04/2019
22/04/2019
01/05/2019
01/05/2019
26/04/2019
28/04/2019
03/05/2019
04/05/2019
01/05/2019
08/05/2019
03/05/2019
04/05/2019
08/05/2019
15/05/2019
16/05/2019
16/05/2019

04/03/2019
05/03/2019
09/03/2019
10/03/2019
11/03/2019
12/03/2019
14/03/2019
15/03/2019
16/03/2019
17/03/2019
17/03/2019
19/03/2019
21/03/2019
22/03/2019
22/03/2019
23/03/2019
27/03/2019
28/03/2019
29/03/2019
01/04/2019
02/04/2019
03/04/2019
04/04/2019
05/04/2019
07/04/2019
08/04/2019
09/04/2019
10/04/2019
13/04/2019
14/04/2019
15/04/2019
16/04/2019
16/04/2019
16/04/2019
18/04/2019
20/04/2019
20/04/2019
21/04/2019
22/04/2019
23/04/2019
26/04/2019
27/04/2019
28/04/2019
02/05/2019
03/05/2019
04/05/2019
04/05/2019



S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S2
S1
S1
S2
S1
S1
S2
S2
S1
S2
S2
S1
S1
S1
S2
S2
S2
S1

26/04/2019
28/04/2019
03/05/2019
04/05/2019
08/05/2019
03/05/2019
04/05/2019
08/05/2019
15/05/2019
16/05/2019
16/05/2019
20/05/2019
15/05/2019
16/05/2019
16/05/2019
18/05/2019
20/05/2019
27/05/2019
28/05/2019
28/05/2019
01/06/2019
27/05/2019
28/05/2019
01/06/2019
08/06/2019
09/06/2019
09/06/2019
10/06/2019
07/06/2019
10/06/2019
13/06/2019
08/06/2019
10/06/2019
09/06/2019
09/06/2019
07/06/2019
10/06/2019
13/06/2019
20/06/2019
10/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
25/06/2019
20/06/2019
25/06/2019

90

20/05/2019
18/05/2019
15/05/2019
16/05/2019
20/05/2019
27/05/2019
28/05/2019
01/06/2019
27/05/2019
28/05/2019
28/05/2019
01/06/2019
08/06/2019
09/06/2019
09/06/2019
07/06/2019
13/06/2019
08/06/2019
09/06/2019
09/06/2019
13/06/2019
20/06/2019
21/06/2019
25/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
27/06/2019
25/06/2019
25/06/2019
02/07/2019
30/06/2019
03/07/2019
03/07/2019
07/07/2019
05/07/2019
07/07/2019
30/06/2019
10/07/2019
02/07/2019
03/07/2019
03/07/2019
05/07/2019
05/07/2019
10/07/2019
07/07/2019

08/05/2019
08/05/2019
09/05/2019
10/05/2019
14/05/2019
15/05/2019
16/05/2019
20/05/2019
21/05/2019
22/05/2019
22/05/2019
26/05/2019
27/05/2019
28/05/2019
28/05/2019
28/05/2019
01/06/2019
02/06/2019
03/06/2019
03/06/2019
07/06/2019
08/06/2019
09/06/2019
13/06/2019
14/06/2019
15/06/2019
15/06/2019
15/06/2019
17/06/2019
17/06/2019
19/06/2019
20/06/2019
20/06/2019
21/06/2019
21/06/2019
22/06/2019
22/06/2019
25/06/2019
25/06/2019
25/06/2019
26/06/2019
27/06/2019
27/06/2019
27/06/2019
30/06/2019
30/06/2019
01/07/2019



S1
S2
S2
S1
S1
S2
LC
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S2
S1
S2
S2
S1
S1
S2
S2
S1
S1
S2
S2
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S2
S1
S1
S1
S2
S2
S1

20/06/2019
27/06/2019
25/06/2019
21/06/2019
21/06/2019
30/06/2019
27/06/2019
25/06/2019
02/07/2019
03/07/2019
03/07/2019
27/06/2019
07/07/2019
02/07/2019
07/07/2019
03/07/2019
03/07/2019
30/06/2019
05/07/2017
05/07/2019
10/07/2019
07/07/2019
14/07/2019
05/07/2019
10/07/2019
15/07/2019
15/07/2019
07/07/2019
10/07/2019
19/07/2019
14/07/2019
15/07/2019
15/07/2019
22/07/2019
19/07/2019
26/07/2019
22/07/2019
27/07/2019
27/07/2019
31/07/2019
22/07/2019
26/07/2019
27/07/2019
27/07/2019
30/07/2019
04/08/2019
31/07/2019

91

14/07/2019
07/07/2019
10/07/2019
15/07/2019
15/07/2019
10/07/2019
13/07/2019
19/07/2019
14/07/2019
15/07/2019
15/07/2019
22/07/2019
19/07/2019
26/07/2019
22/07/2019
27/07/2019
27/07/2019
30/07/2019
29/07/2021
30/07/2019
25/07/2019
31/07/2019
26/07/2019
04/08/2019
30/07/2019
27/07/2019
27/07/2019
06/08/2019
04/08/2019
31/07/2019
07/08/2019
08/08/2019
08/08/2019
06/08/2019
12/08/2019
07/08/2019
11/08/2019
08/08/2019
08/08/2019
12/08/2019
21/08/2019
19/08/2019
20/08/2019
20/08/2019
19/08/2019
19/08/2019
24/08/2019

02/07/2019
02/07/2019
02/07/2019
03/07/2019
03/07/2019
05/07/2019
05/07/2019
07/07/2019
08/07/2019
09/07/2019
09/07/2019
09/07/2019
13/07/2019
14/07/2019
14/07/2019
15/07/2019
15/07/2019
15/07/2019
17/07/2019
17/07/2019
17/07/2019
19/07/2019
20/07/2019
20/07/2019
20/07/2019
21/07/2019
21/07/2019
22/07/2019
22/07/2019
25/07/2019
26/07/2019
27/07/2019
27/07/2019
29/07/2019
31/07/2019
01/08/2019
01/08/2019
02/08/2019
02/08/2019
06/08/2019
06/08/2019
07/08/2019
08/08/2019
08/08/2019
09/08/2019
11/08/2019
12/08/2019



S1
LC
S2
S1
S1
S2
S2
S2
S1
S1
S2
S2
S2
S2
S2
LC
S1
S2
S2
LC
S2
LC
S1
S2
S1
S2
S1
S2
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

07/08/2019
05/08/2019
06/08/2019
08/08/2019
08/08/2019
30/07/2019
11/08/2019
04/08/2019
12/08/2019
07/08/2019
06/08/2019
11/08/2019
19/08/2019
21/08/2019
19/08/2019
21/08/2019
20/08/2019
21/08/2019
29/08/2019
30/08/2019
05/09/2019
06/09/2019
12/09/2019
08/09/2019
27/09/2017
03/10/2019
27/09/2017
03/10/2019
07/10/2019
19/10/2019
20/10/2019
19/10/2019
25/10/2019
30/10/2019
31/10/2019
04/11/2019
31/10/2019
28/11/2019
17/12/2019
18/12/2019
22/12/2019
17/12/2019
29/12/2019
30/12/2019
03/01/2020
10/01/2020
11/01/2020

92

19/08/2019
21/08/2019
21/08/2019
20/08/2019
20/08/2019
29/08/2019
21/08/2019
29/08/2019
24/08/2019
31/08/2019
05/09/2019
05/09/2019
29/08/2019
05/09/2019
08/09/2019
06/09/2019
13/09/2019
15/09/2019
08/09/2019
15/09/2019
15/09/2019
22/09/2019
24/09/2019
03/10/2019
09/10/2021
13/10/2019
21/10/2021
18/10/2019
19/10/2019
31/10/2019
09/11/2019
12/11/2019
09/11/2019
11/11/2019
12/11/2019
16/11/2019
24/11/2019
10/12/2019
29/12/2019
30/12/2019
03/01/2020
10/01/2020
10/01/2020
11/01/2020
15/01/2020
22/01/2020
23/01/2020

13/08/2019
13/08/2019
13/08/2019
14/08/2019
14/08/2019
14/08/2019
16/08/2019
16/08/2019
18/08/2019
19/08/2019
21/08/2019
23/08/2019
24/08/2019
28/08/2019
29/08/2019
29/08/2019
01/09/2019
02/09/2019
03/09/2019
07/09/2019
10/09/2019
14/09/2019
18/09/2019
20/09/2019
03/10/2019
08/10/2019
09/10/2019
10/10/2019
13/10/2019
25/10/2019
30/10/2019
31/10/2019
01/11/2019
05/11/2019
06/11/2019
10/11/2019
12/11/2019
04/12/2019
23/12/2019
24/12/2019
28/12/2019
29/12/2019
04/01/2020
05/01/2020
09/01/2020
16/01/2020
17/01/2020



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S1
S1

15/01/2020
10/01/2020
15/01/2020
22/01/2020
23/01/2020
27/01/2020
22/01/2020
23/01/2020
27/01/2020
03/02/2020
04/02/2020
04/02/2020
08/02/2020
03/02/2020
04/02/2020
04/02/2020
08/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
10/03/2020
06/03/2020
11/03/2020
11/03/2020
11/03/2020
06/03/2020
15/03/2020
11/03/2020
10/03/2020
11/03/2020
11/03/2020
11/03/2020
15/03/2020
22/03/2020

93

27/01/2020
03/02/2020
08/02/2020
03/02/2020
04/02/2020
08/02/2020
15/02/2020
16/02/2020
20/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
22/03/2020
23/03/2020
23/03/2020
27/03/2020
22/03/2020
26/03/2020
23/03/2020
23/03/2020
26/03/2020
31/03/2020
27/03/2020
31/03/2020
03/04/2020
04/04/2020
04/04/2020
10/04/2020
08/04/2020
03/04/2020

21/01/2020
22/01/2020
27/01/2020
28/01/2020
29/01/2020
02/02/2020
03/02/2020
04/02/2020
08/02/2020
09/02/2020
10/02/2020
10/02/2020
14/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
21/02/2020
22/02/2020
22/02/2020
26/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
04/03/2020
05/03/2020
05/03/2020
09/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
16/03/2020
16/03/2020
17/03/2020
17/03/2020
18/03/2020
18/03/2020
21/03/2020
21/03/2020
22/03/2020
23/03/2020
23/03/2020
26/03/2020
27/03/2020
28/03/2020



S2
S1
S1
S1
S2
S1
S1
S1
S2
S2
S1
S1
LC
S2
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S2
S2
S2
S1
S1
S1
S1
S2
S2
S1
S2
S1
S1
S2
S2
S2
S1

23/03/2020
23/03/2020
23/03/2020
27/03/2020
26/03/2020
22/03/2020
23/03/2020
23/03/2020
23/03/2020
31/03/2020
27/03/2020
03/04/2020
01/04/2020
02/04/2020
04/04/2020
04/04/2020
26/03/2020
31/03/2020
08/04/2020
02/04/2020
03/04/2020
04/04/2020
04/04/2020
02/04/2020
10/04/2020
08/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
10/04/2020
17/04/2020
10/04/2020
20/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
25/04/2020
20/04/2020
25/04/2020
28/04/2020
28/04/2020
27/04/2020
25/04/2020
02/05/2020
02/05/2020

94

02/04/2020
04/04/2020
04/04/2020
08/04/2020
10/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
10/04/2020
20/04/2020
15/04/2020
17/04/2020
17/04/2020
16/04/2020
16/04/2020
25/04/2020
25/04/2020
20/04/2020
27/04/2020
27/04/2020
28/04/2020
28/04/2020
02/05/2020
25/04/2020
02/05/2020
27/04/2020
28/04/2020
28/04/2020
27/04/2020
05/05/2020
02/05/2020
10/05/2020
02/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
05/05/2020
14/05/2020
10/05/2020
10/05/2020
10/05/2020
12/05/2020
15/05/2020
12/05/2020
14/05/2020

28/03/2020
29/03/2020
29/03/2020
02/04/2020
02/04/2020
03/04/2020
04/04/2020
04/04/2020
04/04/2020
05/04/2020
08/04/2020
09/04/2020
09/04/2020
09/04/2020
10/04/2020
10/04/2020
10/04/2020
12/04/2020
14/04/2020
14/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
17/04/2020
20/04/2020
21/04/2020
22/04/2020
22/04/2020
22/04/2020
22/04/2020
24/04/2020
25/04/2020
26/04/2020
27/04/2020
28/04/2020
28/04/2020
29/04/2020
30/04/2020
02/05/2020
02/05/2020
04/05/2020
04/05/2020
04/05/2020
05/05/2020
07/05/2020
08/05/2020



S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
LC
S1
S1
S2
S2
S2
S2
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S2

28/04/2020
28/04/2020
05/05/2020
27/04/2020
02/05/2020
02/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
05/05/2020
12/05/2020
10/05/2020
10/05/2020
10/05/2020
10/05/2020
15/05/2020
12/05/2020
15/05/2020
22/05/2020
22/05/2020
26/05/2020
21/05/2020
22/05/2020
22/05/2020
27/05/2020
26/05/2020
28/05/2019
03/06/2020
03/06/2020
27/05/2020
07/06/2020
03/06/2020
11/06/2020
14/06/2020
15/06/2020
15/06/2020
11/06/2020
19/06/2020
14/06/2020
15/06/2020
15/06/2020
19/06/2020
26/06/2020
27/06/2020
27/06/2020
26/06/2020

95

22/05/2020
22/05/2020
15/05/2020
27/05/2020
26/05/2020
27/05/2020
21/05/2020
22/05/2020
22/05/2020
27/05/2020
04/06/2020
28/05/2020
03/06/2020
03/06/2020
04/06/2020
09/06/2020
04/06/2020
11/06/2020
09/06/2020
03/06/2020
03/06/2020
07/06/2020
14/06/2020
15/06/2020
15/06/2020
11/06/2020
19/06/2020
21/06/2021
15/06/2020
15/06/2020
26/06/2020
19/06/2020
27/06/2020
26/06/2020
26/06/2020
27/06/2020
27/06/2020
01/07/2020
01/07/2020
08/07/2020
09/07/2020
09/07/2020
13/07/2020
08/07/2020
09/07/2020
09/07/2020
16/07/2020

10/05/2020
10/05/2020
10/05/2020
12/05/2020
14/05/2020
14/05/2020
15/05/2020
16/05/2020
16/05/2020
19/05/2020
20/05/2020
20/05/2020
22/05/2020
22/05/2020
22/05/2020
25/05/2020
25/05/2020
27/05/2020
27/05/2020
28/05/2020
28/05/2020
01/06/2020
02/06/2020
03/06/2020
03/06/2020
03/06/2020
07/06/2020
08/06/2020
09/06/2020
09/06/2020
11/06/2020
13/06/2020
15/06/2020
18/06/2020
20/06/2020
21/06/2020
21/06/2020
21/06/2020
25/06/2020
26/06/2020
27/06/2020
27/06/2020
01/07/2020
02/07/2020
03/07/2020
03/07/2020
06/07/2020



S1
LC
S1
S2
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S2
S1
RCM
S1
S1
S1
S1

01/07/2020
29/06/2020
26/06/2020
01/07/2020
27/06/2020
01/07/2020
08/07/2020
09/07/2020
13/07/2020
08/07/2020
09/07/2020
15/07/2020
13/07/2020
20/07/2020
16/07/2020
21/07/2020
25/07/2020
20/07/2020
21/07/2020
25/07/2020
01/08/2020
02/08/2020
29/07/2020
06/08/2020
01/08/2020
06/08/2020
13/08/2020
14/08/2020
05/08/2020
18/08/2020
13/08/2020
14/08/2020
14/08/2020
18/08/2020
18/08/2020
25/08/2020
26/08/2020
30/08/2020
25/08/2020
26/08/2020
04/09/2020
30/08/2020
09/09/2020
06/09/2020
07/09/2020
07/09/2020
11/09/2020

96

13/07/2020
15/07/2020
20/07/2020
16/07/2020
21/07/2020
25/07/2020
20/07/2020
21/07/2020
25/07/2020
01/08/2020
02/08/2020
31/07/2020
06/08/2020
01/08/2020
05/08/2020
02/08/2020
06/08/2020
13/08/2020
14/08/2020
18/08/2020
13/08/2020
14/08/2020
18/08/2020
18/08/2020
25/08/2020
30/08/2020
25/08/2020
26/08/2020
04/09/2020
30/08/2020
06/09/2020
07/09/2020
07/09/2020
11/09/2020
12/09/2020
06/09/2020
07/09/2020
11/09/2020
18/09/2020
19/09/2020
14/09/2020
23/09/2020
13/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020

07/07/2020
07/07/2020
08/07/2020
08/07/2020
09/07/2020
13/07/2020
14/07/2020
15/07/2020
19/07/2020
20/07/2020
21/07/2020
23/07/2020
25/07/2020
26/07/2020
26/07/2020
27/07/2020
31/07/2020
01/08/2020
02/08/2020
06/08/2020
07/08/2020
08/08/2020
08/08/2020
12/08/2020
13/08/2020
18/08/2020
19/08/2020
20/08/2020
20/08/2020
24/08/2020
25/08/2020
26/08/2020
26/08/2020
30/08/2020
30/08/2020
31/08/2020
01/09/2020
05/09/2020
06/09/2020
07/09/2020
09/09/2020
11/09/2020
11/09/2020
12/09/2020
13/09/2020
13/09/2020
17/09/2020



S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
RCM
S2
S2
S1
S1
S1
RCM
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

06/09/2020
07/09/2020
07/09/2020
11/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
14/09/2020
18/09/2020
19/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
30/09/2020
12/10/2020
13/10/2020
13/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020
24/10/2020
25/10/2020
25/10/2020
31/10/2020
19/10/2020
22/10/2020
24/10/2020
25/10/2020
25/10/2020
04/11/2020
05/11/2020
06/11/2020
06/11/2020
10/11/2020
05/11/2020
06/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
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30/09/2020
01/10/2020
01/10/2020
05/10/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
14/10/2020
12/10/2020
13/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020
24/10/2020
24/10/2020
25/10/2020
25/10/2020
05/11/2020
06/11/2020
06/11/2020
10/11/2020
05/11/2020
06/11/2020
06/11/2020
04/11/2020
18/11/2020
16/11/2020
17/11/2020
18/11/2020
18/11/2020
16/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
29/11/2020
30/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
11/12/2020
12/12/2020
12/12/2020
16/12/2020

18/09/2020
19/09/2020
19/09/2020
23/09/2020
24/09/2020
25/09/2020
25/09/2020
29/09/2020
29/09/2020
30/09/2020
01/10/2020
06/10/2020
07/10/2020
07/10/2020
11/10/2020
12/10/2020
18/10/2020
19/10/2020
19/10/2020
24/10/2020
25/10/2020
25/10/2020
29/10/2020
30/10/2020
31/10/2020
31/10/2020
02/11/2020
03/11/2020
03/11/2020
05/11/2020
06/11/2020
06/11/2020
10/11/2020
11/11/2020
12/11/2020
12/11/2020
16/11/2020
17/11/2020
18/11/2020
23/11/2020
24/11/2020
24/11/2020
28/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
LC
S1
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1

29/11/2020
30/11/2020
30/11/2020
04/12/2020
29/11/2020
30/11/2020
04/12/2020
11/12/2020
12/12/2020
16/12/2020
11/12/2020
12/12/2020
16/12/2020
23/12/2020
28/12/2020
23/12/2020
24/12/2020
28/12/2020
04/01/2021
09/01/2021
04/01/2021
05/01/2021
09/01/2021
16/01/2021
17/01/2021
21/01/2021
16/01/2021
17/01/2021
27/01/2021
21/01/2021
28/01/2021
27/01/2021
29/01/2021
29/01/2021
30/01/2021
02/02/2021
28/01/2021
04/02/2021
29/01/2021
29/01/2021
02/02/2021
09/02/2021
10/02/2021
10/02/2021
06/02/2021
14/02/2021
09/02/2021
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11/12/2020
12/12/2020
12/12/2020
16/12/2020
23/12/2020
24/12/2020
28/12/2020
23/12/2020
24/12/2020
28/12/2020
04/01/2021
05/01/2021
09/01/2021
04/01/2021
09/01/2021
16/01/2021
17/01/2021
21/01/2021
16/01/2021
21/01/2021
28/01/2021
29/01/2021
02/02/2021
28/01/2021
29/01/2021
02/02/2021
09/02/2021
10/02/2021
06/02/2021
14/02/2021
09/02/2021
11/02/2021
10/02/2021
10/02/2021
15/02/2021
14/02/2021
21/02/2021
14/02/2021
22/02/2021
22/02/2021
26/02/2021
21/02/2021
22/02/2021
22/02/2021
03/03/2021
26/02/2021
05/03/2021

05/12/2020
06/12/2020
06/12/2020
10/12/2020
11/12/2020
12/12/2020
16/12/2020
17/12/2020
18/12/2020
22/12/2020
23/12/2020
24/12/2020
28/12/2020
29/12/2020
03/01/2021
04/01/2021
05/01/2021
09/01/2021
10/01/2021
15/01/2021
16/01/2021
17/01/2021
21/01/2021
22/01/2021
23/01/2021
27/01/2021
28/01/2021
29/01/2021
01/02/2021
02/02/2021
03/02/2021
03/02/2021
04/02/2021
04/02/2021
07/02/2021
08/02/2021
09/02/2021
09/02/2021
10/02/2021
10/02/2021
14/02/2021
15/02/2021
16/02/2021
16/02/2021
18/02/2021
20/02/2021
21/02/2021



S2
S2
S1
LC
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S2
S1
S1
S1
S2
S2
LC
S2
S1
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S2
S2
S1
S1
S1
S2
S2

11/02/2021
06/02/2021
10/02/2021
15/02/2021
11/02/2021
14/02/2021
21/02/2021
22/02/2021
26/02/2021
21/02/2021
22/02/2021
22/02/2021
26/02/2021
05/03/2021
03/03/2021
06/03/2021
03/03/2021
10/03/2021
05/03/2021
06/03/2021
03/03/2021
08/03/2021
12/03/2021
08/03/2021
10/03/2021
17/03/2021
08/03/2021
18/03/2021
18/03/2021
22/03/2021
17/03/2021
18/03/2021
18/03/2021
28/03/2021
22/03/2021
29/03/2021
30/03/2021
30/03/2021
28/03/2021
03/04/2021
02/04/2021
28/03/2021
29/03/2021
30/03/2021
30/03/2021
02/04/2021
07/04/2021
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03/03/2021
08/03/2021
06/03/2021
03/03/2021
08/03/2021
10/03/2021
05/03/2021
06/03/2021
10/03/2021
17/03/2021
18/03/2021
18/03/2021
22/03/2021
17/03/2021
19/03/2021
18/03/2021
28/03/2021
22/03/2021
29/03/2021
30/03/2021
02/04/2021
28/03/2021
28/03/2021
02/04/2021
03/04/2021
29/03/2021
07/04/2021
30/03/2021
30/03/2021
03/04/2021
10/04/2021
11/04/2021
11/04/2021
07/04/2021
15/04/2021
10/04/2021
11/04/2021
11/04/2021
17/04/2021
15/04/2021
17/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
22/04/2021
17/04/2021

21/02/2021
21/02/2021
22/02/2021
23/02/2021
23/02/2021
26/02/2021
27/02/2021
28/02/2021
04/03/2021
05/03/2021
06/03/2021
06/03/2021
10/03/2021
11/03/2021
11/03/2021
12/03/2021
15/03/2021
16/03/2021
17/03/2021
18/03/2021
18/03/2021
18/03/2021
20/03/2021
20/03/2021
22/03/2021
23/03/2021
23/03/2021
24/03/2021
24/03/2021
28/03/2021
29/03/2021
30/03/2021
30/03/2021
02/04/2021
03/04/2021
04/04/2021
05/04/2021
05/04/2021
07/04/2021
09/04/2021
09/04/2021
09/04/2021
10/04/2021
11/04/2021
11/04/2021
12/04/2021
12/04/2021



S2
S2
S2
S1
S1
S1
S1
S2
S2
S2
S2
S1
S1
S1
S2
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

28/03/2021
02/04/2021
07/04/2021
03/04/2021
10/04/2021
11/04/2021
11/04/2021
02/04/2021
07/04/2021
07/04/2021
15/04/2021
15/04/2021
15/04/2021
10/04/2021
17/04/2021
11/04/2021
11/04/2021
17/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
23/04/2021
27/04/2021
27/04/2021
22/04/2021
23/04/2021
23/04/2021
23/04/2021
27/04/2021
27/04/2021
04/05/2021
25/04/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
16/05/2021
17/05/2021
17/05/2021

27/04/2021
27/04/2021
22/04/2021
27/04/2021
22/04/2021
23/04/2021
23/04/2021
02/05/2021
27/04/2021
02/05/2021
25/04/2021
27/04/2021
27/04/2021
04/05/2021
27/04/2021
05/05/2021
05/05/2021
02/05/2021
02/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
16/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
16/05/2021
25/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
28/05/2021
29/05/2021
29/05/2021
29/05/2021
02/06/2021
02/06/2021
28/05/2021
29/05/2021
29/05/2021
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12/04/2021
14/04/2021
14/04/2021
15/04/2021
16/04/2021
17/04/2021
17/04/2021
17/04/2021
17/04/2021
19/04/2021
20/04/2021
21/04/2021
21/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
24/04/2021
27/04/2021
28/04/2021
29/04/2021
29/04/2021
29/04/2021
03/05/2021
03/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
10/05/2021
10/05/2021
11/05/2021
11/05/2021
11/05/2021
15/05/2021
15/05/2021
16/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
22/05/2021
23/05/2021
23/05/2021



S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S2
S2
S1
S1
S2
S1
S1
S2
S1
S2
S1
LC
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S2
S1

21/05/2021
16/05/2021
17/05/2021
17/05/2021
25/05/2021
25/05/2021
21/05/2021
28/05/2021
29/05/2021
29/05/2021
25/05/2021
01/06/2021
25/05/2021
02/06/2021
28/05/2021
04/06/2021
29/05/2021
29/05/2021
04/06/2021
02/06/2021
09/06/2021
09/06/2021
07/06/2021
10/06/2021
10/06/2021
14/06/2021
09/06/2021
11/06/2021
10/06/2021
10/06/2021
14/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
21/06/2021
22/06/2021
22/06/2021
19/06/2021
26/06/2021
01/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
01/07/2021
15/07/2021

02/06/2021
09/06/2021
10/06/2021
10/06/2021
04/06/2021
09/06/2021
14/06/2021
09/06/2021
10/06/2021
10/06/2021
14/06/2021
11/06/2021
19/06/2021
14/06/2021
21/06/2021
14/06/2021
22/06/2021
22/06/2021
19/06/2021
26/06/2021
19/06/2021
21/06/2021
23/06/2021
22/06/2021
22/06/2021
26/06/2021
03/07/2021
01/07/2021
04/07/2021
04/07/2021
08/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
15/07/2021
16/07/2021
16/07/2021
19/07/2021
20/07/2021
16/07/2021
15/07/2021
16/07/2021
16/07/2021
20/07/2021
31/07/2021
27/07/2021
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27/05/2021
28/05/2021
29/05/2021
29/05/2021
30/05/2021
01/06/2021
02/06/2021
03/06/2021
04/06/2021
04/06/2021
04/06/2021
06/06/2021
06/06/2021
08/06/2021
09/06/2021
09/06/2021
10/06/2021
10/06/2021
11/06/2021
14/06/2021
14/06/2021
15/06/2021
15/06/2021
16/06/2021
16/06/2021
20/06/2021
21/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
27/06/2021
28/06/2021
28/06/2021
02/07/2021
03/07/2021
04/07/2021
04/07/2021
04/07/2021
08/07/2021
08/07/2021
09/07/2021
10/07/2021
10/07/2021
14/07/2021
16/07/2021
21/07/2021



S1
S1
S2
LC
S2
S2
S1
S1
S1
S2
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

16/07/2021
16/07/2021
16/07/2021
18/07/2021
19/07/2021
16/07/2021
27/07/2021
28/07/2021
28/07/2021
31/07/2021
09/08/2021
09/08/2021
31/07/2021
13/08/2021
15/08/2021
21/08/2021
21/08/2021
25/08/2021
01/09/2021
02/09/2021
02/09/2021
30/08/2021
06/09/2021
07/09/2021
13/09/2021
14/09/2021
14/09/2021
18/09/2021
19/09/2021
26/09/2021
26/09/2021
30/09/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
31/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
24/11/2021
25/11/2021
29/11/2021

28/07/2021
28/07/2021
31/07/2021
03/08/2021
03/08/2021
15/08/2021
08/08/2021
09/08/2021
09/08/2021
15/08/2021
21/08/2021
21/08/2021
30/08/2021
25/08/2021
30/08/2021
02/09/2021
02/09/2021
06/09/2021
13/09/2021
14/09/2021
14/09/2021
19/09/2021
18/09/2021
22/09/2021
25/09/2021
26/09/2021
26/09/2021
30/09/2021
04/10/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
13/11/2021
17/11/2021
24/11/2021
25/11/2021
06/12/2021
07/12/2021
11/12/2021

102

22/07/2021
22/07/2021
23/07/2021
26/07/2021
26/07/2021
31/07/2021
02/08/2021
03/08/2021
03/08/2021
07/08/2021
15/08/2021
15/08/2021
15/08/2021
19/08/2021
22/08/2021
27/08/2021
27/08/2021
31/08/2021
07/09/2021
08/09/2021
08/09/2021
09/09/2021
12/09/2021
14/09/2021
19/09/2021
20/09/2021
20/09/2021
24/09/2021
26/09/2021
02/10/2021
02/10/2021
06/10/2021
14/10/2021
14/10/2021
18/10/2021
26/10/2021
26/10/2021
30/10/2021
06/11/2021
07/11/2021
07/11/2021
11/11/2021
18/11/2021
19/11/2021
30/11/2021
01/12/2021
05/12/2021



S1
S1
S1
S1
S1
S1
LC
LC
S1
S1
LC
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2

06/12/2021
07/12/2021
11/12/2021
23/12/2021
04/01/2022
16/01/2022
17/01/2022
17/01/2022
24/01/2022
28/01/2022
02/02/2022
30/01/2022
30/01/2022
19/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
06/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
10/04/2022
31/03/2022
10/04/2022
15/04/2022
20/04/2022

18/12/2021
19/12/2021
23/12/2021
04/01/2022
16/01/2022
28/01/2022
02/02/2022
10/02/2022
05/02/2022
09/02/2022
10/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
10/04/2022
10/04/2022
15/04/2022
15/04/2022
20/04/2022
20/04/2022
20/04/2022
30/04/2022
30/04/2022
30/04/2022
30/04/2022
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12/12/2021
13/12/2021
17/12/2021
29/12/2021
10/01/2022
22/01/2022
25/01/2022
29/01/2022
30/01/2022
03/02/2022
06/02/2022
09/02/2022
14/02/2022
24/02/2022
26/02/2022
13/03/2022
16/03/2022
16/03/2022
18/03/2022
02/04/2022
05/04/2022
05/04/2022
07/04/2022
07/04/2022
10/04/2022
15/04/2022
15/04/2022
20/04/2022
22/04/2022
25/04/2022



Appendix Table 2: Images used in the analysis at the 5 km from the terminus point on Hubbard Glacier.
LC is Landsat, S1 is Sentingl(includes Sentinela and Sentinelb), S2 is Sentine? (includes Sentinel

2a and Sentinel2b), TSXTDX is TerraSARX/TanDEM-X, R2 is RADARSAT2, and RCM is
RADARSAT Constellation Mission.

LC 12/07/2013 28/07/2013 20/07/2013
LC 28/07/2013 13/08/2013 05/08/2013
LC 08/11/2013 24/11/2013 16/11/2013
LC 20/01/2014 05/02/2014 28/01/2014
LC 05/02/2014 21/02/2014 13/02/2014
R2 03/02/2014 27/02/2014 15/02/2014
LC 28/02/2014 16/03/2014 08/03/2014
R2 27/02/2014 23/03/2014 11/03/2014
LC 16/03/2014 01/04/2014 24/03/2014
LC 25/03/2014 10/04/2014 02/04/2014
LC 01/04/2014 17/04/2014 09/04/2014
LC 10/04/2014 26/04/2014 18/04/2014
LC 17/04/2014 03/05/2014 25/04/2014
LC 23/08/2014 08/09/2014 31/08/2014
LC 08/09/2014 24/09/2014 16/09/2014
LC 11/11/2014 27/11/2014 19/11/2014
S1 08/11/2014 02/12/2014 20/11/2014
S1 02/12/2014 26/12/2014 14/12/2014
S1 26/12/2014 19/01/2015 07/01/2015
S1 19/01/2015 12/02/2015 31/01/2015
S1 12/02/2015 08/03/2015 24/02/2015
R2 22/02/2015 18/03/2015 06/03/2015
TSX/ITDX 03/03/2015 14/03/2015 08/03/2015
S1 08/03/2015 01/04/2015 20/03/2015
LC 19/03/2015 04/04/2015 27/03/2015
LC 28/03/2015 13/04/2015 05/04/2015
S1 01/04/2015 25/04/2015 13/04/2015
LC 13/04/2015 29/04/2015 21/04/2015
S1 25/04/2015 19/05/2015 07/05/2015
LC 29/04/2015 15/05/2015 07/05/2015
LC 06/05/2015 22/05/2015 14/05/2015
LC 15/05/2015 31/05/2015 23/05/2015
S1 19/05/2015 12/06/2015 31/05/2015
LC 31/05/2015 16/06/2015 08/06/2015
S1 12/06/2015 06/07/2015 24/06/2015
LC 23/06/2015 09/07/2015 01/07/2015
TSX/ITDX 27/06/2015 08/07/2015 02/07/2015
TSX/TDX 08/07/2015 19/07/2015 13/07/2015
LC 09/07/2015 25/07/2015 17/07/2015
S1 06/07/2015 30/07/2015 18/07/2015
TSX/ITDX 19/07/2015 30/07/2015 24/07/2015
TSX/TDX 30/07/2015 10/08/2015 04/08/2015
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S1
TSX/TDX
TSX/TDX

S1
TSX/TDX
TSX/TDX

S1
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX

S1

S1
TSX/TDX

S1

S1

S1

S1

R2

S1

R2

LC

S1

LC

S1

S1

S1

S2

S1

S1

S1

S1

LC

LC

LC

S1

S1

LC

S2

S1

S1

S1

S1

S1

S1

S1

S1

30/07/2015
10/08/2015
21/08/2015
23/08/2015
01/09/2015
12/09/2015
16/09/2015
23/09/2015
04/10/2015
09/10/2015
15/10/2015
10/10/2015
03/11/2015
22/11/2015
27/11/2015
08/12/2015
21/12/2015
14/01/2016
24/01/2016
07/02/2016
17/02/2016
27/02/2016
02/03/2016
14/03/2016
26/03/2016
19/04/2016
13/05/2016
18/05/2016
06/06/2016
30/06/2016
24/07/2016
17/08/2016
29/09/2016
08/10/2016
15/10/2016
16/10/2016
20/10/2016
31/10/2016
25/10/2016
02/11/2016
09/11/2016
13/11/2016
26/11/2016
03/12/2016
07/12/2016
20/12/2016
31/12/2016

23/08/2015
21/08/2015
01/09/2015
16/09/2015
12/09/2015
23/09/2015
10/10/2015
04/10/2015
15/10/2015
20/10/2015
26/10/2015
03/11/2015
27/11/2015
03/12/2015
21/12/2015
01/01/2016
14/01/2016
07/02/2016
17/02/2016
02/03/2016
12/03/2016
14/03/2016
26/03/2016
30/03/2016
19/04/2016
13/05/2016
06/06/2016
07/06/2016
30/06/2016
24/07/2016
17/08/2016
10/09/2016
15/10/2016
24/10/2016
31/10/2016
09/11/2016
13/11/2016
16/11/2016
24/11/2016
26/11/2016
03/12/2016
07/12/2016
20/12/2016
27/12/2016
31/12/2016
13/01/2017
24/01/2017
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11/08/2015
15/08/2015
26/08/2015
04/09/2015
06/09/2015
17/09/2015
28/09/2015
28/09/2015
09/10/2015
14/10/2015
20/10/2015
22/10/2015
15/11/2015
27/11/2015
09/12/2015
20/12/2015
02/01/2016
26/01/2016
05/02/2016
19/02/2016
29/02/2016
06/03/2016
14/03/2016
22/03/2016
07/04/2016
01/05/2016
25/05/2016
28/05/2016
18/06/2016
12/07/2016
05/08/2016
29/08/2016
07/10/2016
16/10/2016
23/10/2016
28/10/2016
01/11/2016
08/11/2016
09/11/2016
14/11/2016
21/11/2016
25/11/2016
08/12/2016
15/12/2016
19/12/2016
01/01/2017
12/01/2017



S1
R2
S1
LC
S1
S1
S1
R2
S1
LC
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
TSX/TDX
S1
S1
S2
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

13/01/2017
18/01/2017
24/01/2017
04/02/2017
06/02/2017
13/02/2017
17/02/2017
11/02/2017
13/02/2017
20/02/2017
17/02/2017
01/03/2017
02/03/2017
03/03/2017
02/03/2017
03/03/2017
08/03/2017
14/03/2017
14/03/2017
26/03/2017
24/03/2017
27/03/2017
26/03/2017
07/04/2017
07/04/2017
08/04/2017
19/04/2017
19/04/2017
28/04/2017
01/05/2017
02/05/2017
06/05/2017
11/05/2017
18/05/2017
13/05/2017
18/05/2017
30/05/2017
30/05/2017
06/06/2017
11/06/2017
06/06/2017
11/06/2017
18/06/2017
23/06/2017
23/06/2017
05/07/2017
17/07/2017

06/02/2017
11/02/2017
17/02/2017
20/02/2017
02/03/2017
03/03/2017
01/03/2017
07/03/2017
15/03/2017
08/03/2017
13/03/2017
13/03/2017
14/03/2017
15/03/2017
26/03/2017
27/03/2017
24/03/2017
26/03/2017
07/04/2017
07/04/2017
09/04/2017
08/04/2017
19/04/2017
19/04/2017
01/05/2017
02/05/2017
01/05/2017
13/05/2017
09/05/2017
13/05/2017
26/05/2017
26/05/2017
27/05/2017
30/05/2017
06/06/2017
11/06/2017
11/06/2017
23/06/2017
18/06/2017
23/06/2017
30/06/2017
05/07/2017
30/06/2017
05/07/2017
17/07/2017
17/07/2017
29/07/2017
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25/01/2017
30/01/2017
05/02/2017
12/02/2017
18/02/2017
22/02/2017
23/02/2017
23/02/2017
28/02/2017
28/02/2017
01/03/2017
07/03/2017
08/03/2017
09/03/2017
14/03/2017
15/03/2017
16/03/2017
20/03/2017
26/03/2017
01/04/2017
01/04/2017
02/04/2017
07/04/2017
13/04/2017
19/04/2017
20/04/2017
25/04/2017
01/05/2017
03/05/2017
07/05/2017
14/05/2017
16/05/2017
19/05/2017
24/05/2017
25/05/2017
30/05/2017
05/06/2017
11/06/2017
12/06/2017
17/06/2017
18/06/2017
23/06/2017
24/06/2017
29/06/2017
05/07/2017
11/07/2017
23/07/2017



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

17/07/2017
29/07/2017
29/07/2017
05/08/2017
06/08/2017
06/08/2017
10/08/2017
05/08/2017
06/08/2017
10/08/2017
17/08/2017
18/08/2017
22/08/2017
17/08/2017
18/08/2017
18/08/2017
22/08/2017
29/08/2017
30/08/2017
03/09/2017
29/08/2017
30/08/2017
03/09/2017
10/09/2017
11/09/2017
11/09/2017
15/09/2017
11/09/2017
15/09/2017
23/09/2017
25/09/2017
22/09/2017
23/09/2017
23/09/2017
05/10/2017
09/10/2017
05/10/2017
09/10/2017
16/10/2017
17/10/2017
17/10/2017
21/10/2017
16/10/2017
17/10/2017
21/10/2017
28/10/2017
29/10/2017

10/08/2017
10/08/2017
22/08/2017
17/08/2017
18/08/2017
18/08/2017
22/08/2017
29/08/2017
30/08/2017
03/09/2017
29/08/2017
30/08/2017
03/09/2017
10/09/2017
11/09/2017
11/09/2017
15/09/2017
10/09/2017
11/09/2017
15/09/2017
22/09/2017
23/09/2017
27/09/2017
22/09/2017
23/09/2017
23/09/2017
27/09/2017
05/10/2017
09/10/2017
05/10/2017
11/10/2017
16/10/2017
17/10/2017
17/10/2017
17/10/2017
21/10/2017
29/10/2017
02/11/2017
28/10/2017
29/10/2017
29/10/2017
02/11/2017
09/11/2017
10/11/2017
14/11/2017
09/11/2017
10/11/2017
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29/07/2017
04/08/2017
10/08/2017
11/08/2017
12/08/2017
12/08/2017
16/08/2017
17/08/2017
18/08/2017
22/08/2017
23/08/2017
24/08/2017
28/08/2017
29/08/2017
30/08/2017
30/08/2017
03/09/2017
04/09/2017
05/09/2017
09/09/2017
10/09/2017
11/09/2017
15/09/2017
16/09/2017
17/09/2017
17/09/2017
21/09/2017
23/09/2017
27/09/2017
29/09/2017
03/10/2017
04/10/2017
05/10/2017
05/10/2017
11/10/2017
15/10/2017
17/10/2017
21/10/2017
22/10/2017
23/10/2017
23/10/2017
27/10/2017
28/10/2017
29/10/2017
02/11/2017
03/11/2017
04/11/2017



S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S2
TSX/ITDX
S2
S1
S2
S1
S1

29/10/2017
02/11/2017
28/10/2017
04/11/2017
29/10/2017
09/11/2017
10/11/2017
14/11/2017
14/11/2017
21/11/2017
26/11/2017
21/11/2017
22/11/2017
03/12/2017
08/12/2017
03/12/2017
08/12/2017
15/12/2017
16/12/2017
20/12/2017
15/12/2017
16/12/2017
20/12/2017
27/12/2017
28/12/2017
01/01/2018
27/12/2017
28/12/2017
01/01/2018
08/01/2018
09/01/2018
13/01/2018
09/01/2018
13/01/2018
21/01/2018
23/01/2018
23/01/2018
25/01/2018
20/01/2018
21/01/2018
28/01/2018
28/01/2018
23/01/2018
25/01/2018
28/01/2018
02/02/2018
02/02/2018

10/11/2017
14/11/2017
21/11/2017
14/11/2017
22/11/2017
21/11/2017
22/11/2017
26/11/2017
08/12/2017
03/12/2017
08/12/2017
15/12/2017
16/12/2017
15/12/2017
20/12/2017
27/12/2017
01/01/2018
27/12/2017
28/12/2017
01/01/2018
08/01/2018
09/01/2018
13/01/2018
08/01/2018
09/01/2018
13/01/2018
20/01/2018
21/01/2018
25/01/2018
20/01/2018
21/01/2018
25/01/2018
02/02/2018
06/02/2018
02/02/2018
02/02/2018
07/02/2018
06/02/2018
13/02/2018
14/02/2018
07/02/2018
08/02/2018
17/02/2018
18/02/2018
17/02/2018
14/02/2018
14/02/2018
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04/11/2017
08/11/2017
09/11/2017
09/11/2017
10/11/2017
15/11/2017
16/11/2017
20/11/2017
26/11/2017
27/11/2017
02/12/2017
03/12/2017
04/12/2017
09/12/2017
14/12/2017
15/12/2017
20/12/2017
21/12/2017
22/12/2017
26/12/2017
27/12/2017
28/12/2017
01/01/2018
02/01/2018
03/01/2018
07/01/2018
08/01/2018
09/01/2018
13/01/2018
14/01/2018
15/01/2018
19/01/2018
21/01/2018
25/01/2018
27/01/2018
28/01/2018
30/01/2018
31/01/2018
01/02/2018
02/02/2018
02/02/2018
02/02/2018
04/02/2018
06/02/2018
07/02/2018
08/02/2018
08/02/2018



LC
S2
S1
S2
LC
S2
S1
S1
S2
S1
S1
LC
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S2
S1
S2
S2
S1
S2
S1
S1
S2
S2
S2
S2
S1
S1

31/01/2018
02/02/2018
06/02/2018
07/02/2018
07/02/2018
02/02/2018
06/02/2018
13/02/2018
07/02/2018
14/02/2018
18/02/2018
16/02/2018
17/02/2018
14/02/2018
18/02/2018
25/02/2018
26/02/2018
02/03/2018
25/02/2018
25/02/2018
26/02/2018
02/03/2018
04/03/2018
09/03/2018
10/03/2018
04/03/2018
04/03/2018
14/03/2018
09/03/2018
10/03/2018
10/03/2018
14/03/2018
21/03/2018
22/03/2018
22/03/2018
24/03/2018
22/03/2018
26/03/2018
22/03/2018
21/03/2018
22/03/2018
24/03/2018
22/03/2018
29/03/2018
01/04/2018
26/03/2018
02/04/2018

16/02/2018
17/02/2018
18/02/2018
17/02/2018
23/02/2018
04/03/2018
02/03/2018
25/02/2018
04/03/2018
26/02/2018
02/03/2018
04/03/2018
04/03/2018
10/03/2018
14/03/2018
09/03/2018
10/03/2018
14/03/2018
21/03/2018
22/03/2018
22/03/2018
26/03/2018
24/03/2018
21/03/2018
22/03/2018
29/03/2018
03/04/2018
26/03/2018
02/04/2018
03/04/2018
03/04/2018
07/04/2018
02/04/2018
01/04/2018
03/04/2018
03/04/2018
06/04/2018
07/04/2018
11/04/2018
14/04/2018
15/04/2018
13/04/2018
16/04/2018
13/04/2018
11/04/2018
19/04/2018
14/04/2018
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08/02/2018
09/02/2018
12/02/2018
12/02/2018
15/02/2018
17/02/2018
18/02/2018
19/02/2018
19/02/2018
20/02/2018
24/02/2018
24/02/2018
24/02/2018
26/02/2018
02/03/2018
03/03/2018
04/03/2018
08/03/2018
09/03/2018
09/03/2018
10/03/2018
14/03/2018
14/03/2018
15/03/2018
16/03/2018
16/03/2018
19/03/2018
20/03/2018
21/03/2018
22/03/2018
22/03/2018
26/03/2018
27/03/2018
27/03/2018
28/03/2018
29/03/2018
29/03/2018
01/04/2018
01/04/2018
02/04/2018
03/04/2018
03/04/2018
03/04/2018
05/04/2018
06/04/2018
07/04/2018
08/04/2018



S2
S2
S1
S1
S2
S1
S2
LC
S2
S1
S1
S1
S2
S2
S2
S1
S1
S2
S1
S1
S2
S2
S2
S1
S2
S1
S2
S1
S1
S1
S2
S2
S1
S1
S1
S2
S2
S1
S1
S2
S1
S1
S2
S1
S2
S1
S1

03/04/2018
01/04/2018
03/04/2018
03/04/2018
06/04/2018
07/04/2018
29/03/2018
05/04/2018
01/04/2018
02/04/2018
03/04/2018
03/04/2018
03/04/2018
06/04/2018
11/04/2018
07/04/2018
14/04/2018
13/04/2018
15/04/2018
15/04/2018
16/04/2018
06/04/2018
11/04/2018
19/04/2018
13/04/2018
14/04/2018
16/04/2018
15/04/2018
15/04/2018
19/04/2018
26/04/2018
16/04/2018
26/04/2018
27/04/2018
27/04/2018
28/04/2018
26/04/2018
01/05/2018
26/04/2018
28/04/2018
27/04/2018
27/04/2018
06/05/2018
01/05/2018
08/05/2018
08/05/2018
09/05/2018

13/04/2018
16/04/2018
15/04/2018
15/04/2018
16/04/2018
19/04/2018
28/04/2018
21/04/2018
26/04/2018
26/04/2018
27/04/2018
27/04/2018
28/04/2018
26/04/2018
26/04/2018
01/05/2018
26/04/2018
28/04/2018
27/04/2018
27/04/2018
26/04/2018
06/05/2018
06/05/2018
01/05/2018
08/05/2018
08/05/2018
06/05/2018
09/05/2018
09/05/2018
13/05/2018
06/05/2018
16/05/2018
08/05/2018
09/05/2018
09/05/2018
08/05/2018
16/05/2018
13/05/2018
20/05/2018
18/05/2018
21/05/2018
21/05/2018
16/05/2018
25/05/2018
18/05/2018
20/05/2018
21/05/2018
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08/04/2018
08/04/2018
09/04/2018
09/04/2018
11/04/2018
13/04/2018
13/04/2018
13/04/2018
13/04/2018
14/04/2018
15/04/2018
15/04/2018
15/04/2018
16/04/2018
18/04/2018
19/04/2018
20/04/2018
20/04/2018
21/04/2018
21/04/2018
21/04/2018
21/04/2018
23/04/2018
25/04/2018
25/04/2018
26/04/2018
26/04/2018
27/04/2018
27/04/2018
01/05/2018
01/05/2018
01/05/2018
02/05/2018
03/05/2018
03/05/2018
03/05/2018
06/05/2018
07/05/2018
08/05/2018
08/05/2018
09/05/2018
09/05/2018
11/05/2018
13/05/2018
13/05/2018
14/05/2018
15/05/2018



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S2
S1
S2
S2
S1
S1
S2
S2
S1
S1
S1
S2
S2
S1
S2
S1

09/05/2018
13/05/2018
08/05/2018
09/05/2018
13/05/2018
20/05/2018
21/05/2018
25/05/2018
20/05/2018
21/05/2018
21/05/2018
25/05/2018
01/06/2018
02/06/2018
06/06/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
14/06/2018
18/06/2018
14/06/2018
14/06/2018
18/06/2018
26/06/2018
26/06/2018
30/06/2018
26/06/2018
26/06/2018
01/07/2018
02/07/2018
30/06/2018
02/07/2018
05/07/2018
08/07/2018
08/07/2018
02/07/2018
05/07/2018
12/07/2018
08/07/2018
12/07/2018
17/07/2018
20/07/2018
20/07/2018
22/07/2018
24/07/2018

21/05/2018
25/05/2018
01/06/2018
02/06/2018
06/06/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
14/06/2018
18/06/2018
13/06/2018
14/06/2018
18/06/2018
25/06/2018
26/06/2018
30/06/2018
25/06/2018
26/06/2018
26/06/2018
30/06/2018
08/07/2018
08/07/2018
12/07/2018
08/07/2018
08/07/2018
12/07/2018
20/07/2018
20/07/2018
17/07/2018
17/07/2018
24/07/2018
22/07/2018
20/07/2018
20/07/2018
20/07/2018
01/08/2018
30/07/2018
24/07/2018
01/08/2018
05/08/2018
01/08/2018
30/07/2018
01/08/2018
01/08/2018
05/08/2018

111

15/05/2018
19/05/2018
20/05/2018
21/05/2018
25/05/2018
26/05/2018
27/05/2018
31/05/2018
01/06/2018
02/06/2018
02/06/2018
06/06/2018
07/06/2018
08/06/2018
12/06/2018
13/06/2018
14/06/2018
18/06/2018
19/06/2018
20/06/2018
20/06/2018
24/06/2018
26/06/2018
26/06/2018
30/06/2018
02/07/2018
02/07/2018
06/07/2018
08/07/2018
08/07/2018
09/07/2018
09/07/2018
12/07/2018
12/07/2018
12/07/2018
14/07/2018
14/07/2018
17/07/2018
17/07/2018
18/07/2018
20/07/2018
24/07/2018
24/07/2018
25/07/2018
26/07/2018
27/07/2018
30/07/2018



S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S2
S1
LC
S1
S1
S2
S1
S1
S2
S1
S1
S2
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1

20/07/2018
05/08/2018
24/07/2018
01/08/2018
05/08/2018
01/08/2018
01/08/2018
12/08/2018
13/08/2018
17/08/2018
12/08/2018
13/08/2018
17/08/2018
24/08/2018
25/08/2018
29/08/2018
24/08/2018
31/08/2018
25/08/2018
03/09/2018
29/08/2018
03/09/2018
05/09/2018
03/09/2018
06/09/2018
06/09/2018
31/08/2018
10/09/2018
05/09/2018
05/09/2018
06/09/2018
06/09/2018
10/09/2018
10/09/2018
17/09/2018
18/09/2018
18/09/2018
13/09/2018
22/09/2018
18/09/2018
17/09/2018
18/09/2018
18/09/2018
22/09/2018
29/09/2018
30/09/2018
30/09/2018

13/08/2018
05/08/2018
17/08/2018
13/08/2018
17/08/2018
25/08/2018
31/08/2018
24/08/2018
25/08/2018
29/08/2018
05/09/2018
06/09/2018
10/09/2018
05/09/2018
06/09/2018
10/09/2018
17/09/2018
10/09/2018
18/09/2018
13/09/2018
22/09/2018
18/09/2018
17/09/2018
19/09/2018
18/09/2018
18/09/2018
30/09/2018
22/09/2018
29/09/2018
30/09/2018
30/09/2018
30/09/2018
30/09/2018
04/10/2018
29/09/2018
30/09/2018
30/09/2018
08/10/2018
04/10/2018
08/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
11/10/2018
12/10/2018
12/10/2018

112

01/08/2018
05/08/2018
05/08/2018
07/08/2018
11/08/2018
13/08/2018
16/08/2018
18/08/2018
19/08/2018
23/08/2018
24/08/2018
25/08/2018
29/08/2018
30/08/2018
31/08/2018
04/09/2018
05/09/2018
05/09/2018
06/09/2018
08/09/2018
10/09/2018
10/09/2018
11/09/2018
11/09/2018
12/09/2018
12/09/2018
15/09/2018
16/09/2018
17/09/2018
17/09/2018
18/09/2018
18/09/2018
20/09/2018
22/09/2018
23/09/2018
24/09/2018
24/09/2018
25/09/2018
28/09/2018
28/09/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
05/10/2018
06/10/2018
06/10/2018



S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

04/10/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
11/10/2018
12/10/2018
12/10/2018
08/10/2018
08/10/2018
16/10/2018
11/10/2018
12/10/2018
16/10/2018
23/10/2018
24/10/2018
28/10/2018
23/10/2018
24/10/2018
28/10/2018
04/11/2018
05/11/2018
06/11/2018
09/11/2018
04/11/2018
05/11/2018
09/11/2018
16/11/2018
17/11/2018
15/11/2018
21/11/2018
16/11/2018
17/11/2018
21/11/2018
28/11/2018
29/11/2018
03/12/2018
28/11/2018
29/11/2018
03/12/2018
10/12/2018
11/12/2018
15/12/2018
11/12/2018
15/12/2018
23/12/2018
27/12/2018

16/10/2018
23/10/2018
24/10/2018
24/10/2018
28/10/2018
23/10/2018
24/10/2018
24/10/2018
28/10/2018
02/11/2018
28/10/2018
04/11/2018
05/11/2018
09/11/2018
04/11/2018
05/11/2018
09/11/2018
16/11/2018
17/11/2018
21/11/2018
16/11/2018
17/11/2018
22/11/2018
21/11/2018
28/11/2018
29/11/2018
03/12/2018
28/11/2018
29/11/2018
01/12/2018
03/12/2018
10/12/2018
11/12/2018
15/12/2018
10/12/2018
11/12/2018
15/12/2018
22/12/2018
23/12/2018
27/12/2018
22/12/2018
23/12/2018
27/12/2018
04/01/2019
08/01/2019
04/01/2019
08/01/2019

113

10/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
17/10/2018
18/10/2018
18/10/2018
18/10/2018
20/10/2018
22/10/2018
23/10/2018
24/10/2018
28/10/2018
29/10/2018
30/10/2018
03/11/2018
04/11/2018
05/11/2018
09/11/2018
10/11/2018
11/11/2018
14/11/2018
15/11/2018
16/11/2018
17/11/2018
21/11/2018
22/11/2018
23/11/2018
23/11/2018
27/11/2018
28/11/2018
29/11/2018
03/12/2018
04/12/2018
05/12/2018
09/12/2018
10/12/2018
11/12/2018
15/12/2018
16/12/2018
17/12/2018
21/12/2018
23/12/2018
27/12/2018
29/12/2018
02/01/2019



S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
S2
S1
S2
S1
S2
LC
S1
S2
S1
S2
S1
S2
S1
S1
LC
S2
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1

22/12/2018
23/12/2018
27/12/2018
04/01/2019
08/01/2019
04/01/2019
08/01/2019
15/01/2019
16/01/2019
18/01/2019
20/01/2019
16/01/2019
20/01/2019
28/01/2019
31/01/2019
01/02/2019
31/01/2019
27/01/2019
28/01/2019
02/02/2019
31/01/2019
01/02/2019
02/02/2019
09/02/2019
10/02/2019
10/02/2019
13/02/2019
15/02/2019
09/02/2019
10/02/2019
13/02/2019
15/02/2019
20/02/2019
21/02/2019
19/02/2019
25/02/2019
25/02/2019
20/02/2019
21/02/2019
25/02/2019
04/03/2019
05/03/2019
25/02/2019
27/02/2019
09/03/2019
04/03/2019
05/03/2019

15/01/2019
16/01/2019
20/01/2019
16/01/2019
20/01/2019
28/01/2019
01/02/2019
27/01/2019
28/01/2019
02/02/2019
01/02/2019
09/02/2019
13/02/2019
09/02/2019
10/02/2019
13/02/2019
15/02/2019
20/02/2019
21/02/2019
22/02/2019
25/02/2019
25/02/2019
27/02/2019
21/02/2019
25/02/2019
26/02/2019
25/02/2019
25/02/2019
05/03/2019
07/03/2019
09/03/2019
07/03/2019
04/03/2019
05/03/2019
07/03/2019
07/03/2019
09/03/2019
16/03/2019
17/03/2019
21/03/2019
16/03/2019
17/03/2019
27/03/2019
29/03/2019
21/03/2019
28/03/2019
29/03/2019

114

03/01/2019
04/01/2019
08/01/2019
10/01/2019
14/01/2019
16/01/2019
20/01/2019
21/01/2019
22/01/2019
25/01/2019
26/01/2019
28/01/2019
01/02/2019
03/02/2019
05/02/2019
07/02/2019
07/02/2019
08/02/2019
09/02/2019
12/02/2019
12/02/2019
13/02/2019
14/02/2019
15/02/2019
17/02/2019
18/02/2019
19/02/2019
20/02/2019
21/02/2019
22/02/2019
25/02/2019
25/02/2019
26/02/2019
27/02/2019
27/02/2019
02/03/2019
03/03/2019
04/03/2019
05/03/2019
09/03/2019
10/03/2019
11/03/2019
12/03/2019
14/03/2019
15/03/2019
16/03/2019
17/03/2019



S2
S2
S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S2
LC
S1
S1
S1
S2
S1
S1
S1
S1
S2
S2
S1
S2
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1

07/03/2019
07/03/2019
09/03/2019
16/03/2019
07/03/2019
17/03/2019
21/03/2019
16/03/2019
17/03/2019
27/03/2019
21/03/2019
28/03/2019
29/03/2019
29/03/2019
30/03/2019
02/04/2019
28/03/2019
29/03/2019
29/03/2019
02/04/2019
09/04/2019
10/04/2019
10/04/2019
01/04/2019
06/04/2019
14/04/2019
13/04/2019
09/04/2019
10/04/2019
15/04/2019
14/04/2019
21/04/2019
22/04/2019
26/04/2019
21/04/2019
22/04/2019
22/04/2019
26/04/2019
28/04/2019
03/05/2019
04/05/2019
08/05/2019
03/05/2019
04/05/2019
08/05/2019
15/05/2019
16/05/2019

27/03/2019
01/04/2019
02/04/2019
28/03/2019
06/04/2019
29/03/2019
02/04/2019
09/04/2019
10/04/2019
06/04/2019
14/04/2019
09/04/2019
10/04/2019
13/04/2019
15/04/2019
14/04/2019
21/04/2019
22/04/2019
28/04/2019
26/04/2019
21/04/2019
22/04/2019
22/04/2019
01/05/2019
01/05/2019
26/04/2019
28/04/2019
03/05/2019
04/05/2019
01/05/2019
08/05/2019
03/05/2019
04/05/2019
08/05/2019
15/05/2019
16/05/2019
16/05/2019
20/05/2019
18/05/2019
15/05/2019
16/05/2019
20/05/2019
27/05/2019
28/05/2019
01/06/2019
27/05/2019
28/05/2019

115

17/03/2019
19/03/2019
21/03/2019
22/03/2019
22/03/2019
23/03/2019
27/03/2019
28/03/2019
29/03/2019
01/04/2019
02/04/2019
03/04/2019
04/04/2019
05/04/2019
07/04/2019
08/04/2019
09/04/2019
10/04/2019
13/04/2019
14/04/2019
15/04/2019
16/04/2019
16/04/2019
16/04/2019
18/04/2019
20/04/2019
20/04/2019
21/04/2019
22/04/2019
23/04/2019
26/04/2019
27/04/2019
28/04/2019
02/05/2019
03/05/2019
04/05/2019
04/05/2019
08/05/2019
08/05/2019
09/05/2019
10/05/2019
14/05/2019
15/05/2019
16/05/2019
20/05/2019
21/05/2019
22/05/2019



S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S2
S1
S1
S2
S1
S1
S2
S2
S1
S2
S2
S1
S1
S1
S2
S2
S2
S1
S1
S2
S2
S1
S1
S2
LC
S1
S1
S1

16/05/2019
20/05/2019
15/05/2019
16/05/2019
16/05/2019
18/05/2019
20/05/2019
27/05/2019
28/05/2019
28/05/2019
01/06/2019
27/05/2019
28/05/2019
01/06/2019
08/06/2019
09/06/2019
09/06/2019
10/06/2019
07/06/2019
10/06/2019
13/06/2019
08/06/2019
10/06/2019
09/06/2019
09/06/2019
07/06/2019
10/06/2019
13/06/2019
20/06/2019
10/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
25/06/2019
20/06/2019
25/06/2019
20/06/2019
27/06/2019
25/06/2019
21/06/2019
21/06/2019
30/06/2019
27/06/2019
25/06/2019
02/07/2019
03/07/2019

28/05/2019
01/06/2019
08/06/2019
09/06/2019
09/06/2019
07/06/2019
13/06/2019
08/06/2019
09/06/2019
09/06/2019
13/06/2019
20/06/2019
21/06/2019
25/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
27/06/2019
25/06/2019
25/06/2019
02/07/2019
30/06/2019
03/07/2019
03/07/2019
07/07/2019
05/07/2019
07/07/2019
30/06/2019
10/07/2019
02/07/2019
03/07/2019
03/07/2019
05/07/2019
05/07/2019
10/07/2019
07/07/2019
14/07/2019
07/07/2019
10/07/2019
15/07/2019
15/07/2019
10/07/2019
13/07/2019
19/07/2019
14/07/2019
15/07/2019

116

22/05/2019
26/05/2019
27/05/2019
28/05/2019
28/05/2019
28/05/2019
01/06/2019
02/06/2019
03/06/2019
03/06/2019
07/06/2019
08/06/2019
09/06/2019
13/06/2019
14/06/2019
15/06/2019
15/06/2019
15/06/2019
17/06/2019
17/06/2019
19/06/2019
20/06/2019
20/06/2019
21/06/2019
21/06/2019
22/06/2019
22/06/2019
25/06/2019
25/06/2019
25/06/2019
26/06/2019
27/06/2019
27/06/2019
27/06/2019
30/06/2019
30/06/2019
01/07/2019
02/07/2019
02/07/2019
02/07/2019
03/07/2019
03/07/2019
05/07/2019
05/07/2019
07/07/2019
08/07/2019
09/07/2019



S1
S2
S2
S2
S1
S1
S2
S1
S1
S2
S2
S1
S2
S2
S1
S1
S2
S2
S1
S1
S2
S2
S1
S1
S1
S1
S2
S2
S1
S1
S2
S1
S1
S1
S2
S2
S1
S1
S1
S2
S2
S1
S1
LC
S2
S1
S1

03/07/2019
27/06/2019
25/06/2019
30/06/2019
07/07/2019
02/07/2019
07/07/2019
03/07/2019
03/07/2019
05/07/2019
30/06/2019
05/07/2017
05/07/2019
10/07/2019
07/07/2019
14/07/2019
05/07/2019
10/07/2019
15/07/2019
15/07/2019
07/07/2019
10/07/2019
19/07/2019
14/07/2019
15/07/2019
15/07/2019
22/07/2019
25/07/2019
19/07/2019
26/07/2019
22/07/2019
27/07/2019
27/07/2019
31/07/2019
22/07/2019
25/07/2019
26/07/2019
27/07/2019
27/07/2019
30/07/2019
04/08/2019
31/07/2019
07/08/2019
05/08/2019
06/08/2019
08/08/2019
08/08/2019

15/07/2019
22/07/2019
25/07/2019
25/07/2019
19/07/2019
26/07/2019
22/07/2019
27/07/2019
27/07/2019
25/07/2019
30/07/2019
29/07/2021
30/07/2019
25/07/2019
31/07/2019
26/07/2019
04/08/2019
30/07/2019
27/07/2019
27/07/2019
06/08/2019
04/08/2019
31/07/2019
07/08/2019
08/08/2019
08/08/2019
06/08/2019
04/08/2019
12/08/2019
07/08/2019
11/08/2019
08/08/2019
08/08/2019
12/08/2019
21/08/2019
19/08/2019
19/08/2019
20/08/2019
20/08/2019
19/08/2019
19/08/2019
24/08/2019
19/08/2019
21/08/2019
21/08/2019
20/08/2019
20/08/2019

117

09/07/2019
09/07/2019
10/07/2019
12/07/2019
13/07/2019
14/07/2019
14/07/2019
15/07/2019
15/07/2019
15/07/2019
15/07/2019
17/07/2019
17/07/2019
17/07/2019
19/07/2019
20/07/2019
20/07/2019
20/07/2019
21/07/2019
21/07/2019
22/07/2019
22/07/2019
25/07/2019
26/07/2019
27/07/2019
27/07/2019
29/07/2019
30/07/2019
31/07/2019
01/08/2019
01/08/2019
02/08/2019
02/08/2019
06/08/2019
06/08/2019
06/08/2019
07/08/2019
08/08/2019
08/08/2019
09/08/2019
11/08/2019
12/08/2019
13/08/2019
13/08/2019
13/08/2019
14/08/2019
14/08/2019



S2
S2
S2
S1
S1
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
LC
S1
S1
S1
S1
S2
S2
S1
S1
S1
LC
S2
S1
S1
S1
LC
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2

30/07/2019
11/08/2019
04/08/2019
12/08/2019
07/08/2019
08/08/2019
08/08/2019
06/08/2019
11/08/2019
12/08/2019
19/08/2019
19/08/2019
20/08/2019
20/08/2019
21/08/2019
19/08/2019
21/08/2019
24/08/2019
19/08/2019
20/08/2019
20/08/2019
21/08/2019
29/08/2019
31/08/2019
01/09/2019
01/09/2019
30/08/2019
05/09/2019
31/08/2019
01/09/2019
01/09/2019
06/09/2019
05/09/2019
12/09/2019
13/09/2019
13/09/2019
08/09/2019
12/09/2019
13/09/2019
24/09/2019
25/09/2019
27/09/2017
29/09/2019
24/09/2019
25/09/2019
25/09/2019
03/10/2019

29/08/2019
21/08/2019
29/08/2019
24/08/2019
31/08/2019
01/09/2019
01/09/2019
05/09/2019
05/09/2019
05/09/2019
29/08/2019
31/08/2019
01/09/2019
01/09/2019
05/09/2019
08/09/2019
06/09/2019
05/09/2019
12/09/2019
13/09/2019
13/09/2019
15/09/2019
08/09/2019
12/09/2019
13/09/2019
13/09/2019
15/09/2019
15/09/2019
24/09/2019
25/09/2019
25/09/2019
22/09/2019
29/09/2019
24/09/2019
25/09/2019
25/09/2019
03/10/2019
06/10/2019
07/10/2019
06/10/2019
07/10/2019
09/10/2021
11/10/2019
18/10/2019
19/10/2019
19/10/2019
13/10/2019

118

14/08/2019
16/08/2019
16/08/2019
18/08/2019
19/08/2019
20/08/2019
20/08/2019
21/08/2019
23/08/2019
24/08/2019
24/08/2019
25/08/2019
26/08/2019
26/08/2019
28/08/2019
29/08/2019
29/08/2019
30/08/2019
31/08/2019
01/09/2019
01/09/2019
02/09/2019
03/09/2019
06/09/2019
07/09/2019
07/09/2019
07/09/2019
10/09/2019
12/09/2019
13/09/2019
13/09/2019
14/09/2019
17/09/2019
18/09/2019
19/09/2019
19/09/2019
20/09/2019
24/09/2019
25/09/2019
30/09/2019
01/10/2019
03/10/2019
05/10/2019
06/10/2019
07/10/2019
07/10/2019
08/10/2019



S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

27/09/2017
03/10/2019
29/09/2019
06/10/2019
07/10/2019
11/10/2019
06/10/2019
07/10/2019
11/10/2019
18/10/2019
19/10/2019
19/10/2019
23/10/2019
18/10/2019
20/10/2019
19/10/2019
19/10/2019
25/10/2019
23/10/2019
30/10/2019
31/10/2019
31/10/2019
04/11/2019
30/10/2019
31/10/2019
31/10/2019
04/11/2019
11/11/2019
12/11/2019
12/11/2019
16/11/2019
12/11/2019
16/11/2019
24/11/2019
28/11/2019
23/11/2019
24/11/2019
24/11/2019
28/11/2019
06/12/2019
10/12/2019
06/12/2019
10/12/2019
17/12/2019
18/12/2019
22/12/2019
17/12/2019

21/10/2021
18/10/2019
23/10/2019
18/10/2019
19/10/2019
23/10/2019
30/10/2019
31/10/2019
04/11/2019
30/10/2019
31/10/2019
31/10/2019
04/11/2019
11/11/2019
09/11/2019
12/11/2019
12/11/2019
09/11/2019
16/11/2019
11/11/2019
12/11/2019
12/11/2019
16/11/2019
23/11/2019
24/11/2019
24/11/2019
28/11/2019
23/11/2019
24/11/2019
24/11/2019
28/11/2019
06/12/2019
10/12/2019
06/12/2019
10/12/2019
17/12/2019
18/12/2019
18/12/2019
22/12/2019
18/12/2019
22/12/2019
30/12/2019
03/01/2020
29/12/2019
30/12/2019
03/01/2020
10/01/2020

119

09/10/2019
10/10/2019
11/10/2019
12/10/2019
13/10/2019
17/10/2019
18/10/2019
19/10/2019
23/10/2019
24/10/2019
25/10/2019
25/10/2019
29/10/2019
30/10/2019
30/10/2019
31/10/2019
31/10/2019
01/11/2019
04/11/2019
05/11/2019
06/11/2019
06/11/2019
10/11/2019
11/11/2019
12/11/2019
12/11/2019
16/11/2019
17/11/2019
18/11/2019
18/11/2019
22/11/2019
24/11/2019
28/11/2019
30/11/2019
04/12/2019
05/12/2019
06/12/2019
06/12/2019
10/12/2019
12/12/2019
16/12/2019
18/12/2019
22/12/2019
23/12/2019
24/12/2019
28/12/2019
29/12/2019



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1

18/12/2019
22/12/2019
29/12/2019
30/12/2019
03/01/2020
29/12/2019
30/12/2019
03/01/2020
10/01/2020
11/01/2020
15/01/2020
10/01/2020
11/01/2020
15/01/2020
22/01/2020
23/01/2020
27/01/2020
22/01/2020
23/01/2020
27/01/2020
03/02/2020
04/02/2020
04/02/2020
08/02/2020
03/02/2020
04/02/2020
04/02/2020
08/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
10/03/2020
06/03/2020
11/03/2020

11/01/2020
15/01/2020
10/01/2020
11/01/2020
15/01/2020
22/01/2020
23/01/2020
27/01/2020
22/01/2020
23/01/2020
27/01/2020
03/02/2020
04/02/2020
08/02/2020
03/02/2020
04/02/2020
08/02/2020
15/02/2020
16/02/2020
20/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
22/03/2020
23/03/2020
23/03/2020
27/03/2020
22/03/2020
26/03/2020
23/03/2020

120

30/12/2019
03/01/2020
04/01/2020
05/01/2020
09/01/2020
10/01/2020
11/01/2020
15/01/2020
16/01/2020
17/01/2020
21/01/2020
22/01/2020
23/01/2020
27/01/2020
28/01/2020
29/01/2020
02/02/2020
03/02/2020
04/02/2020
08/02/2020
09/02/2020
10/02/2020
10/02/2020
14/02/2020
15/02/2020
16/02/2020
16/02/2020
20/02/2020
21/02/2020
22/02/2020
22/02/2020
26/02/2020
27/02/2020
28/02/2020
28/02/2020
03/03/2020
04/03/2020
05/03/2020
05/03/2020
09/03/2020
10/03/2020
11/03/2020
11/03/2020
15/03/2020
16/03/2020
16/03/2020
17/03/2020



S1
S2
S2
S1
S2
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S2
S1
S1
S1
S2
S2
S1
S1
LC
S2
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S2
S2
S2
S1
S1
S1

11/03/2020
11/03/2020
06/03/2020
15/03/2020
11/03/2020
10/03/2020
11/03/2020
11/03/2020
11/03/2020
15/03/2020
22/03/2020
23/03/2020
23/03/2020
23/03/2020
27/03/2020
26/03/2020
22/03/2020
23/03/2020
23/03/2020
23/03/2020
31/03/2020
27/03/2020
03/04/2020
01/04/2020
02/04/2020
04/04/2020
04/04/2020
26/03/2020
31/03/2020
08/04/2020
02/04/2020
03/04/2020
04/04/2020
04/04/2020
02/04/2020
10/04/2020
08/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
10/04/2020
17/04/2020
10/04/2020
20/04/2020
15/04/2020
16/04/2020

23/03/2020
26/03/2020
31/03/2020
27/03/2020
31/03/2020
03/04/2020
04/04/2020
04/04/2020
10/04/2020
08/04/2020
03/04/2020
02/04/2020
04/04/2020
04/04/2020
08/04/2020
10/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
10/04/2020
20/04/2020
15/04/2020
17/04/2020
17/04/2020
16/04/2020
16/04/2020
25/04/2020
25/04/2020
20/04/2020
27/04/2020
27/04/2020
28/04/2020
28/04/2020
02/05/2020
25/04/2020
02/05/2020
27/04/2020
28/04/2020
28/04/2020
27/04/2020
05/05/2020
02/05/2020
10/05/2020
02/05/2020
09/05/2020
10/05/2020

121

17/03/2020
18/03/2020
18/03/2020
21/03/2020
21/03/2020
22/03/2020
23/03/2020
23/03/2020
26/03/2020
27/03/2020
28/03/2020
28/03/2020
29/03/2020
29/03/2020
02/04/2020
02/04/2020
03/04/2020
04/04/2020
04/04/2020
04/04/2020
05/04/2020
08/04/2020
09/04/2020
09/04/2020
09/04/2020
10/04/2020
10/04/2020
10/04/2020
12/04/2020
14/04/2020
14/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
17/04/2020
20/04/2020
21/04/2020
22/04/2020
22/04/2020
22/04/2020
22/04/2020
24/04/2020
25/04/2020
26/04/2020
27/04/2020
28/04/2020



S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
S2
S1
S1
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S1
S2
LC
S1
S1
S2
S2
S2
S1
S2
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1

16/04/2020
17/04/2020
25/04/2020
20/04/2020
25/04/2020
27/04/2020
28/04/2020
28/04/2020
27/04/2020
25/04/2020
02/05/2020
02/05/2020
27/04/2020
28/04/2020
28/04/2020
05/05/2020
27/04/2020
02/05/2020
02/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
14/05/2020
05/05/2020
12/05/2020
10/05/2020
10/05/2020
10/05/2020
10/05/2020
15/05/2020
14/05/2020
12/05/2020
15/05/2020
22/05/2020
22/05/2020
26/05/2020
21/05/2020
22/05/2020
22/05/2020
27/05/2020
26/05/2020
28/05/2019
03/06/2020
03/06/2020
27/05/2020
07/06/2020

10/05/2020
12/05/2020
05/05/2020
14/05/2020
10/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
15/05/2020
12/05/2020
14/05/2020
21/05/2020
22/05/2020
22/05/2020
15/05/2020
27/05/2020
26/05/2020
27/05/2020
21/05/2020
22/05/2020
22/05/2020
27/05/2020
26/05/2020
04/06/2020
28/05/2020
03/06/2020
03/06/2020
04/06/2020
09/06/2020
04/06/2020
07/06/2020
11/06/2020
09/06/2020
03/06/2020
03/06/2020
07/06/2020
14/06/2020
15/06/2020
15/06/2020
11/06/2020
19/06/2020
21/06/2021
15/06/2020
15/06/2020
26/06/2020
19/06/2020

122

28/04/2020
29/04/2020
30/04/2020
02/05/2020
02/05/2020
03/05/2020
04/05/2020
04/05/2020
04/05/2020
05/05/2020
07/05/2020
08/05/2020
09/05/2020
10/05/2020
10/05/2020
10/05/2020
12/05/2020
14/05/2020
14/05/2020
15/05/2020
16/05/2020
16/05/2020
19/05/2020
20/05/2020
20/05/2020
20/05/2020
22/05/2020
22/05/2020
22/05/2020
25/05/2020
25/05/2020
26/05/2020
27/05/2020
27/05/2020
28/05/2020
28/05/2020
01/06/2020
02/06/2020
03/06/2020
03/06/2020
03/06/2020
07/06/2020
08/06/2020
09/06/2020
09/06/2020
11/06/2020
13/06/2020



S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
LC
S1
S2
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S2

03/06/2020
03/06/2020
11/06/2020
07/06/2020
14/06/2020
15/06/2020
15/06/2020
11/06/2020
19/06/2020
14/06/2020
15/06/2020
15/06/2020
19/06/2020
26/06/2020
27/06/2020
27/06/2020
26/06/2020
01/07/2020
29/06/2020
26/06/2020
01/07/2020
27/06/2020
01/07/2020
08/07/2020
09/07/2020
13/07/2020
08/07/2020
09/07/2020
15/07/2020
13/07/2020
20/07/2020
16/07/2020
21/07/2020
25/07/2020
20/07/2020
21/07/2020
25/07/2020
01/08/2020
02/08/2020
29/07/2020
06/08/2020
05/08/2020
01/08/2020
06/08/2020
13/08/2020
14/08/2020
05/08/2020

27/06/2020
27/06/2020
26/06/2020
01/07/2020
26/06/2020
27/06/2020
27/06/2020
01/07/2020
01/07/2020
08/07/2020
09/07/2020
09/07/2020
13/07/2020
08/07/2020
09/07/2020
09/07/2020
16/07/2020
13/07/2020
15/07/2020
20/07/2020
16/07/2020
21/07/2020
25/07/2020
20/07/2020
21/07/2020
25/07/2020
01/08/2020
02/08/2020
31/07/2020
06/08/2020
01/08/2020
05/08/2020
02/08/2020
06/08/2020
13/08/2020
14/08/2020
18/08/2020
13/08/2020
14/08/2020
18/08/2020
18/08/2020
20/08/2020
25/08/2020
30/08/2020
25/08/2020
26/08/2020
04/09/2020
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15/06/2020
15/06/2020
18/06/2020
19/06/2020
20/06/2020
21/06/2020
21/06/2020
21/06/2020
25/06/2020
26/06/2020
27/06/2020
27/06/2020
01/07/2020
02/07/2020
03/07/2020
03/07/2020
06/07/2020
07/07/2020
07/07/2020
08/07/2020
08/07/2020
09/07/2020
13/07/2020
14/07/2020
15/07/2020
19/07/2020
20/07/2020
21/07/2020
23/07/2020
25/07/2020
26/07/2020
26/07/2020
27/07/2020
31/07/2020
01/08/2020
02/08/2020
06/08/2020
07/08/2020
08/08/2020
08/08/2020
12/08/2020
12/08/2020
13/08/2020
18/08/2020
19/08/2020
20/08/2020
20/08/2020



S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
S1
S1
S1
S2
S1
RCM
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

18/08/2020
13/08/2020
14/08/2020
14/08/2020
20/08/2020
18/08/2020
18/08/2020
25/08/2020
26/08/2020
20/08/2020
30/08/2020
25/08/2020
26/08/2020
04/09/2020
30/08/2020
09/09/2020
06/09/2020
07/09/2020
07/09/2020
11/09/2020
06/09/2020
07/09/2020
07/09/2020
11/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
14/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
30/09/2020
01/10/2020
01/10/2020
12/10/2020
13/10/2020
13/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020

30/08/2020
06/09/2020
07/09/2020
07/09/2020
04/09/2020
11/09/2020
12/09/2020
06/09/2020
07/09/2020
14/09/2020
11/09/2020
18/09/2020
19/09/2020
14/09/2020
23/09/2020
13/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
14/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020
24/10/2020
25/10/2020
25/10/2020
24/10/2020
25/10/2020
25/10/2020
05/11/2020
06/11/2020
06/11/2020
10/11/2020
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24/08/2020
25/08/2020
26/08/2020
26/08/2020
27/08/2020
30/08/2020
30/08/2020
31/08/2020
01/09/2020
01/09/2020
05/09/2020
06/09/2020
07/09/2020
09/09/2020
11/09/2020
11/09/2020
12/09/2020
13/09/2020
13/09/2020
17/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
24/09/2020
25/09/2020
25/09/2020
29/09/2020
29/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
06/10/2020
07/10/2020
07/10/2020
11/10/2020
12/10/2020
13/10/2020
13/10/2020
18/10/2020
19/10/2020
19/10/2020
24/10/2020
25/10/2020
25/10/2020
29/10/2020



S2
S1
S1
S1
RCM
S2
S2
S1
S1
RCM
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

22/10/2020
24/10/2020
25/10/2020
25/10/2020
31/10/2020
19/10/2020
22/10/2020
24/10/2020
25/10/2020
04/11/2020
05/11/2020
06/11/2020
06/11/2020
06/11/2020
10/11/2020
05/11/2020
06/11/2020
06/11/2020
10/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
29/11/2020
30/11/2020
04/12/2020
11/12/2020
12/12/2020
16/12/2020
11/12/2020
12/12/2020
16/12/2020
23/12/2020
28/12/2020
23/12/2020
24/12/2020
28/12/2020
04/01/2021
09/01/2021

06/11/2020
05/11/2020
06/11/2020
06/11/2020
04/11/2020
18/11/2020
16/11/2020
17/11/2020
18/11/2020
16/11/2020
17/11/2020
16/11/2020
18/11/2020
18/11/2020
22/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
11/12/2020
12/12/2020
12/12/2020
16/12/2020
11/12/2020
12/12/2020
12/12/2020
16/12/2020
23/12/2020
24/12/2020
28/12/2020
23/12/2020
24/12/2020
28/12/2020
04/01/2021
05/01/2021
09/01/2021
04/01/2021
09/01/2021
16/01/2021
17/01/2021
21/01/2021
16/01/2021
21/01/2021

125

29/10/2020
30/10/2020
31/10/2020
31/10/2020
02/11/2020
03/11/2020
03/11/2020
05/11/2020
06/11/2020
10/11/2020
11/11/2020
11/11/2020
12/11/2020
12/11/2020
16/11/2020
17/11/2020
18/11/2020
18/11/2020
22/11/2020
23/11/2020
24/11/2020
24/11/2020
28/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
05/12/2020
06/12/2020
06/12/2020
10/12/2020
11/12/2020
12/12/2020
16/12/2020
17/12/2020
18/12/2020
22/12/2020
23/12/2020
24/12/2020
28/12/2020
29/12/2020
03/01/2021
04/01/2021
05/01/2021
09/01/2021
10/01/2021
15/01/2021



S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S2
S1
LC
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S2
S1
S1
S1
S2

04/01/2021
05/01/2021
09/01/2021
16/01/2021
17/01/2021
21/01/2021
16/01/2021
17/01/2021
27/01/2021
21/01/2021
28/01/2021
27/01/2021
29/01/2021
29/01/2021
02/02/2021
28/01/2021
04/02/2021
29/01/2021
29/01/2021
02/02/2021
09/02/2021
10/02/2021
10/02/2021
06/02/2021
14/02/2021
09/02/2021
11/02/2021
06/02/2021
10/02/2021
15/02/2021
11/02/2021
14/02/2021
21/02/2021
22/02/2021
26/02/2021
21/02/2021
22/02/2021
22/02/2021
26/02/2021
05/03/2021
03/03/2021
06/03/2021
03/03/2021
10/03/2021
05/03/2021
06/03/2021
03/03/2021

28/01/2021
29/01/2021
02/02/2021
28/01/2021
29/01/2021
02/02/2021
09/02/2021
10/02/2021
06/02/2021
14/02/2021
09/02/2021
11/02/2021
10/02/2021
10/02/2021
14/02/2021
21/02/2021
14/02/2021
22/02/2021
22/02/2021
26/02/2021
21/02/2021
22/02/2021
22/02/2021
03/03/2021
26/02/2021
05/03/2021
03/03/2021
08/03/2021
06/03/2021
03/03/2021
08/03/2021
10/03/2021
05/03/2021
06/03/2021
10/03/2021
17/03/2021
18/03/2021
18/03/2021
22/03/2021
17/03/2021
19/03/2021
18/03/2021
28/03/2021
22/03/2021
29/03/2021
30/03/2021
02/04/2021

126

16/01/2021
17/01/2021
21/01/2021
22/01/2021
23/01/2021
27/01/2021
28/01/2021
29/01/2021
01/02/2021
02/02/2021
03/02/2021
03/02/2021
04/02/2021
04/02/2021
08/02/2021
09/02/2021
09/02/2021
10/02/2021
10/02/2021
14/02/2021
15/02/2021
16/02/2021
16/02/2021
18/02/2021
20/02/2021
21/02/2021
21/02/2021
21/02/2021
22/02/2021
23/02/2021
23/02/2021
26/02/2021
27/02/2021
28/02/2021
04/03/2021
05/03/2021
06/03/2021
06/03/2021
10/03/2021
11/03/2021
11/03/2021
12/03/2021
15/03/2021
16/03/2021
17/03/2021
18/03/2021
18/03/2021



S2
LC
S2
S1
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S2
S2
S1
S1
S1
S2
S2
S2
S2
S2
S1
S1
S1
S1
S2
S2
S2
S2
S1
S1
S1
S2
S1
S1
S2
S1
S1
S2

08/03/2021
12/03/2021
08/03/2021
10/03/2021
17/03/2021
08/03/2021
18/03/2021
18/03/2021
22/03/2021
17/03/2021
18/03/2021
18/03/2021
28/03/2021
22/03/2021
29/03/2021
30/03/2021
30/03/2021
28/03/2021
03/04/2021
02/04/2021
28/03/2021
29/03/2021
30/03/2021
30/03/2021
02/04/2021
07/04/2021
28/03/2021
02/04/2021
07/04/2021
03/04/2021
10/04/2021
11/04/2021
11/04/2021
02/04/2021
07/04/2021
07/04/2021
15/04/2021
15/04/2021
15/04/2021
10/04/2021
17/04/2021
11/04/2021
11/04/2021
17/04/2021
15/04/2021
15/04/2021
22/04/2021

28/03/2021
28/03/2021
02/04/2021
03/04/2021
29/03/2021
07/04/2021
30/03/2021
30/03/2021
03/04/2021
10/04/2021
11/04/2021
11/04/2021
07/04/2021
15/04/2021
10/04/2021
11/04/2021
11/04/2021
17/04/2021
15/04/2021
17/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
22/04/2021
17/04/2021
27/04/2021
27/04/2021
22/04/2021
27/04/2021
22/04/2021
23/04/2021
23/04/2021
02/05/2021
27/04/2021
02/05/2021
25/04/2021
27/04/2021
27/04/2021
04/05/2021
27/04/2021
05/05/2021
05/05/2021
02/05/2021
09/05/2021
09/05/2021
02/05/2021
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18/03/2021
20/03/2021
20/03/2021
22/03/2021
23/03/2021
23/03/2021
24/03/2021
24/03/2021
28/03/2021
29/03/2021
30/03/2021
30/03/2021
02/04/2021
03/04/2021
04/04/2021
05/04/2021
05/04/2021
07/04/2021
09/04/2021
09/04/2021
09/04/2021
10/04/2021
11/04/2021
11/04/2021
12/04/2021
12/04/2021
12/04/2021
14/04/2021
14/04/2021
15/04/2021
16/04/2021
17/04/2021
17/04/2021
17/04/2021
17/04/2021
19/04/2021
20/04/2021
21/04/2021
21/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
24/04/2021
27/04/2021
27/04/2021
27/04/2021



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S1
S2

22/04/2021
23/04/2021
23/04/2021
23/04/2021
27/04/2021
27/04/2021
22/04/2021
23/04/2021
23/04/2021
23/04/2021
27/04/2021
27/04/2021
04/05/2021
25/04/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
16/05/2021
17/05/2021
17/05/2021
21/05/2021
16/05/2021
17/05/2021
17/05/2021
25/05/2021
25/05/2021
21/05/2021
28/05/2021
29/05/2021
29/05/2021
01/06/2021
25/05/2021
02/06/2021
28/05/2021
29/05/2021
29/05/2021
04/06/2021
02/06/2021
09/06/2021

04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
16/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
16/05/2021
25/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
28/05/2021
29/05/2021
29/05/2021
29/05/2021
02/06/2021
02/06/2021
28/05/2021
29/05/2021
29/05/2021
02/06/2021
09/06/2021
10/06/2021
10/06/2021
04/06/2021
09/06/2021
14/06/2021
09/06/2021
10/06/2021
10/06/2021
11/06/2021
19/06/2021
14/06/2021
21/06/2021
22/06/2021
22/06/2021
19/06/2021
26/06/2021
19/06/2021
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28/04/2021
29/04/2021
29/04/2021
29/04/2021
03/05/2021
03/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
10/05/2021
10/05/2021
11/05/2021
11/05/2021
11/05/2021
15/05/2021
15/05/2021
16/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
22/05/2021
23/05/2021
23/05/2021
27/05/2021
28/05/2021
29/05/2021
29/05/2021
30/05/2021
01/06/2021
02/06/2021
03/06/2021
04/06/2021
04/06/2021
06/06/2021
06/06/2021
08/06/2021
09/06/2021
10/06/2021
10/06/2021
11/06/2021
14/06/2021
14/06/2021



S1
LC
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S2
LC
S2
S2
S1
S1
S1
S2
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1

09/06/2021
07/06/2021
10/06/2021
10/06/2021
14/06/2021
09/06/2021
11/06/2021
10/06/2021
10/06/2021
14/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
21/06/2021
22/06/2021
22/06/2021
19/06/2021
26/06/2021
01/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
01/07/2021
15/07/2021
16/07/2021
16/07/2021
16/07/2021
18/07/2021
19/07/2021
16/07/2021
27/07/2021
28/07/2021
28/07/2021
31/07/2021
09/08/2021
09/08/2021
31/07/2021
13/08/2021
15/08/2021
21/08/2021
21/08/2021
25/08/2021
01/09/2021
02/09/2021
02/09/2021

21/06/2021
23/06/2021
22/06/2021
22/06/2021
26/06/2021
03/07/2021
01/07/2021
04/07/2021
04/07/2021
08/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
15/07/2021
16/07/2021
16/07/2021
19/07/2021
20/07/2021
16/07/2021
15/07/2021
16/07/2021
16/07/2021
20/07/2021
31/07/2021
27/07/2021
28/07/2021
28/07/2021
31/07/2021
03/08/2021
03/08/2021
15/08/2021
08/08/2021
09/08/2021
09/08/2021
15/08/2021
21/08/2021
21/08/2021
30/08/2021
25/08/2021
30/08/2021
02/09/2021
02/09/2021
06/09/2021
13/09/2021
14/09/2021
14/09/2021
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15/06/2021
15/06/2021
16/06/2021
16/06/2021
20/06/2021
21/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
27/06/2021
28/06/2021
28/06/2021
02/07/2021
03/07/2021
04/07/2021
04/07/2021
04/07/2021
08/07/2021
08/07/2021
09/07/2021
10/07/2021
10/07/2021
14/07/2021
16/07/2021
21/07/2021
22/07/2021
22/07/2021
23/07/2021
26/07/2021
26/07/2021
31/07/2021
02/08/2021
03/08/2021
03/08/2021
07/08/2021
15/08/2021
15/08/2021
15/08/2021
19/08/2021
22/08/2021
27/08/2021
27/08/2021
31/08/2021
07/09/2021
08/09/2021
08/09/2021



S2
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
LC
S1
S1
LC
S2
S2
S2
S2
S2
S2
S2
S2
S2

30/08/2021
06/09/2021
07/09/2021
13/09/2021
14/09/2021
14/09/2021
18/09/2021
19/09/2021
26/09/2021
26/09/2021
30/09/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
31/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
17/11/2021
24/11/2021
25/11/2021
29/11/2021
06/12/2021
07/12/2021
11/12/2021
23/12/2021
04/01/2022
16/01/2022
17/01/2022
17/01/2022
24/01/2022
28/01/2022
02/02/2022
30/01/2022
30/01/2022
19/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
06/03/2022
26/03/2022

19/09/2021
18/09/2021
22/09/2021
25/09/2021
26/09/2021
26/09/2021
30/09/2021
04/10/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
13/11/2021
17/11/2021
24/11/2021
25/11/2021
29/11/2021
06/12/2021
07/12/2021
11/12/2021
18/12/2021
19/12/2021
23/12/2021
04/01/2022
16/01/2022
28/01/2022
02/02/2022
10/02/2022
05/02/2022
09/02/2022
10/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
10/04/2022
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09/09/2021
12/09/2021
14/09/2021
19/09/2021
20/09/2021
20/09/2021
24/09/2021
26/09/2021
02/10/2021
02/10/2021
06/10/2021
14/10/2021
14/10/2021
18/10/2021
26/10/2021
26/10/2021
30/10/2021
06/11/2021
07/11/2021
07/11/2021
11/11/2021
18/11/2021
19/11/2021
23/11/2021
30/11/2021
01/12/2021
05/12/2021
12/12/2021
13/12/2021
17/12/2021
29/12/2021
10/01/2022
22/01/2022
25/01/2022
29/01/2022
30/01/2022
03/02/2022
06/02/2022
09/02/2022
14/02/2022
24/02/2022
26/02/2022
13/03/2022
16/03/2022
16/03/2022
18/03/2022
02/04/2022



S2 31/03/2022 10/04/2022 05/04/2022
S2 26/03/2022 15/04/2022 05/04/2022
S2 31/03/2022 15/04/2022 07/04/2022
S2 26/03/2022 20/04/2022 07/04/2022
S2 31/03/2022 20/04/2022 10/04/2022
S2 10/04/2022 20/04/2022 15/04/2022
S2 31/03/2022 30/04/2022 15/04/2022
S2 10/04/2022 30/04/2022 20/04/2022
S2 15/04/2022 30/04/2022 22/04/2022
S2 20/04/2022 30/04/2022 25/04/2022

Appendix Table 3: Images used in the analysis at the 10 km from the terminus point on Hubbard Glacier.
LC is Landsat, S1 is Sentingl(includes Sentinela and Sentinelb), S2 is Sentine? (includes Sentinel

2a and Sentiek2b), TSXTDX is TerraSARX/TanDEM-X, R2 is RADARSAT2, and RCM is
RADARSAT Constellation Mission.

LC 12/07/2013 28/07/2013 20/07/2013
LC 28/07/2013 13/08/2013 05/08/2013
LC 08/11/2013 24/11/2013 16/11/2013
LC 20/01/2014 05/02/2014 28/01/2014
LC 05/02/2014 21/02/2014 13/02/2014
R2 03/02/2014 27/02/2014 15/02/2014
LC 28/02/2014 16/03/2014 08/03/2014
R2 27/02/2014 23/03/2014 11/03/2014
LC 16/03/2014 01/04/2014 24/03/2014
LC 25/03/2014 10/04/2014 02/04/2014
LC 01/04/2014 17/04/2014 09/04/2014
LC 10/04/2014 26/04/2014 18/04/2014
LC 17/04/2014 03/05/2014 25/04/2014
LC 23/08/2014 08/09/2014 31/08/2014
LC 08/09/2014 24/09/2014 16/09/2014
LC 11/11/2014 27/11/2014 19/11/2014
R2 22/02/2015 18/03/2015 06/03/2015
TSX/TDX 03/03/2015 14/03/2015 08/03/2015
LC 19/03/2015 04/04/2015 27/03/2015
LC 28/03/2015 13/04/2015 05/04/2015
LC 06/05/2015 22/05/2015 14/05/2015
LC 15/05/2015 31/05/2015 23/05/2015
S1 12/06/2015 06/07/2015 24/06/2015
LC 23/06/2015 09/07/2015 01/07/2015
TSX/ITDX 27/06/2015 08/07/2015 02/07/2015
TSX/ITDX 08/07/2015 19/07/2015 13/07/2015
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LC

S1
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX

S1
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX

S1

S1
TSX/TDX

S1

S1

S1

R2

R2

LC

LC

S2

S1

LC

LC

LC

S1

LC

S2

R2

LC

R2

LC

LC

S1

S1
TSX/TDX

S1

S2

S1

S1

S1

S1

S1

S1

09/07/2015
06/07/2015
19/07/2015
30/07/2015
10/08/2015
21/08/2015
01/09/2015
12/09/2015
16/09/2015
23/09/2015
04/10/2015
09/10/2015
15/10/2015
10/10/2015
03/11/2015
22/11/2015
27/11/2015
08/12/2015
14/01/2016
24/01/2016
17/02/2016
27/02/2016
14/03/2016
18/05/2016
17/08/2016
29/09/2016
08/10/2016
15/10/2016
20/10/2016
31/10/2016
25/10/2016
18/01/2017
04/02/2017
11/02/2017
20/02/2017
08/03/2017
07/04/2017
19/04/2017
28/04/2017
01/05/2017
06/05/2017
18/05/2017
13/05/2017
30/05/2017
06/06/2017
11/06/2017
18/06/2017

25/07/2015
30/07/2015
30/07/2015
10/08/2015
21/08/2015
01/09/2015
12/09/2015
23/09/2015
10/10/2015
04/10/2015
15/10/2015
20/10/2015
26/10/2015
03/11/2015
27/11/2015
03/12/2015
21/12/2015
01/01/2016
07/02/2016
17/02/2016
12/03/2016
14/03/2016
30/03/2016
07/06/2016
10/09/2016
15/10/2016
24/10/2016
31/10/2016
13/11/2016
16/11/2016
24/11/2016
11/02/2017
20/02/2017
07/03/2017
08/03/2017
24/03/2017
19/04/2017
01/05/2017
09/05/2017
13/05/2017
26/05/2017
30/05/2017
06/06/2017
11/06/2017
18/06/2017
23/06/2017
30/06/2017
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17/07/2015
18/07/2015
24/07/2015
04/08/2015
15/08/2015
26/08/2015
06/09/2015
17/09/2015
28/09/2015
28/09/2015
09/10/2015
14/10/2015
20/10/2015
22/10/2015
15/11/2015
27/11/2015
09/12/2015
20/12/2015
26/01/2016
05/02/2016
29/02/2016
06/03/2016
22/03/2016
28/05/2016
29/08/2016
07/10/2016
16/10/2016
23/10/2016
01/11/2016
08/11/2016
09/11/2016
30/01/2017
12/02/2017
23/02/2017
28/02/2017
16/03/2017
13/04/2017
25/04/2017
03/05/2017
07/05/2017
16/05/2017
24/05/2017
25/05/2017
05/06/2017
12/06/2017
17/06/2017
24/06/2017



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S2
TSX/TDX

23/06/2017
05/07/2017
17/07/2017
29/07/2017
05/08/2017
06/08/2017
06/08/2017
10/08/2017
06/08/2017
17/08/2017
18/08/2017
22/08/2017
29/08/2017
30/08/2017
03/09/2017
30/08/2017
10/09/2017
11/09/2017
15/09/2017
11/09/2017
23/09/2017
25/09/2017
22/09/2017
05/10/2017
09/10/2017
16/10/2017
17/10/2017
17/10/2017
21/10/2017
28/10/2017
29/10/2017
29/10/2017
04/11/2017
09/11/2017
10/11/2017
08/12/2017
15/12/2017
16/12/2017
20/12/2017
27/12/2017
08/01/2018
09/01/2018
21/01/2018
23/01/2018
23/01/2018
28/01/2018
28/01/2018

05/07/2017
17/07/2017
29/07/2017
10/08/2017
17/08/2017
18/08/2017
18/08/2017
22/08/2017
30/08/2017
29/08/2017
30/08/2017
03/09/2017
10/09/2017
11/09/2017
15/09/2017
23/09/2017
22/09/2017
23/09/2017
27/09/2017
05/10/2017
05/10/2017
11/10/2017
16/10/2017
17/10/2017
21/10/2017
28/10/2017
29/10/2017
29/10/2017
02/11/2017
09/11/2017
10/11/2017
10/11/2017
14/11/2017
21/11/2017
22/11/2017
20/12/2017
27/12/2017
28/12/2017
01/01/2018
08/01/2018
20/01/2018
21/01/2018
02/02/2018
02/02/2018
07/02/2018
07/02/2018
08/02/2018
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29/06/2017
11/07/2017
23/07/2017
04/08/2017
11/08/2017
12/08/2017
12/08/2017
16/08/2017
18/08/2017
23/08/2017
24/08/2017
28/08/2017
04/09/2017
05/09/2017
09/09/2017
11/09/2017
16/09/2017
17/09/2017
21/09/2017
23/09/2017
29/09/2017
03/10/2017
04/10/2017
11/10/2017
15/10/2017
22/10/2017
23/10/2017
23/10/2017
27/10/2017
03/11/2017
04/11/2017
04/11/2017
09/11/2017
15/11/2017
16/11/2017
14/12/2017
21/12/2017
22/12/2017
26/12/2017
02/01/2018
14/01/2018
15/01/2018
27/01/2018
28/01/2018
30/01/2018
02/02/2018
02/02/2018



S2
S2
LC
S2
S2
LC
S2
S2
S2
S1
S2
S2
S2
S1
S2
S2
S2
S2
S2
S2
S2
S2
S1
S2
S2
S2
S2
S2
S2
S2
S2
S1
S2
S1
S1
S2
S2
S2
S1
S2
S2
S2
S2
S1
S1
S1
S2

23/01/2018
28/01/2018
31/01/2018
02/02/2018
07/02/2018
07/02/2018
02/02/2018
07/02/2018
17/02/2018
02/03/2018
25/02/2018
04/03/2018
04/03/2018
14/03/2018
22/03/2018
24/03/2018
22/03/2018
22/03/2018
24/03/2018
22/03/2018
29/03/2018
01/04/2018
02/04/2018
03/04/2018
01/04/2018
06/04/2018
29/03/2018
01/04/2018
03/04/2018
06/04/2018
11/04/2018
14/04/2018
13/04/2018
15/04/2018
15/04/2018
16/04/2018
06/04/2018
11/04/2018
19/04/2018
13/04/2018
16/04/2018
26/04/2018
16/04/2018
26/04/2018
27/04/2018
27/04/2018
28/04/2018

17/02/2018
17/02/2018
16/02/2018
17/02/2018
17/02/2018
23/02/2018
04/03/2018
04/03/2018
04/03/2018
14/03/2018
22/03/2018
24/03/2018
29/03/2018
26/03/2018
01/04/2018
03/04/2018
06/04/2018
11/04/2018
13/04/2018
16/04/2018
13/04/2018
11/04/2018
14/04/2018
13/04/2018
16/04/2018
16/04/2018
28/04/2018
26/04/2018
28/04/2018
26/04/2018
26/04/2018
26/04/2018
28/04/2018
27/04/2018
27/04/2018
26/04/2018
06/05/2018
06/05/2018
01/05/2018
08/05/2018
06/05/2018
06/05/2018
16/05/2018
08/05/2018
09/05/2018
09/05/2018
08/05/2018
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04/02/2018
07/02/2018
08/02/2018
09/02/2018
12/02/2018
15/02/2018
17/02/2018
19/02/2018
24/02/2018
08/03/2018
09/03/2018
14/03/2018
16/03/2018
20/03/2018
27/03/2018
29/03/2018
29/03/2018
01/04/2018
03/04/2018
03/04/2018
05/04/2018
06/04/2018
08/04/2018
08/04/2018
08/04/2018
11/04/2018
13/04/2018
13/04/2018
15/04/2018
16/04/2018
18/04/2018
20/04/2018
20/04/2018
21/04/2018
21/04/2018
21/04/2018
21/04/2018
23/04/2018
25/04/2018
25/04/2018
26/04/2018
01/05/2018
01/05/2018
02/05/2018
03/05/2018
03/05/2018
03/05/2018



S2
S1
S2
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S2
S2
S2
S1
S1
S2
S2
S1
S1
S2
S2
S1
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1

26/04/2018
01/05/2018
28/04/2018
27/04/2018
27/04/2018
06/05/2018
08/05/2018
08/05/2018
09/05/2018
09/05/2018
13/05/2018
20/05/2018
21/05/2018
25/05/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
14/06/2018
18/06/2018
26/06/2018
26/06/2018
30/06/2018
01/07/2018
02/07/2018
02/07/2018
05/07/2018
08/07/2018
08/07/2018
02/07/2018
05/07/2018
12/07/2018
08/07/2018
17/07/2018
20/07/2018
20/07/2018
22/07/2018
24/07/2018
05/08/2018
01/08/2018
05/08/2018
01/08/2018
12/08/2018
13/08/2018
17/08/2018
17/08/2018

16/05/2018
13/05/2018
18/05/2018
21/05/2018
21/05/2018
16/05/2018
18/05/2018
20/05/2018
21/05/2018
21/05/2018
25/05/2018
01/06/2018
02/06/2018
06/06/2018
13/06/2018
14/06/2018
18/06/2018
25/06/2018
26/06/2018
26/06/2018
30/06/2018
08/07/2018
08/07/2018
12/07/2018
17/07/2018
17/07/2018
22/07/2018
20/07/2018
20/07/2018
20/07/2018
01/08/2018
30/07/2018
24/07/2018
01/08/2018
01/08/2018
30/07/2018
01/08/2018
01/08/2018
05/08/2018
05/08/2018
13/08/2018
17/08/2018
31/08/2018
24/08/2018
25/08/2018
29/08/2018
10/09/2018

135

06/05/2018
07/05/2018
08/05/2018
09/05/2018
09/05/2018
11/05/2018
13/05/2018
14/05/2018
15/05/2018
15/05/2018
19/05/2018
26/05/2018
27/05/2018
31/05/2018
07/06/2018
08/06/2018
12/06/2018
19/06/2018
20/06/2018
20/06/2018
24/06/2018
02/07/2018
02/07/2018
06/07/2018
09/07/2018
09/07/2018
12/07/2018
12/07/2018
14/07/2018
14/07/2018
17/07/2018
17/07/2018
18/07/2018
20/07/2018
24/07/2018
25/07/2018
26/07/2018
27/07/2018
30/07/2018
05/08/2018
07/08/2018
11/08/2018
16/08/2018
18/08/2018
19/08/2018
23/08/2018
29/08/2018



S1
S1
S1
S2
S1
S2
S2
S1
LC
S1
S1
S2
S2
S1
S2
S1
S2
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

24/08/2018
25/08/2018
29/08/2018
31/08/2018
25/08/2018
03/09/2018
03/09/2018
05/09/2018
03/09/2018
06/09/2018
06/09/2018
08/09/2018
31/08/2018
10/09/2018
05/09/2018
06/09/2018
10/09/2018
10/09/2018
17/09/2018
18/09/2018
18/09/2018
13/09/2018
22/09/2018
18/09/2018
18/09/2018
29/09/2018
30/09/2018
30/09/2018
04/10/2018
30/09/2018
30/09/2018
04/10/2018
11/10/2018
12/10/2018
12/10/2018
08/10/2018
08/10/2018
16/10/2018
11/10/2018
12/10/2018
16/10/2018
23/10/2018
24/10/2018
28/10/2018
24/10/2018
04/11/2018
05/11/2018

05/09/2018
06/09/2018
10/09/2018
10/09/2018
18/09/2018
13/09/2018
18/09/2018
17/09/2018
19/09/2018
18/09/2018
18/09/2018
18/09/2018
30/09/2018
22/09/2018
30/09/2018
30/09/2018
30/09/2018
04/10/2018
29/09/2018
30/09/2018
30/09/2018
08/10/2018
04/10/2018
08/10/2018
12/10/2018
11/10/2018
12/10/2018
12/10/2018
16/10/2018
24/10/2018
24/10/2018
28/10/2018
23/10/2018
24/10/2018
24/10/2018
28/10/2018
02/11/2018
28/10/2018
04/11/2018
05/11/2018
09/11/2018
04/11/2018
05/11/2018
09/11/2018
17/11/2018
16/11/2018
17/11/2018

136

30/08/2018
31/08/2018
04/09/2018
05/09/2018
06/09/2018
08/09/2018
10/09/2018
11/09/2018
11/09/2018
12/09/2018
12/09/2018
13/09/2018
15/09/2018
16/09/2018
17/09/2018
18/09/2018
20/09/2018
22/09/2018
23/09/2018
24/09/2018
24/09/2018
25/09/2018
28/09/2018
28/09/2018
30/09/2018
05/10/2018
06/10/2018
06/10/2018
10/10/2018
12/10/2018
12/10/2018
16/10/2018
17/10/2018
18/10/2018
18/10/2018
18/10/2018
20/10/2018
22/10/2018
23/10/2018
24/10/2018
28/10/2018
29/10/2018
30/10/2018
03/11/2018
05/11/2018
10/11/2018
11/11/2018



LC
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S2
S2
S2
S2
S2
S1
S2
LC
S2
S2
S2
LC
S2
S1
S2
S2
S1
S2
S2
S1
S2
S1
S1
S2
S1

06/11/2018
09/11/2018
16/11/2018
17/11/2018
15/11/2018
21/11/2018
16/11/2018
28/11/2018
29/11/2018
03/12/2018
10/12/2018
15/12/2018
23/12/2018
27/12/2018
22/12/2018
04/01/2019
04/01/2019
15/01/2019
16/01/2019
18/01/2019
20/01/2019
28/01/2019
31/01/2019
31/01/2019
02/02/2019
31/01/2019
02/02/2019
09/02/2019
10/02/2019
10/02/2019
15/02/2019
10/02/2019
15/02/2019
19/02/2019
25/02/2019
04/03/2019
25/02/2019
27/02/2019
09/03/2019
07/03/2019
07/03/2019
16/03/2019
07/03/2019
17/03/2019
21/03/2019
27/03/2019
28/03/2019

22/11/2018
21/11/2018
28/11/2018
29/11/2018
01/12/2018
03/12/2018
10/12/2018
10/12/2018
11/12/2018
15/12/2018
22/12/2018
27/12/2018
04/01/2019
08/01/2019
15/01/2019
16/01/2019
28/01/2019
27/01/2019
28/01/2019
02/02/2019
01/02/2019
09/02/2019
10/02/2019
15/02/2019
22/02/2019
25/02/2019
27/02/2019
21/02/2019
25/02/2019
26/02/2019
25/02/2019
07/03/2019
07/03/2019
07/03/2019
07/03/2019
16/03/2019
27/03/2019
29/03/2019
21/03/2019
27/03/2019
01/04/2019
28/03/2019
06/04/2019
29/03/2019
02/04/2019
06/04/2019
09/04/2019

137

14/11/2018
15/11/2018
22/11/2018
23/11/2018
23/11/2018
27/11/2018
28/11/2018
04/12/2018
05/12/2018
09/12/2018
16/12/2018
21/12/2018
29/12/2018
02/01/2019
03/01/2019
10/01/2019
16/01/2019
21/01/2019
22/01/2019
25/01/2019
26/01/2019
03/02/2019
05/02/2019
07/02/2019
12/02/2019
12/02/2019
14/02/2019
15/02/2019
17/02/2019
18/02/2019
20/02/2019
22/02/2019
25/02/2019
27/02/2019
02/03/2019
10/03/2019
12/03/2019
14/03/2019
15/03/2019
17/03/2019
19/03/2019
22/03/2019
22/03/2019
23/03/2019
27/03/2019
01/04/2019
03/04/2019



S1
S2
LC
S1
S2
S1
S1
S1
S2
S2
S1
S2
LC
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S2
S2
S1
S2
S2
S2
S2
S2
S1
S1
S1
S2
S2

29/03/2019
29/03/2019
30/03/2019
28/03/2019
29/03/2019
09/04/2019
10/04/2019
10/04/2019
01/04/2019
06/04/2019
14/04/2019
13/04/2019
15/04/2019
14/04/2019
21/04/2019
22/04/2019
26/04/2019
21/04/2019
22/04/2019
28/04/2019
03/05/2019
04/05/2019
15/05/2019
16/05/2019
16/05/2019
18/05/2019
27/05/2019
28/05/2019
28/05/2019
01/06/2019
08/06/2019
09/06/2019
09/06/2019
10/06/2019
07/06/2019
10/06/2019
13/06/2019
10/06/2019
07/06/2019
10/06/2019
20/06/2019
10/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
25/06/2019

10/04/2019
13/04/2019
15/04/2019
21/04/2019
28/04/2019
21/04/2019
22/04/2019
22/04/2019
01/05/2019
01/05/2019
26/04/2019
28/04/2019
01/05/2019
08/05/2019
03/05/2019
04/05/2019
08/05/2019
15/05/2019
16/05/2019
18/05/2019
15/05/2019
16/05/2019
27/05/2019
28/05/2019
28/05/2019
07/06/2019
08/06/2019
09/06/2019
09/06/2019
13/06/2019
20/06/2019
21/06/2019
21/06/2019
20/06/2019
27/06/2019
25/06/2019
25/06/2019
30/06/2019
07/07/2019
05/07/2019
30/06/2019
10/07/2019
02/07/2019
03/07/2019
03/07/2019
05/07/2019
05/07/2019

138

04/04/2019
05/04/2019
07/04/2019
09/04/2019
13/04/2019
15/04/2019
16/04/2019
16/04/2019
16/04/2019
18/04/2019
20/04/2019
20/04/2019
23/04/2019
26/04/2019
27/04/2019
28/04/2019
02/05/2019
03/05/2019
04/05/2019
08/05/2019
09/05/2019
10/05/2019
21/05/2019
22/05/2019
22/05/2019
28/05/2019
02/06/2019
03/06/2019
03/06/2019
07/06/2019
14/06/2019
15/06/2019
15/06/2019
15/06/2019
17/06/2019
17/06/2019
19/06/2019
20/06/2019
22/06/2019
22/06/2019
25/06/2019
25/06/2019
26/06/2019
27/06/2019
27/06/2019
27/06/2019
30/06/2019



S2
S2
S2
S2
LC
S1
S1
S1
S2
S2
S2
S1
S2
S2
S2
S2
S2
S1
S2
S2
S1
S1
S2
S2
S1
S1
S2
S2
S1
S2
S1
S1
S1
S2
S2
S1
S1
S2
S2
S1
LC
S2
S1
S1
S2
S2
S2

20/06/2019
27/06/2019
25/06/2019
30/06/2019
27/06/2019
02/07/2019
03/07/2019
03/07/2019
27/06/2019
25/06/2019
30/06/2019
07/07/2019
07/07/2019
05/07/2019
30/06/2019
05/07/2019
10/07/2019
14/07/2019
05/07/2019
10/07/2019
15/07/2019
15/07/2019
07/07/2019
10/07/2019
19/07/2019
15/07/2019
22/07/2019
25/07/2019
26/07/2019
22/07/2019
27/07/2019
27/07/2019
31/07/2019
22/07/2019
25/07/2019
26/07/2019
27/07/2019
30/07/2019
04/08/2019
07/08/2019
05/08/2019
06/08/2019
08/08/2019
08/08/2019
30/07/2019
11/08/2019
04/08/2019

10/07/2019
07/07/2019
10/07/2019
10/07/2019
13/07/2019
14/07/2019
15/07/2019
15/07/2019
22/07/2019
25/07/2019
25/07/2019
19/07/2019
22/07/2019
25/07/2019
30/07/2019
30/07/2019
25/07/2019
26/07/2019
04/08/2019
30/07/2019
27/07/2019
27/07/2019
06/08/2019
04/08/2019
31/07/2019
08/08/2019
06/08/2019
04/08/2019
07/08/2019
11/08/2019
08/08/2019
08/08/2019
12/08/2019
21/08/2019
19/08/2019
19/08/2019
20/08/2019
19/08/2019
19/08/2019
19/08/2019
21/08/2019
21/08/2019
20/08/2019
20/08/2019
29/08/2019
21/08/2019
29/08/2019

139

30/06/2019
02/07/2019
02/07/2019
05/07/2019
05/07/2019
08/07/2019
09/07/2019
09/07/2019
09/07/2019
10/07/2019
12/07/2019
13/07/2019
14/07/2019
15/07/2019
15/07/2019
17/07/2019
17/07/2019
20/07/2019
20/07/2019
20/07/2019
21/07/2019
21/07/2019
22/07/2019
22/07/2019
25/07/2019
27/07/2019
29/07/2019
30/07/2019
01/08/2019
01/08/2019
02/08/2019
02/08/2019
06/08/2019
06/08/2019
06/08/2019
07/08/2019
08/08/2019
09/08/2019
11/08/2019
13/08/2019
13/08/2019
13/08/2019
14/08/2019
14/08/2019
14/08/2019
16/08/2019
16/08/2019



S1
S1
S1
S2
S2
S2
S1
S1
S1
S2
S2
LC
S1
S1
S1
S2
S2
S1
S1
S1
LC
S2
S1
S1
S1
LC
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S1
S1

12/08/2019
07/08/2019
08/08/2019
06/08/2019
11/08/2019
19/08/2019
19/08/2019
20/08/2019
20/08/2019
21/08/2019
19/08/2019
21/08/2019
24/08/2019
19/08/2019
20/08/2019
21/08/2019
29/08/2019
31/08/2019
01/09/2019
01/09/2019
30/08/2019
05/09/2019
31/08/2019
01/09/2019
01/09/2019
06/09/2019
12/09/2019
13/09/2019
13/09/2019
08/09/2019
12/09/2019
13/09/2019
24/09/2019
25/09/2019
27/09/2017
29/09/2019
24/09/2019
25/09/2019
25/09/2019
03/10/2019
03/10/2019
06/10/2019
07/10/2019
11/10/2019
06/10/2019
07/10/2019
11/10/2019

24/08/2019
31/08/2019
01/09/2019
05/09/2019
05/09/2019
29/08/2019
31/08/2019
01/09/2019
01/09/2019
05/09/2019
08/09/2019
06/09/2019
05/09/2019
12/09/2019
13/09/2019
15/09/2019
08/09/2019
12/09/2019
13/09/2019
13/09/2019
15/09/2019
15/09/2019
24/09/2019
25/09/2019
25/09/2019
22/09/2019
24/09/2019
25/09/2019
25/09/2019
03/10/2019
06/10/2019
07/10/2019
06/10/2019
07/10/2019
09/10/2021
11/10/2019
18/10/2019
19/10/2019
19/10/2019
13/10/2019
18/10/2019
18/10/2019
19/10/2019
23/10/2019
30/10/2019
31/10/2019
04/11/2019

140

18/08/2019
19/08/2019
20/08/2019
21/08/2019
23/08/2019
24/08/2019
25/08/2019
26/08/2019
26/08/2019
28/08/2019
29/08/2019
29/08/2019
30/08/2019
31/08/2019
01/09/2019
02/09/2019
03/09/2019
06/09/2019
07/09/2019
07/09/2019
07/09/2019
10/09/2019
12/09/2019
13/09/2019
13/09/2019
14/09/2019
18/09/2019
19/09/2019
19/09/2019
20/09/2019
24/09/2019
25/09/2019
30/09/2019
01/10/2019
03/10/2019
05/10/2019
06/10/2019
07/10/2019
07/10/2019
08/10/2019
10/10/2019
12/10/2019
13/10/2019
17/10/2019
18/10/2019
19/10/2019
23/10/2019



S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S2
S2
S2
S2
S2
S2
S2
S1

18/10/2019
19/10/2019
19/10/2019
23/10/2019
20/10/2019
19/10/2019
25/10/2019
23/10/2019
30/10/2019
31/10/2019
31/10/2019
04/11/2019
30/10/2019
31/10/2019
11/11/2019
12/11/2019
12/11/2019
16/11/2019
12/11/2019
16/11/2019
24/11/2019
28/11/2019
23/11/2019
24/11/2019
06/12/2019
10/12/2019
17/12/2019
18/12/2019
22/12/2019
29/12/2019
30/12/2019
03/01/2020
10/01/2020
11/01/2020
23/01/2020
04/02/2020
08/02/2020
06/03/2020
11/03/2020
06/03/2020
11/03/2020
11/03/2020
23/03/2020
26/03/2020
23/03/2020
31/03/2020
03/04/2020

30/10/2019
31/10/2019
31/10/2019
04/11/2019
09/11/2019
12/11/2019
09/11/2019
16/11/2019
11/11/2019
12/11/2019
12/11/2019
16/11/2019
23/11/2019
24/11/2019
23/11/2019
24/11/2019
24/11/2019
28/11/2019
06/12/2019
10/12/2019
06/12/2019
10/12/2019
17/12/2019
18/12/2019
18/12/2019
22/12/2019
29/12/2019
30/12/2019
03/01/2020
10/01/2020
11/01/2020
15/01/2020
22/01/2020
23/01/2020
04/02/2020
16/02/2020
20/02/2020
26/03/2020
26/03/2020
31/03/2020
31/03/2020
10/04/2020
02/04/2020
10/04/2020
17/04/2020
10/04/2020
15/04/2020

141

24/10/2019
25/10/2019
25/10/2019
29/10/2019
30/10/2019
31/10/2019
01/11/2019
04/11/2019
05/11/2019
06/11/2019
06/11/2019
10/11/2019
11/11/2019
12/11/2019
17/11/2019
18/11/2019
18/11/2019
22/11/2019
24/11/2019
28/11/2019
30/11/2019
04/12/2019
05/12/2019
06/12/2019
12/12/2019
16/12/2019
23/12/2019
24/12/2019
28/12/2019
04/01/2020
05/01/2020
09/01/2020
16/01/2020
17/01/2020
29/01/2020
10/02/2020
14/02/2020
16/03/2020
18/03/2020
18/03/2020
21/03/2020
26/03/2020
28/03/2020
02/04/2020
04/04/2020
05/04/2020
09/04/2020



LC
S2
S2
S2
S2
S2
S2
S1
S1
S1
S2
S2
S2
S2
S1
S1
S1
S2
S2
S2
S1
S1
S1
S2
S2
S2
S1
S1
S2
S2
S2
S1
S1
S1
S2
S2
LC
S2
S2
S2
S2
S2
S1
S1
S1
S1
S2

01/04/2020
02/04/2020
26/03/2020
31/03/2020
02/04/2020
02/04/2020
10/04/2020
15/04/2020
16/04/2020
16/04/2020
17/04/2020
10/04/2020
17/04/2020
10/04/2020
20/04/2020
15/04/2020
16/04/2020
17/04/2020
25/04/2020
25/04/2020
27/04/2020
28/04/2020
28/04/2020
27/04/2020
25/04/2020
02/05/2020
02/05/2020
28/04/2020
05/05/2020
27/04/2020
02/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
05/05/2020
12/05/2020
10/05/2020
10/05/2020
15/05/2020
12/05/2020
15/05/2020
22/05/2020
22/05/2020
26/05/2020
21/05/2020
27/05/2020

17/04/2020
17/04/2020
25/04/2020
25/04/2020
27/04/2020
02/05/2020
25/04/2020
27/04/2020
28/04/2020
28/04/2020
27/04/2020
05/05/2020
02/05/2020
10/05/2020
02/05/2020
09/05/2020
10/05/2020
12/05/2020
05/05/2020
10/05/2020
09/05/2020
10/05/2020
10/05/2020
12/05/2020
15/05/2020
12/05/2020
14/05/2020
22/05/2020
15/05/2020
27/05/2020
27/05/2020
21/05/2020
22/05/2020
22/05/2020
27/05/2020
04/06/2020
28/05/2020
04/06/2020
09/06/2020
04/06/2020
11/06/2020
09/06/2020
03/06/2020
03/06/2020
07/06/2020
14/06/2020
11/06/2020

142

09/04/2020
09/04/2020
10/04/2020
12/04/2020
14/04/2020
17/04/2020
17/04/2020
21/04/2020
22/04/2020
22/04/2020
22/04/2020
22/04/2020
24/04/2020
25/04/2020
26/04/2020
27/04/2020
28/04/2020
29/04/2020
30/04/2020
02/05/2020
03/05/2020
04/05/2020
04/05/2020
04/05/2020
05/05/2020
07/05/2020
08/05/2020
10/05/2020
10/05/2020
12/05/2020
14/05/2020
15/05/2020
16/05/2020
16/05/2020
19/05/2020
20/05/2020
20/05/2020
22/05/2020
25/05/2020
25/05/2020
27/05/2020
27/05/2020
28/05/2020
28/05/2020
01/06/2020
02/06/2020
03/06/2020



S1
S1
S2
S2
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
LC
S2
S1
S1
S1
LC
S1
S2
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
S1
S1
S2
S2
S1
S1
S2
S1
S1
S1
S2
RCM
S1
S1
S1

03/06/2020
03/06/2020
27/05/2020
11/06/2020
14/06/2020
15/06/2020
15/06/2020
11/06/2020
19/06/2020
26/06/2020
27/06/2020
27/06/2020
26/06/2020
01/07/2020
29/06/2020
01/07/2020
08/07/2020
09/07/2020
13/07/2020
15/07/2020
20/07/2020
16/07/2020
21/07/2020
25/07/2020
01/08/2020
02/08/2020
29/07/2020
06/08/2020
05/08/2020
13/08/2020
14/08/2020
05/08/2020
18/08/2020
13/08/2020
20/08/2020
18/08/2020
25/08/2020
26/08/2020
20/08/2020
30/08/2020
25/08/2020
26/08/2020
04/09/2020
09/09/2020
06/09/2020
07/09/2020
07/09/2020

15/06/2020
15/06/2020
26/06/2020
26/06/2020
26/06/2020
27/06/2020
27/06/2020
01/07/2020
01/07/2020
08/07/2020
09/07/2020
09/07/2020
16/07/2020
13/07/2020
15/07/2020
16/07/2020
20/07/2020
21/07/2020
25/07/2020
31/07/2020
01/08/2020
05/08/2020
02/08/2020
06/08/2020
13/08/2020
14/08/2020
18/08/2020
18/08/2020
20/08/2020
25/08/2020
26/08/2020
04/09/2020
30/08/2020
06/09/2020
04/09/2020
12/09/2020
06/09/2020
07/09/2020
14/09/2020
11/09/2020
18/09/2020
19/09/2020
14/09/2020
13/09/2020
18/09/2020
19/09/2020
19/09/2020
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09/06/2020
09/06/2020
11/06/2020
18/06/2020
20/06/2020
21/06/2020
21/06/2020
21/06/2020
25/06/2020
02/07/2020
03/07/2020
03/07/2020
06/07/2020
07/07/2020
07/07/2020
08/07/2020
14/07/2020
15/07/2020
19/07/2020
23/07/2020
26/07/2020
26/07/2020
27/07/2020
31/07/2020
07/08/2020
08/08/2020
08/08/2020
12/08/2020
12/08/2020
19/08/2020
20/08/2020
20/08/2020
24/08/2020
25/08/2020
27/08/2020
30/08/2020
31/08/2020
01/09/2020
01/09/2020
05/09/2020
06/09/2020
07/09/2020
09/09/2020
11/09/2020
12/09/2020
13/09/2020
13/09/2020



S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
RCM
S2
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

11/09/2020
06/09/2020
07/09/2020
07/09/2020
11/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
14/09/2020
18/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
01/10/2020
01/10/2020
12/10/2020
13/10/2020
13/10/2020
14/10/2020
22/10/2020
24/10/2020
25/10/2020
25/10/2020
31/10/2020
22/10/2020
05/11/2020
06/11/2020
06/11/2020
17/11/2020
18/11/2020
18/11/2020
29/11/2020
30/11/2020
30/11/2020
04/12/2020
30/11/2020
11/12/2020
12/12/2020
16/12/2020
11/12/2020
12/12/2020
23/12/2020
28/12/2020
23/12/2020
04/01/2021

23/09/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
30/09/2020
01/10/2020
01/10/2020
05/10/2020
14/10/2020
12/10/2020
12/10/2020
13/10/2020
13/10/2020
17/10/2020
25/10/2020
25/10/2020
24/10/2020
25/10/2020
25/10/2020
13/11/2020
06/11/2020
05/11/2020
06/11/2020
06/11/2020
04/11/2020
16/11/2020
17/11/2020
16/11/2020
18/11/2020
29/11/2020
30/11/2020
30/11/2020
11/12/2020
12/12/2020
12/12/2020
16/12/2020
24/12/2020
23/12/2020
24/12/2020
28/12/2020
04/01/2021
05/01/2021
04/01/2021
09/01/2021
16/01/2021
16/01/2021
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17/09/2020
18/09/2020
19/09/2020
19/09/2020
23/09/2020
24/09/2020
25/09/2020
25/09/2020
29/09/2020
29/09/2020
30/09/2020
06/10/2020
07/10/2020
07/10/2020
11/10/2020
13/10/2020
13/10/2020
18/10/2020
19/10/2020
19/10/2020
29/10/2020
29/10/2020
30/10/2020
31/10/2020
31/10/2020
02/11/2020
03/11/2020
11/11/2020
11/11/2020
12/11/2020
23/11/2020
24/11/2020
24/11/2020
05/12/2020
06/12/2020
06/12/2020
10/12/2020
12/12/2020
17/12/2020
18/12/2020
22/12/2020
23/12/2020
24/12/2020
29/12/2020
03/01/2021
04/01/2021
10/01/2021



S1
S1
S1
S1
S1
S2
S1
S2
S1
S2
S2
S2
S2
LC
S2
LC
S2
S2
S2
LC
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S1
S1
S2
S2
S2
S1
S1
S1
S1
S1
S1
S1

09/01/2021
04/01/2021
16/01/2021
17/01/2021
21/01/2021
27/01/2021
28/01/2021
27/01/2021
29/01/2021
04/02/2021
06/02/2021
11/02/2021
06/02/2021
15/02/2021
11/02/2021
03/03/2021
03/03/2021
03/03/2021
08/03/2021
12/03/2021
08/03/2021
08/03/2021
28/03/2021
28/03/2021
02/04/2021
28/03/2021
02/04/2021
07/04/2021
28/03/2021
02/04/2021
07/04/2021
02/04/2021
07/04/2021
07/04/2021
15/04/2021
15/04/2021
15/04/2021
17/04/2021
17/04/2021
22/04/2021
22/04/2021
23/04/2021
23/04/2021
23/04/2021
27/04/2021
27/04/2021
27/04/2021

21/01/2021
28/01/2021
28/01/2021
29/01/2021
02/02/2021
06/02/2021
09/02/2021
11/02/2021
10/02/2021
14/02/2021
03/03/2021
03/03/2021
08/03/2021
03/03/2021
08/03/2021
19/03/2021
28/03/2021
02/04/2021
28/03/2021
28/03/2021
02/04/2021
07/04/2021
07/04/2021
17/04/2021
17/04/2021
22/04/2021
22/04/2021
17/04/2021
27/04/2021
27/04/2021
22/04/2021
02/05/2021
27/04/2021
02/05/2021
25/04/2021
27/04/2021
27/04/2021
27/04/2021
02/05/2021
02/05/2021
04/05/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
21/05/2021
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15/01/2021
16/01/2021
22/01/2021
23/01/2021
27/01/2021
01/02/2021
03/02/2021
03/02/2021
04/02/2021
09/02/2021
18/02/2021
21/02/2021
21/02/2021
23/02/2021
23/02/2021
11/03/2021
15/03/2021
18/03/2021
18/03/2021
20/03/2021
20/03/2021
23/03/2021
02/04/2021
07/04/2021
09/04/2021
09/04/2021
12/04/2021
12/04/2021
12/04/2021
14/04/2021
14/04/2021
17/04/2021
17/04/2021
19/04/2021
20/04/2021
21/04/2021
21/04/2021
22/04/2021
24/04/2021
27/04/2021
28/04/2021
29/04/2021
29/04/2021
29/04/2021
03/05/2021
03/05/2021
09/05/2021



S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S1
S2
S2
S2
S2
S2
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S2
S1
S1
S1
S1
S2
S1
S1
S1
S2
LC
S2
S2

27/04/2021
04/05/2021
25/04/2021
05/05/2021
05/05/2021
05/05/2021
09/05/2021
09/05/2021
05/05/2021
05/05/2021
16/05/2021
17/05/2021
17/05/2021
21/05/2021
25/05/2021
25/05/2021
28/05/2021
29/05/2021
29/05/2021
25/05/2021
25/05/2021
04/06/2021
04/06/2021
09/06/2021
09/06/2021
10/06/2021
10/06/2021
14/06/2021
11/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
19/06/2021
01/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
01/07/2021
15/07/2021
16/07/2021
16/07/2021
16/07/2021
18/07/2021
19/07/2021
16/07/2021

21/05/2021
16/05/2021
25/05/2021
17/05/2021
17/05/2021
17/05/2021
21/05/2021
21/05/2021
29/05/2021
29/05/2021
28/05/2021
29/05/2021
29/05/2021
02/06/2021
04/06/2021
09/06/2021
09/06/2021
10/06/2021
10/06/2021
14/06/2021
19/06/2021
14/06/2021
19/06/2021
19/06/2021
21/06/2021
22/06/2021
22/06/2021
26/06/2021
01/07/2021
03/07/2021
04/07/2021
04/07/2021
08/07/2021
19/07/2021
16/07/2021
15/07/2021
16/07/2021
16/07/2021
20/07/2021
31/07/2021
27/07/2021
28/07/2021
28/07/2021
31/07/2021
03/08/2021
03/08/2021
15/08/2021
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09/05/2021
10/05/2021
10/05/2021
11/05/2021
11/05/2021
11/05/2021
15/05/2021
15/05/2021
17/05/2021
17/05/2021
22/05/2021
23/05/2021
23/05/2021
27/05/2021
30/05/2021
01/06/2021
03/06/2021
04/06/2021
04/06/2021
04/06/2021
06/06/2021
09/06/2021
11/06/2021
14/06/2021
15/06/2021
16/06/2021
16/06/2021
20/06/2021
21/06/2021
27/06/2021
28/06/2021
28/06/2021
02/07/2021
04/07/2021
08/07/2021
09/07/2021
10/07/2021
10/07/2021
14/07/2021
16/07/2021
21/07/2021
22/07/2021
22/07/2021
23/07/2021
26/07/2021
26/07/2021
31/07/2021



S1
S1
S1
S2
S1
S1
S2
S1
S2
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S2
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC

27/07/2021
28/07/2021
28/07/2021
31/07/2021
09/08/2021
09/08/2021
31/07/2021
13/08/2021
15/08/2021
21/08/2021
21/08/2021
25/08/2021
01/09/2021
02/09/2021
02/09/2021
30/08/2021
06/09/2021
07/09/2021
13/09/2021
14/09/2021
14/09/2021
07/09/2021
18/09/2021
19/09/2021
22/09/2021
26/09/2021
26/09/2021
30/09/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
31/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
17/11/2021
25/11/2021
29/11/2021
06/12/2021
07/12/2021
16/01/2022
17/01/2022

08/08/2021
09/08/2021
09/08/2021
15/08/2021
21/08/2021
21/08/2021
30/08/2021
25/08/2021
30/08/2021
02/09/2021
02/09/2021
06/09/2021
13/09/2021
14/09/2021
14/09/2021
19/09/2021
18/09/2021
22/09/2021
25/09/2021
26/09/2021
26/09/2021
07/10/2021
30/09/2021
04/10/2021
07/10/2021
08/10/2021
08/10/2021
12/10/2021
20/10/2021
20/10/2021
24/10/2021
01/11/2021
01/11/2021
05/11/2021
12/11/2021
13/11/2021
13/11/2021
17/11/2021
24/11/2021
25/11/2021
29/11/2021
07/12/2021
11/12/2021
18/12/2021
19/12/2021
28/01/2022
02/02/2022
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02/08/2021
03/08/2021
03/08/2021
07/08/2021
15/08/2021
15/08/2021
15/08/2021
19/08/2021
22/08/2021
27/08/2021
27/08/2021
31/08/2021
07/09/2021
08/09/2021
08/09/2021
09/09/2021
12/09/2021
14/09/2021
19/09/2021
20/09/2021
20/09/2021
22/09/2021
24/09/2021
26/09/2021
29/09/2021
02/10/2021
02/10/2021
06/10/2021
14/10/2021
14/10/2021
18/10/2021
26/10/2021
26/10/2021
30/10/2021
06/11/2021
07/11/2021
07/11/2021
11/11/2021
18/11/2021
19/11/2021
23/11/2021
01/12/2021
05/12/2021
12/12/2021
13/12/2021
22/01/2022
25/01/2022



LC
S1
S1
LC
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2
S2

17/01/2022
24/01/2022
28/01/2022
02/02/2022
30/01/2022
30/01/2022
19/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
06/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
10/04/2022
31/03/2022
10/04/2022
15/04/2022
20/04/2022

10/02/2022
05/02/2022
09/02/2022
10/02/2022
19/02/2022
01/03/2022
01/03/2022
06/03/2022
26/03/2022
31/03/2022
26/03/2022
31/03/2022
10/04/2022
10/04/2022
15/04/2022
15/04/2022
20/04/2022
20/04/2022
20/04/2022
30/04/2022
30/04/2022
30/04/2022
30/04/2022

29/01/2022
30/01/2022
03/02/2022
06/02/2022
09/02/2022
14/02/2022
24/02/2022
26/02/2022
13/03/2022
16/03/2022
16/03/2022
18/03/2022
02/04/2022
05/04/2022
05/04/2022
07/04/2022
07/04/2022
10/04/2022
15/04/2022
15/04/2022
20/04/2022
22/04/2022
25/04/2022

Appendix Table 4: Images used in the analysis at the near confluence point on Valerie Glacier. LC is
Landsat, S1 is Sentinél(includes Sentinela andSentinellb), S2 is Sentine? (includes Sentineta and
Sentinel2b), TSXTDX is TerraSARX/TanDEMX, R2 is RADARSAT2, and RCM is RADARSAT
Constellation Mission. reference and secondary image dates were not obtained for Valerie Glacier during
the ITS_LIVE data download that is described in Sec8dn5

LC N/A N/A 08/05/2013
LC N/A N/A 20/07/2013
LC N/A N/A 11/09/2013
LC N/A N/A 24/10/2013
LC N/A N/A 16/11/2013
LC N/A N/A 28/01/2014
LC N/A N/A 04/02/2014
LC N/A N/A 13/02/2014
R2 03/02/2014 27/02/2014 15/02/2014
R2 27/02/2014 23/03/2014 11/03/2014
LC N/A N/A 18/04/2014
LC N/A N/A 25/04/2014
LC N/A N/A 23/07/2014
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LC

LC

LC

LC

S1

S1

LC

S1

S1

R2
TSX/TDX

S1

LC

S1

S1

LC

LC

LC

LC

S1

S1

S1
TSX/TDX

S1

LC
TSX/TDX

LC

S1
TSX/TDX
TSX/TDX

LC
TSX/TDX
TSX/TDX
TSX/TDX

S1
TSX/TDX

S1
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX

S1

S1

S1
TSX/TDX

S1

S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
22/02/2015
03/03/2015
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
27/06/2015
N/A
N/A
08/07/2015
N/A
N/A
19/07/2015
30/07/2015
N/A
10/08/2015
21/08/2015
01/09/2015
N/A
12/09/2015
N/A
23/09/2015
04/10/2015
09/10/2015
15/10/2015
N/A
N/A
N/A
22/11/2015
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
18/03/2015
14/03/2015
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
08/07/2015
N/A
N/A
19/07/2015
N/A
N/A
30/07/2015
10/08/2015
N/A
21/08/2015
01/09/2015
12/09/2015
N/A
23/09/2015
N/A
04/10/2015
15/10/2015
20/10/2015
26/10/2015
N/A
N/A
N/A
03/12/2015
N/A
N/A
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31/08/2014
04/09/2014
16/09/2014
19/11/2014
20/11/2014
14/12/2014
07/01/2015
31/01/2015
24/02/2015
06/03/2015
08/03/2015
20/03/2015
27/03/2015
09/04/2015
13/04/2015
21/04/2015
04/05/2015
14/05/2015
23/05/2015
31/05/2015
24/06/2015
01/07/2015
02/07/2015
05/07/2015
05/07/2015
13/07/2015
17/07/2015
18/07/2015
24/07/2015
04/08/2015
06/08/2015
15/08/2015
26/08/2015
06/09/2015
12/09/2015
17/09/2015
28/09/2015
28/09/2015
09/10/2015
14/10/2015
20/10/2015
22/10/2015
08/11/2015
15/11/2015
27/11/2015
20/12/2015
05/01/2016



S1
S1
S1
R2
S1
R2
S1
LC
S1
S1
S2
LC
S1
S1
LC
LC
S1
S1
S2
LC
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
R2
S1
S1
S1
S1
R2
S1
LC
S1
S1
S1
S1
S1
S1

N/A
N/A
N/A
24/01/2016
N/A
17/02/2016
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
18/01/2017
N/A
N/A
N/A
N/A
11/02/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
17/02/2016
N/A
12/03/2016
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
11/02/2017
N/A
N/A
N/A
N/A
07/03/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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11/01/2016
26/01/2016
01/02/2016
05/02/2016
19/02/2016
29/02/2016
14/03/2016
22/03/2016
08/05/2016
25/05/2016
28/05/2016
03/06/2016
18/06/2016
04/07/2016
10/07/2016
11/08/2016
12/08/2016
29/08/2016
11/09/2016
16/10/2016
23/10/2016
28/10/2016
14/11/2016
21/11/2016
25/11/2016
07/12/2016
15/12/2016
19/12/2016
01/01/2017
04/01/2017
04/01/2017
05/01/2017
25/01/2017
30/01/2017
04/02/2017
11/02/2017
12/02/2017
22/02/2017
23/02/2017
23/02/2017
28/02/2017
09/03/2017
10/03/2017
11/03/2017
12/03/2017
14/03/2017
15/03/2017



LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
TSX/TDX
S1
S1
S1
S1
S1
S1
S2
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
28/04/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
09/05/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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16/03/2017
20/03/2017
26/03/2017
08/04/2017
09/04/2017
10/04/2017
11/04/2017
11/04/2017
12/04/2017
13/04/2017
19/04/2017
20/04/2017
25/04/2017
02/05/2017
03/05/2017
06/05/2017
07/05/2017
09/05/2017
10/05/2017
10/05/2017
14/05/2017
16/05/2017
19/05/2017
24/05/2017
25/05/2017
30/05/2017
17/06/2017
18/06/2017
23/06/2017
24/06/2017
29/06/2017
03/07/2017
05/07/2017
17/07/2017
23/07/2017
29/07/2017
03/08/2017
11/08/2017
12/08/2017
16/08/2017
17/08/2017
18/08/2017
22/08/2017
23/08/2017
24/08/2017
28/08/2017
29/08/2017



S1 N/A N/A 30/08/2017
S1 N/A N/A 30/08/2017
S1 N/A N/A 03/09/2017
S1 N/A N/A 09/09/2017
S1 N/A N/A 10/09/2017
S1 N/A N/A 11/09/2017
S2 N/A N/A 11/09/2017
S1 N/A N/A 12/09/2017
S1 N/A N/A 15/09/2017
S1 N/A N/A 16/09/2017
S1 N/A N/A 17/09/2017
S1 N/A N/A 17/09/2017
S1 N/A N/A 21/09/2017
S1 N/A N/A 23/09/2017
S1 N/A N/A 27/09/2017
S1 N/A N/A 29/09/2017
S1 N/A N/A 08/10/2017
S1 N/A N/A 09/10/2017
S1 N/A N/A 11/10/2017
S1 N/A N/A 15/10/2017
S1 N/A N/A 17/10/2017
S1 N/A N/A 21/10/2017
S1 N/A N/A 22/10/2017
S1 N/A N/A 23/10/2017
S1 N/A N/A 23/10/2017
S1 N/A N/A 27/10/2017
S1 N/A N/A 28/10/2017
S1 N/A N/A 29/10/2017
S1 N/A N/A 29/10/2017
S1 N/A N/A 06/11/2017
S1 N/A N/A 07/11/2017
S1 N/A N/A 08/11/2017
S1 N/A N/A 09/11/2017
S1 N/A N/A 10/11/2017
S1 N/A N/A 14/11/2017
S1 N/A N/A 15/11/2017
S1 N/A N/A 16/11/2017
S1 N/A N/A 20/11/2017
S1 N/A N/A 21/11/2017
S1 N/A N/A 26/11/2017
S1 N/A N/A 27/11/2017
S1 N/A N/A 01/12/2017
LC N/A N/A 02/12/2017
S1 N/A N/A 06/12/2017
S1 N/A N/A 08/12/2017
S1 N/A N/A 08/12/2017
S1 N/A N/A 14/12/2017
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S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
TSX/TDX
S1
S1
S1
S1
S1
S1
S1
S1
LC
S2
S1
S1
S1
S2
S1
LC

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
28/01/2018
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
08/02/2018
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

153

15/12/2017
20/12/2017
21/12/2017
22/12/2017
26/12/2017
27/12/2017
28/12/2017
01/01/2018
02/01/2018
04/01/2018
04/01/2018
05/01/2018
05/01/2018
05/01/2018
06/01/2018
08/01/2018
13/01/2018
14/01/2018
15/01/2018
19/01/2018
21/01/2018
21/01/2018
25/01/2018
27/01/2018
28/01/2018
31/01/2018
31/01/2018
01/02/2018
02/02/2018
02/02/2018
02/02/2018
03/02/2018
04/02/2018
05/02/2018
06/02/2018
06/02/2018
07/02/2018
07/02/2018
14/02/2018
15/02/2018
17/02/2018
18/02/2018
19/02/2018
20/02/2018
20/02/2018
24/02/2018
24/02/2018



S1 N/A N/A 25/02/2018
S2 N/A N/A 25/02/2018
S1 N/A N/A 26/02/2018
S1 N/A N/A 26/02/2018
S1 N/A N/A 01/03/2018
S1 N/A N/A 03/03/2018
S1 N/A N/A 04/03/2018
S2 N/A N/A 04/03/2018
S1 N/A N/A 05/03/2018
S1 N/A N/A 05/03/2018
S2 N/A N/A 05/03/2018
S1 N/A N/A 11/03/2018
S1 N/A N/A 12/03/2018
S1 N/A N/A 14/03/2018
S2 N/A N/A 14/03/2018
S1 N/A N/A 15/03/2018
S1 N/A N/A 16/03/2018
S2 N/A N/A 17/03/2018
S2 N/A N/A 19/03/2018
S1 N/A N/A 20/03/2018
S1 N/A N/A 21/03/2018
S1 N/A N/A 22/03/2018
S1 N/A N/A 22/03/2018
S1 N/A N/A 26/03/2018
S1 N/A N/A 27/03/2018
S2 N/A N/A 27/03/2018
S1 N/A N/A 28/03/2018
S2 N/A N/A 29/03/2018
S2 N/A N/A 30/03/2018
S1 N/A N/A 03/04/2018
S2 N/A N/A 04/04/2018
S1 N/A N/A 09/04/2018
S1 N/A N/A 10/04/2018
S1 N/A N/A 11/04/2018
S1 N/A N/A 12/04/2018
S1 N/A N/A 13/04/2018
S2 N/A N/A 13/04/2018
LC N/A N/A 13/04/2018
S1 N/A N/A 14/04/2018
S2 N/A N/A 14/04/2018
S1 N/A N/A 15/04/2018
S1 N/A N/A 15/04/2018
S2 N/A N/A 16/04/2018
S2 N/A N/A 16/04/2018
S1 N/A N/A 19/04/2018
S2 N/A N/A 19/04/2018
S1 N/A N/A 20/04/2018
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S1 N/A N/A 21/04/2018
S1 N/A N/A 21/04/2018
S2 N/A N/A 21/04/2018
S2 N/A N/A 21/04/2018
S2 N/A N/A 21/04/2018
S2 N/A N/A 24/04/2018
S1 N/A N/A 25/04/2018
S1 N/A N/A 26/04/2018
S2 N/A N/A 26/04/2018
S2 N/A N/A 26/04/2018
S1 N/A N/A 27/04/2018
S1 N/A N/A 27/04/2018
S2 N/A N/A 02/05/2018
S1 N/A N/A 08/05/2018
S1 N/A N/A 09/05/2018
S2 N/A N/A 09/05/2018
S1 N/A N/A 10/05/2018
S1 N/A N/A 11/05/2018
S1 N/A N/A 12/05/2018
S1 N/A N/A 13/05/2018
S2 N/A N/A 13/05/2018
S1 N/A N/A 14/05/2018
S1 N/A N/A 15/05/2018
S1 N/A N/A 15/05/2018
S1 N/A N/A 19/05/2018
S1 N/A N/A 20/05/2018
S1 N/A N/A 21/05/2018
S1 N/A N/A 25/05/2018
S1 N/A N/A 26/05/2018
S1 N/A N/A 27/05/2018
S1 N/A N/A 31/05/2018
S1 N/A N/A 02/06/2018
S2 N/A N/A 04/06/2018
S2 N/A N/A 04/06/2018
S2 N/A N/A 05/06/2018
S1 N/A N/A 06/06/2018
S1 N/A N/A 07/06/2018
S1 N/A N/A 09/06/2018
S1 N/A N/A 10/06/2018
S1 N/A N/A 10/06/2018
S1 N/A N/A 13/06/2018
S1 N/A N/A 14/06/2018
S1 N/A N/A 18/06/2018
S1 N/A N/A 19/06/2018
S1 N/A N/A 20/06/2018
S1 N/A N/A 20/06/2018
S1 N/A N/A 24/06/2018
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S1 N/A N/A 26/06/2018
S1 N/A N/A 26/06/2018
S1 N/A N/A 30/06/2018
S1 N/A N/A 01/07/2018
S2 N/A N/A 02/07/2018
S1 N/A N/A 04/07/2018
S1 N/A N/A 05/07/2018
S1 N/A N/A 06/07/2018
S1 N/A N/A 08/07/2018
S2 N/A N/A 13/07/2018
S1 N/A N/A 14/07/2018
S1 N/A N/A 14/07/2018
S2 N/A N/A 17/07/2018
S1 N/A N/A 18/07/2018
S2 N/A N/A 18/07/2018
S1 N/A N/A 20/07/2018
S1 N/A N/A 24/07/2018
S2 N/A N/A 25/07/2018
S2 N/A N/A 25/07/2018
S1 N/A N/A 26/07/2018
S2 N/A N/A 27/07/2018
S1 N/A N/A 30/07/2018
S1 N/A N/A 01/08/2018
S1 N/A N/A 02/08/2018
S1 N/A N/A 02/08/2018
LC N/A N/A 02/08/2018
S1 N/A N/A 03/08/2018
S1 N/A N/A 04/08/2018
S2 N/A N/A 04/08/2018
S1 N/A N/A 05/08/2018
S2 N/A N/A 05/08/2018
S1 N/A N/A 06/08/2018
S1 N/A N/A 07/08/2018
S1 N/A N/A 07/08/2018
S2 N/A N/A 09/08/2018
S1 N/A N/A 13/08/2018
S2 N/A N/A 16/08/2018
S1 N/A N/A 17/08/2018
S1 N/A N/A 18/08/2018
S1 N/A N/A 19/08/2018
S1 N/A N/A 23/08/2018
S1 N/A N/A 24/08/2018
S1 N/A N/A 25/08/2018
S1 N/A N/A 29/08/2018
S1 N/A N/A 30/08/2018
S1 N/A N/A 31/08/2018
S1 N/A N/A 01/09/2018
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S1 N/A N/A 03/09/2018
S1 N/A N/A 04/09/2018
S1 N/A N/A 04/09/2018
S2 N/A N/A 04/09/2018
S1 N/A N/A 05/09/2018
S1 N/A N/A 05/09/2018
S1 N/A N/A 11/09/2018
S1 N/A N/A 12/09/2018
S2 N/A N/A 13/09/2018
S2 N/A N/A 15/09/2018
S1 N/A N/A 16/09/2018
S1 N/A N/A 17/09/2018
S1 N/A N/A 18/09/2018
S1 N/A N/A 18/09/2018
S2 N/A N/A 18/09/2018
S2 N/A N/A 18/09/2018
S2 N/A N/A 20/09/2018
S1 N/A N/A 22/09/2018
S1 N/A N/A 23/09/2018
S2 N/A N/A 23/09/2018
S1 N/A N/A 24/09/2018
S1 N/A N/A 24/09/2018
S2 N/A N/A 26/09/2018
S2 N/A N/A 26/09/2018
S1 N/A N/A 28/09/2018
S2 N/A N/A 28/09/2018
S1 N/A N/A 29/09/2018
S1 N/A N/A 30/09/2018
S1 N/A N/A 30/09/2018
S2 N/A N/A 02/10/2018
S1 N/A N/A 03/10/2018
S2 N/A N/A 03/10/2018
S2 N/A N/A 07/10/2018
S1 N/A N/A 09/10/2018
S1 N/A N/A 10/10/2018
S1 N/A N/A 11/10/2018
S1 N/A N/A 12/10/2018
S1 N/A N/A 16/10/2018
S2 N/A N/A 16/10/2018
S1 N/A N/A 17/10/2018
S1 N/A N/A 18/10/2018
S1 N/A N/A 18/10/2018
S2 N/A N/A 18/10/2018
S2 N/A N/A 18/10/2018
S2 N/A N/A 21/10/2018
S1 N/A N/A 22/10/2018
S1 N/A N/A 23/10/2018
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S1 N/A N/A 24/10/2018
S1 N/A N/A 28/10/2018
S1 N/A N/A 29/10/2018
S1 N/A N/A 30/10/2018
S2 N/A N/A 04/11/2018
S2 N/A N/A 05/11/2018
S1 N/A N/A 08/11/2018
S1 N/A N/A 09/11/2018
S2 N/A N/A 09/11/2018
LC N/A N/A 09/11/2018
S1 N/A N/A 10/11/2018
S1 N/A N/A 11/11/2018
S1 N/A N/A 12/11/2018
LC N/A N/A 14/11/2018
S1 N/A N/A 15/11/2018
S1 N/A N/A 16/11/2018
S1 N/A N/A 17/11/2018
S1 N/A N/A 21/11/2018
S1 N/A N/A 22/11/2018
S1 N/A N/A 23/11/2018
LC N/A N/A 23/11/2018
S1 N/A N/A 27/11/2018
S1 N/A N/A 28/11/2018
S1 N/A N/A 29/11/2018
S1 N/A N/A 02/12/2018
S2 N/A N/A 02/12/2018
S1 N/A N/A 06/12/2018
S1 N/A N/A 07/12/2018
S2 N/A N/A 07/12/2018
S1 N/A N/A 09/12/2018
S1 N/A N/A 09/12/2018
S1 N/A N/A 10/12/2018
S1 N/A N/A 10/12/2018
S1 N/A N/A 15/12/2018
S1 N/A N/A 16/12/2018
S1 N/A N/A 17/12/2018
S1 N/A N/A 21/12/2018
S1 N/A N/A 23/12/2018
S1 N/A N/A 27/12/2018
S1 N/A N/A 29/12/2018
S1 N/A N/A 02/01/2019
S2 N/A N/A 04/01/2019
S1 N/A N/A 06/01/2019
S1 N/A N/A 07/01/2019
S1 N/A N/A 08/01/2019
S2 N/A N/A 08/01/2019
S1 N/A N/A 09/01/2019
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S1 N/A N/A 09/01/2019
S1 N/A N/A 10/01/2019
S1 N/A N/A 14/01/2019
S1 N/A N/A 16/01/2019
S1 N/A N/A 20/01/2019
S1 N/A N/A 21/01/2019
S1 N/A N/A 22/01/2019
S1 N/A N/A 26/01/2019
S2 N/A N/A 26/01/2019
S1 N/A N/A 28/01/2019
S1 N/A N/A 01/02/2019
S2 N/A N/A 03/02/2019
S1 N/A N/A 04/02/2019
S1 N/A N/A 05/02/2019
S1 N/A N/A 06/02/2019
S1 N/A N/A 07/02/2019
S2 N/A N/A 07/02/2019
S1 N/A N/A 08/02/2019
S1 N/A N/A 08/02/2019
S2 N/A N/A 11/02/2019
S1 N/A N/A 13/02/2019
S2 N/A N/A 13/02/2019
S1 N/A N/A 15/02/2019
S2 N/A N/A 15/02/2019
S2 N/A N/A 18/02/2019
LC N/A N/A 18/02/2019
S1 N/A N/A 19/02/2019
S2 N/A N/A 20/02/2019
S1 N/A N/A 21/02/2019
S2 N/A N/A 23/02/2019
S1 N/A N/A 25/02/2019
S2 N/A N/A 25/02/2019
S1 N/A N/A 26/02/2019
S1 N/A N/A 27/02/2019
LC N/A N/A 27/02/2019
S1 N/A N/A 01/03/2019
S1 N/A N/A 02/03/2019
S1 N/A N/A 03/03/2019
S1 N/A N/A 04/03/2019
S1 N/A N/A 05/03/2019
S1 N/A N/A 06/03/2019
S1 N/A N/A 06/03/2019
S1 N/A N/A 07/03/2019
S1 N/A N/A 07/03/2019
S2 N/A N/A 07/03/2019
S2 N/A N/A 09/03/2019
S2 N/A N/A 09/03/2019
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S2 N/A N/A 14/03/2019
S1 N/A N/A 15/03/2019
S1 N/A N/A 16/03/2019
S1 N/A N/A 17/03/2019
S2 N/A N/A 17/03/2019
S2 N/A N/A 20/03/2019
S1 N/A N/A 21/03/2019
S1 N/A N/A 22/03/2019
S2 N/A N/A 22/03/2019
S1 N/A N/A 23/03/2019
S1 N/A N/A 27/03/2019
S1 N/A N/A 28/03/2019
S1 N/A N/A 29/03/2019
S1 N/A N/A 01/04/2019
S1 N/A N/A 03/04/2019
S1 N/A N/A 04/04/2019
S1 N/A N/A 05/04/2019
S1 N/A N/A 05/04/2019
S1 N/A N/A 11/04/2019
S1 N/A N/A 12/04/2019
S2 N/A N/A 13/04/2019
S1 N/A N/A 14/04/2019
S1 N/A N/A 15/04/2019
S1 N/A N/A 16/04/2019
S1 N/A N/A 16/04/2019
S2 N/A N/A 16/04/2019
S2 N/A N/A 19/04/2019
S1 N/A N/A 20/04/2019
S1 N/A N/A 21/04/2019
S2 N/A N/A 21/04/2019
S1 N/A N/A 22/04/2019
LC N/A N/A 23/04/2019
S1 N/A N/A 26/04/2019
S1 N/A N/A 27/04/2019
S1 N/A N/A 28/04/2019
S2 N/A N/A 02/05/2019
S1 N/A N/A 03/05/2019
S2 N/A N/A 07/05/2019
LC N/A N/A 07/05/2019
S1 N/A N/A 10/05/2019
S1 N/A N/A 11/05/2019
S1 N/A N/A 12/05/2019
S1 N/A N/A 14/05/2019
S1 N/A N/A 15/05/2019
S1 N/A N/A 16/05/2019
S1 N/A N/A 20/05/2019
S1 N/A N/A 21/05/2019
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S1 N/A N/A 22/05/2019
S1 N/A N/A 22/05/2019
S1 N/A N/A 26/05/2019
S1 N/A N/A 27/05/2019
S1 N/A N/A 28/05/2019
S1 N/A N/A 28/05/2019
S2 N/A N/A 28/05/2019
S2 N/A N/A 04/06/2019
S1 N/A N/A 08/06/2019
S2 N/A N/A 08/06/2019
S1 N/A N/A 09/06/2019
S1 N/A N/A 10/06/2019
S1 N/A N/A 11/06/2019
S1 N/A N/A 11/06/2019
S1 N/A N/A 12/06/2019
S1 N/A N/A 12/06/2019
S1 N/A N/A 13/06/2019
S1 N/A N/A 14/06/2019
S1 N/A N/A 15/06/2019
S1 N/A N/A 15/06/2019
S2 N/A N/A 15/06/2019
S2 N/A N/A 17/06/2019
S2 N/A N/A 18/06/2019
S1 N/A N/A 19/06/2019
S1 N/A N/A 20/06/2019
S2 N/A N/A 20/06/2019
S1 N/A N/A 21/06/2019
S1 N/A N/A 21/06/2019
S2 N/A N/A 22/06/2019
S2 N/A N/A 23/06/2019
S1 N/A N/A 25/06/2019
S2 N/A N/A 25/06/2019
S2 N/A N/A 25/06/2019
S1 N/A N/A 26/06/2019
S1 N/A N/A 27/06/2019
S1 N/A N/A 27/06/2019
S2 N/A N/A 28/06/2019
S2 N/A N/A 30/06/2019
S2 N/A N/A 30/06/2019
S1 N/A N/A 02/07/2019
LC N/A N/A 04/07/2019
S1 N/A N/A 06/07/2019
S1 N/A N/A 07/07/2019
S1 N/A N/A 08/07/2019
S1 N/A N/A 09/07/2019
S1 N/A N/A 09/07/2019
LC N/A N/A 09/07/2019
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S1 N/A N/A 10/07/2019
S1 N/A N/A 10/07/2019
S1 N/A N/A 13/07/2019
S1 N/A N/A 14/07/2019
S1 N/A N/A 15/07/2019
S1 N/A N/A 15/07/2019
S2 N/A N/A 15/07/2019
S2 N/A N/A 15/07/2019
S2 N/A N/A 18/07/2019
S1 N/A N/A 19/07/2019
S1 N/A N/A 20/07/2019
S2 N/A N/A 20/07/2019
S2 N/A N/A 20/07/2019
S1 N/A N/A 21/07/2019
S1 N/A N/A 21/07/2019
S2 N/A N/A 22/07/2019
S2 N/A N/A 23/07/2019
S1 N/A N/A 25/07/2019
S1 N/A N/A 26/07/2019
S1 N/A N/A 27/07/2019
S1 N/A N/A 27/07/2019
S2 N/A N/A 30/07/2019
S1 N/A N/A 31/07/2019
S1 N/A N/A 01/08/2019
S2 N/A N/A 02/08/2019
S1 N/A N/A 04/08/2019
S1 N/A N/A 05/08/2019
S2 N/A N/A 05/08/2019
S1 N/A N/A 06/08/2019
S1 N/A N/A 07/08/2019
S1 N/A N/A 08/08/2019
S1 N/A N/A 08/08/2019
S2 N/A N/A 10/08/2019
S1 N/A N/A 13/08/2019
LC N/A N/A 13/08/2019
S1 N/A N/A 14/08/2019
S1 N/A N/A 14/08/2019
S2 N/A N/A 14/08/2019
S2 N/A N/A 14/08/2019
S2 N/A N/A 16/08/2019
S2 N/A N/A 17/08/2019
S1 N/A N/A 18/08/2019
S1 N/A N/A 19/08/2019
S1 N/A N/A 20/08/2019
S1 N/A N/A 20/08/2019
S2 N/A N/A 21/08/2019
S1 N/A N/A 24/08/2019
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S2 N/A N/A 24/08/2019
S2 N/A N/A 24/08/2019
S1 N/A N/A 25/08/2019
S1 N/A N/A 26/08/2019
S1 N/A N/A 26/08/2019
S2 N/A N/A 29/08/2019
S2 N/A N/A 29/08/2019
LC N/A N/A 29/08/2019
S1 N/A N/A 30/08/2019
S1 N/A N/A 31/08/2019
S1 N/A N/A 02/09/2019
S1 N/A N/A 03/09/2019
S1 N/A N/A 04/09/2019
S1 N/A N/A 05/09/2019
S1 N/A N/A 06/09/2019
S1 N/A N/A 06/09/2019
S1 N/A N/A 07/09/2019
S1 N/A N/A 07/09/2019
S2 N/A N/A 08/09/2019
S1 N/A N/A 13/09/2019
S1 N/A N/A 13/09/2019
LC N/A N/A 14/09/2019
S1 N/A N/A 17/09/2019
S1 N/A N/A 18/09/2019
S1 N/A N/A 19/09/2019
S1 N/A N/A 19/09/2019
S2 N/A N/A 21/09/2019
S1 N/A N/A 24/09/2019
S1 N/A N/A 25/09/2019
S1 N/A N/A 30/09/2019
LC N/A N/A 30/09/2019
S1 N/A N/A 01/10/2019
S1 N/A N/A 03/10/2019
S1 N/A N/A 04/10/2019
S1 N/A N/A 05/10/2019
S2 N/A N/A 07/10/2019
S2 N/A N/A 09/10/2019
S1 N/A N/A 11/10/2019
S1 N/A N/A 12/10/2019
S1 N/A N/A 13/10/2019
S1 N/A N/A 17/10/2019
S1 N/A N/A 18/10/2019
S1 N/A N/A 19/10/2019
S1 N/A N/A 23/10/2019
S1 N/A N/A 24/10/2019
S1 N/A N/A 25/10/2019
S1 N/A N/A 25/10/2019
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S1 N/A N/A 29/10/2019
S1 N/A N/A 30/10/2019
S2 N/A N/A 30/10/2019
S1 N/A N/A 31/10/2019
S1 N/A N/A 31/10/2019
S1 N/A N/A 03/11/2019
S1 N/A N/A 10/11/2019
S2 N/A N/A 10/11/2019
S1 N/A N/A 11/11/2019
S1 N/A N/A 16/11/2019
S1 N/A N/A 17/11/2019
S1 N/A N/A 18/11/2019
S1 N/A N/A 18/11/2019
S1 N/A N/A 22/11/2019
S1 N/A N/A 24/11/2019
S1 N/A N/A 28/11/2019
S1 N/A N/A 30/11/2019
S2 N/A N/A 02/12/2019
S2 N/A N/A 03/12/2019
S1 N/A N/A 08/12/2019
S2 N/A N/A 08/12/2019
S1 N/A N/A 09/12/2019
S1 N/A N/A 10/12/2019
S1 N/A N/A 11/12/2019
S1 N/A N/A 11/12/2019
S1 N/A N/A 12/12/2019
S1 N/A N/A 16/12/2019
S1 N/A N/A 18/12/2019
S1 N/A N/A 22/12/2019
S1 N/A N/A 23/12/2019
S1 N/A N/A 24/12/2019
S1 N/A N/A 28/12/2019
S1 N/A N/A 29/12/2019
S1 N/A N/A 30/12/2019
S1 N/A N/A 06/01/2020
S1 N/A N/A 07/01/2020
S1 N/A N/A 08/01/2020
S1 N/A N/A 09/01/2020
S1 N/A N/A 10/01/2020
S1 N/A N/A 10/01/2020
S1 N/A N/A 15/01/2020
S1 N/A N/A 16/01/2020
S1 N/A N/A 17/01/2020
S1 N/A N/A 21/01/2020
S1 N/A N/A 22/01/2020
S1 N/A N/A 23/01/2020
S1 N/A N/A 27/01/2020
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S1 N/A N/A 28/01/2020
S1 N/A N/A 29/01/2020
S1 N/A N/A 02/02/2020
S1 N/A N/A 04/02/2020
S1 N/A N/A 05/02/2020
S1 N/A N/A 06/02/2020
S1 N/A N/A 07/02/2020
S1 N/A N/A 08/02/2020
S2 N/A N/A 09/02/2020
S1 N/A N/A 14/02/2020
S1 N/A N/A 15/02/2020
S1 N/A N/A 16/02/2020
S1 N/A N/A 16/02/2020
S1 N/A N/A 20/02/2020
S1 N/A N/A 21/02/2020
S1 N/A N/A 22/02/2020
S1 N/A N/A 22/02/2020
S1 N/A N/A 26/02/2020
S1 N/A N/A 27/02/2020
S1 N/A N/A 28/02/2020
S1 N/A N/A 28/02/2020
S1 N/A N/A 01/03/2020
S1 N/A N/A 02/03/2020
S1 N/A N/A 03/03/2020
S1 N/A N/A 04/03/2020
S2 N/A N/A 04/03/2020
S1 N/A N/A 05/03/2020
S2 N/A N/A 05/03/2020
S1 N/A N/A 06/03/2020
S1 N/A N/A 06/03/2020
S1 N/A N/A 07/03/2020
S1 N/A N/A 07/03/2020
S2 N/A N/A 11/03/2020
S1 N/A N/A 15/03/2020
S1 N/A N/A 16/03/2020
S2 N/A N/A 16/03/2020
S1 N/A N/A 17/03/2020
S1 N/A N/A 17/03/2020
S2 N/A N/A 19/03/2020
S2 N/A N/A 19/03/2020
S1 N/A N/A 21/03/2020
S2 N/A N/A 21/03/2020
S1 N/A N/A 22/03/2020
S1 N/A N/A 23/03/2020
S1 N/A N/A 23/03/2020
S2 N/A N/A 26/03/2020
S1 N/A N/A 27/03/2020
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S1 N/A N/A 28/03/2020
S2 N/A N/A 28/03/2020
S1 N/A N/A 29/03/2020
S1 N/A N/A 29/03/2020
S1 N/A N/A 01/04/2020
S1 N/A N/A 02/04/2020
S1 N/A N/A 03/04/2020
S1 N/A N/A 04/04/2020
S1 N/A N/A 04/04/2020
S1 N/A N/A 05/04/2020
S1 N/A N/A 05/04/2020
S2 N/A N/A 06/04/2020
S2 N/A N/A 11/04/2020
S1 N/A N/A 12/04/2020
S2 N/A N/A 13/04/2020
S1 N/A N/A 14/04/2020
S2 N/A N/A 15/04/2020
S1 N/A N/A 16/04/2020
S1 N/A N/A 16/04/2020
S2 N/A N/A 17/04/2020
S2 N/A N/A 18/04/2020
S1 N/A N/A 20/04/2020
S1 N/A N/A 21/04/2020
S1 N/A N/A 22/04/2020
S1 N/A N/A 22/04/2020
S2 N/A N/A 22/04/2020
S2 N/A N/A 23/04/2020
S2 N/A N/A 25/04/2020
S2 N/A N/A 25/04/2020
S1 N/A N/A 26/04/2020
S1 N/A N/A 27/04/2020
S1 N/A N/A 28/04/2020
S1 N/A N/A 28/04/2020
S2 N/A N/A 30/04/2020
S2 N/A N/A 30/04/2020
S1 N/A N/A 01/05/2020
S1 N/A N/A 03/05/2020
S1 N/A N/A 03/05/2020
S2 N/A N/A 04/05/2020
S2 N/A N/A 04/05/2020
S2 N/A N/A 05/05/2020
S2 N/A N/A 05/05/2020
S1 N/A N/A 09/05/2020
S1 N/A N/A 10/05/2020
S1 N/A N/A 11/05/2020
S1 N/A N/A 12/05/2020
S1 N/A N/A 14/05/2020
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S1 N/A N/A 15/05/2020
S2 N/A N/A 15/05/2020
S1 N/A N/A 16/05/2020
S1 N/A N/A 16/05/2020
S1 N/A N/A 20/05/2020
S2 N/A N/A 20/05/2020
S2 N/A N/A 20/05/2020
LC N/A N/A 20/05/2020
S1 N/A N/A 22/05/2020
S1 N/A N/A 22/05/2020
S2 N/A N/A 23/05/2020
S2 N/A N/A 25/05/2020
S2 N/A N/A 25/05/2020
S1 N/A N/A 26/05/2020
S2 N/A N/A 27/05/2020
S1 N/A N/A 28/05/2020
S1 N/A N/A 28/05/2020
S2 N/A N/A 28/05/2020
S2 N/A N/A 07/06/2020
S1 N/A N/A 08/06/2020
S1 N/A N/A 09/06/2020
S1 N/A N/A 10/06/2020
S1 N/A N/A 11/06/2020
S1 N/A N/A 11/06/2020
S1 N/A N/A 12/06/2020
S1 N/A N/A 12/06/2020
S1 N/A N/A 13/06/2020
S1 N/A N/A 15/06/2020
S1 N/A N/A 15/06/2020
S1 N/A N/A 19/06/2020
S2 N/A N/A 19/06/2020
S1 N/A N/A 20/06/2020
S1 N/A N/A 21/06/2020
S1 N/A N/A 21/06/2020
S2 N/A N/A 21/06/2020
S1 N/A N/A 25/06/2020
S1 N/A N/A 26/06/2020
S1 N/A N/A 27/06/2020
S1 N/A N/A 27/06/2020
S2 N/A N/A 05/07/2020
S1 N/A N/A 06/07/2020
S1 N/A N/A 07/07/2020
LC N/A N/A 07/07/2020
S1 N/A N/A 08/07/2020
S1 N/A N/A 09/07/2020
S1 N/A N/A 10/07/2020
S1 N/A N/A 10/07/2020
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S1
S1
S1
S1
S1
S1
LC
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S1
S2
S1
S1
S1
S1
S2
S1
S1
S2
S1
S1
S1
S1
LC
S1
S1
S1
S1
S2
S2
RCM
S1
S1
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
09/09/2020
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
13/09/2020
N/A
N/A
N/A
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13/07/2020
14/07/2020
15/07/2020
19/07/2020
20/07/2020
21/07/2020
23/07/2020
25/07/2020
26/07/2020
26/07/2020
27/07/2020
31/07/2020
02/08/2020
04/08/2020
05/08/2020
07/08/2020
08/08/2020
08/08/2020
13/08/2020
13/08/2020
18/08/2020
19/08/2020
20/08/2020
20/08/2020
24/08/2020
25/08/2020
26/08/2020
26/08/2020
28/08/2020
30/08/2020
31/08/2020
31/08/2020
01/09/2020
02/09/2020
03/09/2020
04/09/2020
04/09/2020
05/09/2020
06/09/2020
06/09/2020
07/09/2020
07/09/2020
09/09/2020
11/09/2020
13/09/2020
13/09/2020
17/09/2020



S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S2
S2
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
RCM
S1
S1
S2
S1
S1
RCM
S1
S2
S1
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
31/10/2020
N/A
N/A
N/A
N/A
N/A
04/11/2020
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
04/11/2020
N/A
N/A
N/A
N/A
N/A
16/11/2020
N/A
N/A
N/A
N/A
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18/09/2020
19/09/2020
19/09/2020
23/09/2020
24/09/2020
25/09/2020
25/09/2020
29/09/2020
29/09/2020
30/09/2020
01/10/2020
02/10/2020
02/10/2020
03/10/2020
04/10/2020
04/10/2020
04/10/2020
04/10/2020
05/10/2020
05/10/2020
05/10/2020
12/10/2020
13/10/2020
13/10/2020
18/10/2020
19/10/2020
19/10/2020
24/10/2020
25/10/2020
25/10/2020
29/10/2020
30/10/2020
30/10/2020
31/10/2020
31/10/2020
01/11/2020
02/11/2020
03/11/2020
03/11/2020
06/11/2020
09/11/2020
10/11/2020
10/11/2020
11/11/2020
11/11/2020
12/11/2020
16/11/2020



S1 N/A N/A 17/11/2020
S1 N/A N/A 18/11/2020
S1 N/A N/A 18/11/2020
S1 N/A N/A 22/11/2020
S1 N/A N/A 23/11/2020
S1 N/A N/A 24/11/2020
S1 N/A N/A 24/11/2020
S1 N/A N/A 28/11/2020
S1 N/A N/A 29/11/2020
S1 N/A N/A 30/11/2020
S1 N/A N/A 30/11/2020
S2 N/A N/A 05/12/2020
S1 N/A N/A 08/12/2020
S1 N/A N/A 09/12/2020
S1 N/A N/A 10/12/2020
S1 N/A N/A 11/12/2020
S1 N/A N/A 11/12/2020
S1 N/A N/A 12/12/2020
S1 N/A N/A 16/12/2020
S1 N/A N/A 17/12/2020
S1 N/A N/A 18/12/2020
S1 N/A N/A 22/12/2020
S1 N/A N/A 23/12/2020
S1 N/A N/A 24/12/2020
S1 N/A N/A 28/12/2020
S1 N/A N/A 29/12/2020
S2 N/A N/A 02/01/2021
S1 N/A N/A 12/01/2021
S1 N/A N/A 15/01/2021
S1 N/A N/A 16/01/2021
S1 N/A N/A 17/01/2021
S1 N/A N/A 21/01/2021
S1 N/A N/A 22/01/2021
S1 N/A N/A 23/01/2021
S1 N/A N/A 27/01/2021
S1 N/A N/A 28/01/2021
S1 N/A N/A 29/01/2021
S1 N/A N/A 02/02/2021
S2 N/A N/A 04/02/2021
S1 N/A N/A 06/02/2021
S2 N/A N/A 06/02/2021
S1 N/A N/A 07/02/2021
S1 N/A N/A 08/02/2021
S1 N/A N/A 10/02/2021
S1 N/A N/A 10/02/2021
S1 N/A N/A 14/02/2021
S1 N/A N/A 15/02/2021
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S1 N/A N/A 16/02/2021
S1 N/A N/A 16/02/2021
S2 N/A N/A 19/02/2021
S1 N/A N/A 20/02/2021
S1 N/A N/A 21/02/2021
S2 N/A N/A 21/02/2021
S2 N/A N/A 21/02/2021
S1 N/A N/A 22/02/2021
LC N/A N/A 23/02/2021
S2 N/A N/A 24/02/2021
S1 N/A N/A 26/02/2021
S1 N/A N/A 27/02/2021
S1 N/A N/A 28/02/2021
S1 N/A N/A 01/03/2021
S1 N/A N/A 02/03/2021
S1 N/A N/A 04/03/2021
S1 N/A N/A 05/03/2021
S1 N/A N/A 06/03/2021
S1 N/A N/A 07/03/2021
S1 N/A N/A 08/03/2021
S1 N/A N/A 08/03/2021
S1 N/A N/A 16/03/2021
S2 N/A N/A 16/03/2021
S1 N/A N/A 17/03/2021
S1 N/A N/A 18/03/2021
S2 N/A N/A 18/03/2021
S2 N/A N/A 18/03/2021
LC N/A N/A 20/03/2021
S2 N/A N/A 21/03/2021
S1 N/A N/A 22/03/2021
S1 N/A N/A 23/03/2021
S2 N/A N/A 23/03/2021
S1 N/A N/A 24/03/2021
S1 N/A N/A 24/03/2021
S1 N/A N/A 28/03/2021
S1 N/A N/A 29/03/2021
S1 N/A N/A 30/03/2021
S1 N/A N/A 30/03/2021
S1 N/A N/A 01/04/2021
S1 N/A N/A 02/04/2021
S1 N/A N/A 02/04/2021
S2 N/A N/A 02/04/2021
S1 N/A N/A 03/04/2021
S1 N/A N/A 04/04/2021
S1 N/A N/A 05/04/2021
S1 N/A N/A 06/04/2021
S1 N/A N/A 06/04/2021
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S2 N/A N/A 06/04/2021
S1 N/A N/A 07/04/2021
S1 N/A N/A 07/04/2021
S2 N/A N/A 07/04/2021
S1 N/A N/A 15/04/2021
S2 N/A N/A 15/04/2021
S2 N/A N/A 15/04/2021
S1 N/A N/A 16/04/2021
S1 N/A N/A 17/04/2021
S1 N/A N/A 17/04/2021
S2 N/A N/A 17/04/2021
S2 N/A N/A 17/04/2021
S2 N/A N/A 20/04/2021
S2 N/A N/A 20/04/2021
S1 N/A N/A 21/04/2021
S2 N/A N/A 22/04/2021
S1 N/A N/A 23/04/2021
S1 N/A N/A 23/04/2021
S2 N/A N/A 25/04/2021
S1 N/A N/A 27/04/2021
S2 N/A N/A 27/04/2021
S1 N/A N/A 28/04/2021
S1 N/A N/A 29/04/2021
S1 N/A N/A 29/04/2021
S1 N/A N/A 01/05/2021
S1 N/A N/A 03/05/2021
S1 N/A N/A 04/05/2021
S1 N/A N/A 04/05/2021
S1 N/A N/A 05/05/2021
S1 N/A N/A 05/05/2021
S1 N/A N/A 12/05/2021
S1 N/A N/A 15/05/2021
S1 N/A N/A 16/05/2021
S1 N/A N/A 17/05/2021
S1 N/A N/A 17/05/2021
S2 N/A N/A 17/05/2021
S1 N/A N/A 21/05/2021
S1 N/A N/A 22/05/2021
S1 N/A N/A 23/05/2021
S1 N/A N/A 23/05/2021
S1 N/A N/A 27/05/2021
S1 N/A N/A 28/05/2021
S1 N/A N/A 29/05/2021
S1 N/A N/A 29/05/2021
S2 N/A N/A 30/05/2021
S1 N/A N/A 03/06/2021
S1 N/A N/A 03/06/2021
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S2 N/A N/A 06/06/2021
S1 N/A N/A 10/06/2021
S1 N/A N/A 11/06/2021
S1 N/A N/A 14/06/2021
S2 N/A N/A 14/06/2021
S1 N/A N/A 15/06/2021
LC N/A N/A 15/06/2021
S1 N/A N/A 16/06/2021
S1 N/A N/A 16/06/2021
S2 N/A N/A 16/06/2021
S1 N/A N/A 20/06/2021
S1 N/A N/A 21/06/2021
S2 N/A N/A 21/06/2021
S1 N/A N/A 22/06/2021
S1 N/A N/A 22/06/2021
S1 N/A N/A 26/06/2021
S1 N/A N/A 27/06/2021
S1 N/A N/A 28/06/2021
S1 N/A N/A 28/06/2021
LC N/A N/A 02/07/2021
S2 N/A N/A 04/07/2021
S2 N/A N/A 06/07/2021
S1 N/A N/A 09/07/2021
S1 N/A N/A 11/07/2021
S1 N/A N/A 11/07/2021
S1 N/A N/A 14/07/2021
S2 N/A N/A 16/07/2021
S1 N/A N/A 21/07/2021
S1 N/A N/A 22/07/2021
S1 N/A N/A 22/07/2021
S2 N/A N/A 24/07/2021
S2 N/A N/A 24/07/2021
LC N/A N/A 26/07/2021
S2 N/A N/A 27/07/2021
S2 N/A N/A 31/07/2021
S1 N/A N/A 02/08/2021
S1 N/A N/A 06/08/2021
S1 N/A N/A 07/08/2021
S2 N/A N/A 08/08/2021
S1 N/A N/A 09/08/2021
S1 N/A N/A 09/08/2021
S1 N/A N/A 15/08/2021
S1 N/A N/A 15/08/2021
S2 N/A N/A 15/08/2021
S1 N/A N/A 19/08/2021
S2 N/A N/A 23/08/2021
S1 N/A N/A 27/08/2021
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S1 N/A N/A 27/08/2021
S1 N/A N/A 31/08/2021
S1 N/A N/A 01/09/2021
S1 N/A N/A 02/09/2021
S2 N/A N/A 02/09/2021
S1 N/A N/A 04/09/2021
S1 N/A N/A 05/09/2021
S1 N/A N/A 06/09/2021
S2 N/A N/A 06/09/2021
S1 N/A N/A 07/09/2021
S2 N/A N/A 07/09/2021
S2 N/A N/A 09/09/2021
S2 N/A N/A 15/09/2021
S1 N/A N/A 19/09/2021
S1 N/A N/A 20/09/2021
S1 N/A N/A 20/09/2021
S2 N/A N/A 22/09/2021
S1 N/A N/A 24/09/2021
S2 N/A N/A 27/09/2021
S2 N/A N/A 30/09/2021
S1 N/A N/A 01/10/2021
S1 N/A N/A 02/10/2021
S1 N/A N/A 02/10/2021
S1 N/A N/A 03/10/2021
S2 N/A N/A 04/10/2021
S2 N/A N/A 04/10/2021
S1 N/A N/A 05/10/2021
S2 N/A N/A 05/10/2021
S1 N/A N/A 06/10/2021
S1 N/A N/A 06/10/2021
S1 N/A N/A 07/10/2021
S1 N/A N/A 07/10/2021
S1 N/A N/A 14/10/2021
S1 N/A N/A 14/10/2021
S1 N/A N/A 18/10/2021
S1 N/A N/A 26/10/2021
S1 N/A N/A 26/10/2021
S1 N/A N/A 30/10/2021
S1 N/A N/A 03/11/2021
LC N/A N/A 03/11/2021
S1 N/A N/A 04/11/2021
S1 N/A N/A 04/11/2021
S1 N/A N/A 05/11/2021
S1 N/A N/A 05/11/2021
S1 N/A N/A 11/11/2021
S1 N/A N/A 18/11/2021
S1 N/A N/A 19/11/2021
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S1 N/A N/A 23/11/2021
S1 N/A N/A 30/11/2021
S1 N/A N/A 03/12/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 06/12/2021
S1 N/A N/A 09/12/2021
S1 N/A N/A 12/12/2021
S1 N/A N/A 13/12/2021
S1 N/A N/A 17/12/2021
S1 N/A N/A 29/12/2021
S1 N/A N/A 22/01/2022
LC N/A N/A 25/01/2022
LC N/A N/A 29/01/2022
S1 N/A N/A 30/01/2022
S2 N/A N/A 14/02/2022
S2 N/A N/A 24/02/2022
S2 N/A N/A 27/02/2022
S1 N/A N/A 02/03/2022
S2 N/A N/A 04/03/2022
S2 N/A N/A 14/03/2022
S2 N/A N/A 16/03/2022
S2 N/A N/A 16/03/2022
S2 N/A N/A 19/03/2022
S2 N/A N/A 15/04/2022
S2 N/A N/A 15/04/2022
S2 N/A N/A 20/04/2022
S2 N/A N/A 23/04/2022
S2 N/A N/A 25/04/2022
S2 N/A N/A 04/05/2022
S2 N/A N/A 04/05/2022
LC N/A N/A 02/06/2022
S2 N/A N/A 04/08/2022
S2 N/A N/A 04/08/2022
S2 N/A N/A 02/09/2022
S1 N/A N/A 01/10/2022
S2 N/A N/A 04/10/2022
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Appendix Table 5: Images used in the analysis at theglgcier point on Valerie Glacier. LC isandsat,
S1is Sentinel (includes Sentinela and Sentinelb), S2 is Sentine? (includes Sentineéta and Sentinel
2b), TSXTDX is TerraSARX/TanDEM-X, R2 is RADARSAT2, and RCM is RADARSAT Constellation
Mission. reference and secondary image dates marebtained for Valerie Glacier during the ITS_LIVE
data download that is described in Sec8ah5

Sensor  Reference Image Date Secondary ImageDate  Middle Date Used for Graphing/Analysis

LC N/A N/A 08/052013
LC N/A N/A 20/07/2013
LC N/A N/A 11/09/2013
LC N/A N/A 24/10/2013
LC N/A N/A 16/11/2013
LC N/A N/A 28/01/2014
LC N/A N/A 04/02/2014
LC N/A N/A 13/02/2014
R2 03/02/2014 27/02/2014 15/02/2014
R2 27/02/2014 23/03/2014 11/03/2014
LC N/A N/A 18/04/2014
LC N/A N/A 25/04/2014
LC N/A N/A 12/05/2014
LC N/A N/A 23/07/2014
LC N/A N/A 31/08/2014
LC N/A N/A 04/09/2014
LC N/A N/A 16/09/2014
LC N/A N/A 19/11/2014
S1 N/A N/A 20/11/2014
S1 N/A N/A 14/12/2014
LC N/A N/A 21/12/2014
LC N/A N/A 07/01/2015
S1 N/A N/A 31/01/2015
S1 N/A N/A 24/02/2015
R2 22/02/2015 18/03/2015 06/03/2015
TSX/TDX 03/03/2015 14/03/2015 08/03/2015
S1 N/A N/A 20/03/2015
S1 N/A N/A 09/04/2015
S1 N/A N/A 13/04/2015
LC N/A N/A 21/04/2015
LC N/A N/A 04/05/2015
LC N/A N/A 14/05/2015
LC N/A N/A 23/05/2015
S1 N/A N/A 31/05/2015
S1 N/A N/A 24/06/2015
S1 N/A N/A 01/07/2015
TSX/TDX 27/06/2015 08/07/2015 02/07/2015
LC N/A N/A 05/07/2015
TSX/TDX 08/07/2015 19/07/2015 13/07/2015
LC N/A N/A 17/07/2015
S1 N/A N/A 18/07/2015
TSX/TDX 19/07/2015 30/07/2015 24/07/2015
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Sensor

LC
TSX/TDX
LC
TSX/TDX
TSX/TDX
TSX/TDX
S1
TSX/TDX
S1
TSX/TDX
TSX/TDX
TSX/TDX
TSX/TDX
S1
S1
S1
TSX/TDX
S1
S1
S1
S1
S1
R2
S1
R2
S1
LC
S1
S1
S2
LC
S1
S1
LC
LC
S1
S1
S2
LC
LC
S1
S1
S1
S1
S1
S1
R2
R2

N/A
30/07/2015
N/A
10/08/2015
21/08/2015
01/09/2015
N/A
12/09/2015
N/A
23/09/2015
04/10/2015
09/10/2015
15/10/2015
N/A
N/A
N/A
22/11/2015
N/A
N/A
N/A
N/A
N/A
24/01/2016
N/A
17/02/2016
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
18/01/2017
11/02/2017

Reference Image Date Secondary ImageDate

N/A
10/08/2015
N/A
21/08/2015
01/09/2015
12/09/2015
N/A
23/09/2015
N/A
04/10/2015
15/10/2015
20/10/2015
26/10/2015
N/A
N/A
N/A
03/12/2015
N/A
N/A
N/A
N/A
N/A
17/02/2016
N/A
12/03/2016
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
11/02/2017
07/03/2017
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Middle Date Used for Graphing/Analysis

26/07/2015
04/08/2015
06/08/2015
15/08/2015
26/08/2015
06/09/2015
12/09/2015
17/09/2015
28/09/2015
28/09/2015
09/10/2015
14/10/2015
20/10/2015
22/10/2015
08/11/2015
15/11/2015
27/11/2015
20/12/2015
05/01/2016
11/01/2016
26/01/2016
01/02/2016
05/02/2016
19/02/2016
29/02/2016
14/03/2016
22/03/2016
08/05/2016
25/05/2016
28/05/2016
03/06/2016
18/06/2016
04/07/2016
10/07/2016
11/08/2016
12/08/2016
29/08/2016
11/09/2016
16/10/2016
23/10/2016
28/10/2016
21/11/2016
25/11/2016
07/12/2016
15/12/2016
19/12/2016
30/01/2017
23/02/2017



S1
LC
S1
LC
S1
S1
S1
S1
S1
S1
TSX/TDX
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
28/04/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
09/05/2017
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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23/02/2017
28/02/2017
11/03/2017
16/03/2017
08/04/2017
09/04/2017
10/04/2017
11/04/2017
11/04/2017
12/04/2017
03/05/2017
06/05/2017
07/05/2017
09/05/2017
10/05/2017
10/05/2017
24/05/2017
17/06/2017
18/06/2017
23/06/2017
24/06/2017
29/06/2017
03/07/2017
17/07/2017
29/07/2017
11/08/2017
16/08/2017
17/08/2017
18/08/2017
23/08/2017
24/08/2017
28/08/2017
30/08/2017
03/09/2017
11/09/2017
12/09/2017
16/09/2017
17/09/2017
21/09/2017
23/09/2017
27/09/2017
29/09/2017
08/10/2017
09/10/2017
11/10/2017
17/10/2017
21/10/2017
22/10/2017



S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
LC
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S2
S1
S1
S2
TSX/TDX
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
28/01/2018
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
08/02/2018
N/A
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23/10/2017
23/10/2017
28/10/2017
29/10/2017
06/11/2017
07/11/2017
08/11/2017
09/11/2017
10/11/2017
15/11/2017
16/11/2017
27/11/2017
01/12/2017
02/12/2017
06/12/2017
08/12/2017
08/12/2017
14/12/2017
15/12/2017
20/12/2017
21/12/2017
22/12/2017
26/12/2017
27/12/2017
28/12/2017
01/01/2018
04/01/2018
05/01/2018
05/01/2018
05/01/2018
06/01/2018
08/01/2018
13/01/2018
14/01/2018
15/01/2018
19/01/2018
21/01/2018
21/01/2018
25/01/2018
27/01/2018
28/01/2018
31/01/2018
31/01/2018
01/02/2018
02/02/2018
02/02/2018
02/02/2018
03/02/2018



S1 N/A N/A 05/02/2018
S1 N/A N/A 06/02/2018
S1 N/A N/A 06/02/2018
S1 N/A N/A 07/02/2018
S1 N/A N/A 07/02/2018
S2 N/A N/A 17/02/2018
S1 N/A N/A 20/02/2018
S2 N/A N/A 25/02/2018
S1 N/A N/A 01/03/2018
S2 N/A N/A 04/03/2018
S1 N/A N/A 05/03/2018
S1 N/A N/A 05/03/2018
S1 N/A N/A 11/03/2018
S1 N/A N/A 12/03/2018
S2 N/A N/A 14/03/2018
S2 N/A N/A 17/03/2018
S2 N/A N/A 19/03/2018
S1 N/A N/A 20/03/2018
S2 N/A N/A 27/03/2018
S1 N/A N/A 28/03/2018
S2 N/A N/A 29/03/2018
S2 N/A N/A 30/03/2018
S1 N/A N/A 03/04/2018
S2 N/A N/A 04/04/2018
S1 N/A N/A 09/04/2018
S1 N/A N/A 10/04/2018
S1 N/A N/A 11/04/2018
S1 N/A N/A 12/04/2018
S2 N/A N/A 14/04/2018
S2 N/A N/A 19/04/2018
S1 N/A N/A 20/04/2018
S1 N/A N/A 21/04/2018
S1 N/A N/A 21/04/2018
S2 N/A N/A 21/04/2018
S2 N/A N/A 21/04/2018
S2 N/A N/A 24/04/2018
S1 N/A N/A 25/04/2018
S2 N/A N/A 26/04/2018
S2 N/A N/A 26/04/2018
S1 N/A N/A 27/04/2018
S1 N/A N/A 27/04/2018
S2 N/A N/A 02/05/2018
S1 N/A N/A 08/05/2018
S1 N/A N/A 09/05/2018
S2 N/A N/A 09/05/2018
S1 N/A N/A 10/05/2018
S1 N/A N/A 11/05/2018
S1 N/A N/A 12/05/2018
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S1 N/A N/A 13/05/2018
S2 N/A N/A 13/05/2018
S1 N/A N/A 14/05/2018
S1 N/A N/A 15/05/2018
S1 N/A N/A 15/05/2018
S1 N/A N/A 19/05/2018
S1 N/A N/A 20/05/2018
S1 N/A N/A 21/05/2018
S1 N/A N/A 25/05/2018
S1 N/A N/A 26/05/2018
S1 N/A N/A 27/05/2018
S1 N/A N/A 31/05/2018
S2 N/A N/A 04/06/2018
S2 N/A N/A 04/06/2018
S2 N/A N/A 05/06/2018
S1 N/A N/A 06/06/2018
S1 N/A N/A 07/06/2018
S1 N/A N/A 09/06/2018
S1 N/A N/A 10/06/2018
S1 N/A N/A 10/06/2018
S1 N/A N/A 13/06/2018
S1 N/A N/A 14/06/2018
S1 N/A N/A 18/06/2018
S1 N/A N/A 19/06/2018
S1 N/A N/A 20/06/2018
S1 N/A N/A 20/06/2018
S1 N/A N/A 24/06/2018
S1 N/A N/A 26/06/2018
S1 N/A N/A 26/06/2018
S1 N/A N/A 30/06/2018
S1 N/A N/A 01/07/2018
S2 N/A N/A 02/07/2018
S1 N/A N/A 05/07/2018
S1 N/A N/A 06/07/2018
S1 N/A N/A 08/07/2018
S2 N/A N/A 13/07/2018
S1 N/A N/A 14/07/2018
S1 N/A N/A 14/07/2018
S2 N/A N/A 17/07/2018
S1 N/A N/A 18/07/2018
S2 N/A N/A 18/07/2018
S1 N/A N/A 20/07/2018
S1 N/A N/A 24/07/2018
S2 N/A N/A 25/07/2018
S2 N/A N/A 25/07/2018
S1 N/A N/A 26/07/2018
S2 N/A N/A 27/07/2018
S1 N/A N/A 30/07/2018
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S1 N/A N/A 01/08/2018
S1 N/A N/A 02/08/2018
LC N/A N/A 02/08/2018
S1 N/A N/A 03/08/2018
S2 N/A N/A 04/08/2018
S1 N/A N/A 05/08/2018
S1 N/A N/A 06/08/2018
S1 N/A N/A 07/08/2018
S1 N/A N/A 07/08/2018
S1 N/A N/A 13/08/2018
S2 N/A N/A 16/08/2018
S1 N/A N/A 18/08/2018
S1 N/A N/A 19/08/2018
S1 N/A N/A 23/08/2018
S1 N/A N/A 24/08/2018
S1 N/A N/A 25/08/2018
S1 N/A N/A 29/08/2018
S1 N/A N/A 30/08/2018
S1 N/A N/A 31/08/2018
S1 N/A N/A 01/09/2018
S1 N/A N/A 04/09/2018
S2 N/A N/A 04/09/2018
S1 N/A N/A 05/09/2018
S1 N/A N/A 05/09/2018
LC N/A N/A 07/09/2018
S1 N/A N/A 11/09/2018
S1 N/A N/A 12/09/2018
S2 N/A N/A 13/09/2018
S2 N/A N/A 15/09/2018
S1 N/A N/A 16/09/2018
S1 N/A N/A 18/09/2018
S1 N/A N/A 18/09/2018
S2 N/A N/A 18/09/2018
S2 N/A N/A 18/09/2018
S2 N/A N/A 20/09/2018
S2 N/A N/A 21/09/2018
S1 N/A N/A 22/09/2018
S1 N/A N/A 23/09/2018
S2 N/A N/A 23/09/2018
S1 N/A N/A 24/09/2018
S1 N/A N/A 24/09/2018
S2 N/A N/A 26/09/2018
S1 N/A N/A 28/09/2018
S2 N/A N/A 28/09/2018
S1 N/A N/A 30/09/2018
S2 N/A N/A 02/10/2018
S2 N/A N/A 03/10/2018
S2 N/A N/A 07/10/2018
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S1 N/A N/A 09/10/2018
S1 N/A N/A 10/10/2018
S1 N/A N/A 11/10/2018
S1 N/A N/A 12/10/2018
S2 N/A N/A 16/10/2018
S1 N/A N/A 17/10/2018
S1 N/A N/A 18/10/2018
S1 N/A N/A 18/10/2018
S2 N/A N/A 18/10/2018
S2 N/A N/A 18/10/2018
S2 N/A N/A 21/10/2018
S1 N/A N/A 22/10/2018
S1 N/A N/A 23/10/2018
S1 N/A N/A 24/10/2018
S1 N/A N/A 28/10/2018
S1 N/A N/A 29/10/2018
S1 N/A N/A 30/10/2018
S2 N/A N/A 04/11/2018
S2 N/A N/A 05/11/2018
S1 N/A N/A 09/11/2018
S2 N/A N/A 09/11/2018
S1 N/A N/A 11/11/2018
S1 N/A N/A 12/11/2018
LC N/A N/A 14/11/2018
S1 N/A N/A 15/11/2018
S1 N/A N/A 16/11/2018
S1 N/A N/A 17/11/2018
S1 N/A N/A 21/11/2018
S1 N/A N/A 22/11/2018
S1 N/A N/A 23/11/2018
LC N/A N/A 23/11/2018
S1 N/A N/A 27/11/2018
S1 N/A N/A 28/11/2018
S1 N/A N/A 29/11/2018
S1 N/A N/A 02/12/2018
S2 N/A N/A 02/12/2018
S1 N/A N/A 06/12/2018
S2 N/A N/A 07/12/2018
S1 N/A N/A 09/12/2018
S1 N/A N/A 09/12/2018
S1 N/A N/A 10/12/2018
S1 N/A N/A 15/12/2018
S1 N/A N/A 16/12/2018
S1 N/A N/A 17/12/2018
S1 N/A N/A 21/12/2018
S1 N/A N/A 23/12/2018
S1 N/A N/A 27/12/2018
S1 N/A N/A 29/12/2018

183



S1 N/A N/A 02/01/2019
S2 N/A N/A 04/01/2019
S1 N/A N/A 06/01/2019
S1 N/A N/A 07/01/2019
S1 N/A N/A 08/01/2019
S2 N/A N/A 08/01/2019
S1 N/A N/A 09/01/2019
S1 N/A N/A 09/01/2019
S1 N/A N/A 10/01/2019
S1 N/A N/A 14/01/2019
S1 N/A N/A 16/01/2019
S1 N/A N/A 20/01/2019
S1 N/A N/A 21/01/2019
S1 N/A N/A 22/01/2019
S1 N/A N/A 26/01/2019
S2 N/A N/A 26/01/2019
S1 N/A N/A 28/01/2019
S1 N/A N/A 01/02/2019
S2 N/A N/A 03/02/2019
S1 N/A N/A 04/02/2019
S1 N/A N/A 05/02/2019
S1 N/A N/A 06/02/2019
S1 N/A N/A 07/02/2019
S2 N/A N/A 07/02/2019
S1 N/A N/A 08/02/2019
S1 N/A N/A 08/02/2019
S2 N/A N/A 11/02/2019
S1 N/A N/A 13/02/2019
S2 N/A N/A 13/02/2019
S1 N/A N/A 15/02/2019
S2 N/A N/A 15/02/2019
S2 N/A N/A 18/02/2019
LC N/A N/A 18/02/2019
S1 N/A N/A 19/02/2019
S2 N/A N/A 20/02/2019
S1 N/A N/A 21/02/2019
S2 N/A N/A 23/02/2019
S1 N/A N/A 25/02/2019
S2 N/A N/A 25/02/2019
S1 N/A N/A 26/02/2019
S1 N/A N/A 27/02/2019
LC N/A N/A 27/02/2019
S1 N/A N/A 01/03/2019
S1 N/A N/A 02/03/2019
S1 N/A N/A 03/03/2019
S1 N/A N/A 05/03/2019
S1 N/A N/A 06/03/2019
S1 N/A N/A 06/03/2019
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S1 N/A N/A 07/03/2019
S2 N/A N/A 07/03/2019
S2 N/A N/A 09/03/2019
S2 N/A N/A 09/03/2019
S2 N/A N/A 14/03/2019
S1 N/A N/A 15/03/2019
S2 N/A N/A 17/03/2019
S2 N/A N/A 20/03/2019
S2 N/A N/A 22/03/2019
S1 N/A N/A 23/03/2019
S1 N/A N/A 27/03/2019
S1 N/A N/A 01/04/2019
S1 N/A N/A 04/04/2019
S1 N/A N/A 05/04/2019
S1 N/A N/A 05/04/2019
S1 N/A N/A 11/04/2019
S1 N/A N/A 12/04/2019
S2 N/A N/A 13/04/2019
S1 N/A N/A 14/04/2019
S1 N/A N/A 15/04/2019
S1 N/A N/A 16/04/2019
S1 N/A N/A 16/04/2019
S2 N/A N/A 16/04/2019
S2 N/A N/A 19/04/2019
S1 N/A N/A 20/04/2019
S1 N/A N/A 21/04/2019
S2 N/A N/A 21/04/2019
LC N/A N/A 23/04/2019
S1 N/A N/A 26/04/2019
S1 N/A N/A 27/04/2019
S1 N/A N/A 28/04/2019
S2 N/A N/A 02/05/2019
S1 N/A N/A 03/05/2019
S2 N/A N/A 07/05/2019
S1 N/A N/A 11/05/2019
S1 N/A N/A 12/05/2019
S1 N/A N/A 14/05/2019
S1 N/A N/A 15/05/2019
S1 N/A N/A 20/05/2019
S1 N/A N/A 21/05/2019
S1 N/A N/A 22/05/2019
S1 N/A N/A 22/05/2019
S1 N/A N/A 26/05/2019
S1 N/A N/A 27/05/2019
S1 N/A N/A 28/05/2019
S1 N/A N/A 28/05/2019
S2 N/A N/A 04/06/2019
S1 N/A N/A 08/06/2019

185



S2 N/A N/A 08/06/2019
S1 N/A N/A 09/06/2019
S1 N/A N/A 10/06/2019
S1 N/A N/A 11/06/2019
S1 N/A N/A 11/06/2019
S1 N/A N/A 12/06/2019
S1 N/A N/A 12/06/2019
S1 N/A N/A 13/06/2019
S1 N/A N/A 14/06/2019
S1 N/A N/A 15/06/2019
S1 N/A N/A 15/06/2019
S2 N/A N/A 15/06/2019
S2 N/A N/A 17/06/2019
S2 N/A N/A 18/06/2019
S1 N/A N/A 19/06/2019
S1 N/A N/A 20/06/2019
S2 N/A N/A 20/06/2019
S1 N/A N/A 21/06/2019
S1 N/A N/A 21/06/2019
S2 N/A N/A 22/06/2019
S1 N/A N/A 25/06/2019
S2 N/A N/A 25/06/2019
S1 N/A N/A 26/06/2019
S1 N/A N/A 27/06/2019
S1 N/A N/A 27/06/2019
S2 N/A N/A 28/06/2019
S2 N/A N/A 30/06/2019
S2 N/A N/A 30/06/2019
S1 N/A N/A 02/07/2019
LC N/A N/A 04/07/2019
S1 N/A N/A 06/07/2019
S1 N/A N/A 07/07/2019
S1 N/A N/A 08/07/2019
S1 N/A N/A 09/07/2019
S1 N/A N/A 09/07/2019
LC N/A N/A 09/07/2019
S1 N/A N/A 10/07/2019
S1 N/A N/A 10/07/2019
S1 N/A N/A 13/07/2019
S1 N/A N/A 14/07/2019
S1 N/A N/A 15/07/2019
S1 N/A N/A 15/07/2019
S2 N/A N/A 15/07/2019
S2 N/A N/A 15/07/2019
S2 N/A N/A 18/07/2019
S1 N/A N/A 19/07/2019
S1 N/A N/A 20/07/2019
S2 N/A N/A 20/07/2019
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S2 N/A N/A 20/07/2019
S1 N/A N/A 21/07/2019
S1 N/A N/A 21/07/2019
S2 N/A N/A 22/07/2019
S2 N/A N/A 23/07/2019
S1 N/A N/A 25/07/2019
S1 N/A N/A 26/07/2019
S1 N/A N/A 27/07/2019
S1 N/A N/A 27/07/2019
S2 N/A N/A 30/07/2019
S1 N/A N/A 31/07/2019
S1 N/A N/A 01/08/2019
S2 N/A N/A 02/08/2019
S1 N/A N/A 04/08/2019
S1 N/A N/A 05/08/2019
S1 N/A N/A 06/08/2019
S1 N/A N/A 07/08/2019
S1 N/A N/A 08/08/2019
S2 N/A N/A 10/08/2019
S1 N/A N/A 13/08/2019
LC N/A N/A 13/08/2019
S1 N/A N/A 14/08/2019
S1 N/A N/A 14/08/2019
S2 N/A N/A 14/08/2019
S2 N/A N/A 14/08/2019
S2 N/A N/A 16/08/2019
S2 N/A N/A 17/08/2019
S1 N/A N/A 18/08/2019
S1 N/A N/A 19/08/2019
S1 N/A N/A 20/08/2019
S2 N/A N/A 21/08/2019
S1 N/A N/A 24/08/2019
S2 N/A N/A 24/08/2019
S2 N/A N/A 24/08/2019
S1 N/A N/A 25/08/2019
S1 N/A N/A 26/08/2019
S1 N/A N/A 26/08/2019
S2 N/A N/A 29/08/2019
S2 N/A N/A 29/08/2019
LC N/A N/A 29/08/2019
S1 N/A N/A 30/08/2019
S1 N/A N/A 31/08/2019
S1 N/A N/A 02/09/2019
S1 N/A N/A 05/09/2019
S1 N/A N/A 06/09/2019
S1 N/A N/A 06/09/2019
S1 N/A N/A 07/09/2019
S1 N/A N/A 07/09/2019
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S2 N/A N/A 08/09/2019
S1 N/A N/A 13/09/2019
S1 N/A N/A 13/09/2019
LC N/A N/A 14/09/2019
S1 N/A N/A 18/09/2019
S1 N/A N/A 19/09/2019
S1 N/A N/A 19/09/2019
S2 N/A N/A 21/09/2019
S1 N/A N/A 25/09/2019
S1 N/A N/A 30/09/2019
LC N/A N/A 30/09/2019
S1 N/A N/A 01/10/2019
S1 N/A N/A 03/10/2019
S1 N/A N/A 05/10/2019
S2 N/A N/A 07/10/2019
S2 N/A N/A 09/10/2019
S1 N/A N/A 11/10/2019
S1 N/A N/A 12/10/2019
S1 N/A N/A 13/10/2019
S1 N/A N/A 17/10/2019
S1 N/A N/A 18/10/2019
S1 N/A N/A 19/10/2019
S1 N/A N/A 23/10/2019
S1 N/A N/A 24/10/2019
S1 N/A N/A 25/10/2019
S1 N/A N/A 25/10/2019
S1 N/A N/A 29/10/2019
S1 N/A N/A 30/10/2019
S2 N/A N/A 30/10/2019
S1 N/A N/A 31/10/2019
S1 N/A N/A 31/10/2019
S1 N/A N/A 03/11/2019
S2 N/A N/A 10/11/2019
S1 N/A N/A 11/11/2019
S1 N/A N/A 16/11/2019
S1 N/A N/A 17/11/2019
S1 N/A N/A 18/11/2019
S1 N/A N/A 18/11/2019
S1 N/A N/A 22/11/2019
S1 N/A N/A 24/11/2019
S1 N/A N/A 28/11/2019
S1 N/A N/A 30/11/2019
S2 N/A N/A 02/12/2019
S2 N/A N/A 03/12/2019
S1 N/A N/A 08/12/2019
S2 N/A N/A 08/12/2019
S1 N/A N/A 09/12/2019
S1 N/A N/A 10/12/2019
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S1 N/A N/A 11/12/2019
S1 N/A N/A 11/12/2019
S1 N/A N/A 12/12/2019
S1 N/A N/A 16/12/2019
S1 N/A N/A 18/12/2019
S1 N/A N/A 22/12/2019
S1 N/A N/A 23/12/2019
S1 N/A N/A 24/12/2019
S1 N/A N/A 28/12/2019
S1 N/A N/A 29/12/2019
S1 N/A N/A 30/12/2019
S1 N/A N/A 07/01/2020
S1 N/A N/A 08/01/2020
S1 N/A N/A 09/01/2020
S1 N/A N/A 10/01/2020
S1 N/A N/A 10/01/2020
S1 N/A N/A 15/01/2020
S1 N/A N/A 16/01/2020
S1 N/A N/A 17/01/2020
S1 N/A N/A 21/01/2020
S1 N/A N/A 22/01/2020
S1 N/A N/A 23/01/2020
S1 N/A N/A 27/01/2020
S1 N/A N/A 28/01/2020
S1 N/A N/A 29/01/2020
S1 N/A N/A 02/02/2020
S1 N/A N/A 04/02/2020
S1 N/A N/A 06/02/2020
S1 N/A N/A 07/02/2020
S1 N/A N/A 08/02/2020
S2 N/A N/A 09/02/2020
S1 N/A N/A 14/02/2020
S1 N/A N/A 16/02/2020
S1 N/A N/A 16/02/2020
S1 N/A N/A 20/02/2020
S1 N/A N/A 21/02/2020
S1 N/A N/A 22/02/2020
S1 N/A N/A 22/02/2020
S1 N/A N/A 26/02/2020
S1 N/A N/A 28/02/2020
S1 N/A N/A 01/03/2020
S1 N/A N/A 02/03/2020
S1 N/A N/A 03/03/2020
S2 N/A N/A 04/03/2020
S2 N/A N/A 05/03/2020
S1 N/A N/A 06/03/2020
S1 N/A N/A 07/03/2020
S1 N/A N/A 07/03/2020
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S2 N/A N/A 11/03/2020
S1 N/A N/A 16/03/2020
S2 N/A N/A 16/03/2020
S1 N/A N/A 17/03/2020
S2 N/A N/A 19/03/2020
S2 N/A N/A 19/03/2020
S1 N/A N/A 21/03/2020
S2 N/A N/A 21/03/2020
S2 N/A N/A 26/03/2020
S1 N/A N/A 28/03/2020
S2 N/A N/A 28/03/2020
S1 N/A N/A 29/03/2020
S1 N/A N/A 01/04/2020
S1 N/A N/A 02/04/2020
S2 N/A N/A 06/04/2020
S2 N/A N/A 11/04/2020
S2 N/A N/A 13/04/2020
S2 N/A N/A 15/04/2020
S2 N/A N/A 18/04/2020
S2 N/A N/A 22/04/2020
S2 N/A N/A 23/04/2020
S2 N/A N/A 25/04/2020
S2 N/A N/A 25/04/2020
S2 N/A N/A 30/04/2020
S2 N/A N/A 30/04/2020
S1 N/A N/A 01/05/2020
S1 N/A N/A 03/05/2020
S1 N/A N/A 03/05/2020
S2 N/A N/A 04/05/2020
S2 N/A N/A 04/05/2020
S2 N/A N/A 05/05/2020
S2 N/A N/A 05/05/2020
S1 N/A N/A 09/05/2020
S1 N/A N/A 12/05/2020
S1 N/A N/A 20/05/2020
S2 N/A N/A 20/05/2020
S2 N/A N/A 20/05/2020
LC N/A N/A 20/05/2020
S2 N/A N/A 23/05/2020
S2 N/A N/A 25/05/2020
S2 N/A N/A 25/05/2020
S2 N/A N/A 27/05/2020
S1 N/A N/A 28/05/2020
S1 N/A N/A 28/05/2020
S2 N/A N/A 28/05/2020
S2 N/A N/A 07/06/2020
S1 N/A N/A 09/06/2020
S1 N/A N/A 10/06/2020
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S1 N/A N/A 11/06/2020
S1 N/A N/A 12/06/2020
S1 N/A N/A 12/06/2020
S1 N/A N/A 13/06/2020
S1 N/A N/A 15/06/2020
S1 N/A N/A 15/06/2020
S1 N/A N/A 19/06/2020
S2 N/A N/A 19/06/2020
S1 N/A N/A 20/06/2020
S1 N/A N/A 21/06/2020
S1 N/A N/A 21/06/2020
S2 N/A N/A 21/06/2020
S1 N/A N/A 25/06/2020
S1 N/A N/A 26/06/2020
S1 N/A N/A 27/06/2020
S1 N/A N/A 27/06/2020
S2 N/A N/A 05/07/2020
S1 N/A N/A 07/07/2020
LC N/A N/A 07/07/2020
S1 N/A N/A 08/07/2020
S1 N/A N/A 09/07/2020
S1 N/A N/A 10/07/2020
S1 N/A N/A 10/07/2020
S1 N/A N/A 13/07/2020
S1 N/A N/A 14/07/2020
S1 N/A N/A 15/07/2020
S1 N/A N/A 19/07/2020
S1 N/A N/A 20/07/2020
S1 N/A N/A 21/07/2020
LC N/A N/A 23/07/2020
S1 N/A N/A 26/07/2020
S2 N/A N/A 26/07/2020
S1 N/A N/A 27/07/2020
S1 N/A N/A 31/07/2020
S1 N/A N/A 02/08/2020
S1 N/A N/A 07/08/2020
S1 N/A N/A 08/08/2020
S2 N/A N/A 08/08/2020
S1 N/A N/A 13/08/2020
S2 N/A N/A 13/08/2020
S1 N/A N/A 18/08/2020
S1 N/A N/A 19/08/2020
S1 N/A N/A 20/08/2020
S2 N/A N/A 20/08/2020
S1 N/A N/A 24/08/2020
S1 N/A N/A 25/08/2020
S1 N/A N/A 26/08/2020
S1 N/A N/A 26/08/2020
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S1
S1
S2
S1
S1
S1
LC
S1
S1
S2
S2
RCM
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
S1
S1
S2
S2
S2
S1
S1
S1
S1
S1
S1
S1
S1
S1
S2
S1
S1
RCM
S2
S1
S1
RCM
S1
S2
S1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
09/09/2020
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
31/10/2020
N/A
N/A
N/A
04/11/2020
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
13/09/2020
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
04/11/2020
N/A
N/A
N/A
16/11/2020
N/A
N/A
N/A
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30/08/2020
31/08/2020
31/08/2020
01/09/2020
02/09/2020
03/09/2020
04/09/2020
06/09/2020
06/09/2020
07/09/2020
09/09/2020
11/09/2020
13/09/2020
13/09/2020
18/09/2020
19/09/2020
19/09/2020
24/09/2020
25/09/2020
25/09/2020
29/09/2020
30/09/2020
01/10/2020
02/10/2020
02/10/2020
04/10/2020
04/10/2020
05/10/2020
12/10/2020
13/10/2020
18/10/2020
19/10/2020
19/10/2020
24/10/2020
25/10/2020
25/10/2020
29/10/2020
30/10/2020
31/10/2020
01/11/2020
02/11/2020
06/11/2020
09/11/2020
10/11/2020
10/11/2020
11/11/2020
11/11/2020
12/11/2020



S1 N/A N/A 16/11/2020
S1 N/A N/A 17/11/2020
S1 N/A N/A 18/11/2020
S1 N/A N/A 18/11/2020
S1 N/A N/A 22/11/2020
S1 N/A N/A 23/11/2020
S1 N/A N/A 24/11/2020
S1 N/A N/A 24/11/2020
S1 N/A N/A 28/11/2020
S1 N/A N/A 29/11/2020
S1 N/A N/A 30/11/2020
S1 N/A N/A 30/11/2020
S2 N/A N/A 05/12/2020
S1 N/A N/A 08/12/2020
S1 N/A N/A 09/12/2020
S1 N/A N/A 11/12/2020
S1 N/A N/A 11/12/2020
S1 N/A N/A 12/12/2020
S1 N/A N/A 16/12/2020
S1 N/A N/A 17/12/2020
S1 N/A N/A 18/12/2020
S1 N/A N/A 22/12/2020
S1 N/A N/A 23/12/2020
S1 N/A N/A 24/12/2020
S1 N/A N/A 28/12/2020
S1 N/A N/A 29/12/2020
S2 N/A N/A 02/01/2021
S1 N/A N/A 12/01/2021
S1 N/A N/A 16/01/2021
S1 N/A N/A 17/01/2021
S1 N/A N/A 21/01/2021
S1 N/A N/A 22/01/2021
S1 N/A N/A 23/01/2021
S1 N/A N/A 27/01/2021
S1 N/A N/A 28/01/2021
S2 N/A N/A 04/02/2021
S2 N/A N/A 06/02/2021
S1 N/A N/A 07/02/2021
S1 N/A N/A 08/02/2021
S1 N/A N/A 10/02/2021
S1 N/A N/A 15/02/2021
S1 N/A N/A 16/02/2021
S1 N/A N/A 16/02/2021
S2 N/A N/A 19/02/2021
S1 N/A N/A 20/02/2021
S2 N/A N/A 21/02/2021
S2 N/A N/A 21/02/2021
LC N/A N/A 23/02/2021
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S2 N/A N/A 24/02/2021
S1 N/A N/A 27/02/2021
S1 N/A N/A 28/02/2021
S1 N/A N/A 01/03/2021
S1 N/A N/A 07/03/2021
S1 N/A N/A 08/03/2021
S1 N/A N/A 08/03/2021
S2 N/A N/A 08/03/2021
S2 N/A N/A 16/03/2021
S2 N/A N/A 18/03/2021
S2 N/A N/A 18/03/2021
LC N/A N/A 20/03/2021
S2 N/A N/A 21/03/2021
S2 N/A N/A 23/03/2021
S1 N/A N/A 01/04/2021
S1 N/A N/A 02/04/2021
S2 N/A N/A 02/04/2021
S1 N/A N/A 06/04/2021
S1 N/A N/A 06/04/2021
S2 N/A N/A 06/04/2021
S1 N/A N/A 07/04/2021
S1 N/A N/A 07/04/2021
S2 N/A N/A 07/04/2021
S2 N/A N/A 15/04/2021
S2 N/A N/A 15/04/2021
S2 N/A N/A 17/04/2021
S2 N/A N/A 17/04/2021
S2 N/A N/A 20/04/2021
S2 N/A N/A 20/04/2021
S2 N/A N/A 22/04/2021
S2 N/A N/A 25/04/2021
S2 N/A N/A 27/04/2021
S1 N/A N/A 01/05/2021
S2 N/A N/A 17/05/2021
S2 N/A N/A 30/05/2021
S2 N/A N/A 06/06/2021
S1 N/A N/A 10/06/2021
S1 N/A N/A 11/06/2021
S2 N/A N/A 14/06/2021
S2 N/A N/A 16/06/2021
S1 N/A N/A 20/06/2021
S2 N/A N/A 21/06/2021
S1 N/A N/A 27/06/2021
S1 N/A N/A 28/06/2021
S1 N/A N/A 28/06/2021
LC N/A N/A 02/07/2021
S2 N/A N/A 04/07/2021
S2 N/A N/A 06/07/2021
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S1 N/A N/A 11/07/2021
S1 N/A N/A 11/07/2021
S1 N/A N/A 14/07/2021
S2 N/A N/A 16/07/2021
S1 N/A N/A 21/07/2021
S1 N/A N/A 22/07/2021
S1 N/A N/A 22/07/2021
S2 N/A N/A 24/07/2021
S2 N/A N/A 24/07/2021
S2 N/A N/A 26/07/2021
LC N/A N/A 26/07/2021
S2 N/A N/A 27/07/2021
S2 N/A N/A 31/07/2021
S1 N/A N/A 02/08/2021
S2 N/A N/A 08/08/2021
S1 N/A N/A 15/08/2021
S1 N/A N/A 15/08/2021
S2 N/A N/A 15/08/2021
S1 N/A N/A 19/08/2021
S2 N/A N/A 23/08/2021
S1 N/A N/A 27/08/2021
S1 N/A N/A 27/08/2021
S1 N/A N/A 31/08/2021
S2 N/A N/A 02/09/2021
S2 N/A N/A 06/09/2021
S1 N/A N/A 07/09/2021
S2 N/A N/A 07/09/2021
S2 N/A N/A 09/09/2021
S2 N/A N/A 15/09/2021
S1 N/A N/A 19/09/2021
S1 N/A N/A 20/09/2021
S2 N/A N/A 22/09/2021
S1 N/A N/A 24/09/2021
S2 N/A N/A 27/09/2021
S1 N/A N/A 01/10/2021
S2 N/A N/A 04/10/2021
S2 N/A N/A 04/10/2021
S2 N/A N/A 05/10/2021
S1 N/A N/A 07/10/2021
S1 N/A N/A 07/10/2021
LC N/A N/A 07/10/2021
S1 N/A N/A 14/10/2021
S1 N/A N/A 18/10/2021
S1 N/A N/A 26/10/2021
S1 N/A N/A 26/10/2021
S1 N/A N/A 30/10/2021
LC N/A N/A 03/11/2021
S2 N/A N/A 07/11/2021
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S1 N/A N/A 11/11/2021
S1 N/A N/A 18/11/2021
S1 N/A N/A 19/11/2021
S1 N/A N/A 23/11/2021
S1 N/A N/A 30/11/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 04/12/2021
S2 N/A N/A 06/12/2021
S1 N/A N/A 09/12/2021
S1 N/A N/A 12/12/2021
S1 N/A N/A 13/12/2021
S1 N/A N/A 17/12/2021
S1 N/A N/A 29/12/2021
S1 N/A N/A 22/01/2022
LC N/A N/A 25/01/2022
LC N/A N/A 29/01/2022
S1 N/A N/A 30/01/2022
S2 N/A N/A 14/02/2022
S2 N/A N/A 24/02/2022
S2 N/A N/A 27/02/2022
S1 N/A N/A 02/03/2022
S2 N/A N/A 04/03/2022
S2 N/A N/A 14/03/2022
S2 N/A N/A 16/03/2022
S2 N/A N/A 16/03/2022
S2 N/A N/A 19/03/2022
S2 N/A N/A 15/04/2022
S2 N/A N/A 15/04/2022
S2 N/A N/A 20/04/2022
S2 N/A N/A 23/04/2022
S2 N/A N/A 25/04/2022
S2 N/A N/A 04/05/2022
S2 N/A N/A 04/05/2022
LC N/A N/A 02/06/2022
S2 N/A N/A 04/08/2022
S2 N/A N/A 04/08/2022
S2 N/A N/A 02/09/2022
S1 N/A N/A 01/10/2022
S2 N/A N/A 04/10/2022
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