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1. Overview

The main objectives of the science work were to:

1. Undertake work that would be useful for other organisations/collaborators;

2. Provide the Y.E.’s with a template of how to construct and undertake a science project
3. Further the understanding of the sub-Arctic environment.

As the Svalbard Spring 2008 Expedition was intended to be the fisstsefjuence of
similar expeditions, the science work was a balance betpeetiding baseline data for
future work, and undertaking projects that would allow more immedistdtseto be

observed/experienced by the Y.E.’s.

The beginning of an Arctic Spring expedition produces challengescfence projects
both logistically and for ‘things to measure’. Glacial studiesidea for this location and
climate. A project was set up to provide benchmark data to inaestgjacial limit
change on the Foxbreen and Blackbreen using Global Positioning Sy&&?s). A
mapping of these glacial systems can be compared againgh@xsps to investigate
the current trend in advances or retreat. In the future, surveysecaatdone to allow a
higher temporal resolution trend to be observed.

During the spring melt the entire Arctic landscape changes. The meltroegradystems
in Arctic conditions is poorly understood, especially from a hydro-gephological
view point. How does the river channel develop from a snow filldéwathrough to a
melted slush environment, to a flowing river channel?  The braided channel
downstream of the Blackbreen was chosen as an ideal environment tigateethe
hydrological and sedimentological dynamics of a high energyr gystem re-emerging
during the spring melt.

The two main science projects allowed all the Y.E.’s to egped, and understand, the
workings of the Svalbard environment. Investigations on the ecologytg@ad birds)
would only start to become viable once the melt had been initiatdge tifhing of
basecamp transitions and the number of Y.E.’s made it possibleniomber of ‘mini-
projects’ to be set up. These projects were designed to allBvisYwho had specially
come on the expedition for the science component, to maximise thabédime to:
design; construct; measure; analyse; and report on different projects.



2. Glacial Work

2.1 Introduction

Contrary to much of the information in the media, the mass balangla@érs has only
been found to be slightly negative over the last 30 years (Hatgen2003). As BSES
will be returning to the Adventdalen area over the next fivesyeard hopefully beyond
that, there is an opportunity to investigate the contemporary chargjacial budgets.
Are individual glaciers advancing or retreating, and what are the pretgseofahange?

2.2 Methodology

1.2.1 Selection

Two Glacial systems were selected for the study. Thenede for selection was based
on:
1. Proximity to the basecamps selected for the expedition;
2. Locations of previous work undertaken by BSES;
3. Glaciers that were small enough to be logistically feadiblsurvey, guided by
(Hubbard and Glasser, 2005);
4. Systems that were topographically contained, so that thereitdl@sconfusion
about the extent of the glacier.

Foxbreen is in Foxdalen, a tributary to Adventdalen (Figure 2.1). Ubkm@vailable
2003 Norskpolarinstitutt 1:100,000 maps the glacier was clearly defitbdan areal
extent of 9.9 krfy calculated by projecting the map on ArcMap Geographical Infiioma
Systems (GIS). Two glaciers are present in the Foxbreehnoant, Fleinisen and
Foxbreen (Figure 2.2). The other glacial catchment for studytiveaBlackbreen. This
glacier sits at the head of Tobredalen, which is a tributaBe@eerdalen. On the 2003
1:100,000 map the areal extent of the glacier was 1.76 kifthe 1:100,000 map
published in 2003 was based on information surveyed in 1990. The map, although
printed with the datum of WGS 84, is actually based around the ED&thdahnother
1:100,000 map of Adventdalen was available online at the Norwegian IRstdute.
Whilst being published in 2000 it was based on oblique view images tak986 and
1938, and uses the ED50 datum.



Figure 2.1 The position of: Foxbreen; Blackbreen; Snowpits in Tobredalen; the weathe
station on the Blackbreen moraine; and the Basecamp Three?I@@r240 m sampling
areas.



Figure 2.2 The extent of the Foxbreen and Fleinisen, shown outlined in blue, based on a
1936 survey and published in 2000.



2.2.2 Real Time Kinematic Global Positioning Measurements

In order to be able to compare the glacier with future conditiamd,also previously
mapped areal extents, a combination of the areal extent and ¢hex glaface needed to
be measured. The availability of Global Positioning Systemeans that it is now
possible to get accurate Latitude, Longitude, and Altitude measatem The
equipment, loaned by Subsea 7, was a TOPCON HiPer Real Tineen&iic (RTK)
Total Station (Plate 1) .

Plate 1 The TOPCON RTK Total Station Base unit at the snout of tlaekBreen
Glacier.

Varying snow surface conditions between years could give inaeccoatparative data
for calculating glacial budgets. To overcome this problemrevbessible the depth of
snow was measured using an avalanche probe that allowed up to déptn td be
probed. Where the snow depth was greater than 2 m the ice sudag®ivmeasured
and the GPS was switched to a tracking mode, with measuremkets aa a fixed
distance programmed into the device.

2.2.3 Areal Extent and Spatial Density of Measurements

The first glacier to be surveyed was Foxbreen during the pa&@d— 13" April.
Problems with charging the GPS batteries, at arourftC;26eant that with a full charge
cycle on a petrol driven generator, over several hours, would oaly alfew minutes of
operation. Charging whilst the equipment was heated, with a stotree itent, was
ineffectual. The biggest problem was with the rechargeablerpatithin the Rover
Controller (a Trimble Recon Handheld).

The time, and fuel constraints, at Base Camp 1 meant that the whole surfacdafiéine g
could not be surveyed. In order to collect information that could be compared with futur



measurements only the snout of the glacier was surveyed. Wislstduld not allow a
comparison of the whole glacial budget, with a change in the uppésrgtet observed,
it would allow any advance or retreat of the most dynamic parglacier to be
monitored.

On the Blackbreen, between"™May - 4" June, the higher air temperatures allowed for a
longer period of GPS operation. There were, however, still prable attaining a full
charge on the rechargeable batteries. Using estimates dintbeavailable after
charging, a field campaign was devised based on a grid approagdarhpling the
glacier. An estimate of 2.5 km “hrwas used for surveying roped and up moving
downhill. A grid of 50 m was considered feasible for the equipment areddbnstraints.
The potential for crevasses on the glacier appeared limited, howeverther reduce
risk to rope groups a zip-zag approach was adopted for surveyingattial glurface.
With 3 people on a rope group, with the first and third person 50 m #p&afirst person
would measure the snow depth and mark the position of the measuremergec®hé
person would take a GPS position of the marked spot, and the third persorusetie
marked position to dictate when the next measurement needed to ie Yaken it was
not possible to measure snow depths the GPS was set to auto-toponadte aame
zig-zag method was used but with reading taken at a much hdghsity, around every
15 metres.

2.3 Results

2.3.1 Foxbreen

The distance of retreat was measured on the surveyed magedelnying the furthest
extend down-valley of the ice marked on the map (Figure 2.3). The distance offogtreat
Foxbreen is shown in Table 2.1 along with the average yearly rad¢r@ft based on the
difference between the maps surveyed in 1936 and 1990, and the GPS surviakemder
during the expedition.

312 points were measured during the survey on tffeot3pril, with both the snow
surface and the ice surface measured (Figure 2.4). Using Ard&&ographical
Information Systems (GIS) the area marked on the maps as fleicigted could be
measured (Table 2.2) and the measured points overlain on them.

Date Range Distance of Rate of
Retreat (-) or | Retreat (-) or
Advance (+) Advance (+)
km kma*

1936-1990 -0.72 -0.013

1990-2008 -0.32 -0.018

Table 2.1The extent of ice retreat since 1936 on the Foxbreen glacier snout.




Date Area of Ice Amount of Rate of Areal
Coverage Decrease (-) or| Decrease (-) or
(km?) Increase (+) | Increase (+)
km? km? a*
1936 9.99 -
1990 8.33 -1.66 -0.031

Table 2.2The area of ice coverage retreat since 1936 on the Foxbreen glacier.

2.3.2 Blackbreen

The distance of glacier snout retreat was mapped in the samasaon Foxbreen, using
the 1936, 1990, and 2008 surveys (Figure 2.5). The rate of retreaiveebeturveys,
and annually, shown in Table 2.3. The greater amount of survey data akiorBkn,

1012 points, meant that the surface area could be compared with prewayglgd area
(Table 2.4).

Date Range Distance of Rate of
Retreat (-) or | Retreat (-) or
Advance (+) Advance (+)
km kma*
1936-1990 -0.34 - 0.006
1990-2008 -0.34 - 0.019

Table 2.3The extent of ice retreat since 1936 on the Blackbreen glacier snout.

Date Area of Ice Amount of Rate of Areal
Coverage Decrease (-) or| Decrease (-) or
(km?) Increase (+) Increase (+)
km? km?a*!
1936 2.43 -
1990 1.76 -0.67 -0.012
2008 1.04 -0.72 -0.040

Table 2.4The area of ice coverage retreat since 1936 on the Blackbreen glacier.
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Figure 2.3 The extent of the Foxbreen and Fleinisen surveyed in 1990 shown in,purple
on top of the 1936 extent of ice, shown in blue. The 2008 survey pointecave s
green.
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Figure 2.4 The snout of the Foxbreen surveyed in 1936 (blue), 1990 (violet), and 2008
(green data points). The most northerly 2008 data point is the positioa sxivey base
station.




Figure 2.5 The change in the area of the main stem of the BlackbreereGlizom 1936,
1990 and 2008 surveys.



2.4 Discussion

Trend in both glacial systems is for retreat. The ratetofatof the snout position has
markedly increased in the Blackbreen system, with the annuabfratdreat between
1990-2008 being over 3 times the 1936-1990 rate. However, the acceletatenf r
retreat now matches the more consistent rates observed for a loeged in the
Foxbreen system.

The position of the extent of the current glacial snout of Foxbreandiftcult to be
confident in when it was completely snow covered during the survey. It woudddean
better to undertake the survey during the time of minimum snow adweng the
summer. Logistically this was not possible so the snout extastestimated from its
shape in the field, the contours of the snow surface are shown i Rigur It was hoped
that the ice level from the avalanche probing would confirmeitenation. During the
probing it was apparent that different levels of force weregoinget to the ice level,
and that ice layers in the snow from a winter rainfall evesrevereating inconsistencies.
The high variability in the snow depth is shown in Figure 2.7. Arelesurface of the
snow and ice surface was obtained on the Blackbreen (Figures 2.8 and 2.9).

The areal rate of retreat follows a similar trend to thatadsl of the snout. Blackbreen
has increased its areal rate of retreat threefold betwedmwdhebservation periods, but
the current rate is only just faster than the earlier Foxlneten Blackbreen is a smaller
glacial system than the Foxbreen- Fleinisen system, despiteachéhat we are not
including the eastern tributary ice. So if we consider the oateetreat per square
kilometre of glacier we will have a comparable rate compardtid areal extent of ice,
for Foxbreen this is 0.20 Kimkm? and for Blackbreen 0.38 Knkm?. A glacier of a
smaller volume has a greater surface area to volume ratio, and so will beustagtible
to an increase in the length of the melt season, and/or a degreéhsanput of snow to
the upper source area.
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Figure 2.6 The 10 m contours produced from the snow surface survey points made using
the 2008 GPS survey.
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Figure 2.7 A 20 m contour surface of the height of the ice surface made tignige
survey points from the avalanche probe data and the GPS survey made in 2008.



Figure 2.8 A 10 m contour surface of the Blackbreen GPS snow level survey data.



Figure 2.9 The interpolated contour surface of the snow on Blackbreen, shown as
contour lines, and the ice surface shown in colour bands.



2.5 Conclusions and Further Work

The studied glaciers, Foxbreen and Blackbreen, are both going thrphgiseof retreat.
This is not only in the position of the glacier snout, but also imathal extent of both
systems. The areal extent of the glacier has been deldulatween discrete intervals.
The fluctuations for glacier extent between the mapping dates therefore, not
included. Glaciers in Svalbard are known to undergo surging, wheggdcier moves at
an elevated rate for a short period of time. This may be irdiday a curving of medial
moraines at the snout. If Foxbreen or Blackbreen have surged andubismguently
retreated between the observation periods then this will not kedpip. The evidence
in the field did not appear to indicate this had happened.

Field Mapping was limited in the extent of the glacier thatld be included, both
because of equipment problems and the logistics of getting to stegpns of the
glacier. So the areal extent of the Blackbreen GPS sunggghsbly an over estimate of
the decrease in area. As the glacier contracts the marginah some of the steeper
sections is removed. So if the retreat continues, the GPS suiVagconeasingly be
more accurate.

The volume change of the glacier has not been calculated.oulidvibe possible to
calculate this by digitising the mapped contours, interpolating ,tlagch then setting a
grid sampling system to allow comparisons between mapped datésea@®S surface.
It is recommended that this be undertaken in the future after sooveys have been
made on the snow and ice surfaces.

In terms of field equipment, it is recommended that in the fututesibere batteries be
taken for the GPS equipment. It would be preferable to undertaken vieysslater on

in the expedition, however, the earlier part of the trip lends iteefflacial travel and

work.



3. River Melt Work

3.1 Introduction

The mechanisms of snow melt and the subsequent initiation ofsygeems, has been

little studied in the Arctic. Information of the way the snowlt® and results in the
flowing river system is scarce. Understanding the processesdoite melt out allows

the influence of climate change scenarios to be put into context. The suggestion of global
warming has resulted in predictions of an earlier melt of the @@mk. This should, in
theory result in a prolonged period of sediment transport, and the ipbtéort
geomorphic change to river systems as they are influencddfesent hydrological and
sedimentological conditions.

On previous BSES expeditions it was noted by the author that thiebreakout during
spring melt conditions was not a prolonged and gradual process. In bstim&dsen and
its tributary Ngisdalen during BSES Svalbard Spring 1996 the riveise through the
snow in a matter of days as a concentrated slush flow.

3.2 Methodology

3.2.1 Study Area

The valley of Tobredalen (Figure 2.1) was chosen for this studigdth logistical and
scientific reasons.

1. The study on the Blackbreen glacier was in close proximity amddalimit the
need to transport science equipment;

2. Previous expeditions had been into the valley (Svalbard Spring 2006 (zeudi
melted out during the period of that expedition, giving an indication riedt
would be likely to occur during the study period;

3. The previously observed river system was a size that meavdsitfeasible to
work on, and limited risks in terms of deep and wide river crossings;

4. The distance to Basecamp 3 meant that it was fairly eafigish the science
work and return all equipment to be shipped out at the end of the expedition;

5. From Basecamp 1, at the beginning of the expedition it was possildach the
valley and take some contextual measurements.

The valley is fed by two glacial systems, Blackbreen and dtdorgen, and has a
catchment area of 19.80 kmThe area of the valley floor is 0.23 km



3.2.2 Meteorology

In order to understand the preceding, or antecedent, conditions fomsglbwa weather
station was placed in Tobredalen and was set to record evergdors on the '® April
2008. The data storage capacity of the weather station, and the dérighe between
scheduled downloads, meant that a 4 hourly reading was the minimuitlgosading
interval. As the melt progressed, and the closer proximityraipg at science camp,
more frequent downloads were possible so the recording intervahedagned to hourly
at 18:00 hrs GMT on the $May 2008. The following measurements were logged:

1. Windspeed;
2. Wind direction;
3. Temperature;
4. Humidity.

Measurements of precipitation were not taken, the weather stditiooontain a rain

gauge but not one designed for cold climate work. The readings fi®mauge were,
therefore, not used.

Plate 2 The weather station on the top of the terminal moraine of Blackbreen.



3.2.3 Snow Measurements

Initially three snow transects were measured on tH& A&il 2008. The valley of
Tobredalen is approximately 2 km in length from the Blackbreemim®ito the junction
with DeGeerdalen. The transects were measured at the topemaidibottom of the
long profile of Tobredalen (Figure 3.1). Numbered 1 at the top ofaley and 3 at the
bottom. At each transect the depths of snow were measured at distequipoints from
one valley wall to the other using a graduated avalanche probéhe Aentral point in
each transect a hole was dug down to valley floor, or as deep sibl@pdka hard ice
layer was met. Each pit was dug so that one face was asuibédsts possible, and cut
back by around 0.3 m for each measurement. On this face 10 equidistsirements
were taken from the valley floor to the snow surface of:

1. Snow Density: a 0.1 m in diameter and 0.07 m in length piece of ptabtity
was inserted into the snow, and the extracted snow core wasirettassing
electronic balances with an accuracy of +/- 0.1 g;

Temperature: using an electronic probe with an accuracy of +1€0.1

Snow Hardness: the hardness was measured using the index basealmlityhe
to insert:

Fist;

Four fingers;
1 finger,
Knife blade.

wn

apop

On the 28 May two new transects and snow pits added to the measuremesgsyre
numbered 1A and 2A (Figure 3.1).

3.2.4 Pressure Transducer

A dual sensor Odyssey Pressure and Temperature dataloggenstedied on the 1%

April 2008 to test to see if it was possible to identify the exacing of snow melt
(Figure 3.1). In theory the change in pressure between packed snowushd csl

flowing water should be registered by the logger. The loggeringalled within a

plastic drainage pipe stilling well attached to the side lodirael filled with stones (Plate
3) to stop it from being washed away when there was a flowingiriibe valley. The
pressure transducer was set to record with an interval of an hour.



Plate 3The mounting for the Odyssey pressure transducer on decommissidhihges
2008)

3.3 Results

3.3.1 Meteorology Results

The start of the expedition had temperatures with overnight lows ar@Gt@, with an
absolute minimum of -2& (Figure 3.2). This was during a period with a high pressure
system (Figure 3.3) that caused clear skies and allowed faghadhirnal temperature
range. The initial pressure was set on the weather statiogn aiSuunto watch that was
originally calibrated in Longyearbyen. The pressure setsetat 1029.6 hPa, and at the
same time the Longyearbyen airport weather station registered 1024 hPa.

The pressure rapidly dropped as a low pressure system came &oebosdalen in mid-
April. This resulted in high wind speeds (Figure 3.4), reachingagimum of 75.2 km
hr* on 17" April 2008, snow fall, and an increase in temperature. The maximum
temperature registered during the expedition was 46.6n the 4 of June 2008 during
another low pressure system.

The Tobredalen valley is orientated in an East — West directibnis explains the
dominant westerly wind directions (Figures 3.5 and 3.6). The westerts come over
the Blackbreen glacier and create a different microclimatéhdése entering from the
coast.



Figure 3.1 Tobredalen valley floor, showing the position of snow pits, pressure
tranducer, and weather station.



Tobredalen Daily Min and Max Air Temperatures
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Figure 3.2 Daily minimum and maximum air temperatures measured in Tobredalen.

Tobredalen Atmospheric Pressure
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Figure 3.3 Atmospheric pressure measured at the Tobredalen weather station, emé&rend |
is shown in black to even out the diurnal pressure range.



Tobredalen Wind Speed
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Figure 3.4Wind speed measured on the Tobredalen weather station.
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Figure 3.5Wind directions measured in degrees on the Tobredalen weather station.



Tobredalen Wind Direction
9th April - 6th June 2008
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Figure 3.6 The proportion of time the Tobredalen weather station registéfiealent
wind directions.

3.3.2 Snow Depths and Volumes

The volume of snow in the valley was calculated by using thasidreas between each
snow transect, the transect snow depths, and the density of theTaies(3.1 and 3.2).
Two different methods of surface area and volume calculations pesfermed as the
number of pits changed when measurements started on pits 1A and 2A3Tabl&or
each measurement date the volume of snow was calculated frorartbect snow depth
data. The cross-sectional area multiplied by the surfacegawves the total volume of
snow, and this was used to give an estimate of the weight of snibw valley over the
time of the study period.

The snow volume increased between the first and second measurentnitsebef
snowfall during this period.

Transect Valley Surface Area (knf) | Valley Surface Area (knf)
Number 3 Transects 5 Transects
1 0.07315 0.0295
1A 0.0578
2 0.09715 0.0446
2A 0.0473
5 0.07195 0.0483

Table 3.1The valley surface areas surrounding snow pits and transects. These&lare use
to interpolate the depth and density measurements.



Measurement Date| Volume of Snow | Average Density of | Total Weight

(km?) Snow (kg mi°) (tonnes)
13" April 2008 13.91 422.0 5,942,049
18" May 2008 23.87 519.0 12,412,1p5
29" May 2008 26.39 581.8 15,402,0p1
31 May 2008 22.47 626.1 13,947,3B2
02" June 2008 19.65 702.5 13,910,471

Table 3.2The volume, density, and weight of snow within the Tobredalen study area.

The snow pits changed in depth, snow density, and water content durjprgpdhession
of spring melt (Figure 3.7). The snow temperature was initiallifered from air
temperature changes by the insulating properties of theldiirhthe snow structure, and
a high albedo. The surface heating and melt of the upper snow fleselted in seepage
of water down the snow pit profile, and downstream, resulting imntirease in density
over time (Figure 3.8). At the end of the Pit 1 monitorind® 08ne 2008, the infiltration
of melt-water homogenised the temperatures throughout the profieseaulted in the
highest snow densities and standing water at the base of the pit.

A similar process occurred at each of the snow pits (Figures 3.9 and 3.10)

Transect 1 Snow Pit Temperatures
13th April-2nd June
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Figure 3.7 The change in snow pit depth and temperatures at Transect Iy dhang
every other sampling date.



Transect 1 Snow Pit Densities
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Figure 3.8 Transect 1 snow pit density changes at different heights, shovng @éwery
other sampling date.

Snow Pit Basal Temperature: Transect 1-3
13th April - 2nd June 2008

= ' T1 Basal Temp
= = T]1A Basal Temp
T2 Basal Temp

T2A Basal Temp
T3 Basal Temp

Temperature ( °C)
© 0 N o g b WN PP O RPN

2 2 2 2, % N 7, %,
g ., % % % 7 %
5 %y %y ) /5 % ®y )
%, 2, % 2 % %, 22 2
@ G % ¢ % % ® %
Date

Figure 3.9 The basal snow pit temperatures at each of the transectgy doe study
period.



Snow Pit Basal Density: Transect 1-3
13th April - 2nd June 2008
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Figure 3.10 The basal snow pit density at each of the transects during the study period.
3.3.3 Pressure Transducer Results

The pressure transducer was calibrated for use in water, and @othesquations to
convert the output from the sensors into Temperature and Stage (veaght derived
from the pressure). The calibration equations did not give sengbldts for the
conditions in the slush/snow. The original sensor output has been plo#iedtabe
measured temperature in the bottom of nearest snow pit (Fhtgliré 3.11). The rapid
rise in the pressure on th& 8f June lags the rise in temperature in Pit 1, and the snow
was much less melted than at Pit 1. The air temperaturplatéesd against the pressure
transducer output at the time of pressure increase and the sn@mpérature (Figure
3.12).



Tobredalen Pressure Transducer
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Figure 3.11 Uncalibrated pressure transducer readings plotted alongside theP&nbw
basal snow temperatures.
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basal snow temperature during the transition from snow to slush.



3.4 Discussion of Slush Flow Mechanisms

The increase in snow temperature and density did not result inilargmsrease in the
weight of snow in the valley (Table 3.2). Snowfall increased the wloihsnow in the
valley between the BApril and the 28 of May. As the snow melt® situ it should
increase in density, but the total weight should not increase. Theahalibchthonous
water from upstream and snow melt on the valley sides resultdg: increase in the
total weight of snow/water on the 2®f May. The subsequent decrease in weight
suggests an increase in the efficiency of the valley to transpder, perhaps an increase
in subsurface flow pathways.

As the melt progressed sections of highly saturated snow (siesk)observed. These
discrete areas were mapped using a Garmin 305 GPS, and the Topc@PRTFigures

3.13 — 3.15). The upper valley was the first to become saturatbd atitface (Figure
3.13) and appeared just after standing water was observed in Pit 1.

The decrease in the snow surface, and the associated incredeasity, indicates a
mobilisation of snow melt through the snow pack rather than ssiddifmation of the
surface snow. The ground surface may have some infiltration infootten ground, and
the subsequent freezing of the infiltrated water seals the ground samthed¢so produces
a latent heat that warms the surrounding environment (Woo, M-K, 19983. Iehves a
frozen impermeable surface that does not allow further infdtradf the melted snow.
The water proceeds to percolate downstream, channelled by the subsurface lypograp

The rationale for the discrete wet areas could be:
A. Areas of thin snow cover, created in an area of low deposition,gbr viind
scour, that melt more quickly and become saturated;
B. Topographic lows that allow a pooling, or concentration of watdrinvthe deep
snow pack;
C. Obstructions causing an upwelling of the percolating water, these be a
topographic obstruction such as a valley wall or pre-existing riffle.

The spatial position of the saturated areas over time appeadidate that processes B
and C contribute to the discrete wet areas. The first argaréF3.13) that appeared was
at the base of a steep hill-slope, and in the summer months thprobably abutted this
area. The melted river system would scour a pool in this arethese would be
preferential flow into this area. The impinging flow agaithst valley side would back
up the subsurface percolation. The flow into the upper transect cooneshie moraine
and is therefore more topographically constrained into a concensalsdrface flow.
The shearing stress of the slush in this area would be réjakiigher as the slope is
higher, and the concentration of subsurface flow increases the snow density.

The initial break-through was at 14.14 hrs on the 2nd of June 2008 follovpiegoa of
warm settled cloudy conditions (Figure 3.16). This is thought to hrereased the
density to a critical point upstream due to the increase of the biamperature to above



freezing, allowing a break through that then connected areas af safpeated snow.
The average density at Pit 1 was 693.5 Ky rithe wave then propagated downstream.
There appeared to be a very rapid surge initially where thevate- mix created a bow
wave as it moved down the valley. This super-elevation of the gleshresulted in a
mound of snow on either side of the channel that remained once the féo@d had
receded. AN 78° 17.514E 016° 16.437’ the flood-wave dissipated, this could be due to
a lack of confinement, and or a decline in the slope. The supetsatupaocesses
slowed and, although continuing downstream , it pooled and spread in a delttec.

The initial surge covered approximately 830 m in 8 minutes. So ama#stof its
velocity is 1.7 m set A tape measure was used to record the flow for the slowed
section, and this gave an estimate of 4.3 m in 2 mins, or 0.04'm sec

The subsequent channel was more confined than the wet slush arealthaehahere
that morning (Plate 4). The more efficient channel was abileahsport the percolating
water away at a faster rate than through the snow/slush pHeis. also explains the
drained snow/slush deposits on the channel sides. The bed of the channeé was
covered, except for a few metres upstream around a pre-exgtng (Plate 4). Over
the next two days the ice melted in places and sediment, thefsibbbles, was seen to
saltate down the channel.

Initially it was too difficult to take measurements in the chnméth the risk of
subsequent slush flows events. These did indeed occur, with a few subdtpdent
waves coming through the channel fairly rapidly, and the Fangenbreeowobtibke a

few days later. At the lowest flow period at around midday on thaukie 12 cross-
sections of the channel were surveyed using the RTK GPS to taltheachannel area
(Figure 3.17). The planform of the new channel was also surveyed (Figure 3.15) but only
until the point it became multi-channelled in the lower reaches.

The cross-sections were surveyed from snow ridge to snow ridgeet@an estimate of
the total area occupied during the surge, this is probably an oireatestas the channel
will have incised since that time. The average cross-sectimealwas 6 fy and the
slope was 0.0260 mfn This gives an estimate of the initial surge transpotthg nt
s of slush/water. At most downstream end of the cross-sectiondoeityewas
calculated using a stream velocity probe. The average of Sgsadiken at 60 % from
the br??’ 9ave an average velocity of 1.6 maswetted area of 3.2°mand a discharge of
5.15nTs".



Figure 3.13The extent of surface slush in Tobredalen on tfeMgdy 2008



Figure 3.14The extent of surface slush in Tobredalen on fidinhe 2008



Figure 3.15The position of the Tobredalen River channel after the surgeuneelasn
the 08" June 2008. Only half the channel was surveyed as downstream ofwtégesur
extent the river braided into a multichannel system.



Tobredalen: Temperature, Windspeed and Pressure
31st May-03rd June 2008
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Figure 3.16 The Tobredalen air temperature, windspeed and pressure duripgribe
of the melt and slush flow.

Plate 4 Looking upstream of Pit 1 towards the Blackbreen Moraine. The @iotuthe
left is taken in the morning of"®June with stagnant slush in the centre of the valley.
The picture on the right is taken just after the surge on the dage The water and
slush are stained by iron leached from the moraines.



Figure 3.17 The location of GPS stream channel cross-sectional survélys Transect
1 region of Tobredalen on the 5th June 2008.



3.5 Conclusions and Further Work

The work on the melt processes in Arctic stream systemseshtivat there is a critical
point in the melt processes that than can then allow a surge of Imeduld suggest that
the following were important factors for controlling this mechanism of oit-

1. The initial depth and temperature of the snowpack;

2. A frozen ground surface;

3. Melt of snow over a prolonged period of time;

4. Confinement of the valley upstream;

5. Topographic variability, such as riffles and pools caused by the summerhawveret;
6. A steep valley slope;

7. Snow temperatures switching from being nocturnalRz<0 >CC.

The implications of this work are that if climate change is to occur, and the Arctiten

looked on as the canary of early climate change warning, thepréheonditioning for
this process of melt may well change. A more rapid melt sequdaring a shorter
spring, and a shallower depth of snow, would perhaps cause a reductiogeotype

behaviour in these systems.

In future it would be useful to manually measure precipitation duhiagexpedition, in
order to have an understanding on the relative contribution of inpute smow pack. It
was also hoped that the melt would have occurred earlier durirggigrece work, as it
had on previous expeditions, and this would have allowed the change in inelobnzer

time to be monitored. What is interesting is that the riveltetieout for most of its
length as a single channel, although when fully melted it isii-oihannelled braided
system. So how, and when, does the channel switch from one type to anothieedry

the channel should incise into its present planform as the bed moelfined by its snow
banks. Future research projects would consider the number of wadeyswts needed
to undertake this type of work.



4. Basecamp 3: Ecological Study

4.1 Introduction

Work at Basecamp 3 allowed YE's who were keen to learn more about their surroundings
and were interested in extending their science involvement dilmengxpedition to opt

out of 2 weeks of mountaineering. Extending the period of science wookved
utilising Basecamp 3, supervised by Jackie and Ade. The camp adasi| learning
platform where groups of YEs were given a brief (Appendix 1) and éflewed to
design their own science project that fulfilled the critenathe brief.  Whilst this
approach is leader intensive, with supervision of the logisticallows the skills of
developing science projects in remote environments to be learnt.

4.2 Methodology

4.2.1 Feasibility Study

An area of 10 rhwas selected on the strandflats above Basecamp 3 (Figure 4.1). The
area was in proximity to snow and had recently lost snow covehislarea reindeer and
goose prints were observed. The following were also indentified:

Polar willow;

Alpine hair grass;

Purple saxifrage;

Mountain avens;

Svalbard poppy;

Moss and lichens.

QA LNE

4.2.2 Study Area

The research area was situated on the strand flats to thefwgshandalen (Figure 4.1)
and was approximately 1 kmz2 in size. It was a raised beachavgtntle slope towards
the raised beach below. At the start of the project the aregavaally snow covered
with tundra patches emerging. These spread throughout the summésnfomow is
present for the main part of the year and starts to melt ouainvithen the temperatures
rise above freezing. In 2008 the first signs of snow melt werEetbtowards the
beginning of May.



Figure 4.1 The locations of experiments and observations at Basecamp 3



4.2.3 Air Temperatures

The air temperatures at Basecamp 3 (Figure 4.1) were monitongdaudigital Max-Min
Thermometer emplaced in a makeshift Stevenson’s Screen. €hmaotheter was
approximately 0.2 m above the ground surface. Readings were tak&D@hrs and
20:00hrs during the study period, from thé‘28ay — 8" June 2008. The maximum and
minimum temperatures during the preceding 12 hours were recorded.

4.2.4 Snow Pack Retreat

On the 24 May 2008 the sampling area was set out over a patch of ground that wa
completely covered by snow, but lay at the edge of the snow pHu&.sampling area
was 240 m in length and 10 m wide (Figure 4.2) and divided into 12 egtehgees (20
x 10 m). The design was based around the principle that the melt @camuidup the 240
m so that the rectangles would sequentially be exposed over firoe the 24 May —
28" May, every other day each of the 12 sampling regions was samrking from
North to South. A rock was thrown gently into the sample areahamdthe centre of the
guadrat was located at that point. The presence/absence of plaas spae noted in
each of the grid squares of the quadrat? The condition of snow in ehehld® sampling
rectangles was also noted as to whether it was hard snow, €lusie, or bare tundra.
The snow pack retreat was recorded from a marker at the moribf ¢he transect using a
tape measure.

NORTH SOUTF
< 240

<«

v

«— 20 —* .\/'.

Sequential lines of the snow edge

A

= 1 Sample Snow
S| Region <"1 Retreat
v

Figure 4.2 A schematic of the 240 m snow retreat transect.



On the 28 May it was decided that disturbance, by the observers, on the snow conditions
was altering the results. From the"3@lay — 08" June the study was changed in the
following ways:

1.

The original 240 m long transect was continued to be measured, but otig for
amount of snow retreat with daily frequency;

2. A new transect was set up on undisturbed snow. The transect was 26 m in length;
3.

Disturbance was minimised on the new transect by measuring amlthe
exposed surface, once snow had retreated;

The 26 m transect was split into 5 m sections, and a quadrat ptaeagh of
these sections at a daily interval,

In each quadrat the dominate species was identified, and the nundzpraoés
each identified species appeared in;

The presence/absence of bare ground, lichen, moss, snow, and geess/pmod
was also noted.

4.2.5 Plant Growth and Animal Grazing Study

A 100 m2 area was set up on the strandflats (Figure 4.1) in order to study trendédfer
animal grazing as plant growth occurred after the disappearanceowfcaver. The
square was divided into three parallel 10 m wide transects (HMgRreEach transect was
divided into five equal sections (20 x 10m rectangles). The planiespm each section
were randomly sampled using the same method as the Snow Réticha{see above).
The observations were carried out every other day frafh\egy — 2 June 2008. The
absence and presence of animals in the 100 m? area was monitosethadé&our for
five minutes from 10:30 to 15:30.

Figure 4.3A schematic diagram of the sampling design in the 1®6ampling area.



4.2.6 Mulitple Habitat Quadrats

To understand the variability in the plant species, and the timinigeaf development
after the disappearance of snow cover, various different habitaerved around the
basecamp area (Figure 4.4). The method involved:

1. Choosing five different habitats: (1) Sea facing slope; (2¥;GB) River Bank;
(4) Strandflat; (5) Muddy Seashore;

2. A 1m? quadrat was placed on what was deemed a representative dhemeof
habitats;

3. The boundaries of the quadrat were marked with planks of wood and therlocat
was logged on the GPS;

4. The dominant plant species were identified in each as well aa@ipresence of
lichen, moss, and bareground;

5. The number of sub squares containing the dominant species were counted, and
presence of other less dominant species were noted.

The habitats were sampled on two occasion$ My and the 8 of June.

Figure 4.4 A sketch of the position of the different habitat sampling zones in the
Basecamp 3 area.



4.3 Results

4.3.1 Weather Conditions and Snow Retreat

The minimum and maximum day and night temperatures are showgureM.5. The
start of the study period had overnight temperatures just below, thedteezing mark.
After the 3f' of May both the night and day temperatures were maintained above
freezing, with the daily temperatures reaching a maximut@ on the # of June. A

period of light rainfall was observed during the night of tHe2i® of June.

The rate of snow retreat in the 240 m long transect (Figure ddged the air
temperatures slightly, with a response in retreat to the isEn@anight temperatures the
day after the temperature lifted above freezing. The raidlyaincreased between the

6™ and 7' of June, to a maximum retreat of 29.4 mHay 0.00034 m séc

Basecamp 3 Air Temperatures
23rd May - 08th June 2008
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Figure 4.5 Maximum and Minimum temperature ranges during the Basecamp 3 study

period of 25 May — 08" June 2008.




Snow Retreat Distances - 240 m Transect
24th May - 06th June 2008
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Figure 4.6 Snow retreat measured along a 240 m long transect at Basecamp 3.

26 m Transect Ground Cover

The amount of plant and snow ground coverage on the 26 m long transectnsfeh8w
dates in Figures 4.7 — 4.9. The sampling area with the shortest peandw coverage
(Figure 4.7) has fairly consistent ground coverage over time,Alfine Hair and Polar
Willow dominating. The 15-16 m transect (Figure 4.8) shows an inclieasépine

Sandwort as the length of snow free time increased. The AAbiedrush that was

present in the first sampling area was not observed in this sampling area.

In the sampling area with the longest period of snow cover (Figi8¥ the snow
remained for the earlier sampling periods. When melt out occtinedame plant
species were observed, and in similar proportions, as the samplasy vaité longer

snow free periods.



Ground Cover of 0-1 m Section: 26 m Transect
30th May - 06th June
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Figure 4.7 The ground cover observed in the first sampling section (0-1 thedt6 m
long transect.

Ground Cover of 15-16 m Section: 26 m Transect
30th May - 06th June
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Figure 4.8 The ground cover observed in the third sampling section (15-16 m) a6the
m long transect.



Ground Cover of 25-26 m Section: 26 m Transect
30th May - 06th June
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Figure 4.9 The ground cover observed in the sixth sampling section (25-26 m) of the 26
m long transect.

4.3.3 Plant Growth in the 100fStudy Area

The main plant species observed in the 18@nea were (Figure 4.10):
1. Polar Willow;
2. Purple Saxifrage;
3. Alpine Hair Grass;
4. Mountain Avens.

There were also observed: Svalbard Poppy; Arctic Woodrush; Droopkifja8e; and
Alpine Sandwort.

The amount of snow covered decreased during the study period (Bidg0O)e but was
not associated with a massive increase in any particular gpe@cies. The grazing by
Barnacle Geese did increase during the study period, but waslguldme and increase in
the Snow Bunting and Reindeer grazing numbers with Purple Sandpipersveaebet
(Figure 4.11).



100 m? Plant Growth Study
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Figure 4.10The change in the ground cover in the 10Gampling area, from the 93
29" May 2008.

100 m? Plant Growth - Grazing Study
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Figure 4.11 The change in the grazing population in the 188ampling area, from the
239 -29" May 2008.



3.4.3 Plant Growth in the Multiple Habitat Sampling Areas

The results of the two different surveys of different habitatugd cover are shown in
Figures 4.12 and Figure 4.13. The populations stayed reasonably corsettezsn
sampling dates. In almost all habitats there was a clearly dominardsspec

Cliff = Mountain Avens;

River Bank = Alpine Hair;

Sea Facing Slope = Alpine Hair;

Strand Flat = Polar Willow and Alpine Hair
Seaside = Alpine Hair.

Multiple Habitat Study
31°' May 2008
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Figure 4.12The ground cover in the multiple habitat study on tH&N34y 2008.



Multiple Habitat Study
06" June 2008
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Figure 4.13The ground cover in the multiple habitat study on tHe )&y 2008.

3.5 Discussion

The change in temperature during the Basecamp 3 work gave arstintgpreontrast
between freezing minimum temperatures and above freezingngpetatures. The rapid
rate of snow melt after the increase in night time temperatures dlibweyround surface
to rapidly become snow free.

The plants that were sampled were those that recognisabletli@memains of the
previous years growth. After a few days of snow free conditiong smw green growth
was observed, but this was mainly in the form of moss. So thevabees are, in the
main, not about the regrowth of vegetation subsequent to snow melt buttehé &
cover of last years undecomposed growth. This accounts for theamation in the
number of type of plant species revealed as the snow pack retéaigdhe 26 m long
transect (Figures 4.7-4.9).

Grazing of the newly revealed vegetation shows the succession ddlsnimcoastal
region of central Spitzbergen. The Svalbard Reindeer are ablatohsaway thin snow
cover, when the ground surface becomes defrosted. In this caseahdéyave exhausted
their preferred vegetation, or their grazing pattern shiftedlietter source of vegetation.
The snow buntings were observed in Spitzbergen well before the Base&catudy
period. So it is not the arrival times of the species thebmgrolling the timing of their
grazing timing and numbers. The snow bunting is an early atavak island and so is
better adapted to feed at the snow edges, and perhaps can take advathtagewly
exposed seeds, moss and lichens. The purple sandpiper then followeeogoaund is
more defrosted, and finally the geese arrive. The geesalaappeared to correspond
with the start of new growth.



The multiple habitat study revealed little change between sagngderiods with
correlation coefficients of the species between each date 8@ifig except for the Polar
Willow which was 92 %. A Kruskall-Wallis test was perfornmdthe combined data of
both sampling periods of the multiple habitats. THestétistic of 4.94 with 4 degrees of
freedom means at a 95 % confidence level there is an obsenviééterdie between the
samples.

3.6 Conclusions

The aim of collecting an inventory of the plant species in theedasp 3 area was
completed, showing both the dominant species and the species of grourajeafter
snowpack retreat. The multiple habitat study also showed theimaria plant species
and density in the region, showing a markedly different signdturdifferent habitat
types. Despite the fact that new plant growth was not monitdnede tvas a clear
progression in the grazing species on the newly revealed groundesurfacfuture
studies it would be desirable to extend the study to monitor thgrewh subsequent to
exposure, and then relate this to the animal grazing.



5 Barnacle Geese Work

5.1 Introduction

The Wildfowl and Wetlands Trust at Slimbridge, through Carl Nt has been
researching Barnacle Geese populations and habits in Svalbarddoalsears. BSES
has been involved in work tagging, counting, and observing nesting hathiasnacle
Geese in Svalbard. The bird population is peculiar because it admiostly relocates
during the winter months to Caerlaverock in the Scottish Borders. logistics of the
Svalbard Spring 2008 expedition meant that populations of geese were not clogefto a
the camps other than Basecamp 3. Observations were; therefeggated into the
science work undertaken at that site. Numbers of geeseolveeeved, and their habits,
in terms of whether they were courting or feeding.

5.2 Methodology

Starting on the 26May and at three other intervals after that Hide 1 (greperspace
tent) was set up above at BasecamiN38{ 21’ 33.1” E016° 09’ 38.2) (Figure 4.1).
Every hour a count was undertaken of all the geese in the areawvofbeisveen
Gransteinfiellet and Wimanfjellet (87arc). One person observed whilst the other noted
the number counted, so that the observer did not loose track of where dheguiméed.
Photos were also taken to aid in the identification of pink footed amddla geese, the
two dominate species in the area.

On the &' of June another hide (Hide 2) was set up to observe a large population of
grazing geese that were not within site of Hide 1 (Figure 4.The observations from
Hide 2 were made in a 11%arc over a slight depression on the strand flats above
Basecamp 3.

Results

The initial numbers of geese for both Barnacle and Pink Footed populdaged &irly
consistent during the sampling period (Table 5.1). The variations wrerfor the
subsequent observations were small, except for the Hide 2 obseryvattoos had a
large increase in Barnacle Geese numbers during the 14:00 and 15:00 hrs observations.

The proportion of Barnacle to Pink Footed Geese remained almodtyezanstant
during all the observations, with the exception of the Hide 2 count (Table 5.2).



Date Time
2008 | 12:00 13:00 14:00 15:00 16:00 17:00
Pink | Barn| Pink | Barn| Pink | Barn| Pink | Barn| Pink | Barn| Pink | Barn
26/05] 25 11 |25 12 |31 18 |29 17 |21 4 28 6
30/05] - - 10 5 20 5 16 9 16 9 - -
01/06| 12 6 11 4 15 4 20 9 - - - -
06/06] 13 8 16 7 15 5 7 2 - - - -
Hide 2
o6/06[14 |0 [11 [2 [31 [1 [39 J|o [- |- |- |-

Table 5.1The number of Barnacle and Pink Footed Geese observed at Basecamp 3.

Date % Barnacle % Pink Footed| Total Observed
26/05/2008 67 33 237
30/05/2008 68 32 89
01/06/2008 71 29 81
06/06/2008 68 32 73

Hide 2
06/06/2008 | 96 | 4 | 98

Table 5.2 The proportion and total number of Barnacle and Pink Footed Geese dbserve
at Basecamp 3.

5.4 Discussion and Conclusions

The geese populations observed at Hide 1 decreased during the observatgnan in
part be explained by the different lengths of time over whichbthds were observed.
However; this does not quite explain such a large decrease. slthoaght, by the
observers, that the main courtship gathering happened before theatibssr were
started at Basecamp 3. This could perhaps explain the drop off in suafieerthe first
observation, with the end of the courtship period being observed, and thewodke fl

reducing in size as they feed in different areas.

There adstd have been another

feeding ground reaching the right maturity and the flock dissip&tatgeen more than
one feeding area.

The consistent ratio between the two geese species, despitetimg vaumbers is hard
to explain and perhaps is just a chance event. It is hard to inthgintne Pink Footed
Geese need have a certain number of Barnacle Geese around until thegdyéindiice

versa




6. Summary

The science program achieved its objectives of:

1. Undertaking work that would be useful for other organisations/collaborators;

2. Providing the Y.E.’s with a template of how to construct and underta®@ence
project;

3. Further the understanding of the sub-Arctic environment.

It would have been nice to have the GPS surveys completed to er gne@int, and not
S0 constrained by trying to power the equipment. On the flip sidavii&bility of the

RTK system made a massive difference to the Tobredalen wapr&cially the ability to
rapidly measure the position of the channel, and the surface of the snow pack.

The work undertaken at Basecamp 3 showed great resourcefulnessvoTdreups had
to work together to understand, explain and adapt projects. The ledetadlf in the
description of the projects was fantastic.

“ Every particle of hitherto unknown information ob tained in
any direction whatever is supposed to, and undoubte dly can if
properly pieced together, further the advance of sc ience. But
in turn, let me ask, of what use is science except as a means

to further the enjoyment of life?

I wonder in this connection who it is who really co mes closest
to the final truth - the man who ecstatically watch es the
flight of a bird for the sheer sensation of pleasur e derived
from the way it banks its corners (and is not that the essence
of scientifically apportioned effort?) or the man w ho cannot
afford time to enjoy the sight in his nervous haste to run and
fetch a book? — a book that will tell him what the bird’s name
is, how many toes it has and where else it is known to breed.”

(Talcott, 1936, p.172)

7. References

Hagen, J.0O., Melvold, K., Pinglot, F., and Dowdeswell, J.A. 2003. On the Net Mass
Balance of the Glaciers and Ice Caps in Svalbard, NorwegiaticAArctic, Antarctic,
and Alpine Research, 35(2), 264-270.

Hubbard, B., and Glasser, N.F. 2005. Field Techniques in Glaciology andalGlaci
Geomorphology. Wiley: London.

Talcott, D.V. 1936. Report of the Compartiarrison Smith and Robert Haas, New York.

Woo, Ming-Ko. 1993._Northern Hydrologyin Canada’s Cold Environments, H. M.
French and O Slaymaker (eds). McGill-Queen’s University Press. pp. 117-142




APPENDIX 1: Independent Science Project Brief

As | see it there are 3 main projects that can either be skparately or linked together
into 1 large project.

Q1. What plants are present in the area of Basecamp 3/Wimandalen ?
Rationale: To inform a database set up on the web of Svalbard plants.

Q2. What birds are present in the area of Basecamp 3 ?
Rationale: This is to focus on geese population work for the Wildéowl Wetlands
Trust.

Q3. How quickly do grazing animals respond to the disappearance of snowpack ?

In most sciencework a good ‘reccie’ or scoping exercise isngak So it is worth
familiarising yourself with area and trying to work out where a good stuedyvaould be.

In order to answer Q1 + Q2 it is just a presence/absence basadsurvey over an
allotted area. However; you need to decide what a ‘representatea actually is. For
example, would a section of stony beach be representative of tbg tralt also contains
some ‘greenery’?

So you may want to do a basic map of the area, dividing into differeiplaints habitats
and communities e.g. rocky coast, cliff, marsh, sandflat, shallow hillsltgeg killslope,
snow. The map, although a sketch, would need to be to scale. The magtheauibd
used to stratify the sampling:

1. Sample the dominate type ?

2. Sample all the different types ?

3. Exclude some of the smaller types and only sample ‘big’ things.

Once you have decided on the different areas you may want to ymvewill need to
think of a way of collecting individual data points i.e. type of birgplant. This small
scale information will need to be collected over a larger smk&ub-sampling may need
to be undertaken. Some suggestions are:

Random:
Divide an area into a grid and randomly sample grid numbers or interseon the grid
using a random number generator (pull out of a hat or roll a dice etc.).

Transect:
Draw a line through/across the area(s) to be sampled and takéesaat set intervals
along the line.

Sub-area:
Take one category, in this case the habitat type, and takdlaasmasand measure this in
as much details a possible.



Plant Survey Methodology

These are usually sampled using a quadrat?jiwith 0.1 m divisions made using string
or wire inside. Often this apparatus is just thrown to randommhpkaand then either
intersections or area sample in the grid.

Birds Survey Methodology

The main information that is needed on birds is based around thepygesation. We
have been asked by the Wildfowl and Wetlands Trust to provide infamnain:
Date;

Lat and Long;

Type of Habitat;

Total Number;

Number of Young;

Number of Adults;

Number not aged,;

Brood sizes (how many chicks for a breeding pair);

Large breeding flocks;

Moult gatherings;

There will be some restrictions on gathering this informatioryas will have to be
careful not to disturb the birds.

Snowpack Study

One way to combine the two other studies may be to set a transect up that follomes the |

of the snowpack edge. As the snow melts you should be able to shmplember, and
type, of plants that are appearing and to record the birds obserdeogfea the new
growth (and reindeer).

The interval of time between observations would need to be set:

Dalily;

Every other day;

Every three days etc...;

The number of samples (interval);

The length of the transect;

The way to observe feeding animals;

How to mark the transect so you can return to the same line loe@now has
gone.

NookrwhE

You may want to do a feasibility study and visit an area thatdwently lost snow and
see if you can:

A. Indentify the plants;

B. See any wildlife.



