Centreline and cross-glacier variability in air temperature on an Alpine glacier
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Can we use the environmental lapse rate?

)| Lateral temperature variations

Dominant synoptic westerly

Accurate distribution of air temperature is important for quantifying
ablation in glacier surface energy balance and temperature-index D S
models (Ohata, 1992; Hock, 1999; Petersen et al., 2013). Vertical

temperature gradients (VTGs) over glaciers tend to be shallow <——
however due to the development of a katabatic boundary layer under (atabaticwind
warm ambient conditions (Greuell and Bohm, 1998; Shea and <€
Moore, 2010; Petersen et al., 2013; Ayala et al., 2015). ) ity v

Heat advection from valley

‘Cold spots, hypothesized to be influenced by topographic depressions
on the glacier surface, encourage sensible cooling of stagnant air parcels
under calm, high pressure conditions (Figure 5).

Such effects led to >2°C cooling relative to the glacier centreline. For
turbulent, low pressure conditions, differences across the glacier were

We present a new dataset for Tsanteleina Glacier, Italy with a unique very small.
distribution of centreline and lateral air temperature observations 5
during summer 2015. An alternative temperature estimation model | =
was tested and the lateral variations quantified in detail for the first uil . TES . TE12
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Figure 1: The distribution of air

temperature  measurements  on } Figure 5: Relationship of air temperature differences at lateral sites (relative to centreline temperatures) under

different wind speeds measured at weather stations (y-axis) and mean sea-level pressure from ERA Interim reanalysis
data (colour-scale). Positive differences are where lateral temperatures are cooler than the centreline.

Tsanteleina Glacier, Italy. The red
crosses indicate the location of
T-loggers and filled crosses show
the location of weather stations.
Flowline distances calculated from
SAGA GIS are shown using the
blue-green colour-scale and the
centreline stations are indicated
with the orange line.

Key messages

Tsanteleina Glacier experiences minimal katabatic effects due to its size
(as suggested by Carturan et al., 2015) and thus steep vertical

temperature gradients on average.

Tsanteleina Glacier is located in the Grand Sassiere-Rutor cluster of

Valle d’Aosta, Italy (2800-3445 m asl.). Weather stations and T-loggers

(Tinyta?— accuracy +0.35°C) were distributed along the centreline
at

and at lateral positions during 2015 (Figure 1). Data on wind speed 1 | abili b bl d for b

and Other meteorOIOgicaI Variables were aISO available at bOth Figure 3: Schematic image for Tsanteleina Glacier and the surrounding area to indicate the dominant sources of wind and the potential effects on near-surface air temperature (see a.'ter:a t%mple'rature°varl-a Ilty CﬁnQOt Ie-reasona yaccounted. or y

Weather Stations. ' numbers 1 and 2). Wind fields are interpreted from weather station data, wind flow modelling and field observations. eXIStIng owline estimation methods or linear temperature gra lents.

Best data availability was split into July-August (JA) and

August-September (AS) sub-periods for analysis. July-August Differences >2°C tgla?] atlgig\ilarfcentrelfi?e elevati%ns are potentiaflly
15 . . . . . : : : very Important and shou € a Tocus ofr Tfuture studies to account 1or

odGB st ne 1=034° e [ Flowline estimation model distributed temperature in energy balance/temperature-index melt
Initial results 14 ModGB-centre-line fit with lateral inclusion = 1.06°C ’ a mOdeIS.

ModGB- lateral fit = 1.09°C

The presence of valley/slope winds and turbulent

VTGs became shallow under the warmest ambient conditions (red mixing can erode katabatic winds from the

. . . . . 2
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dependency is shown for the average of all hours (green) and the upper (red) and lower (blue) 10% of ambient off-glacier E\teral sites and estimation of all sites (blue line). A linear VTG for the centreline is . -dx.

air temperatures at site Grand Croux. Shaded areas indicate one standard deviation from the means and the percentiles are .
given for each sub-period. Axes are identical. shown by the dashed black line.




