Similarities in basal sliding between Greenland and Alpine Glaciers
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We document seasonal variations in basal sliding velocity along the terminal portion of a flowline in Western email: william.colgan@colorado.edu 1500
Greenland. Differential global positioning system observations from four stations show a strong annual cycle in ice velocity. = 1000
Summer speedup (+36 to 56 %) and fall slowdown (-11 to 25 %) events at each station are interpreted as seasonal BASAL SLIDE PARAMETERIZATON E .
variations in basal sliding speed. We speculate that this Greenland flowline responds to seasonal melt input in a manner 5
akin to alpine glaciers. We can efficiently characterize the annual velocity cycle using two Gaussian curves (representing Itis apparent that the seasonal velocity cycle at each station contains a summer speedup event and a fall =
summer and fall speeds) superimposed on the mean winter velocity. This simple model of seasonal velocity is dependent slowdown event. We can efficiently characterize these annual velocity cycles using a simple model comprised of two w00 | 5 | | |
on five observable parameters that vary from site to site; maximum, minimum and winter velocities, as well as Julian Dates =~ Gaussian curves superimposed on the mean winter velocity, where one curve represents the summer speedup and the 100g L €L €L L L L
of maximum and minimum velocity. Based upon a projection of the spatial pattern of summer anomalous behavior, other curve represents the fall slowdown (Figure 2). Gaussian curves were chosen to represent the summer and fall Flowline Position [km]
seasonal variations in basal sliding should not exist upstream of km 86.5. velocity anomalies because the amplitude, width and timing of these curves can be independently parameterized. Thus, Figure 6 — Observed ice surface elevation (cyan; Scambos and Haran, 2002) and modeled ice surface
the annual surface velocity (U,) at each station, on a given Julian Day (j), can be characterized by three terms: (blue) and floating bottom (red) elevation along the terminal portion of the flowline after a 505-year
Surface Elevation [mASL] 1800 log, , Surface Velocity [log,(m/a)] g simulation. Observed bedrock topography is shown is grey (Bamber et al., 2001; Plummer et al., 2008).
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606 - ﬁc?vrvrl?r?g ?:;n:c?rtlﬁgf(azisgs)hg\lricier I exp_( Dnax j ] s exp_( Dnin ] | pantiE The observed spatial and temporal distribution of basal slide was used as a basal boundary condition in a
halh Isbrae, pver|aid on observed ice surface flowline model. Important components of the flowline model are: (i) longitudinal coupling (van der Veen, 1987), (i) a
S elevation (Left; Scambos and Haran, The winter velocity (U,,) was calculated as the mean of observed velocity values at a given station between JD 300 {émperature-dependent flow law parameter (Huybrechts et al., 1991), (iii) a Wisconsinan flow enhancement factor of
800} - 2002) and inferred ice surface velocity and 100. U__. represents the maximum summer velocity and was calculated as the mean of the highest quintile of velocity ~ thrée (Reeh, 1985; Paterson, 1991), (iv) a floating tidewater terminus with equilibrium calving flux and (v) a semi-implicit
S0 (Right; Rignot and Kanagaratnam, values at a given station between Julian Dates 100 and 250. Similarly, U_.. represents the minimum fall velocity and was numerical method that allows time-steps of up to 25 years (Figure 6). The model demonstrates that the peak magnitude
2006). The locations of the five DGPS calculated as the mean of the lowest quintile of velocity values at a given station between JD 200 and 300. The remaining of seasonal basal slide Is apprpxrmately_equal to that of internal deforrnatron In the lower reache_s.of the flowline (Figure
400 stations are shown with stars (Table 1). four parameters specify the timing and shape of the summer speedup and fall slowdown curves. J..... (J..) represents the 7). Although modeled surface ice velocities compare reasonably well with observed DGPS velocities, modeled surface
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ice velocities (as well as DGPS velocities) are consistently higher than those inferred by InSAR interferometry (Rignot

JD of summer maximum (fall minimum) velocity, while D..., (D,;,) represents the duration of the summer (fall) velocity
and Kanagaratnam, 2006).

anomaly. These four parameters were evaluated for each station using a supervised optimization scheme (Table 2).
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Our study site is the terminal ~ 100 km of the Sermeq Avannarleq (“Dead”) Glacier flowline in Western Greenland of summer velocity max, duration of summer max, Julian Date of fall min and duration of ’ ’ ’ ’ ’ ’
(Figure 1). This ~ 530 km flowline originates at the main ice divide of the Greenland Ice Sheet (71.54°N, 37.81°W). There Winter | Summer Fall . Max. _ Min. = | -
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We interpret seasonal variations in surface ic |ce velocrty to represent seasonal variations in basal sliding speed. INTE e e .. il .
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