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Glacial meltwater modeling to simulate streamflow and lake

Portslﬁafig levels in Taylor Valley, Antarctica

UNIVERSITY Julian Cross and Andrew G. Fountain
Departments of Geography and Geology, Portland State University, Portland, Oregon 97207, jucross@pdx.edu
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I. Introduction IV. Lake Level Results
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Three closed-basin, perennially ice-covered lakes occupy the wvalley floor: Lake Bonney

lakes Bonney, Hoare and Fryxell. Glacial meltwater accounts for nearly the total inflow to these
lakes. Groundwater flux is essentially non-existent. Outflow is through sublimation of the fro-
zen lake surface. Lake levels are highly sensitive to changes in climate and are mediated by the sur-
face energy balance of the glaciers. With mean summer air temperatures are below 0°C, glac-
ier ablation shows a complex sensitivity to solar radiation and wind speed. (Fountain et al. 1999)
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Figure 4. Top panel (A) shows model efficiency in predicting total daily discharge using the
Nash-Sutecliffe Efficiency (E) for all 15 streams by year. The left most column shows E values for
each stream across all 18 modeled seasons and the bottom row shows E values for each season all
seasons. The bottom panel (B) shows simulated (dashed) versus observed (solid) total annual run-
off for all 18 modeled seasons based on 5 different models (MOD1 to MOD5). Model 3 is the base
model with no global adjustment to albedo. MOD5 is the highest efficiency model with albedo low-
ered by 0.05, within the instrumental uncertainty of measured albedo values. All figures (including
Lo - oo — P o= 0R= O~ top panel) show results from MOD5.

« Simulate modern streamflow and lake level change in Taylor Valley.
+ Test meltwater and lake water balance model assumptions.
+ Can these models be used to study paleo-lakes in the MDV?

II. Methods

The distributed ICEMELT model (Hoffman et al. 2016) is applied to simulate streamflow and lake P
level from 1995 to 2013 at a grld resolution of 250 m. The meltwater model: - m@hm%m.@.m;@{? ......................................................................................... -
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+ was calibrated using ablation measurements at Taylor and Canada glaciers Year runoff for all streams. s
+ is tuned specifically to local ice and meteorological conditions Figure 7. Simulated versus observed lake level change. Modeled using a sublimation rate Stacked bar plot of ob-
of 0.35 m yr-1before 2004 and 0.27 m yr-1 after 2003. Red arrows show ‘flood years.. served (C) and predicted
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Additionally, the model accounts for solar radiation penetration into the ice, the spatial variability runoff for all streams.
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+ assumes direct (same-day) meltwater routing
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+ Predicted runoff results show higher efficiency in simulating dynamics but lower efficiency in
simulating observed flow magnitudes,.
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A simple water balance method was used to estimate annual lake volume and level. The lake model
relies on the following assumptions:
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+ simplifies inflows, treating glacier meltwater as the sole inflow

Percent of Total Annual Runoff n

+ Some meltwater sources are being neglected, e.g. ablation zone size or high elevation snow melt monwealth Stream, which
+ accounts for sublimation from the lake ice surface and ignores groundwater and (low magnitude efficiency). flows to McMurdo Sound.

precipitation inflows + Meltwater model results are better for Canada and Taylor (Bonney basin) glaciers. 0 0

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
+ basin geometry determined from 2 m lidar + Increased model bias on Commonwealth and Kukri Hills glaciers suggest that unaccounted Volt Season Volt Season
ice surface properties, e.g. surface roughness length, are present. " Nash-Sutecliffe E of 0.66 Coefficient of determination r> of 0.78

NRMSE (RMSE/SDggs) of 0.58 Cumulative error of ~20x10° m?
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Lake Water Balance Equation: Simplified to: + Lake model results show that under-predicting melt inflow limits ability to model lake

level change.
_dV av Parti gl ly at Lake F 1l and during flood £2001-02,2008-09 and 2010-11
dt — Qdirect + Qstream + Qground + [P T S _ E]A - — = Qg lacier S * A ¢ Farticularly at Lake kryxellan uring rlood years o e ) an e Cummulative Errar{Dhls-Mad}

dt + Lake surface sublimation rates required to fit lake level rise (0.27 to 0.35 m yr-1 ) are ' | = | | | | | | | | | i
Data Sources: less than estimated, real-world values (0.35 to 1 m yr-1). S N I S S
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