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Abstract
In order to determine the importance of small-system riverine heat flux on regional landfast sea ice breakup, our study explores the annual spring freshet of the Sagavanirktok River from 2014-2019. Seasonal heat cycling ultimately serves as the driving mechanism behind the freshet; however, as
an emerging area of study, the extent to which inland thermodynamics influence coastal tundra geomorphology and connected landfast sea ice has not been extensively investigated in relation to small-scale Arctic river systems. The presence of exposed vegetation on the transitional tundra
supports the rapid influx of heat to the Arctic Ocean via riverine systems which results in a noticeable breakup of landfast sea ice. Thermal erosion experienced by sediment fast ice at the arrival of warm overflow preconditions the ice regime for rapid thawing. We investigate the extent to which
interannual heat flux from the Sagavanirktok River freshet significantly influences the onset of local landfast sea ice breakup. Early removal of landfast sea ice increases coastal erosion in these regions and has implications for coastline geomorphology that stresses industrial, ecological, and
humanitarian infrastructure.

Study Area and Methods

MODIS Aqua satellite data is available via Worldview to provide real-time corrected reflectance images. To maximize the contrast between snow, ice, and clouds, we filtered the produce to show only bands 7 (2105-2155 nm), 2 (841-876 nm), and 1 (620-670 nm). This filter allows us to clearly
see overflow and landfast sea ice degradation, at a sensor resolution of 500 m (Vermote and others, 2015). For Toolik Field Station, located on the transitional tundra, air temperature and relative humidity were collected by the Vaisala HMP155A air temperature and relative humidity sensor
(Vaisala). Soil temperatures were collected using an AM25T thermocouple multiplexer at 1-hr intervals and depths of 0 cm, 5 cm, 10 cm, 20 cm, and 50 cm. The active layer was determined to encompass the top 10 cm, and as such these temperatures were averaged. Annual rainfall was measured
by the TE525(WS) tipping bucket electric rain gage. Measurements were taken at 1-hr intervals, and no statistical manipulation took place. Water temperature and discharge measurements for the Sagavanirktok River were gathered from USGS hydrological site 1590800. Supplementary data was
provided by the Alaska North Slope Material Flux Study (AKMFS). A 3-day moving mean was applied to air, soil, and water temperature data.

2015 Freshet
Spring freshet conditions in 2015 were characterized by
two peak discharge events. The first was induced by a
major rain event on 29 May and resulted in early-season
green up of the transitional tundra (Fig. 2 and 5). Seasonal
maximum air temperature preceded the second discharge
event on 23 June (Fig. 4 and 2). Peak active layer and
water temperature followed (Fig. 3). We note the pattern
which events occurred, specifically air temperature leading
water temperature, as being indicative of positive thermal
cycling and resultant thermal breakup.
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Figure 3. Sagavanirktok river mean water temperature (°C). In addition to USGS data, supplementary data was
provided by Alaska North Slope Material Flux Study (AKMFS) and shows temperature of tundra streams (- -) and the
Sagavanirktok River (-. ).

Spring freshet conditions failed to fully develop in 2017,
indicated by a significantly low maximum seasonal
discharge and persistence of landfast sea ice as late as 25
June (Fig. 2 and 8 C). The lack of substantial heat flux
throughout the system allowed fast ice to remain past 04
July, at which point all remaining ice is broken up
mechanically (Fig. 8 D). Forcing from the Beaufort Gyre
is recognized as the primary means of ice breakup (Fig. 8
C and D). Additionally, there was no significant
precipitation event during the 2017 season (Fig. 6).

Figure 6. Total heat flux through the Sagavanirktok River, overlaid with early-season precipitation events over a 24-hr
time period. 31 May-01 June 2014 measured 11.176 mm; 29 May 2015 measured 32.258 mm; 21 May – 22 May 2016
measured 9.398 mm; 23 May – 24 May 2017 measured 6.463 mm; 17 May 2018 measured 12.083 mm; 06 June 2019
measured 10.397 mm. Total daily precipitation (mm) from Toolik Field Station.
.

2018 Freshet

Figure 1. Map of study site detailing Toolik Field Station, USGS PUMP STA 3 AK, and the Sagavanirktok
River watershed near Prudhoe Bay. Additionally, approximate 2m isobath for the Sagavanirktok River
watershed is detailed in white. Image provided by the Arctic Institute of Biology, University of Alaska
Fairbanks (Balser).

Figure 4. Subplots comparing A) annual mean air temperature (°C) from 3m, and B) mean active layer
temperature (°C) for the top 10 cm

The 2018 freshet was characterized by peak discharge on
24 June, followed by maximum values of air and water
temperature (Fig. 3 and 4 A). MODIS imagery shows a
stable ice regime seaward of the shear zone, similar to the
2014 and 2015 seasons (Fig. 7). Thermodynamic influence
on landfast sea ice degradation is apparent in the absence
of mechanical forcing. Notably, no significant
precipitation event was recorded during the study period,
as the only measured early-season event occurred on 17
May (Fig. 6).

Figure 7. Sagavanirktok River delta and approximate 2m isobath, 2015. A) 07 May; B) 28 May; C) 20 June; D) 29 June.

Conclusions

Figure 2. Annual Sagavanirktok River discharge (m3/s) from USGS PUMP STA 3.
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Figure 5. Estimated discharge overflow and open water area (km2) for the Sagavanirktok River delta

❖ On average, maximum air temperature will precede
that of soil and water temperature
❖ 2015: predicted pattern of heat cycling maximums, and
extensive thermal landfast sea ice breakup, prompted
by early-season rain
❖ 2017: misalignment of heat cycling pattern and no
distinguishable freshet
❖ 2018: predicted heat cycling pattern and extensive
thermal landfast sea ice breakup without an earlyseason rain event
❖ Significant early-season rain event parameters:
➢ Fall between 20 May - 06 June
➢ Yield at least 10.00 mm precipitation
❖ Positive relationship between rain, terrestrial warming,
and sea ice loss

Figure 8. Sagavanirktok River delta and approximate 2m isobath, 2017. A) 24 May; B) 01 June; C) 25 June; D) 04 July

