
Abstract
Recent climate changes have altered thermodynamic balances 
within high latitude watersheds. This is particularly true on the 
Alaskan North Slope where glacial-fed rivers flow large distances 
downslope and northward through transitional and coastal plain 
tundra terminating at river delta estuaries. Understanding the spatio-
temporal controls influenced by these evolving landscapes and 
varying meteorological regimes on catchment basin energy budgets 
are critical to determining the residual lateral heat flux at the ocean 
end-member. To investigate, a research team conducted the first of 
three field campaigns during the 2019 melt season to examine the 
evolution of heat and material fluxes through small river systems on 
the Alaskan North Slope. This study investigates the spatial and 
temporal evolution of heat transport through the Sagavanirktok and 
Kuparuk watersheds as contributing mountain and transitional 
tundra streams interact with the atmospheric, cryospheric, and 
terrestrial heat balances. To accomplish this, thermistors were 
deployed in small-to-large scale flows and spatially separated by 
study area micro-climates (mountains, tundra, coastal) to best 
capture spatial heterogeneities, temporal fluctuations, and fluxes of 
heat in the study area. These collection efforts from the Brooks 
Range to the Arctic Ocean provide an initial look at the scale of 
influence these small river watersheds have on the North Slope 
near-surface heat budget as well as provide coupled air-land-ice-
ocean modeling efforts access to recent observations of lateral heat 
transport.
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Conclusions
In this study, we find that turbidity and discharge both 
increased with precipitation during the late summer of 
2019. In late July, there was a water temperature cross-
over; the Tundra and SAG rivers became noticeably 
colder than the Coastal region. This was likely due to 
interflow of the water through the deepening active layer 
of the permafrost (which showed a similar temperature 
drop at the same time as the rivers) and led to an increase 
in TSS and POC values in the Tundra and SAG regions. 
Most studies focus on the material flux peak during the 
spring freshet; however, this study shows that there are 
episodic peaks in material fluxes associated with late-
summer precipitation events, integrating organic and 
inorganic inputs from deepened active layers.

Study Area and Methods
The data is from the first year of field study (2019); 2021 and 2022 
are the future field seasons. To obtain water temperature data, Onset 
Tidbit Data Loggers were deployed in streams; University of Alaska 
Fairbanks Water and Environmental Research Center (UAF), 
(Toniolo, 2019) and United States Geological Survey (USGS) stations 
provided additional data (locations shown in Fig. 1). Discharge 
measurements were collected using a Sontek Flowtracker2 acoustic 
Doppler Velocimeter using USGS Velocity-Area methods 
(Turnipseed and Sauer, 2010), with the Teledyne RiverRay Acoustic 
Doppler Current Profiler, and with data pulled from USGS stations. 
UAF stations provided the turbidity and precipitation data. Additional 
precipitation values were obtained from USGS and Toolik Field 
Station Environmental Data Center (TFS). Soil depth temperatures 
were provided by TFS. A Sequoia Inc. Laser In-Situ Scattering and 
Transmissiometery (LISST) instrument determined mean particle 
diameters; it uses light diffraction signatures to determine particle size 
(Agrawal and Pottsmith, 2000; 2002). In order to determine TSS, 
water samples were filtered through a 0.45 μm filter. The samples 
were then dried and the remaining solids were weighed. To determine 
POC, water samples were filtered through a 0.7 μm filter and run 
through a CHN Analyzer in-line with Thermo Delta V IRMS.    

Figure 1. Map of study area from the North Slope of the Brooks Range to Prudhoe Bay. Water sample sites included 8 sites along 
the two rivers studied (Sagavanirktok and Kuparuk) and 11 additional mountain and tundra stream sites throughout the study area.
Additional water and air temperature data, precipitation data, and discharge measurements were taken from USGS and UAF sites.

Figure 2. Daily precipitation from Atigun Station 1 (ATG01), Toolik Field Station (TFS), and Sagavanirktok Station DSS2 (UAF) plotted with discharge 
from DSS2, ATG01, SAG (USGS), and KUP (USGS). There was more rainfall in the later melt season.

Figure 3. Daily precipitation averages from Atigun Station 1 (ATG01), Toolik Field Station (TFS), and Sagavanirktok Station DSS2 (UAF) plotted with 
daily turbidity data from UAF (DSS1, DSS2, DSS3, and DSS4). 

Figure 4. Daily precipitation averages from Atigun Station 1 (ATG01), Toolik Field Station (TFS), and Sagavanirktok Station DSS2 (UAF) plotted 
with water temperature averages for the major regions studied (Mountain, Coastal, Tundra, and the Sagavanirktok River). The mountain region was 
represented by the ATG02 station. The coastal region was represented by the USGS KUP dataset and DSS1 (UAF). The SAG region included the 
USGS Sag dataset, SAG05, SAG03, DSS2, DSS3, and DSS4. The tundra region included the SCH01, OKS01, IMN, HAP01, and KUP03 sites.

Figure 5. Soil temperatures extending through the active layer  from Toolik Field Station (TFS). Also included is the average daily Tundra water 
temperature plot from Fig. 4 as well as air temperature readings from TFS.

Figure 6. Discharge data from DSS2, ATG01, SAG (USGS), and KUP (USGS) plotted with Mean Particle Diameters. Point measurements were 
taken over the course of the three sampling trips. Divisions into mountain, coastal, SAG, and tundra categories were the same as Fig. 4.

Figure 7. Daily precipitation averages from Atigun Station 1 (ATG01), Toolik Field Station (TFS), and Sagavanirktok Station DSS2 (UAF) plotted 
with TSS and POC point measurements. The TSS and POC regional values follow the same assignments as Fig. 4.

Figure 8. Discharge data from DSS2, ATG01, SAG (USGS), and KUP (USGS) presented in cubic meters per second plotted with TSS and POC 
point measurements. The TSS and POC regional values follow the same assignments as Fig. 4.

Discussion 1
Figures 2 and 3 illustrate that during the summer of 
2019, the river discharges were directly linked to 
precipitation; when precipitation increased, there were 
discharge increases as well. A similar trend exists 
between precipitation and turbidity. The large spikes in 
turbidity align with large precipitation events. 

Discussion 2
Figure 4 illustrates the main focus of this study; when 
focusing on the trends in water temperature and 
precipitation, there is a noticeable change in late July. Up 
until that point, The SAG and Tundra water temperatures 
had been closely following the Coastal average. 
However, in late July, there is a sudden crossover where 
the main-stem SAG and Tundra temperatures cross over 
the Coastal average and remain colder for the remainder 
of the summer. We hypothesize that this change is due to 
inter-flow through  the active layer. Figure 5 shows a 
similar shift at the same point in time as Figure 4; in late 
July, the temperature of the active layer drops and mirror 
the average Tundra water temperature for the remainder 
of the summer. Figures 6, 7, and 8 focus on the late July 
change; specifically, they illustrate the relationship 
between discharge, precipitation, and TSS, POC, and 
Mean Particle Diameter. Figure 7 clearly shows that TSS 
and POC increased after the 3 August precipitation 
event. The largest increases were seen in both TSS and 
POC at the SAG sites; TSS and POC also increased at 
the Tundra sites. We believe that this increase is because 
the river is now flowing through the deepening active 
layer in the tundra and transporting that material 
downstream.

Figure 9. Discharge plotted with material fluxes through the Kuparuk and Sagavanirktok Rivers in the summer of 2019. A shows POC fluxes
and B shows total solids fluxes (Smith, 2020).
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