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ABSTRACT

We present a new dataset of freshwater river input to the Bering Sea, spanning the
years of 1950 to the present (2017). The dataset uses river discharge values measured at
stream gauges throughout Alaska and Russia to reconstruct freshwater input to the Bering
Sea. This dataset strives to capture the full seasonal variation in streamflow that is seen
in this region, where the majority of a river’s streamflow occurs in the summer; this sea-
sonal range in values is missing from many common river datasets used in global climate

modeling.
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INTRODUCTION

The Bering Sea is a highly productive ecosystem that is home to diverse populations
of plankton, fish, birds, and marine mammals, and supports several major commercial fish-
eries. The region is characterized by a broad southeastern shelf that includes three distinct
biophysical domains. While wind and tidal mixing are the predominant forces determin-
ing the physical structure of the water in this region, coastal freshwater input can also
play a key role. Along the southeastern shelf, plumes of relatively warm fresh water can
inhibit mixing along the front separating the inner (0 m to 50 m, shallow, and well-mixed
throughout the year) and middle (50 m to 100 m, seasonally stratified) domains (Kachel
et al. 2002). Farther north, the Yukon River discharges relatively warm, turbid, nutrient-
poor water that pushes coastal waters offshore, maintaining low production regions within
the Norton Sound region relative to the colder, more nutrient-rich waters of the offshore

Anadyr water mass (Dean et al. 1989).

The annual freshwater discharges associated with the major tributaries of the Bering
Sea are high; at least five rivers (the Yukon, Kuskokwim, Susitna, Anadyr, and Copper
rivers) average a discharge over 5 x 10* ft3/s. However, these flow rates have a high sea-
sonal variability, with flow concentrated during the summer months due to snowmelt,
glacier melting, and rainfall, and relatively low discharge during the winter months. For
example, the Yukon discharges only approximately 1.05 x 10*ft?/s during the winter, but

can exceed 1 x 10°ft3 /s during peak flow.

Under the Bering Sea Integrated Ecosystem Research Project (BSIERP), an imple-
mentation of the Regional Ocean Modeling System (ROMS) was built for this region. The
model, referred to herein as the Bering 10K model, is able to simulate the primary fea-
tures of the biophysical domains described above, and has been successfully used to in-
vestigate both the physical and biological dynamics of this region (Hermann et al. 2013).

These studies focused primarily on the southeast Bering Sea shelf, where freshwater in-



put is a minor driver, and therefore were able to rely on a monthly climatological river
runoff dataset designed for the larger northeast Pacific NEP5 ROMS domain (Danielson
et al. 2011). However, the Bering 10K model is now being further developed for use in the
northern Bering Sea region. In this region, it is much more important that the river forc-
ing dataset used captures both the seasonal and interannual variations in the discharge of
warm, fresh water into the model domain.

This report details the construction of the new river runoff dataset for the Bering Sea
and western Gulf of Alaska watersheds. The final runoff dataset is tailored for use as an
input forcing file for the Bering 10K domain ROMS model; however, the intermediate wa-
tershed streamflow data, discussed in Reconstruction of Interannual Streamflow, may also

be informative outside this narrow context.

METHODS

Seasonal and Interannual Variability in a Previously-existing River

Runoff Dataset

Previous versions of the Bering 10K model relied on a downscaled version of the Dai
and Trenberth (2002) dataset for its freshwater input values. This dataset provides global
monthly mean freshwater discharge values at a 1-degree resolution, based on data from
921 of the world’s largest rivers. It was designed to provide estimates of continental dis-
charge for global climate models. However, there are a few shortcomings associated with
this dataset that make it less than ideal for use in the high-resolution Bering Sea model.

First, the 1-degree resolution of the Dai and Trenberth (2002) dataset is an order of
magnitude coarser than that of our 10-km ROMS domain resolution. Features that may
play a key role in the physical dynamics of our ocean model, including the plumes of the
Yukon and Kuskokwim Rivers, are poorly captured at this resolution (Fig. 1a), even if up-

sampled to the model’s resolution (Fig. 1b).
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Figure 1. —— Surface freshwater flux due to river runoff, based on a) the original Dai
and Trenberth (2002) dataset, b) the NEP model version used in pre-
vious Bering 10K simulations (the Dai and Trenberth (2002) dataset
rescaled to our model grid), and c¢) this study. Each subpanel shows val-
ues averaged over the time period available for each dataset. Note that
the rectangular region covered by the latter two indicates the location of
the Bering 10K model domain.



Secondly, the Dai and Trenberth (2002) dataset only runs through 2007, while many
of the Bering 10K simulations focus on more recent years. To compensate for the missing
data, a climatological average across all years was calculated and used in place of the in-
terannual time series for early runs of the Bering 10K model. However, we would prefer to
maintain the interannual variability that may play a key role in determining spatial vari-
ability in both physical and biological processes in our simulations.

In addition to these issues of spatial and temporal resolution, the Dai and Trenberth
(2002) data include some periods of time where the observed seasonal variability between
low-discharge winter months and high-discharge summer months is absent. Dai and Tren-
berth (2002) incorporates composite runoff fields from the world’s largest rivers (Fekete
et al. 2002); the composites combine data from river gauging stations with simulated es-
timates of runoff from ungauged regions. We assume that the lack of seasonal variability
we see is an artifact of the ungauged runoff reconstruction process used, which may not
be appropriate for regions like this one where seasonal variability is high. Figure 2 high-
lights the time series from one grid cell of the Dai and Trenberth (2002) dataset, alongside
the river discharge data from USGS monitoring stations located upstream of this grid cell.
It is clear from this comparison that the dataset reflects the true seasonal variability of
the Nushagak River over the period of time when a river gauge was active on that river,
but switches to a pattern with much lower variability and higher winter streamflow during
years when observations are absent at that particular gauge. Note that the Nuyakuk River
is a major tributary of the Nushagak, and its longer record does not suggest any major

shifts in winter streamflow over time.



150 4
* 15303000-WOOD R * 15303100-EAST C * 15302300-MULCHATNA R * 15302250-NF KOKTULI R

15303010-SILVER SALMON C * 15302840-ELVA LK OUTLET 15302320-STUYAHOK R 15301500-ALLEN R
100 15303011-WOOD R TR * 15302500-NUSHAGAK R 15302000-NUYAKUK R

15303150-SNAKE R 15302800-GRANT LK OUTLET * 15302200-KOKTULI R

50

River discharge
(thousands cfs)

\ NA i,-h‘\“!- AMAA .M" R]“:l‘\‘ l‘" "'llﬂ
0- [ : T E—
40
2~ 30
£
55
S
7 2
2 10
s
0 T T T T T T T
1950 1960 1970 1980 1990 2000 2010
Figure 2. —— The seasonal variability artifact in the Dai and Trenberth (2002)

dataset can be seen by examining the time series of fresh water in-

put flux from that dataset within a single grid cell (bottom panel), lo-
cated near the mouth of the Nushagak River. The top panel shows the
raw discharge values measured at all stream gauges located within the
Nushagak Bay watershed.

Reconstruction of Interannual Streamflow

The goal of this river discharge reconstruction is to build a time series of river-derived
freshwater input to the Bering Sea and western Gulf of Alaska (i.e. the region covered by
the Bering 10K model domain), covering the time period from 1950 to the present, and at
a spatial resolution appropriate to the 10-km resolution of the model. Alaska and Russia
present an overview of the river discharge timerseries reconstruction for rivers in both the
United States and Russia, respectively. Integration Into Bering 10K ROMS Model then
describes how these time series were converted to a spatially-varying freshwater input flux,

appropriate for use as part of the surface boundary conditions for a ROMS model.



Alaska

For the eastern side of our model domain, we collected data from the U.S. Geologi-
cal Survey’s (USGS) National Water Information System (NWIS) surface water database
(United States Geological Survey 2016), which archives measurements from stream gauges

throughout the United States.

To determine which river gauges to include in this analysis, we began by examining
hydrologic units from the Watershed Boundary Dataset (Watershed Boundary Dataset
2017). We based our analysis on the level 12 (subwatershed) hydrologic units from re-
gion 19 (Alaska). We began by isolating all hydrologic units that fell within our model
domain and drained directly into the ocean rather than to another unit, as indicated by
the TOHUC code attached to each hydrologic unit. In this document, we will refer to these
ocean-emptying hydrologic units as river mouth units. Each hydrologic unit polygon in-
cludes information regarding which other polygon it empties into, and we used this data to
trace the network of upstream units whose runoff evenutally led to each of the river mouth
units; the collection of units associated with each river mouth unit is considered its water-

shed for the purposes of this study (Fig. 3).

The metadata for each USGS gauging station includes the 8-digit hydrologic unit in
which it is located, so we were able to narrow our query of the USGS gauging stations to
only those that fell within our watershed boundaries and that included discharge data at
some point between 1 January, 1950 and the present. We then further calculated the 12-
digit hydrologic unit into which each remaining station fell, using its site location coordi-

nates and the boundary coordinates for each WBD polygon.

Once we had defined our watersheds and the river gauge stations located in each, we
began the process of reconstructing streamflow that emptied into each river mouth unit.
Ideally, we wanted to collect data from every river that emptied directly into the river

mouth unit (or into the frontal units that often form a boundary between the river mouth
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Figure 3. —— This map indicates the watersheds that included at least one USGS
stramflow gauge. The darker-colored polygons located along the coasts
indicate the river mouth hydrologic units, with the lighter color shaded
regions correspondng to the watershed drainage basins associated with
each. Russian rivers are indicated by a single point at the mouth of each
river. Colors are for contrast only and do not indicate any particular
property of each watershed.

unit and more inland units in the same bay or estuary), using a river gauge station that

was located downstream of all major tributaries of each river. This ideal situation is com-



plicated by the fact that many rivers are ungauged, some gauges have been discontinued
over time and replaced by ones further up- or downstream, and many gauges only include
data for a handful of years, with the most continuous records usually located in easy-to-
maintain areas that may be upstream of major tributaries. While the process of associ-
ating river gauges with each watershed was automated, choosing which river gauges best
represented the discharge emptying into each runoff unit involved a manual examination.
See the appendix for a full description of the river-choosing decision process behind each
watershed in our domain, and the steps taken to extend each river’s time series to the full
period of interest (1950 - present) if measured data were not available throughout the en-
tire period. Once a full 1950-present time series had been reconstructed for each gauged
river emptying into the domain, these values were added together to create a single time
series per watershed. Finally, the time series were averaged across monthly bins to match

our desired temporal resolution for the ROMS model.

Russia

The western side of the Bering Sea is bordered by Russia. Data sources for river in-
put from this side of the domain are much more limited than on the eastern side of the do-
main. We retrieved a compilation of monthly streamflow data from stream gauges through-
out the former Soviet Union (Bodo 2000), which included time series from the three largest
Russian tributaries to the Bering Sea: the Anadyr, Kamchatka, and Avacha rivers. Missing
data were filled in using a climatological cycle based on the available data for each of the

three rivers.

Future Updates to the Dataset

While the construction of this dataset did require some manual perusing of the avail-
able data (see the appendix), the majority of the calculations are automated. Code that

can be used to reproduce the calculations and extend them further into the future as new



data becomes available can be found on GitHub: https://github.com/kakearney /beringriver-pkg.
This includes code to download data remotely from the USGS NWIS database and load

data from a local copy of the Bodo (2000) dataset, combine data from the chosen stations

into individual river and watershed time series, and horizontally distribute the stream-

flow across a specified ROMS grid domain. It also includes functions to query the data

available from all USGS stations within the Bering Sea watershed to determine if stations

used in our analysis have been discontinued or if new stations have been added; this anal-

ysis should probably be repeated regularly when extending the dataset to ensure that the

choice of data sources remains optimal.

Integration Into Bering 10K ROMS Model

The Bering 10K ROMS model adds river runoff as a spatially-dependent surface flux
of freshwater, similar to precipitation. We distributed each watershed time series across
the model grid by weighting each non-land-masked grid cell in the model domain by its
distance from either the river mouth hydrologic unit polygon (for the eastern side of the
domain) or the point coordinate of the river mouth (for the western side of the domain),
assuming exponential decay of river influence and an e-folding scale of 20 km. Weights
were normalized to sum to 1 across the entire domain for each river. Streamflow values
from each river were then allocated across each grid cell based on these weights, and di-
vided by the spatial area of each grid cell. The result is a gridded time series of freshwater
input, in units of kgm=2s7! (Fig. 1c).

To analyze the effects of the new runoff dataset on Bering Sea circulation, we ran a
pair of five-year Bering 10K simulations, spanning 1970 - 1975, a time period that repre-
sents the beginning of our hindcast forcing dataset. The Bering 10K domain is horizon-
tally resolved at approximately 10 km, with 10 vertical sigma-coordinate depth levels.
Bathymetry is derived from ETOPOS5 as adjusted for the NEP-5 model domain (Daniel-

son et al. 2011), with smoothing for numerical stability. Winds, air temperature, relative
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humidity, and downward shortwave and longwave radiation from the common ocean refer-
ence experiment reanalysis (CORE) were used as bulk forcings to constrain surface stress
and heat exchanges at the surface boundary (Large and Yeager 2009). The first simula-
tion included runoff-as-precipitation forcing identical to those used in the Hermann et al.
(2013) simulations (i.e. a downscaled version of the Dai and Trenberth (2002) dataset).

The second simulation used the dataset described in this report.

RESULTS AND DISCUSSION

Along the U.S. coast on the eastern side of the Bering Sea, we were able to recon-
struct time series of freshwater flux that covers the majority of the coastline. The unmon-
itored stretches of coastline accounted for only a very small percentage of the land in the
Bering Sea watershed.

Our recontruction of the western side of the domain was not as thorough as on the
eastern side. We were unable to obtain detailed hydrographic data mapping the water-
sheds and drainage patterns on this coast, and instead relied only on streamflow from the
largest rivers. In particular, the stretch of land between the Anadyr and Kamchatka rivers
does not receive any freshwater flux in our dataset, despite the topography of the land
suggesting that several small rivers lead to the Bering Sea in this location. The Dai and
Trenberth (2002) dataset includes relatively high runoff values here. However, the narrow
shelf and deep mixing along this side of the domain relative to the east side means that
this lack of data has only a small influence on the overall physical properties in our model
simulations. Because the majority of the model simulations are focused on the eastern side
of the domain, we have decided that this dataset is sufficient. However, we hope to add a
more rigorous river analysis to the western coast, similar to that detailed in the appendix
for the eastern coast, should any data become available from this region.

When forced with the new rivers dataset as compared to the older rivers dataset, the

most noticeable changes in the physical properties of the Bering 10K model can be seen
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in the Norton Sound area. The influence of the Yukon River is much stronger in this shal-
low region in the new-river simulation compared to the old-river simulation, resulting in
less saline conditions, particularly in the summer months (Figs. 4 and 5). This leads to

a correspondingly shallower mixed layer depth during the summer months (Fig. 6). The
influence of the rivers on salinity is similar but less pronounced along the southeast shelf
near Bristol Bay; this is also consistent with observations.

Along the narrow western Bering Sea shelf, we see the opposite pattern, with higher
salinity and deeper mixed layer depths in the new-river simulation along the shelf between
the Anadyr and Kamchatka river mouths, particularly in the winter and early spring. This
may simply be an artifact of the lack of river data we have in this region; however, we cur-
rently lack observational data from this side of the domain to validate whether the higher
freshwater flux seen in the Dai and Trenberth (2002) dataset in this region reflects the true
conditions.

Overall, this new dataset successfully accomplishes our goal to better capture the ob-
served seasonal and interannual variability in Bering Sea salinity due to freshwater dis-
charge from rivers. We note that our current method incorporating runoff as precipitation
lacks the ability to add a temperature signal to the freshwater flux. The relatively warmer
temperature associated with river runoff is an observed characterisitic of the Yukon River
plume in particular. Future improvements to this river dataset will develop methods of

adding this potentially important property to the freshwater input.
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Figure 4. —— Salinity over time in the new-rivers simulation. Data were extracted
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mains along the Bering Sea shelf; the grey shaded portion indicates the
water depth at each location.
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APPENDIX: DETAILS OF INDIVIDUAL RIVER RECONSTRUCTIONS

In this appendix, we present the details underlying the construction of a streamflow

time series for each of the rivers used in this report.

The period of time covered by each river measurement station varied widely from sta-
tion to station; some provided daily coverage over several decades, while others were active
for only a year or two. The vast majority of stations included gaps within their period of
coverage, ranging from a few hours to several years. To build a complete monthly time se-

ries for each river between 1950 and 2016, we followed an iterative process:

1. The initial choice of stations to be used was based on a visual inspection of the dis-
charge data available for each station on the river. We favored stations that were lo-
cated close to the mouth of the river and that included as many years of data as pos-
sible.

2. If any gaps in time remained, we examined data from any remaining upstream mea-
surement stations. We searched for stations that included data that overlapped in
time with the downstream data at some point, as well as covering a portion of the gap
in the downstream data. Using points in time shared between the two stations, we fit
a shape-preserving spline between the uptream and downstream station streamflow
values, and used that spline fit to estimate downstream flow from upstream values.

3. Using the daily time series from steps 1 and 2 (which may still include gaps), we av-
eraged the resulting time series across 5-day bins (the 02/25-03/02 included 6 days
during leap years). From the 5-day-averaged time series, we constructed a climatologi-
cal single-year time series.

4. Where gaps remained in the 5-day-averaged time series, we filled in values from the
climatological time series.

5. For any gaps that still remained (which were present if data from a station was only

collected during certain times of year, leaving gaps in the climatological time series),
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we filled in the time series using a smoothing spline (Garcia 2010).

The following sections describe the locations of each of the watersheds, and detail the
thought process behind choosing which stations to feed into the above method. All USGS
monitoring stations are identified by their 8- to 15-digit site identification number. The de-
tailed maps of each watershed (panel b of each figure) show the individual hydrographic
units that make up each watershed, colored by classification: pink = standard, blue-green
= frontal, orange = multiple, blue = water, and brown = island. All monitoring stations
are shown as red dots, with labels applied only to those used in the final time series recon-
structions. The time series panel (c) indicates daily values data from the gauging stations
used in the final streamflow calculation as colored dots (colors are for contrast and do not
indicate any particular property of each station), with the sum total streamflow for the

watershed indicated as a black line.
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River discharge (cfs x 1000)

Hook Point-Frontal Gulf of Alaska
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—— Streamflow to this location is dominated by the Copper River. We
used station 15214000 as the primary source, with 15212000 scaled
to fill in earlier years. Eyak Lake Tributary, Murchison Creek, and

Glacier River Tributary have one site each, which were added to the
total.
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River discharge (cfs x 1000)

Resurrection Bay-Frontal Gulf of Alaska
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(c) Time series

Figure A.2. —— Lowell Creek included two stations with comparable measurements
and no time overlap; this data was combined without scaling. All
other rivers used the singular station available. Total discharge to this
watershed primarily reflects the flow from Resurrection River.
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River discharge (cfs x 1000)

Nuka Bay-Frontal Gulf of Alaska

(a) Watershed location

(b) Hydologic units and station locations.
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Figure A.3. —— The downstream station for the Nuka River was active for only one

year, so we opted to use the more recent, longer running upstream
station for this small watershed.
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River discharge (cfs x 1000)

Prince William Sound
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(c) Time series

Figure A.4. —— Prince William Sound receives discharge from many river and creeks,
several of which included multiple stream gauges. The two stations
on Solomon Gulch overlap for most of their coverage; we chose to use
15226000 because it covered a longer timeperiod. The Lowe River in-
cluded three stations, all with comparable discharge magnitudes and
with no temporal overlap, so we combined these into a single time-
series. The Duck River stations overlapped in time; 15224000 was cho-
sen due to its downstream location. The remaining rivers included one
station each that could be added to the total discharge value.
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River discharge (cfs x 1000)

Cape Uganik-Shelikof Strait

\ :! ‘el ERROR R-15295700

UGANIK R-15296000
)

*TERROR R-{5205600"7" -8

{
\
\

(a) Watershed location (b) Hydologic units and station locations.

* 15296000 < 15295600 * 15295700

1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 E -
.
0
- é 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990
.
0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 E -
.
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

(c) Time series

Figure A.5. —— The Cape Uganik watershed includes two small rivers of comparable
size. We primarily used station 15295700 for the Terror River, with
a scaled version of 1529600 added to fill gaps in the earlier part of
the timeseries. This was added to the Uganik River to get a total dis-
charge for the watershed.
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River discharge (cfs x 1000)

Sevenmile Beach-Frontal Shelikof Strait
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(c) Time series

Figure A.6. —— This small watershed on Kodiak Island includes only a few short time-
series. We chose the most downstream station from the Karluk River
and added data from two other small creeks.
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River discharge (cfs x 1000)

Alitak Bay-Frontal Pacific Ocean
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Figure A.7. —— The southern tip of Kodiak island is also sparsely monitored, with
only two short-lived gauges located in this watershed. Both stations’
data were added together to create this timeseries.
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River discharge (cfs x 1000)

Tonki Cape Peninsula-Frontal Marmot Bay

(a) Watershed location (b) Hydologic units and station locations.
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Figure A.8. —— Each river in this watershed included a single station, so all data
sources were used in the timeseries.
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River discharge (cfs x 1000)

Chiniak Bay

(a) Watershed location (b) Hydologic units and station locations.
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(c) Time series

Figure A.9. —— The Buskin River station included only a few days worth of discharge
data, so we opted to use only the Myrtle Creek timeseries for this wa-
tershed.
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River discharge (cfs x 1000)

Sacramento River-Frontal Pacific Ocean
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(c) Time series

Figure A.10. —— Both stations in this watershed are located on Hidden Creek, and
both cover the same short period of time. We opted to use the more
downstream of these two stations to represent the watershed.
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River discharge (cfs x 1000)

Sutwik Island-Pacific Ocean

(a) Watershed location (b) Hydologic units and station locations.
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(c) Time series

Figure A.11. —— Only two stations are available for this watershed; the Alec River is a
tributary of the Chignik River, so we used only data from the latter.
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River discharge (cfs x 1000)

Cook Inlet
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(c) Time series

Figure A.12. —— Cook Inlet receives input from dozens of rivers, including sev-
eral of the largest in our study; the Knik, Kenai, Matanuska, and
Chakachatna Rivers all average over 5000 ft3/s, and the Susitna aver-
ages over 50000 ft3/s. Because the Susitna River dominates the total
streamflow, we did not bother looking for scalable upstream stations
in this watershed, but simply chose the most downstream location
available for each of the 33 gauged tributaries.
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River discharge (cfs x 1000)

Unga Island-Frontal Pacific Ocean

N

(a) Watershed location (b) Hydologic units and station locations.

* 15297602 * 15297603
0.1

0 r T T T T T T T T T 1 0.1
1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970
waﬁﬂﬂw -
01 T T T T T T T T T T 1 0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990
0 r T T T T T T T T T 1 0.1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
UUUUUUUU -
r T T T T T T T T T 1 0
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

(c) Time series

Figure A.13. —— Only two small creeks are monitored in this watershed, and both in-
clude only a single year of data. These were added together for the
total discharge.
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River discharge (cfs x 1000)

Deer Island
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Figure A.14. —— Russel Creek is the only monitored creek in this watershed, and

therefore was used alone to represent this location.
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River discharge (cfs x 1000)

}

190301030000

(a) Watershed location (b) Hydologic units and station locations.

© 15297617 + 15297625 < 15297640 < 15297650 ° 15297655 =* 15297660 * 15297680 ° 15297690 * 15297767 * 15297771 15297773

0.1

0 I T

Al e ik
T T T T T T T I |

1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 ol
il i o i Laul i
f . ; T T T T T T T 1 0
ol 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990

- f‘;"“};‘w S e
0 T T T T T T T T T T 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

T T T T T T T T T T 1 0

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

(c¢) Time series

Figure A.15. —— The eastern Aleutian Islands are represented by a single hydrological
unit. Stream gauges are located on three of the islands: Adak, Am-
chitka, and Shemya Islands. We opted to simply sum together values
from all gauges in the watershed and distribute the flow as though it
were evenly distributed throughout the island hydrologic unit. The
streamflow in this region is several orders of magnitude lower than
that seen from the largest rivers in our study area, and therefore
we decided this assumption (as opposed to trying to distribute the

streamflow proportionally to individual islands) has a negligible effect
on our model results.
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River discharge (cfs x 1000)

Kvichack Bay-Frontal Bristol Bay
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(c) Time series
Figure A.16. —— The majority of the stations in this watershed are associated with

the Kvichak River and tributaries of Lake Iliamna, where the
Kvichak River originates. We used station 15300500, the only sta-
tion located below Lake Iliamna, to represent that river system, and
also added in data from Eskimo Creek.
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River discharge (cfs x 1000)

190303060902-Frontal Nushagak Bay
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Figure A.17. —— Three rivers in this system empty directly into Nushagak Bay: the
Nushagak River, Wood River, and Snake River. The latter two of
these were each represented by a single station. For the Nushagak,

a long timeseries was available for one of its main tributaries, the
Nuyayuk Ruver, so we scaled this data to extend the Nushagak time-

series. The three rivers were then added together to create the final
timeseries.
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River discharge (cfs x 1000)

Ugchirnak Mountain-Frontal Hazen Bay

(a) Watershed location (b) Hydologic units and station locations.
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(c) Time series
Figure A.18. —— This watershed is sparsely monitored, with only a single station

about two years” worth of data.
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River discharge (cfs x 1000)

Warehouse Bluff-Frontal Kuskokwim Bay

(a) Watershed location (b) Hydologic units and station locations.
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Figure A.19. —— All stations in this watershed are located along the Kuskokwim River
and its tributaries. The station near Crooked Creek (15304000) has
the most complete record, covering nearly the entirety of our timepe-
riod of interest. The are a few tributaries that feed into the river
downstream of this point, but their additional streamflow is very
small compared to that of the Kuskokwim upstream of that point.
Therefore, we used the single station to represent this location.
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River discharge (cfs x 1000)

Taket Creek-Frontal Norton Sound

(a) Watershed location (b) Hydologic units and station locations.
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(c) Time series

Figure A.20. —— Only the Unalakleet River included a gauge, so we used the data
from this location to represent southern Norton Sound.
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River discharge (cfs x 1000)

Quartz Creek-Frontal Norton Sound
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(c) Time series
Figure A.21. —— Two stations were available for Stewart River; we chose to use the

more downstream of these two. The remainder of the stations repre-
sented a single river each, and we added to the total streamflow for

the watershed.
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River discharge (cfs x 1000)

Crete Creek-Frontal Bering Sea
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Figure A.22. —— Only El Dorado Creek includes a monitoring station, so it was used

to represent this watershed.
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River discharge (cfs x 1000)
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Figure A.23. —— Both stations available in this watershed are located above the Imu-

King River-Frontal Bering Sea
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(c) Time series

ruk Basin, which receives most of the drainage from this region.

However, lacking any downstream stations, these two were added to-

gether to get a streamflow for this watershed.
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River discharge (cfs x 1000)

Kotzebue Sound
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(c) Time series

Figure A.24. —— The Noatuk and Kobuk rivers dominate the streamflow at this lo-
cation. The former included only one station, and for the latter we
chose the most downstream station available. We also considered
data from the smaller June and Humbolt Creeks; June Creek was
added to the final total, but Humbolt was removed due to lack of
sufficient data (less than one year).
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River discharge (cfs x 1000)

Outlet Yukon River-Frontal Bering Sea
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(c) Time series

Figure A.25. —— This watershed encompasses the Yukon River drainage basin, the
largest in the domain, both in area covered and total streamflow.
Three stations were used to construct the total timeseries for this
river. Station 15565447 is located closest to the mouth, and its data
was used as is. Data from 15453500, the next closest to the river
mouth, was scaled to the downstream station and used to fill a gap
in the 90s. Finally, station 15356000, which included the most com-
plete temporal record but is located far upstream, was scaled to the

most downstream station and used to fill in the earlier part of the
timeperiod of interest.
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River discharge (cfs x 1000)

Kamchatka River

(a) Watershed location (b) Hydologic units and station locations.
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(c) Time series

Figure A.26. —— The Former Soviet Union dataset included several stations along the
Kamchatka River. We used data from station 90997, near the mouth
of the river, which spanned the timeperiod of 1950 - 1988, and we ex-
tended beyond the measurement period with climatological averages.
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River discharge (cfs x 1000)

Avacha River

(a) Watershed location (b) Hydologic units and station locations.
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Figure A.27. —— The small Avacha River had two stations available along it. Data
from station 90926 were used for 1950 - 1986, and climatological av-
erages were used to extend data to the more recent years.
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River discharge (cfs x 1000)

Anadyr River
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Figure A.28. —— The Anadyr River delivers the highest freshwater flux on the western
side of the domain, and several monitoring stations were available
along it. Data from the station 95051, located at the mouth of the
river, was used for the period of 1958 - 1988, with a climatological
average used for the earlier and later periods.

46




RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the
National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22167
(web site: www.ntis.gov). Paper and electronic (.pdf) copies vary in price.

AFSC-

387 FENSKE, K. H., A. M. BERGER, B. CONNORS, J.M. COPE, S. P. COX, M. A. HALTUCH, D. H.
HANSELMAN, M. KAPUR, L. LACKO, C. LUNSFORD, C. RODGVELLER, and B. WILLIAMS.
2019. Report on the 2018 International Sablefish Workshop, 107 p. NTIS number pending.

386 LANG, C. A, J. . RICHAR, and R. J. FOY. 2019. The 2018 eastern Bering Sea continental shelf
and northern Bering Sea trawl surveys: Results for commercial crab species, 220 p. NTIS No.
PB2019-100298.

385 JEFFERSON, T. A., M. E. DAHLHEIM, A. N. ZERBINI, J. M. WAITE, and A. S. KENNEDY. 2019.
Abundance and seasonality of Dall's porpoise (Phocoenoides dalli) in Southeast Alaska, 45 p.
NTIS No. PB2019-100297.

384 RUSSELL, J. R., S. C. VULSTEK, J. E. JOYCE, R. P. KOVACH, and D. A. TALLMON. 2018.
Long-term changes in length at maturity of Pacific salmon in Auke Creek Alaska, 28 p. NTIS
No.PB2019-100295.

383 LEW, D. K., and J. LEE. 2018. Costs, earnings, and employment in the Alaska saltwater sport
fishing charter sector, 2015, 85 p. NTIS No. PB2019-100296.

382 MCKELVEY, D., and K. WILLIAMS. 2018. Abundance and distribution of age-0 walleye pollock in
the eastern Bering Sea shelf during the Bering Arctic Subarctic Integrated Survey (BASIS) in
2014, 48 p. NTIS No.PB2018-101437.

381 BRYAN, D. R., M. LEVINE, and S. MCDERMOTT. 2018. Results of the 2016 and 2017 Central
and Western Aleutian Islands underwater camera survey of Steller sea lion prey fields, 87 p. NTIS
No. PB2018-101436.

380 SEUNG, C. K., and S. MILLER. 2018. Regional economic analysis for North Pacific fisheries, 86
p. NTIS No. PB2018-101435.

379 GANZ, P., S. BARBEAUX, J. CAHALAN, J. GASPER, S. LOWE, R. WEBSTER, and C. FAUNCE.
2017. Deployment performance review of the 2016 North Pacific Groundfish and Halibut
Observer Program, 68 p. NTIS No. PB2018-101537.

378 M. M. MUTO, V. T. HELKER, R. P. ANGLISS, B. A. ALLEN, P. L. BOVENG, J. M. BREIWICK, M.
F. CAMERON, P. J. CLAPHAM, S. P. DAHLE, M. E. DAHLHEIM, B. S. FADELY, M. C.
FERGUSON, L. W. FRITZ, R. C. HOBBS, Y. V. IVASHCHENKO, A. S. KENNEDY, J. M.
LONDON, S. A. MIZROCH, R. R. REAM, E. L. RICHMOND, K. E. W. SHELDEN, R. G. TOWELL,
P. R. WADE, J. M. WAITE, and A. N. ZERBINI. 2018. Alaska marine mammal stock
assessments, 2017, 272 p. NTIS No. PB2018-101535.

377 RICHWINE, K. A., K. R. SMITH, and R. A. MCCONNAUGHEY. 2018. Surficial sediments of the
eastern Bering Sea continental shelf: EBSSED-2 database documentation, 48 p. NTIS No.
PB2018-101013.



	NOAA Technical Memorandum NMFS-AFSC-388
	Freshwater Input to the Bering Sea, 1950–2017
	Abstract
	Contents
	Introduction
	Methods
	Seasonal and Interannual Variability in a Previously-existing River Runoff Dataset
	Figure 1
	Reconstruction of Interannual Streamflow
	Alaska
	Figure 3
	Russia
	Future Updates to the Dataset
	Integration Into Bering 10K ROMS Model

	Results and Discussion
	Figure 4
	Figure 5
	Figure 6

	Citations
	Appendix: Details of Individual River Reconstructions





Accessibility Report





		Filename: 

		NOAA-TM-AFSC-388.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 17



		Passed: 13



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Skipped		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Skipped		Tab order is consistent with structure order



		Character encoding		Skipped		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Skipped		All form fields are tagged



		Field descriptions		Skipped		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Skipped		Alternate text that will never be read



		Associated with content		Skipped		Alternate text must be associated with some content



		Hides annotation		Skipped		Alternate text should not hide annotation



		Other elements alternate text		Skipped		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Skipped		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Skipped		TH and TD must be children of TR



		Headers		Skipped		Tables should have headers



		Regularity		Skipped		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Skipped		LI must be a child of L



		Lbl and LBody		Skipped		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Skipped		Appropriate nesting










Back to Top



