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Highlights 

• In 2021, the combined discharge (January through October) from the six Eurasian rivers was
1850 km3, which was 81 km3 or ~5% greater than during the 1981-2010 reference period.

• In 2020, the combined discharge of the eight largest Arctic rivers was 2623 km3, ~12% greater
than the average over the 1981-2010 reference period.

• In 2019, the combined discharge of the eight largest Arctic rivers was 2233 km3, 5% less than the
1981-2010 average.

• In 2020, an extraordinarily high May discharge from Eurasian rivers of 443 km3 (96% above
average) was followed by an extraordinarily low June discharge of 432 km3 (21% below average),
indicating a shift of the freshet to earlier in the season.

• The long-term observations for Eurasian and North American Arctic river discharges
demonstrate an upward trend, providing evidence for the intensification of the Arctic hydrologic
cycle.

Introduction 

Arctic river discharge is a key indicator reflecting changes in the hydrologic cycle associated with 
widespread environmental change in the Arctic. It is the most accurately measured component of the 
Arctic water cycle (Shiklomanov et al. 2006). Records of Arctic river discharge since the early 1930s 
reveal a long-term increase of freshwater flux to the Arctic Ocean, providing compelling evidence of 
intensification of the Arctic water cycle (Peterson et al. 2002; McClelland et al. 2006). This hydrologic 
and associated biogeochemical change has significant ramifications for the Arctic Ocean, which contains 
only about 1% of global ocean water yet receives 11% of the global river discharge (Aagaard and 
Carmack 1989; McClelland et al. 2012). 

Of the eight largest Arctic rivers by annual discharge, six lie in Eurasia (Kolyma, Yenisey, Lena, Ob', 
Pechora, and Severnaya Dvina) and two are in North America (Mackenzie and Yukon). Collectively, the 
watersheds of these eight rivers cover approximately 70% of the pan-Arctic drainage area and account 
for the majority of river water input to the Arctic Ocean (Fig. 1). In this report we present river discharge 
values for these eight rivers for 2019 and 2020, and for the Eurasian portion of these same rivers for the 
first ten months of 2021, updating the 2018 Arctic Report Card (Holmes et al. 2018). 2021 data are not 
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available for the two North American rivers at the time of this report. Here, we use a common baseline 
period of 1981-2010 to compare and contextualize recent observations. 

Fig. 1. Watersheds of the eight largest Arctic rivers that are featured in this analysis. Collectively, these rivers cover 
approximately 70% of the 16.8 million km2 pan-Arctic watershed (indicated by the red boundary line). The red dots 
show the locations of the discharge monitoring stations (see Table 2). 

Discharge records 

In 2021, the combined discharge (January through October) from the six Eurasian rivers was 1850 km3, 
which was 81 km3 or ~5% greater than during 1981-2010 reference period. The majority of this increase 
was driven by the Yenisey River. The Pechora and Severnaya Dvina showed below average discharge, 
26% and 28%, respectively (Fig. 2). 
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Fig. 2. Discharge anomalies relative to the 1981-2010 reference period for the six Eurasian rivers in 2021, January 
through October. Panel (a) shows the anomalies in absolute terms (km3), whereas panel (b) shows the anomalies 
as percent deviations. 

In 2020, the combined annual discharge of the eight largest Arctic rivers was 2623 km3, which was 272 
km3 or ~12% greater than the 30-year average. This increase is greater than the annual average 
discharge of the Yukon River. Discharge from the two North American rivers combined was 630 km3, 
~28% greater than their 1981-2010 average. Discharge from the six Eurasian rivers combined was 1992 
km3, ~7% greater than the average over the 1981-2010 reference period, or ~10% greater than average 
for whole period of record from 1936 to 2020 (Table 1). 

Table 1. Annual discharge for the eight largest Arctic rivers (km3) for 2019 and 2020, compared to the 1981-2010 
reference period and to the all-time averages (1936-2021 for the six Eurasian rivers; 1973-2020 for the Mackenzie 
River, and 1976-2020 for the Yukon River). Italicized values indicate provisional data and are subject to 
modification until official data are published. 

 River Basin 

Year Yukon Mackenzie S. Dvina Pechora Ob' Yenisey Lena Kolyma SUM 

2020 251 379 152 116 464 620 581 59 2623 

2019 210 236 122 146 437 557 463 63 2233 

Average 1981-2010 205 288 104 114 398 612 557 70 2348 

All time average 206 286 101 110 404 586 541 73 2307 

High annual discharge of the North American rivers in 2020 was primarily driven by the high discharge 
values in July, August, and September (+2.1, +2.6, +2.8 std. dev. above average, respectively; Fig. 3). This 
is attributed to an unusually wet summer, the wettest summer since 1985 based on analysis of 
precipitation aggregated over the Mackenzie and Yukon watersheds (Hersbach et al. 2020). 
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Fig. 3. Monthly discharge (km3) in (a) Eurasian and (b) North American rivers for 2020 and 2019 compared to 
monthly discharge throughout the 1981-2010 reference period. The black bars indicate the average monthly 
discharge during the reference period. Note the different scales for the (a) Eurasian and (b) North American river 
discharge. 

For the Eurasian rivers in 2020, extraordinarily high May discharge (+3.1 std. dev. above average) was 
followed by extraordinarily low June discharge (-2.3 std. dev. below average; Fig. 3). This pattern 
observed across the Eurasian rivers is consistent with the observed high terrestrial snow cover and snow 
water equivalent during winter 2019/20, followed by a remarkably warm spring in 2020 (Ballinger et al. 
2020; Mudryk et al. 2020). This led to an early melt of a large snowpack, shifting more of the freshet 
runoff period from June to May. Discharge for May and June combined was 13% higher in 2020 
compared to the baseline period. 

In contrast to 2020, 2019 was a relatively low-discharge year. The combined discharge of the eight 
largest Arctic rivers was 2233 km3, 118 km3 or 5% less than the 1981-2010 average (Fig. 4). Discharge 
from the two North American rivers and the six Eurasian rivers was ~9% and ~4% less than average, 
respectively. 
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Fig. 4. Long-term trends in annual discharge (km3 yr–1) for (a) Eurasian and (b) North American Arctic rivers through 
2020. Gaps in the North American rivers time series span from 1996 through 2001 due to missing Yukon data (1996 
to 2001) and missing Mackenzie data (1997 and 1998). Dashed lines show the mean annual discharge throughout 
the 1981-2010 reference period for the Eurasian (1860 km3 yr–1) and North American (491 km3 yr–1) rivers. 

Low annual discharge in 2019 from the North American rivers was driven by low May, June, and July 
discharge (-0.8, -0.9, -1.4 std. dev. below average, respectively; Fig. 3). Similarly, Eurasian rivers had 
lower than average discharge in May and June (-0.5, -0.9 std. dev. below average, respectively; Fig. 3). 
These low summer discharge observations are consistent with the below-average snow water 
equivalent in April 2019 in both the Eurasian and North American Arctic (Mudryk et al. 2019). 

The 85-year time series available for the Eurasian Arctic rivers demonstrates a positive linear trend. 
Their combined annual discharge is increasing by 2.5 km3 per year. For the North American Arctic rivers, 
the increase over the period of record (1976-2020) was 1.1 km3 per year (Fig. 4). These long-term 
observations indicate that Arctic river discharge continues to trend upward, providing powerful 
evidence for the intensification of the Arctic hydrologic cycle (Shiklomanov et al. 2021). 

Methods and data 

Discharge values are based on observational discharge data from the downstream-most stations listed 
in Table 2. Discharge measurements for the six Eurasian rivers began in 1936, whereas discharge 
measurements did not begin until 1973 for the Mackenzie River and 1976 for the Yukon River. Discharge 
data for the Kolyma at Srednekolymsk are not available for 2019 and 2020; they were calculated based 
on monthly correlations with the next downstream station, the Kolyma at Kolymskoe. Average monthly 
values for 1978-2001 were used to calculate the correction factor. The Yukon is missing discharge values 
from October-December 2020. We therefore used long-term average values for those three months, 
which account for less than 17% of the mean annual discharge. All discharge data reported here are 
available through the Arctic Great Rivers Observatory at arcticgreatrivers.org/discharge/. 

https://arcticgreatrivers.org/discharge/
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Table 2. Discharge station information. Discharge data are collected by national hydrological institutions in Russia 
(Roshydromet), the United States (U.S. Geological Survey; USGS) and Canada (Water Survey of Canada; WSC) 

River Station Location Station Code Latitude (°) Longitude (°) Catchment 
Area (km2) 

Kolyma Srednekolymsk 1801 67.47 153.69 361000 

Lena Kusur 3821 70.68 127.39 2430000 

Yenisey Igarka 9803 67.43 86.48 2440000 

Ob' Salehard 11808 66.63 66.60 2950000 

Pechora Ust' Tsilma 70850 65.42 52.28 248000 

Severnaya Dvina Ust' Pinega 70801 64.13 41.92 348000 

Mackenzie Arctic Red River 10LC014 67.45 -133.74 1750600 

Yukon Pilot Station 15565447 61.93 -162.88 831391 
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