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Highlights

e Wetter-than-normal conditions predominated over much of the Arctic during the October 2021
through September 2022 water year, which was the 3rd wettest of the past 72 years.

e Asignificant increase in Arctic precipitation since the mid-20th century is now detectable across
seasons and datasets.

e Significant increases in heavy precipitation events are detectable in the North Atlantic subarctic,
while much of the central Arctic shows increases in consecutive wet days and decreases in
consecutive dry days.

Introduction

Globally, precipitation over land has likely increased since 1950, consistent with increases in total
atmospheric moisture (IPCC 2021). Climate models project an increase in Arctic precipitation, a
transition from snowfall- to rainfall-dominated climates, and a higher frequency of heavy precipitation
events (e.g., Sillmann et al. 2013; Kusunoki et al. 2015; McCrystall et al. 2021). However, previous
assessments of precipitation and precipitation extremes across the Arctic over the period of
observations have not shown coherent trends (Walsh et al. 2020). Results depend on the time period,
the region examined, and the data sources (in situ gauge records, satellite retrievals, output from
atmospheric reanalysis).

Gauge measurements of precipitation are especially problematic in the Arctic, where challenges include
the sparse gauge network itself, which is unable to provide representative measurements in many
northern regions. Moreover, precipitation gauges are known to suffer from undercatch of snow in cold,
windy conditions (Ye et al. 2021). For this reason, gridded reanalysis products are increasingly used to
assess variations and the expected emergence of trends in Arctic precipitation. For example, Yu and
Zhong (2021) and White et al. (2021) used the ERA-Interim and ERAS reanalyses, respectively, to show
that trends of Arctic precipitation vary regionally and seasonally over the past few decades. In this essay,
we use the more recent and more highly regarded ERAS reanalysis to provide an annual and seasonal
overview of the 2021/22 water year (October 2021-September 2022) Arctic precipitation anomalies and
place these anomalies into a context of recent and ongoing changes.
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2021/22 water year precipitation at a glance

The Arctic experienced notable precipitation anomalies in the 2021/22 water year. The outstanding
features were (1) a predominance of positive seasonal departures from the climatological means and (2)
shorter-duration heavy precipitation that broke existing records at various locations within the Arctic.
Overall, the pan-Arctic (north of 60° N) precipitation for the 2021-22 water year in the ERA5 reanalysis
was the 3rd highest since 1950, trailing only the 2019/20 and 2017/18 water years. The Arctic autumn,
winter, and summer all ranked among the 10 wettest of their corresponding seasons in the post-1950
period.

Figure 1 shows the ERA5-derived seasonal departures from the 1991-2020 means. For the October-
December (OND) period, large positive departures are apparent in the Bering Sea extending into Interior
Alaska and also along the western coast of Norway. Weaker positive departures are the rule over much
of northern Russia and northeastern Canada. The Alaska anomalies are consistent with an anomalous
ridge of high pressure south of the Aleutian Islands, with a corresponding eastward flux of moisture
across the Bering Sea into Alaska (see essay Surface Air Temperature, Fig. 3a). The positive departures
over northern Asia were associated with below normal pressures over the region and may have been
augmented by enhanced moisture availability during the increasingly long open water seasons in the
seas north of Eurasia. Among notable heavy events, Bergen, Norway broke its October precipitation
record and new records for December precipitation were set at Fairbanks in Interior Alaska and at Nome
on the western Alaska coast. Fairbanks also experienced a high-impact freezing rain event with more
than 3 cm of total precipitation (rain plus melted snow) on 26 December, nearly twice the monthly
average.
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Fig. 1. Seasonal departures of precipitation from the 1991-2020 climatological means for autumn 2021 (OND,
upper left), winter 2022 (JFM, upper right), spring 2022 (AMJ, lower left), and summer 2022 (JAS, lower right). Blue
shades denote above-normal precipitation, red shades denote below-normal precipitation. Data source: ERAS
reanalysis.

The primary features of the January-March (JFM) pattern are broad areas of positive precipitation
departures from normal in the North Atlantic subarctic, the Gulf of Alaska, and the southeastern Alaska
panhandle. The positive departures over Alaska link to anomalously high pressure over western Canada
and low pressure anomalies farther offshore (see essay Surface Air Temperature, Fig. 3b). The positive
precipitation departures extending from Greenland to Norway were attributable to winter storm events.
Seasonally-averaged sea level pressures were more than 5 hPa below average from northeastern
Canada to northern Europe, indicative of an active cyclone pattern in the Atlantic sector of the Arctic. A
late-January storm set 32 records for heavy precipitation in Norway and contributed to the positive
seasonal departures there in the winter panel of Fig. 1. The autumn and winter precipitation anomalies
point to the importance of large-scale circulation in controlling the regional distribution of Arctic
precipitation.
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Spring is normally dry in the Arctic, and the April-June (AMJ) period of 2022 was characterized by
generally small departures from the relatively low seasonal means (Fig. 1). Correspondingly, the
atmospheric circulation anomalies were relatively weak (see essay Surface Air Temperature, Fig. 3c). For
the 60-90° N region as a whole, AMJ precipitation was very close to the 1951-2022 median. A notable
feature of Fig. 1's spring panel is the broad area of negative (dry) departures extending across the North
American subarctic from northeastern Canada to Alaska. Positive sea level pressure anomalies coincided
with this broad band of dry conditions (see essay Surface Air Temperature, Fig. 3c). The dry conditions
are especially apparent in central and southern Alaska, where all three months (April-June) had well
below-normal precipitation. Drought conditions developed during May over southwestern Alaska and
northern Cook Inlet. Moderate drought conditions expanded into much of Interior Alaska in June,
setting the stage for severe wildfires in the early summer season.

Finally, the summer (JAS) was characterized by contrasting extremes (Fig. 1), with wet conditions
predominating. Overall, the Arctic's summer was the 3rd wettest of the past 72 years. Southeastern and
southern Alaska were exceptionally wet with some locations recording their wettest JAS period on
record. Western Alaska experienced heavy rain and coastal flooding from ex-typhoon Merbok in late
September. New monthly records for July rainfall were set at various locations in northern Norway,
including Holt, Harstad, Grunnfarnes, and Skibotn. However, very dry conditions prevailed over parts of
northern Canada and northeastern Europe, contributing to low water levels in rivers of eastern Europe.

Historical variations and trends

Figure 2 compares time series of seasonal precipitation from ERAS and the station-based dataset of the
Global Precipitation Climatology Center (GPCC) during 1950-2021. While there is considerable
interannual variability, these variations are generally consistent across the two datasets. Both show
increases of about 10% in the yearly total precipitation. Increases in both time series are smallest in the
summer and most pronounced for winter. In all cases, the trends are statistically significant at the 0.01
level. The consistency of the trends across seasons and datasets argues that precipitation over the Arctic
as a whole is increasing, as expected from climate model simulations. For the more recent period 1979-
2021, when ERAS's assimilation of satellite data increased, the trends in ERA5 (and also GPCC)
precipitation are even larger and statistically significant for the full water year and for all seasons except
AMJ. The AMJ trends for 1979-2021 are weaker than for 1950-2021 and insignificant in both datasets.


https://doi.org/10.25923/13qm-2576
https://doi.org/10.25923/13qm-2576

NOAA Technical Report OAR ARC ; 22-04 Arctic Report Card 2022

120 { Water—year : satellite data period: ERA5
|

110 1 |
1OO'WW%M
90 ‘

|
|

80 - : ERA5: 1.3%/decade, p < 0.001
I GPCC: 1.4%/decade, p < 0.001
|

January — March

ERAbL: 1.8%/decade, p < 0.001
GPCC: 2.3%/decade, p < 0.001

120 4 April = June

110 1

100 1
90 1 :
80 - : ERA5: 1.1%/decade, p < 0.001
70 - I GPCC: 1.6%/decade, p <0.001

Percent of 1991 — 2020 average

ERAS: 0.9%/decade, p < 0.001
GPCC: 0.8%/decade, p = 0.003

110 1

100 A —]
90 T | )
80 - : ERA5: 1.5%/decade, p < 0.001
70 - I GPCC: 1.7%/decade, p < 0.001

1950 1960 1970 1980 1990 2000 2010 2020
Fig. 2. Time series of Arctic (60-90° N) precipitation for the water-years ending in 1951 through 2021 and for each
3-month season, expressed as a percentage of the 1991-2020 average. Results are from ERAS (green lines) and
GPCC 1.0° data (blue lines). GPCC values are for land only; ERAS values are for land + ocean. Seasonal time series
are for JFM, AMJ, JAS, and OND in 2nd through 5th panels. Linear slopes and significance levels are shown in lower
right of each panel.

The spatial patterns of linear trends based on ERAS are presented in Fig. 3. While there are scattered
areas of decrease (brown shading) in every season, areas of increase (green shading) predominate.
Consistent with the area-averaged trends in Fig. 2, nearly all areas of statistically significant change are
increases. Increased precipitation is especially pronounced in the Bering Sea and southern Alaska during
autumn, the subpolar North Atlantic during winter, and southeastern Alaska during winter and summer.
The southwestern coast of Norway is dominated by increases in all seasons. A notable area of decrease
is the Bering Sea during spring and summer.
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Fig. 3. Seasonal precipitation trends (cm/year) derived from ERAS reanalysis. Seasons are referenced to the start
of the water year: Oct-Dec (upper left), Jan-Mar (upper right), Apr-Jun (lower left), Jul-Sep (lower right). Green
shades denote increases and brown shades denote decreases. Stippling denotes trends significant at the 0.05 level.

Indicators of precipitation extremes

Heavy precipitation events based on ERAS5, as captured by the yearly maximum 1-day (Rx1) and 5-day
precipitation (Rx5), show no coherent trends over most of the Arctic, although large and significant
increases are apparent over eastern Greenland, Svalbard, and northern Norway (Fig. 4). These regions
also show positive trends in total precipitation (Fig. 3), indicating that heavy precipitation events are
contributing to the overall increase in precipitation in these areas. By contrast, the annual maximum
number of consecutive wet days (CWD) shows a broad area of increase from Svalbard eastward through
the Siberian seas to the Chukchi Sea northwest of Alaska. This area of increase in CWD generally
coincides with the area of reduced sea ice coverage during the warm season. Correspondingly, the
annual maximum number of consecutive dry days (CDD) has decreased over much of the central Arctic
as well as the Siberian shelf seas and north-central Siberia.
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Fig. 4. Trends of daily extreme precipitation indices over the period 1950-2021 from ERAS. Plots are shown for
yearly maximum 1-day total precipitation, Rx1 (upper left), yearly maximum 5-day amount, Rx5 (upper right),
yearly maximum number of consecutive wet days, CWD (lower left), and yearly maximum number of consecutive
dry days, CDD (lower right). Green shades denote trends toward wetter extremes, brown shades denote trends
towards drier extremes. Stippling denotes significance at the 0.05 level.

Methods and data

Because of the challenges of gauge measurements in the Arctic, we make use of gridded precipitation
fields from both the ERA5 atmospheric reanalysis of the European Centre for Medium Range Weather
Forecasts (ECMWF) (Hersbach at al. 2020) and the Global Precipitation Climatology Centre's GPCC V.
2022 (Becker et al. 2013). ERAS data are available from January 1950 onwards, but the quality of the
output is more reliable starting in 1979 (Hersbach et al. 2020), after which modern satellite data are



NOAA Technical Report OAR ARC ; 22-04 Arctic Report Card 2022

assimilated into the analysis and forecast system. ERAS is the latest atmospheric reanalysis effort and
performs slightly better than other atmospheric reanalyses at matching observed precipitation totals
from extreme events in the eastern Canadian Arctic (Loeb et al. 2022). We use the entire 1950-2022
record to examine seasonal anomalies of the 2021-2022 water year, linear trends in total precipitation
by season, and trends in extreme Arctic precipitation. Given the model-derived nature of ERAS5,
comparisons are made with the GPCC's Full Data Product, a monthly gridded gauge-based product
available from 1891-2020 (Schneider et al. 2022). A merged product that uses satellite retrievals is also
available, but retrievals in the Arctic are known to be problematic. Statistical significance of the
precipitation trends computed from both sources was evaluated using a Theil-Sen test (Hurtado 2020).
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