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Abstract.

Ground-based precipitation observations are sparse in the Arctic but are needed to better understand precipitation processes

and to provide reference data sets for numerical models and satellite products. This study presents new, temporally highly

resolved precipitation measurements from a Pluvio precipitation gauge and a Parsivel disdrometer at the Arctic research station

AWIPEV part of the Ny-Ålesund Research Station, Svalbard. Using the information on the precipitation phase by Parsivel, we5

also derived a temperature-dependent separation of precipitation into liquid and solid mass. The Pluvio precipitation amount

and the Parsivel/temperature-based precipitation type were analyzed for four years of data (
::
the

::::::
period August 2017–December

2021 ) and related to the presence of synoptic-scale weather systems, i.e., atmospheric rivers (ARs), cyclones and fronts,

detected from ERA5 reanalysis data. ARs occurred only 8% of the time at Ny-Ålesund but contributed to about 42% of the

total precipitation amount with a high liquid mass fraction (72%). Cyclones occurred 20% of the time and were associated10

with 39% of the precipitation, mainly in solid form (62%). Frontal systems play a minor role in the precipitation amount at Ny-

Ålesund. The days with the highest 2% of
:::::::
Extreme

::::::
events,

:::
i.e.

::::
days

::::
with

:
daily precipitation sums

:::::
above

:::
the

::::
98th

:::::::::
percentile,

contribute 18% of
::
to

:
the total precipitation

::::::
amount. All of these extreme precipitation events are related to enhanced water

vapor transport, often in the form of ARs and in combination with fronts , and with
:::
and a high liquid mass fraction. Also,

liquid
::::::
Liquid precipitation in winter is mainly connected to ARs. These new measurements will help to better characterize15

uncertainties in gauge-based precipitation observations and the local variability of precipitation.

1 Introduction

Precipitation is a key climate variable crucial
:::
that

::
is

::::::
critical to the Arctic climate system. It is an integral part of the hydrological

cycle and has a direct impact on the Arctic Ocean and land freshwater budget (e.g. Serreze et al., 1995; Cullather et al., 2000;

Prowse et al., 2015; Vihma et al., 2016). In the Arctic, most of the precipitation falls as snow (Bintanja and Andry, 2017),20

altering the surface albedo (Box et al., 2012; Riihelä et al., 2019) and thus the surface energy budget. Snow also directly
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contributes to the surface mass balance of the cryosphere. For example, precipitation is the major positive contribution to the

mass balance of the Greenland ice sheet (Bring et al., 2016; van den Broeke et al., 2009), as well as to ice caps and glaciers

in the Arctic. Snow on sea ice also affects sea ice growth and decay via different snow-sea ice interactions (Serreze and Hurst,

2000).25

In the last decades, the Arctic has experienced a rapidly changing climate with a substantial increase in near-surface air

temperature, known as Arctic amplification (Serreze and Francis, 2006; Serreze and Barry, 2011; Wendisch et al., 2023).

Recent studies have shown that Arctic warming during the last decades was four times higher than global warming (Zhou

et al., 2024; Rantanen et al., 2022). In particular, the Svalbard archipelago is located in the warmest region of the Arctic and

has experienced the highest temperature increase (Dahlke and Maturilli, 2017). The potential causes for Arctic amplification30

are central questions in Arctic research (Wendisch et al., 2023). In this context, various local feedback mechanisms (e.g.,

albedo, lapse rate, water vapor, Planck and cloud feedback), as well as remote ones (e.g., oceanic heat and meridional heat and

moisture transport) are discussed (e.g., Goosse et al., 2018; Pithan and Mauritsen, 2014; Wendisch et al., 2023; Mewes and

Jacobi, 2019).

The increase in Arctic temperature and the associated mechanisms mentioned before also affect the hydrological cycle of35

the Arctic climate system and, thus, precipitation. Observations (Serreze et al., 2024; Champagne et al., 2024; Hanssen-Bauer

et al., 2019), reanalyses and climate models (Serreze et al., 2024; Cai et al., 2024) reveal a substantial increase in precipitation

in the Arctic in the last decades. For example, all precipitation gauges in Svalbard show a positive trend in annual precipitation,

with significant trends for Bjørnøya, Hopen and Ny-Ålesund (Hanssen-Bauer et al., 2019). However, since gauge data in

Hanssen-Bauer et al. (2019) have not been corrected for undercatch, trends
::
of

::::::::::
precipitation

:
are also uncertain due to the shift40

to more liquid precipitation, which is more efficiently collected by precipitation gauges. The significant observed positive

trend for Ny-Ålesund has also been confirmed by Champagne et al. (2024), who also distinguished between solid and liquid

precipitation amounts and applied different correction functions to 12 hourly precipitation gauge data. The authors pointed out

that correcting for undercatch is crucial in trend detection since it significantly impacts the trend magnitude, particularly for

snowfall and thus also for total precipitation. Although both solid and liquid precipitation amounts at Ny-Ålesund show positive45

trends, only the liquid one was found to be significant (independently of the correction method). Also, future projections reveal

an increase in Arctic precipitation (Cai et al., 2024; McCrystall et al., 2021; Bintanja and Andry, 2017; Bintanja et al., 2020).

And also here,
:::::
These

::::::::::
simulations

::::
have

::::
also

::::::::::::
demonstrated the increasing importance of rain has been demonstrated as it will

become the most dominant precipitation type in the future in the Arctic (Dou et al., 2022; Bintanja, 2018; Bintanja and Andry,

2017).50

The discrimination of the precipitation phase is thus crucial to accurately describe Arctic precipitation changes. For precip-

itation gauge measurements, it is critical since correction functions often depend on precipitation type. As direct observations

on the precipitation phase are usually not available, temperature is often used as a proxy to differentiate between solid and

liquid (Champagne et al., 2024; Kochendorfer et al., 2017; Førland and Hanssen-Bauer, 2000; Kneifel et al., 2022). In this

way, precipitation amounts from gauge measurements, for example, can be divided into solid and liquid. For example, Cham-55

pagne et al. (2024) regarded all precipitation as solid for 2 m temperatures <1�C and as liquid otherwise. In numerical weather
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prediction and climate models, parameterizations of precipitation processes and thus phase discrimination heavily depend on

temperature (e.g., ECMWF, 2016; Seifert and Beheng, 2005). Also, in land surface models, a temperature threshold and/or a

temperature range in which both rain and snow occur is often assumed (Jennings et al., 2018; Harpold et al., 2017; Feiccabrino

et al., 2015). However, the assumed temperature dependencies and applied thresholds are very uncertain.60

Recent simulation studies have shown that not only the Arctic mean precipitation will increase in the 21st century but also

its interannual variability (Bintanja et al., 2020; Hartmuth et al., 2023). Thus, extreme precipitation is also becoming more

likely. The increase in precipitation is caused by different reasons, i.e., a higher local moisture supply (Bintanja and Selten,

2014; Kopec et al., 2016), increased poleward transport of atmospheric moisture from lower latitudes (Bengtsson et al., 2011;

Bintanja et al., 2020; McCrystall et al., 2021; Pettersen et al., 2022), but also by a stronger radiative loss of energy to space65

(Pithan and Jung, 2021).Also, observations
:::::::::::
Observations have shown an increase in the frequency of extreme precipitation

events (e.g., Vikhamar-Schuler et al., 2016; Serreze et al., 2015). Based on precipitation gauge data, Serreze et al. (2015),

for example, revealed a signi�cant increase in frequency and intensity for extreme precipitation events at Ny-Ålesund in

winter. Vikhamar-Schuler et al. (2016) further showed that the occurrence of melt days, i.e. days with temperature> 0� C,

and the accumulated precipitation during these events have increased in Svalbard in winter. Rain-on-snow events, which have70

implications for the cryosphere, ecosystem and infrastructure, have also been studied in further detail (e.g., Hansen et al.,

2014, 2019; Peeters et al., 2019; Xie et al., 2024).

Such extreme winter events are connected to warm and moist air masses being advected and are also related to cyclones

whose number has been found to increase in the last decades (Wickström et al., 2020; Rinke et al., 2017).In particular,
:::::
Based

:::
on

:::::
station

::::
and

:::::::
MERRA

:::::::::
reanalysis

::::
data

::::
from

::::
1979

::
to

:::::
2014,

::::::::::::::::::
Serreze et al. (2015)

::::::
showed

:::
that

:::
the

::::::
general

::::::::
synoptic

:::::::
situation

::::::
during75

::::::
extreme

:::::::::::
precipitation

::::::
events

::
at

:::::::::::
Ny-Ålesund

::
is

:::::
linked

:::
to

:::
low

:::::::
surface

:::::::
pressure

:::::::
systems

:::
off

:::
the

::::::::
southeast

:::::
coast

:::
of

:::::::::
Greenland

:::
and

:::::::
between

:::::::::
Greenland

::::
and

::::::::
Svalbard,

::::
with

:::::::
positive

:::::::::
anomalies

::
in

::::
500

:::
hPa

::::::
height

::::
over

::::::::::
Scandinavia

::::
and

:::
the

:::::::
Barents

:::
Sea

::::
and

:::::::
negative

:::::::::
anomalies

:::::::
centered

::::
over

::::::::::
Greenland.

:::::
These

:::::::::
conditions

:::::
favor

::
a

::::::::
southerly

::::
�ow

:::::
with

::::::::
advection

:::
of

:::::
water

:::::
vapor

:::::
from

::
the

::::::
North

::::::::
Atlantic.

::::::
Strong

:::::
uplift

::
in

:::
the

:::::::
regions

::
of

::::
low

:::::::
surface

:::::::
pressure

::::
then

::::::
causes

:::::::::::
precipitation

:::::::::
formation.

::::::::::::
Furthermore,

atmospheric rivers (ARs; Ralph et al., 2020) are an essential mechanism for the poleward transport of moisture (Guan and80

Waliser, 2015). They can signi�cantly impact the Arctic via enhanced precipitation, concurrent heat advection and increased

longwave downward radiation and subsequent snow and ice melt (e.g., Mattingly et al., 2018, 2020; Bresson et al., 2022).

In a recent study by Lauer et al. (2023), the impact of ARs and associated weather systems on Arctic precipitation has been

analyzed in detail. Based on ERA5 reanalysis data, precipitation was attributed to ARs, cyclones and fronts for two campaign

periods in early summer 2017 and early spring 2019. Lauer et al. (2023) found that for the early spring campaign, precipitation85

was dominated by cyclone-related weather systems, while for the early summer period, both ARs and fronts contributed by

40% and 55%, respectively. Furthermore, Dobler et al. (2020) investigated atmospheric circulation types, their future changes

and their impact on precipitation over Svalbard. Based on future climate projections using a regional climate model, they found

a distinct increase in precipitation over Svalbard in the period 2071–2100 compared to 1971–2000. This increase is not related

to changes in circulation type frequencies but rather due to changes in atmospheric conditions, particularly during cyclonic90

circulation patterns.
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Even though many studies addressed precipitation in the Arctic and Svalbard in particular, observing and modeling Arctic

precipitation is still very challenging and associated with quite some uncertainties. Continuous, highly temporally resolved

ground-based observations of precipitation, which are still sparse in the Arctic, are thus necessary to understand precipitation

and precipitation-related processes better and to act as a reference data set. In this study, we therefore present a new data set95

of ground-based precipitation observations at Ny-Ålesund, Svalbard, which includes an OTT Pluvio2L weighing gauge and

an OTT Parsivel2 disdrometer. While the Pluvio measures surface precipitation amount, precipitation type is provided by the

Parsivel. Compared to classical manual precipitation gauge data, Pluvio measurements rely on the weighing principle and are

available in a high temporal resolution, i.e., 1 min. The precipitation bucket is combined with a weighing mechanism including

a stainless steel load cell and a temperature sensor that accounts for temperature changes. Since the whole bucket is weighed,100

there are no losses due to wetting of the inner walls. Due to the high temporal sampling, uncertainties due to evaporation are

avoided. With a high manufacturer-declared accuracy, i.e., the larger value of 0.01 mm or� 1%, trace precipitation can be in

principle better captured. Of course, wind-induced undercatch still affects the measurements as this is the case for all precip-

itation gauges. While manual 12 hourly precipitation measurements have been performed by the Norwegian Meteorological

Institute (MET Norway) with a standard precipitation gauge already since 1975, automatic hourly resolved precipitation mea-105

surements with a Geonor T-200 only started in 1997 by MET Norway. However, the recorded Geonor data can not be directly

used as more sophisticated data corrections and noise �ltering must be applied �rst (Mareile Wolff, Norwegian Meteorological

Institute, pers. comm 19 Jan 2025). With the Parsivel precipitation type classi�cation, temperature-independent information

on the precipitation phase is now available, further facilitating mass separation into liquid and solid precipitation. In this way,

Pluvio and Parsivel complement the existing MET Norway precipitation observations at Ny-Ålesund. This paper will present110

the results of data from more than four years of Pluvio and Parsivel. As previous studies have highlighted the importance

of large-scale circulation patterns for precipitation, we link theprecipitationamount
::::::::
observed

::::::::::
precipitation

::
at

:::::::::::
Ny-Ålesund to

speci�c weather systems on the synoptic scale, i.e., here, ARs, cyclones and frontal zones following the methodology by Lauer

et al. (2023). In this paper, we will thus focus on the following research questions:

– Can the Parsivel constrain a temperature-based mass separation of precipitation into solid and liquid precipitation? How115

do phase occurrence and mass separation depend on temperature?

– How are precipitation amount and type related to large-scale synoptic systems like ARs, cyclones and fronts?

– Which role do these systems play in extreme precipitation events?

In the next section, the different data sets and methods are introduced. In section 3, the performance of the Pluvio and Parsivel

measurements is assessed. This includes a comparison of the Pluvio precipitation amount to the MET Norway manual obser-120

vations (with and without undercatch correction applied) and a discussion on how precipitation type is attributed. Section 4

deals with the impact of ARs, cyclones and fronts on precipitation at Ny-Ålesund. Conclusions are presented in section 5.
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Figure 1. a) Parsivel and b) Pluvio of the University of Cologne at Ny-Ålesund. The Parsivel is located on the roof platform of the AWIPEV

atmospheric observatory (location A), while Pluvio is installed in the �eld about 180 m away (location B). In addition, the MET Norway

precipitation gauge (c) located in the center of Ny-Ålesund (location C) is shown. The map of Ny-Ålesund and the map inlet showing the

location of Ny-Ålesund in northwestern Svalbard are taken from https://toposvalbard.npolar.no by courtesy of the Norwegian Polar Institute.

2 Data and methods

The core instruments used in this analysis are a Parsivel and a Pluvio operated by the University of Cologne within the

Transregional Collaborative Research Centre (TR 172) "Arctic Ampli�cation: Climate Relevant Atmospheric and Surface125

Processes and Feedback Mechanisms (AC)3" (http://www.ac3-tr.de; Wendisch et al., 2017). The instruments were installed

in 2017 at the German-French AWIPEV research base (78.92308� N, 11.92108� E; 11 m above mean sea level; Fig. 1) that is

operated jointly by the Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research (AWI) and the French Polar

Institute Paul Emile Victor (IPEV) and is part of the Ny-Ålesund Research Station, Svalbard. In this work, the data for the

years 2017-2021 is considered. A more detailed description of the instruments and the additional data used in this study is130

given below.

2.1 Pluvio

The Pluvio2L 400 manufactured by the OTT Hydromet GmbH is an automated weighing gauge with a collecting area of

400 cm2. The Pluvio has been installed in the measurement �eld about 180 m away from the Parsivel (Fig. 1). Precipitation

falling into the bucket is weighed every 6 s. The difference between the bucket content at time stept + 1 and at time stept135

gives the precipitation amount during the integration time. The OTT software provides different outputs in a 1 min resolution.

In this study, the non-real-time output of the OTT software is used, which is particularly suited for daily and monthly totals
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