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Abstract. This study emulates dropsondes to elucidate how adequately sporadic airborne sondes represent divergence {eoenvergenee)

of moisture transport in arctic Atmospheric Rivers (ARs). The convergence of vertically integrated moisture transport (/V'T')
plays a crucial role as it favours precipitation that significantly affects arctic sea ice properties. Long range research aircraft
can transect ARs and drepsondes-drop sondes to determine their IVT' divergence. However-a-limited-number-of-sondes-may

deteriorate-therepresentation-of-In order to assess the representativeness of future sonde-based I'V'T" variability-and-divergenee
—We-divergence in arctic ARs, we dlsentangle errors arising from undersamphng by discrete soundlngs and from the flight

Our synthetic study uses CARRA reanalyses to set up an idealised scenario for airborne AR observations. For nine arctic
spring ARs, we mimic flights transecting each AR in CARRA and emulate sonde-based /V'T representation by picking single
vertical profiles. The emulation quantifies V1" divergence observability by two approaches. First, sonde-based VT and its
divergence are compared to the continuous VT interpolated onto the flight cross-section. The comparison specifies uncertain-
ties of discrete sonde-based I'V'T variability and divergence. Second, we determine how temporal AR evolution affects VT

divergence values by contrasting time-propagating sonde-based values with the divergence based on instantaneous snapshots.

For our arctic AR cross-sections, we find that fﬂeﬁfufe%f&ﬂ%pefwaﬂabﬁﬁyeeﬂffrbme%coherent wind and moisture variabilit
the total transport.
Both quantities ean-be-tneorrelated-and-do-not-consistently-exhibit-a-coherent-patternare uncorrelated to a great extent. Mois-

ture turns out as the more varying-variable quantity. We show that sounding spacing greater than 100 km results in errors
greater than 10 % of the total VT along AR cross-sections. For IV'T" divergence, the arctic ARs-exhibit-similar-gradients

contribute by less than 10 % to its

ARs exhibit similar differences in moisture advection and mass convergence across the embedded front as mid-latitude ARs,
but we identify moisture advection being dominant. We-oeveral-Overall, we confirm their observability with an uncertainty
tower-than-of up to 25 % by-using a sequence of at least seven sondes per cross-section. Rather than sonde undersampling,
it is the temporal AR evolution over the flight duration that leads to higher deviations in divergence components. Dedicated

planning of sonde-based VT divergence purposes should not only involve sonde positioning but rather pursue optimizing the
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ight duration. Our benchmarks quantify sonde-based uncertainties as a prerequisite to be used for future airborne moisture
budget closure in arctic ARs.

1 Introduction

aeeotntfer-Their occurrenceaccountsfor roughly 70 % of poleward moisture transport (Nash et al., 2848} signi-cant

To illuminate moisture transformation processes : : en
occurring in arctic ARsye haveto-anatysetheit is crucialto graspcharacteristics of the moisture transport, i.e. theical
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divergencein ARs, it is necessaryo releasethe sondesat closespacingbut over horizontally extendecareasabovethe AR

ARs andunravelfour researcigapsfor arcticARs, summarise@sguidingsciencequestions.

divergenceFormid-latitudeARs, Guan et al. (2018tomparegonde-baseiotal Integrated Water Vapour Transpoftiy/ T)
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Knowing the spatialstructureof |V T _is an essentiaprerequisitefor _ight planningand revealsinsightsinto the moisture

timited-numberof dropsendesmagieterioratethe from dropsondesSuchresearchights allow to interpretthe discrepancies

Q) d
o cl VERe Vi O-at—ou V10O C—1d o

ARs-Besidesdivergenceat spatialscalesof 50 km which hasimplicationsfor sonde-basedneersamptingywe-hypethesize

variability anddivergencewe hypothesisghatairborneresultsarealsoimpairedby atime componentQverthe ight duration
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sonde-baseesultssigni cantly. Beforedropsondesire usedto interpretthe actualV T divergence in arctié\Rs;we-ARs

, we haveto disentangle sonde-based errors that arise from undersampling by discrete sounding and from non-instantaneous

sampling over the ight durationFherefereweexaminchowmoisturetransporivariability omposedn-arcticARscloseto

andinvestigatethemwithin the novel C3S Arctic Regional Reanal

AR events along synthetieghts—transectinganeenelosing ight tracksthattransectan AR corridor. We emulate synthetic

After_introducingour AR cases,Section2 describes the methods emulating dedicated ightternand-the-patternsand
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Table 1. Speci cations of used reanalyses for AR analysis

Reanalysis Dataset Horizontal Resolution Vertical resolution up to  Time resolution
10km (-256....250hPa)
ERA5 0.25x 0.25deg 21 levels hourly
CARRA 2.5x2.5km 15 levels
{forecastourty)-hourly

differentsectorsacrosghe AR front to examingthe divergence.

effectiveresolutionshouldbe of the orderof

eral boundary conditions from ERA5, CARRA includes more observations and hourly forecasts by the HARMONIE-AROME
model (Bengtsson et al., 2017). Kgltzow et al. (2022) veri ed the improved representatirarctic surface-near meteoro-
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eurarcticARSromspringseasenatalogudy Guan (2022appliedto ERAS5 (L,

from the North Atlantic andBarentsSeathat Papritz et al. (20213potasdominantregionsfor arctic moistureintrusions,The

selectionconstraingon ARs whoselateral width is purely situatedover openoceanor. sea-ice This ensureghat we do.not
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compositiorof aGreenlandrough, low-pressure systedseingforcelarge-scale meridional transpeepresentingeemmen

overEurasiacanfavor meridional circulationSemesftheForournineARs (Fig. 1), we con rm alargecase-to-casgariability







