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Abstract

The i mpor tt daett ma o reesr iod (bABUMd e ehnpeh | atyiead cl i mate sys
been recogmmhp s dhbeotuintt atyhger ABEHY bt i Ged as the | ayer
turbulence adj abamsh eadamw eitl tywes ayimpfeadtcuenddd i 0 s & rdduer idnagt a

t hMul ti disciplinaorryyodr itfhtei nSgt u@lys eorfv aAr cwenpr a€Ch @ mat e
Ri c h am d skbears e d algorithm that takesamcdmwmaldy zef ftelte
charactedi vyaiodABb iilvietry t he ArThécr ©sebns rrceg\vidsel t ha
clearly chardicsteirnet dpdwmiknii ma Maayn daalidwidagrnyuat i at i on

i ABLHs primarily «clounttiroonl loefd AbByL Téhhngee enad ursd riucy elmr £i. «
winter and summer are intensified by seasonal radi
to the laowtARIs&astuir ha<.e (Meo.ngd.i,t iforniad giloay welso gint ¥ ) c a
in ABLH wadi ateoABLH can be roughly elniaamcdthietdi dmas e
MOSAiIi C ABLH is more suppreSseflatbaHeatheBABgeElt daf it
( SHERAX)per i mésd mmenr , which indicates that there is

structure during summer melting season.

1 I ntroduction

In r ecehntregypiadlsyy, changing cli mat e hamde edche crleipnoirnge ds
numer ou g esNptvepvaansd Semenoy2022;Meier and Stroeve 2022; Esau et al., 20R3I h e
Arcti-sumfeamace temperaturi@d itd mierscrleaagienmrg tahtana trhat gl |
referred to as(PAvetil anbdln®pt i Bailwmd d2o na na n Avrantlliec, h2a0sl ¢
entered the O6hleavsndremi aiddpleso |l a dinaly 2d@®@gnent of th
system, t he at mos(pAlBavier btohdx éAreg/tcilcaget y associ ate
warming and has a WliFg ainmpactanadn Hued eirce 2006s Gr ave
Bruemmer, ThOEsI) tibonplsowre undeoafstAtnBdp mayc ensd@sew
Arctboditions

TheBiktrucwamle cOdeamnnhague charact er i ssteintisp edrunea rnt eon tt
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sea, ixmd shamed oluy mencch aundii snngs i h hseurraf catcieo, nhsk rweiet ha noho s
wave aMdastvived§y t h &BAMsrtatuiced we elasend on coasthi mbbedr va

dri fteshgt(iKemmusdsen et al ., 2.0 h&;s Yelelmaa strhesdto mailn.a,nt 2 |
temperature inversion in the | ower t rArpootsipcheirnev eerxs i
(Andreas Ejfenahestt r&2ID0N0e;2A0O) i cs o me teeirl seévaarnt eilds, r e gi ons
neaeutral stabil i(tRerbsed omw HEjtregandestt,y €20 DRO 1R cti c ve
strucitiumendmanfyaye,t ossch-adsy wvaarvmcti on,-t sur ¢ @aden dmg | t
turbul eaBusmchkiaeg al ., 1982; Vi hwasteigal isptnr@ulcdatflu;rtel e
evolution and its controlling factors ar g Sttheeg kkeys
et al ., 2014)

Thamospher i cl abyoeurn dhagiyg hte r(eABdedf)i ned as thleermtei ght
mi xing extendi ngi supt hfer okme yt hiensddi ucnefctdcerie lecefr tt ee ABL , 2
et al. ,l 20de@fyermines the vertical extent of many a
and aerosojandi sitsriagbnutiimmesrtant parametelrt $loag wetat &
201M8g hr t , 2014, Davy landomsayir®8BBB@aever the Arctic
def iamed he thheei gshitmafsefde d nver si onveopi om ThiemenesHe Fgm g
al2.0009; Sotiropblowemaset hal mps20ftd4ndamental charact e
is not fulltyhdedmsii deéoadprilimmearrey falrdeyuethaol ent mi xi ng
atmosphemasurtace | ayer, formed by trfrdasd emnrte gmiexitr
shall ower than thd¢ MAhctic 108ter Ain@® ah dtyheat talr.b,ul 2
associ atodwke vwilt hc | osu ddsr,i mvwelhii gbhyi ve cool ing near the ¢
nduced njiSxd d mMoany eert al ., .Z6G1L % ;-dcrBilviedtee de tl aayle.r, i2s0 1s30)
ecoupled from the surface mixed | ayer whmnilxeedat ot
ayer all t hel Sahauyp et oe tt hael .s,u r2f0alicssdh 8aovoksdetceal t ur R (
al so play a rol e ihneibrotihn Boefs atdhtebshéaslrenyiccheam cea di st i C ¢

— o -

—

he ABLH is commoipifrgpf déesr mfnedtenti al temperatur e
varimeushods have flhbeemrc ap cwopatiedi doge r AB LeH al ., .2000; S
Howeveappltihed b itntdeatsheord st h@m ekrdst it ma deeduad her

Due to the | actkeafe abr £e offfeB\ idomexs|Aytch ebhased on
obseralhdatDosnt ri buti onshavVe Abneveeisd | B Knds tbry m and Gr ¢
(2009), Liang and Liu (02010 h eadaln dotbilsaei deSaotn faal c.e (Helaltl
of the Arcti cc a&mpaing n( SHHgEBdAY s(tUaAd) @ | e.tToiampr, o v2e0 02U r
undersofBndhe@gABL structure and ABLH chamwactnereids tnieaw
comprehensive observahBwIintsi dins dihp Isi reanfyorrd mtinfednit®tgu d
of Arctic Cliematdi ( MOBAmG&pdneli eve (Shiupegeal al .,
Based on a@md fdrroun dveaheeae c einh o wh ayheeaxntihce MOSAiI C expe
provadweal tehnd fr edlagdtaed data products with unpreced
round tempohebemdikénpgesi Bl e a mohe ARL asvtlordwct tauorand y
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and ABdrH ability.

I bhis study, based on observaw@gomoploisme@rtamBiEH om t he
al gorit henn aatdmeni ;mhea r atchtee r A BsLt ieovse douftteéhvecis eiacseur f ac e .
This paper is Geg®nibmecdfdy fdelslcowd:es tohbes eMrO/SaAti iCo nesx
section BABUHvdadteesr mi nati on met hod to evaluate sev
an mpr ABeH®# al gor idt hpor; e sseencttsi otnh e r eosvuel tes aonfn uAaBIL Hc wcaalr
controlling factors of ABLH variation, saeadtimerc h@ni
compares the difference in ABHS ohmetl wese M NSHEBEB A& an d

2Measurement s

I n this st thdyseodt hdda@®BHEBAZEDA) mul ti pl e MOSAI C dat a
we mainly introduceThe eMOMOSIAC Ct rexgike diivethEsodtdwaveret dh ev F i |
resear Pl wesEKkmelursnt, wi PB17he main period of atmospher
October @®di9ng@nidn S ePptleamibetiefr @@ 0acr oss the centrae
navi garedgpdiace ndoBN hduorfi ng most of the MOSAIG year.
divided into fivedpmarttise e em eheeioamnehs gMeotrtes adielt ai | s @
provii Blledpe et.Tak. f ORP0OB%) Ng are the descriptions of
in this paper.

2. Rladi osonde obrselreadp toondsa ¢catn d
The r addiactsaonndeer e obt ained throughAl ar epdr Werge rsdin pl b

(AW|] ) the atmospheric radiation measurement (ARM)

managed by the Biological and Environment al Resear
(Maturi202Yaeits adt8.GR&d il o swemdsegul arly | aunched on boc:
whol e MOSAiIoONn yGecatro b(efr 2019 to September @ada), i nc

transit. The sponthahgymdesqpencgakgdiaats5: 00,andl: 00,
23: 00 UiTEC)cramdsieme s oper dagkxMauempwmiga tpheeri odrowictolor di n e
other observing activitiesn hathmneo srpatdandessoculnudd innggs  we'r
profiles of pressure,(RKiamde warndme ppr ¢ wa BBe mhaoaanl di
resol ut itbonweovfer5 mhe soclL®G@i mgaldat audel mavy be cont a
it sTl fawvoi d contamination améegédngdavbar prodlbgsi $ ha
soundi nmesa swirtehmemes ebdbr olmegi oal tdways efar oimtenlde wass s e |
speci fically dshsiip nefdf & cot smi ann dni preotwvhi ed el omwoer se hrile® i anb |
has been r edeemthllyk es et miatthéd 2@&2Bgr, dsaikpai guamoviyngo
average in hetitgbt mar geeadtpep rdleidrhiermmat e i nvalid data @
anadll data are interpol atl@n ionttkon vaa briseaglu,| atrh evreer taircea |
profavliaeisllanblaed di tARM ,prbQHE des a Pl anetary-ABdeddary
Product (RBLHKHT makR,, ewhiath,uf2€d499everal different a
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ABLHI enast b a sreadd i oopsronfdiel es. Thi s VAP provides 964 ABL

samples from these to ensure that the estimates o0b
180
150W  150E

H
80 7

120W ; 120E

81 Oct, 2019

. 90E

% 6oE

Fi gulThe MOSAiI C expedsitlaimddt dlreaetrhk2durgddm t(@c( obeangbDa8p |
plotted by the red |ine. Gray solid and dashed 1| in
September 2020) Mardc h h20 2r0a)x,i muems pfebct i vel y.

22Met eor od mdyitcwarlrhard *wnrceaeeant s he sur f ace

Met eor oalnodg itcuarlbab e nevmamt snade from a tower on the
whi cH owaastié 0 0O8wdy 6 me VvCeosxdelal (, -2®339C.agleh eMP ane mo me
by METEKa@ihTH3I @Dr temperature Sermadmihndaiyghas saf a2 we
m, anonl®hm meteorological tower. The t pwesrsiwad yse
driftedewfltbea@i-Oet.qgbdrr oX0and dd ®2 OniJdf réomaJumd gy 202 0,
and from | atSee pAtuegnubselrth ¢20G2atn)pl.l i ng frequency of fast
Sond cCage MP anemometer) wasTater20eHzurbesampke¢at
foll owing procesesepiwWeng,cédt okdndi noenhgingl pveoorndi
via doubl e rotatiamdi rftrueadu & nrcanp ecdamrudr detsicrbg eedyeangf |
(SH defined as),peseiatfiawcee wmpwartdeanperature at 2 m, fr|
energy (TKE) adies Biseadi omt paitet analegtsi(I00485) nghodbkeé,
90% oderndiebflleu xh erectals awmeonemdfse tam®aaofo r2e7 Stehnaynegi on t ha
was typically strongly dominat.dldt hguglhnsheteoadndiem
typiltealdwyt si der & gtehodsdoant cmeasuremecboeadi wWweoassamet hie

are predominantly equivalent, whbowhri.pratdsotassume

23Cl opd opederiiesed from combined sensors
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Cl ouall at ed meas umSEmeme TSu rcnoemre cflrooud mi crophysics p
product uses mul tiple measur ement sources (e.g.,
mi crowave r adi omnmneetiegrh)t tdoa tdaer iivnec Ituidmeng ct ocadnpdate
for both |Dedqaiitdhseeivd i evea l algorithm, its applicati
Shupe et al. (2015) . I n our study, the condensed w
grid with resolution of 10 m faocre a@aaredi sttoe ndceyt.e rTnhier

cloudy environments. A grid point is | abeled as #fc
phase type data pointsthdjsatedt asoficheagoi d, ot her

3 BAH determinatabgomet hhmmdesmabuati on

The most objective method of ABLH determinati on

deployed on aircraft or other platfor ms, but such
MOSAiIi C expeditiondet@hmspnathen ABhHour study is bas
structure ofl nr amriewiowwnsilnigtser at ur e, the ABLH i s de
at mospheriandv anmainaall esvi sual cCospeadei thber viehdhds hA Bd_aHn
(Liang and Liu, 2010; Zhanbgnet hvaes .vgiel @D ilddens) alrailzbeef teht
| abABedlet er mi nadanondeet hedam ABNMeDL orgwe wi | | use ¢t}

as refteeavealceat e tABe Ha atl gma ® ¢ thdnsRIBLbH/ABFheaal | y, we w
deveanodp evailmparté&Bleddn aut omatedat@l gerteldehmabke at mos phe

and drurdihscuss an i mportant parameter for the algo

3.AIBlr egi me c | asABLfH cdaettieornmiannadt i on
The ABLH determination method staBhsewi bhh fPphevrc

studies (e.g., Vogelezang and wkoldti svli ddeget b thé@A;BLIsi ar
stable boundarnmpeearayat O8Bbianmd darywect(ivBe)hboundary
corresponmndirdeglefreirtsht abi | ity sWeatfeisrSdteoaud ietalgen oser ft ahcee
regi meThe psepseci fic classification formula is prese

S H+U for CBL
S H-U for ,6BL
el se for NBL
whelies ctrig i cal value t?hatol bowpragi 6§t edhaselkd&®vemondi

SHiat a ar e tuhnea vdaiidlffackelgamniceal ent pgR)tben twieeln tt dmp dr0dt wrr
hei glpd isf f(gd eernicweet dhsedb u o di nigs ped ftid edet er mi ne the ABL
dedi fference Ks IthdrgdBLt B8h ididde & tf idfrdeaide@K2tt hea NAB L

is idefgfBLfaed asther profiles awiend albied eadn.da sL iNaBrLgs , (
Thmanu-abhb@aBée#l determination in our study is basec
and regiFone égplksat mospheerqiud vzadteendti ng! (g @dhpid ealt ene
potetneammeér at ud:g,).gr wie@Jts pleci f i dg)hudHairuesgd t o obtai

mul tiple estimwdtedh aff et hes eAlBLLH, det ermine the final



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

met hod are presenteid)iaré&i ghe2caseégofea-bBB8ed whi
temperature and humi i)t yarien vehres icaarsse. oFi cqu rNeBd ,2 w(i d F
from the surface upotng thhe iizowne adii vi ades Ehgud aser2o
wi t h a dmiexpeed Iweeyl derv ealnde [loound ¢ o(uep.lge.d, tSoh u.phee éstwumranlsa.c,e
oftprofiles, the esti mat edyARelart hiess tihtes |neavxeilmuam fwvohr
cases, and dtihrev eorassieomo ff arheCBL cases (Wbprbobbtictesetth
ABLH is estimated t o buem tfhoer haelilg htth roefe trheeg iWse ntayxp en
terms of humidity profiles, tIRér ®&@pitdlmataeac Adddles sf
NBL cases, anqdi nvheer shiacsre fodr tGBRL cases (lkemsehwvevd et
ABLHs (solisdnbFagk R)nare then determined throught
estimates wusing { fbkeesftaldiadveismrd rsd unlged it yk keavlreead g e

t hese asBiLmgil §s2)romar ac(6bariptpgcad)oetnhpes obeVipgakt

seleestiduattah aeadhion char § 8)ABHest uics umielt drat het

pr evtiiome Itehcet estit mat emiwh b e e n sAuBLeth tceoants ii dti eh@dt | s

evident that the | owest | ayers of profiles have a
shall ow SBLs and NrBddi otsladvpasred f t hes meelgpdmake t he AE
more reliable than when using radiosondes al one
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250 255 260 10 12 0.45 050 055 0.60
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EO.S
206
=y
(7]
T04
0.2
0255 260 265 270 10 15 0.6 0.8 1.0

B¢ (K) WS (ms™1) Gv(gkg™)

Figure 2 Vertiea@li yaolddenntt e sa | olf) é(mip efdtadie,p)t s (mi ddl e)
wind $Sgeednd (rightRHrahdt specd)b mcedpghign éimkier (2019,
22:51 WNHNC,2 Dkecember 20109, 1176 :Dbe8 elhTbC, r B anldld@ glye : 158y dJr
at tthhted enes represent st,abnrheecaurb o@ahd b oy nkhaydy rclogn@Bic)t (i N
boundary |l ayer. (TBe)gragsgdashedehymozpbenitiayigmes d
hei gBLEtH)Y esti mat esprhafsiecllaent malhligpdle soli d horizont
obseABileHEhe dots in the | owest fliOlDesn demadcted hley stele

tower merging

3. A 21t omat ed al gorithm evaluation

The aestdom@&@ilHosddrhan st erfipivrairciaoB afsa@rdmuokenagti hre scea |
for muleasst i maamae t EBUtHHsned awt b ma tiicnetbehrwaehhiid omé 9 € e,

al gorciapne méroettarh me arad cfudsatt i ons onahadrmegdebypmounsned DO
simulsgaSéeobhert et f@lal .2ROROAA&Kodmna rgeoeni tghhmsad t o | ar g

7
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244

245

er siorsti mat i,nganAdBLtthse p artalmad g oswsidhrhmet i@anp aidrth e
resdint sour study, estimated ABLHs obtained wusing
manu-abb@Bleldso eval eaffoertmamice Ar ctTihhes@cadm.or it hms,

t he-LiLiamg al gHoerfiftthem, atlhgeo rRitchhm r dasnadn trhiembhant ka ll gdf et h
in the PaBslLeds cViAiPbed i n Si WHerremawe egti vel .a (bZ0le3¥) desc
algorithms.

Thle i ang algorithm determines ABLH basedrdnnpgot e
Liang and LHor (CBLLO)egi mes, the definition of ABLH
adiabatically from theowanmafnadc et hbee ctoemmepse rnaet.uutrfFead el xyc e
SBL regimes, two dABUBmenabtesitn mrs eidbloeh, sthabil ity
wind shear criFbpersaagbiéspegctibel pB8uwetists!| g lchetdheas

reaches a mireiimhmhamnfoimeewsng two conditions:

d'Egrla'odEgrvlelld<'40 K/ km ( )
Gegris< 0. 5MK/egm 0.5 KU %m

wh e r es utbhsedkrkiliktitsa nkd2) r e pr d:gegnt ctohrer e s peordi wmignd evlee ar.,
ABLHs defined as the height where the wind speed r
the |l ayers immediately above and bel ow .wei, leda dlexcw e
jet). Thiesfdefal nda®Las the | ower of the two height

The Heffter wal gor iwtalHesf U ¢ geers ti(eld 80w i d el ey. Nuastesdi kal g o |
et al ., 1995; Snydédheamad g8t i aABIOrHd d gher rommgéhe dt)he st r e
i nversion and pot entrioasls ttehnep eéABatEurrises odhieff fiTehreadn aes & h e
in which the potential temperature difference betw
K. I'f no | ayer ABeEtssttHefcneteasatakhktamper atuwhig
reaches the | argest maxi mum.

The bul k Richardson number algorithm iRBj)haded on
has $recewn be a reliable algorithm f &fi odedsdlioamemi ng A
number that represents the ratio of ther mdalhley prod
Rif or mul a used iSmenserké BBLH YAP8; Sivaraman et al .,

_ gh drdo
Rb= d o U+ w2 (3)

wh egies t he accel,;dnrpand)igrne wif h pgoreakvnittiyal a th e imtgabnrda ttuhree

sur freecsepeautaingaealrye t he hori zont adbhevilpdtTepeAHBLHOMpoOode

as the Rljekgbéediofhg a critical t hr esh®ljdSe(itbheer tc reitt iac

20Q00)The PBLH VAP includes ABLH Rggtail matses Ob&@2be dnan (
To quantitativébymawabtuafeethawaenttonoadtuicce alhgeo rciotr!

coef fYanidevmt her aneatsiugtisaald t he medi dMEAEb Sdbkeenevel d

et al .ThfRo0rOs@alges f ol | ows:

2 " Hauttboos

Bi as

, 4
n i= lHau'Hdobs ( )
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MEAE me Hy @b ., (5)
wheH,gi,s the ABLH obtained Hyyi st hteh ea uAtBoLnta tnmeadnuaall g oyr idte

the number of validAsoomdimg ®poofhétdede imemiswmmderss o
| arRpenrd shiadb er MBeAd@b et t er performance of the aut oma

We also analyze the algorithm perfor maloeleesveflor cl

clouds containing |iquid water play an i mportant r
al ., 2017). RHnhroeusrfl 6sbbdu(ddyi,| btehre and Shupe, 2022) and
used for c¢cloud detection. I f a cl oRUHl si ¢$ adgeect dadni
then the profile is | abeled as ctl ooundey .i drehret isfoiuendd i c
below 1500 m are classified as fcloudyo, and as nc

Fi gupeeselmd scomphar es ®hn mawietdhndaBiluFkbsh b glIB&dHs and t he
associated statistical Thrsatdhowe sRhiat goh e Rpaf iwd t Bbb | e
performs best overal | ,Than g epd rotri@unl gper rloyfRifftadfrev I5StBE. ¢ a
i s poorer tRilalng drhiatRioff wthBE5h over esti matiaoln,s aonfd AB
|l arger errors with | ower cor.relhd i benf fctoeerf falcg cernittsh
in cases of high ABbH dgBlch nqglmwste $sdcouelsa rsliyg nfiofri cant |l y o
ia |l arge numben oh ¢theesiTéhs sSkkcssabggrapliced tteag i tome
of the Heffter algorithm, i.e., ABLHs are deter min
when the inversion | aya&addi syi,loiwvghhiélre tthhaen Hehfef tma rx epde r
of the ABL conditions i s onl WRjadagagriintdigfywioold 5,e istt
correlations are notabl Yyhwopeef 6o malsi’an ga hadlt ghoBr Li Lt char
genepabtgr than thperdtiteirl aall g/o rfiotrwhasogrhr eil satp roonb achol eyf
the i mpact ofABlH sgr 0 fmislud s adbrddeiemnmp atrhaemeatliegrosr i t hm. | n
Rijal gorithm is reliable over the Arctic Ocean and
agrwietbzef et &lurth20d) ewa ywse nipaitbhRegael xgpol toortemm k e i t

more suitable for c¢cloudy and convective conditions
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Figure 3 Compardsetoarsfrriooire drhaed i AoBsLoHsdtme | kr dRfi iclheas dwlsoinn g
(Ri)al gor i tthhem cwiidthhiRggdf( (a) 0. 25hande(b) ednd) @d)x )t hen
Lidti ang awigtoh i t h e dreanntiia &f s leydvBd.dH s . They ehdhaoecrod dr s

indicate reg,j meBh g pEBL of rTBfiexcdt i sviegnys i ndiThaet e t he
case nodmhdr scofrrel atRR@ame cgpievémnmcimemneacigmpmamkelin (c)

datoa ngps ranging from O to 3.5 km.
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289
290
201

292
293
294

295
296
297

298

299
300
301
302
303
304
305
306

307

308

TablTdhel st ati sRiBdalWEA e dour dhe( &ppredaltgortihtehmsadi oso

Al l correlation coeffi cpi esn)Cs. OBk eept af DeLtiBBaEINIDY p& B (
algorithm,
Al gorithm Regi me R Bi as ME A Em)
AL L 072 0.10 50
SBL 081 0. 16 34
NB L 0. 68 -0.04 62
CBL 0. 65 0. 15 71
Cl oud| 0. 69 0. 08 51
AL L 0. 67 0. 40 97
SB L 073 0. 50 88
NB L 0. 61 0. 23 91
CBL 0. 60 0. 39 12 0
Cl oud| 0. 66 0. 36 94
AL L 0. 57 0. 23 53
SB L 0. 46 0. 17 33
The Heffter NB L 0. 45 0. 30 59
CBL 0. 66 0. 28 74
Cl oud | 0. 68 0. 25 59
AL L 0. 47 0. 04 82
SB L 0. 05 0. 15 90
The -Liiaang al NB L 0. 44 0.07 81
CBL 0. 56 -0. 05 69
Cl oud|] 0. 52 -0.01 82
_ _ AL L 0.85 0.06 29
The i mRiov SB L 0. 79 -0.08 21
al gorithm NB L 0.79 0.18 35
{iL 8 CBL 0. 87 0. 05 36
e Cl oud| 0. 86 -0. 03 30

3. A3hmpr oR@ad gorithm consefdffeedtng the <cloud

As a trRgfdot moha) Eq. (3) may break down in cases

and dppyer stratification due to the overestimat.i

Vogel ezang angrielotseida d f ERiifBOr&eu Ich, i whiexpressed as:
R'.k_(g/d;/}d/hdvlr('zs)

(U U P+ (Vv P b2

(6)

whezies the | ower bayndaszmd édahédhewi ABLcomporments at
respeditsvahyempi r i cuailts hceo esfufrifcaiceenRfi,r sacntdb osi det edi t gr
| ocated somewhat above the swibBaaésbotakkendi hhe at
underestimation in the sitw@peéagyrerof HBgfleorn hsmdrygnasnei n d
profitekemumdl ues as 40 m and 100, respectively, ac
As shown in Fig. 3, the estimations of ¢l oudy ABLHSs
i mprove the algorithm. Undardsbao@®gymbebei usedsf ot h

cloud effects on the buoyancRjftoemm.l aBrexgpk £ sete dala.s:

g dT . La, g da,
T @' 1 RTTe @ 1)
fh_ %Z_I_d_\/z 1
dz dz

wheTies air tigimpetrfaé¢ umei st 4&ids ablaeilcat apts gh eatt eoef Ve
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318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344

saturation mjixs ntghe attadtoal awalf@tq,wh eqj nsg trhae iloi,qui.de .
mi xi ngndat isobalsteali mend t h e c © o hHboemvséem),. 6V a ti esr Raia rgd aids e nt
calcul ated based on | ocal gradients of winRi speed,
formula proposed by Vogelezang and HalttsleagemCc®996)
expressed as:

: ThTs o L9 h, 9 Gwiy 2
ITs fz *Om 1Ry ZTg hz M5

(U, -Us)*+(VhVs) *+bU2

R =

. (8)

where swhbhadiriopt s he variables denote6,bbhée oakeul abeéc
sanzZlare adjusted to 130 m, .Cpinwdrd etRljiensgc dtchiket appdaop bi
t hlei gqluda arcil roguadsvees usReif oheficl ear 0 gRjifdrpdichntosidgmdd gu $ «
Using this improvedeappsot ®R¢gtad unwieroiémiad es att el @ rhr or s
reference data set, KRi=r0i.vBi5@ gc @amp ami @t i onfal ARlaH uest
through tRiel gomwi b hend malnaubadlBeylls demonstrates signifi
relative to other algorithms, particularly for <clo
Since some other st uRjivas ulteasved opr MpPSAe € dief fger, e dto:
et al ., 2@23; ARORMBYUy devs c us sRitvlad uceisf fherenc e hien f i r s
clear is that these stuRpenfusesdi Baetemt et omathul 4 <
(2023) both uwWgel gbei thmdbasedabnREmR.l uEed) ,ofwhi.l4e atnt
especlthiiweldyi.f ference was |ikely caused by the dif/
ABLH data sets. JozefRiowterala. ro202 dibe SdDh oRy,tadad reca b & h €

the criterion is modified to reqRdofeOf agbr ¢onoecut

=

usReipropo¥edebgzang and oo whagn RiFidBNeyudwuandondi t i
Baed on the results presented here, it i's apparen
statistics relative to apPRilomcdaedi thiacre,d dDoamde&qof (t3hH
al so related to autshedrss oudiomgnedipfefaenrodd®t0 A&Epmaui ley ¢
ugle sounding data basesdspeoeoap dieit chde u d,fb adld®d boinCHARr2a)l .
used radiosondes from when t helthehadtaorrucswerdr é mt oWAV
omerged 4 owmerdodhwct, as mentioned above.

To further explore the differences among the fou
case. Foky aSBIL eaase (Fig. 5 a, b), th(e2z20@8p2gmaadhe s
study all agree closely with the manual ABLH, whi
overesti mat i-oky CRUF icapdtdfoewccayd proamicsh st udy agrees wi
ABLH, twhHadplpe baoim Barten et al .byo vaebroeusttdBna t eepsp rt chaec hAet
from Akansu et( 2a02R2deirde sltoizredt eett tnd .ABlsideley i Y20 ym ai
esults furt h¥¥dedpeermodnss tornaRfifeloeh o me o¥E sf not anal yti

o =

erived from basic physical principRies ¢Ealiéngé&e\

5

ot eady regimes (Zilitinkevich and Bakl anov, 2002
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351

Tjernstram., 20009) . Rhckaes om@®t, e@mi soth.] eRadti ver , it
algorithmic parameBEBEH. to simply derive the A
1_4_N=914 « SBL
R=0.88 NBt

<« CBL
ﬁ1.2- x  Cloudy
E x
n ' *
m
= x *
x (.81 % x
I » ):()(,
x Ne
8 x X ) xx
>06’ . b .
o XK g ol X
a x R x
£ 047 wx, x;‘i{ e
. A x x
o - ol .
0.29 X
R0, )
0 0.2 04 06 08 10 12 14
Hops (km)
Figurnenida®Fi g. 3, but for the compari sRial @gdr itthlemAE

wi thle
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Figure 5 Verti dzalndp rwifnidl essp éddica,q dabnfdi nN( rdii g i téhr)e n2t5 f or n
November 2019, i@2: 58 D&dC€Cemmer (2019, 16: 58 UTC. Bou
represesnky aSBL easdk ya CBlleomteéiyvel y. The bl ack dashed |
manu-abdenwti fied ABLH, and the graRwiwalluds ,veirnmdlcwdi n
0.35, 0.4 gndyOshi&dimg in (c) denotes the cloud I

3.4 The espermddnde of critical Ri chardson numbe
Ri chardson et al . (201ed haand tBhegse dts al Rkt (@0 14 )t vy
stabl e scowhli¢h ons di ff &i,=0n.t3 Sferdo m nt hoeu rc oinnsphirachvhe s a |

section, we wi || di scuss the i mpact of t hRis depert
algorithm t Ria¢ altdwel-bnaabneultadl dih)yABLTHI i 6§ new p&Ribmet er i
di sti ngmuitshhe iRghertdmertconsi stent with Baswu el al . (2
is used for obrsanbhkby Obaukhowliedengt h. Based on th

dependence can be expressed as:
Ri=UL,  (9)
L
wheUWiespraoporti onal ity conestt aanlt.. (A2s0 1sdu)g,g etshtreee da tairt rea | Bf aosr
and very stable conditions Spreei éxchutdgd tat @abpair

t hr eslh>o I5d0s0 (mLna@dndar e excluded i mntnigor  r as § lbhpeslasts (folwhxe r
mini mum (Basu et al. 2008) and is assuRjeptl oas e20 am
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387

388
389
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391
392

393
394
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397

a functhfon bhese selectedaddtviahieke goriecleait ed ti o g1 @
dependence i s -coirmpllyatidepar dR5u Bsted € s hloyhvaantg emofsrtom 0 t o

antdhe fhegstline indicates an ovler &l 11Tp @ 6 isé isvoemecwhrart e |
| argetrhreebahts in Richardson et al. (20t11gi fd&red eBa s u
Rial gorithm used in our study. I'n addition, i f a f e

does not dhoewpaendénoegand is insteadRi=aI0C.IF5 wewhHi al
is also suitablensofeconyveEitgvebcond) ti
Il n summary, we assessRiblaesesdt ami loRitay ¢ dpjr dotwdaedn @en d ¢

resul tanproese atl | posi Howe v éo /sr élygtei oonf tsrtBanbds.l i ty
challenged tacthiecalseappglni cpati obtso beecrnfuaee t hlearsaemtsd
at mospheric conditions can additionally degrade t
requires a priori determination of the ABLH, which

an apprheacth.ore, el garnil tlhnRgwi @fhded | xiedp | i ci ty.

L {(m)

Rip

Fi guRgv e6r jjlufsor sel ected cases. The dat alL pdihret 1 arcek
solid line is the best fitfillvbal udhei sSedlesodegi dan a ]
l'ine i s Rjjre Oc@mbstuamtd Rianl g ohrei tihmp.r oved

4MOSAiIi C ABLH wvariation and controlling facto
4 . Qverall diABLHbution of

I n this sect hAeBrl,H weard m# hMgEx&8Ad Cr iamgl r el evant cont
basetdhmammu-bbhbgl ed ABbH datatsBad edymemi ned through Eq
t hdedi f ferfelnS& e undhei-tfiahdl eseri es of ABLH during the
presefri@and nf orassot hehe remAcooq diiesanralsyusrefsace condi
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414
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417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

t he ssetaatiece t he whole MOSAI C obger waptoi,omwd ertiead ,i A
and fAsummer (rMSehlutpte pedr oaoglls Iry OgaPh) hiengeasons of autu
spring, and sulmmeR7,dhdrespbackisvsel yd | i dewveilncil oautdes g
exist for ;mdrhe stehaom cluZ hmost fregquemidfiyebmethpdol pe e
which agrees witNotS@upbatettheé. g &y ldiapttas wenrdei coaltseer
whitlhee sweaddn t,r aannsdi tt he representativityiomfthihe A®BLHe
For t he pfeiriotd, sudhle vessel l eMayt aed MOEAWCYIiI pe oI e
through tight!| yswommstohatd attheed deetaa iaree generally re

regi on. Measurements fromaeaarolry iJnunoep ewh ewna ttelre cu eoss:
been excluded entirely from the analysis. I n the
MOSAiIi C ice floe, the sea ice was not as tighitly col
the preferentially | ower ice fraction altddeBL.t his t
For the three weeks in early August, the vessel mo

norttoh anot her pdddinge poesa tiioem dcrear the North Pol e,
|l ower sea ice fraction. Finally, at the very end o
stopping a few times to allow for work on the ice.

Overal wn a®7, shge mean ABLH during itg8hen. whbl e DbDbs
| ower t YhW@akBlhth eo Aa rcltradces ( rLfi aacmeg an,d wvh pug h A@ELiONy but ed
0 the strongert esnpepre¢ s soevoenr n etilves hspanlwref akrect iTc ABL

—

suppremestt bbrthe MOSAI C yeamt emtséd Weelllyps b aftesveper
a ti me, mo st commonly whenFa&rd ou dfsrt egnicenhsei AVBeEBL ar e
devel opment occurs in the Atransitiond period fro
convective tared mall sesd mafcituatee itnog PoBREBH hr epaecrhcheent i | e

ABLHata (horizdmarhd7ddgtst edvi t hneé he 1ha&WIi Mmuano rAtBrLa&s to f
ABL sits osnigplpyr essed in the period fr omanmean) uUAB/L H horfou
o n 13/6m. The specific mechanisms of ABL devel opment
anal y2edtdi.ohsand 4.4, respectively.

FigBpeesents the frequencyLdi NtBrLi, bgstmicko /& BapfeesAB L H, u
the sample number of SBL cases is more thd3® that o
for 49®BLford NBL, an)dl hxt e ofccrurCRBince fredqoeerti es Badl
(2023),1i whiégultthe show morel NBLsahd k@Bl dmd bleead t$
in classi f.Theaitg obust roidtnebrBABIL Blrsek ewed t owar,dswistmal |
9%and®bdf t hevaABuewser t hamedaddl wuk 6rbacdd 36, respective
FoC€BL dhetribution is shifted wi@nhowh & thved lhlddgHdesr | ar
than 60emnanv@0O@e of
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observed while the vessel was hien gthrtesn ifé cd Duaryb IADBtL
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