Chmnese Joumal of Polar Science Vol 18 Na 1 8-17 June 2007

Analyses of structure of planetary boundary layer n ice canp o-
ver Arctic ocean

Bian Lingen(~#4 )", Lu Longhua(Fi %%t )", Zhang Zhanhai(3k 55 )%, Cheng B n(#& )’
and Lu changeu (i# & 5t )"

I Chinese A cadany of M eteorological Sciences Beijing 100081, China

2 Polar Research Institute of China, Shanghai200136, China

3 Finish Institute of M arine Research, H elsinki FIN 00931, F ilnand

Receved January 7, 2007

Abstract The vertical stucture of P lanetary boundary layer over A retic floating ice
is presented by using about 50 amospheric profiles and relevant data sounded at an
ice station over A rctic O cean fran 22 August to 3 Septanber 2003 It show s that the
height of the convective boundary layer n day is greater than that of the stability
boundary layer n night The boundary layer can be described as vertical stuctures of
stability stability and multipling The mteraction betveen relative wam and wet
down draft air fran up level and cool air of surface layer is significant which causes
stronger w ind shear temperature and hum ity nversion w ith typicalw ind shear of 10
m /s/100m, mtensity of tanperature nversion of 8 ‘C /100 m. W hile the larger pack
ice is broken by such process new ice free area in the high latitudes of arctic ocean
The interactions betw een air/ ice /w ater are enhanced The fact helps to understand ing
characteristics of aimospheric boundary layer and its effect m A rctic floating ice re-
gion

Key words A rctic O cean amospheric profile sounding boundary layer structure

1 Introduction

It is one of the goals of Chinese N ational A rctic R esearch Expedition( CH NARE) to
mnvestigate the exchange of energy and mteraction anong ocean/ice and sea/air n the A rc-
tic region formore understand ng the role of the A rctic n changing global clm ate and en-
viromm ent along w ith its relation to climate over Chind "*'. The extrane scarcity of am os-
pheric sound ings over the A rctic leads to relatively less research mnto the structure and varr
ation of the planetary boundary layer( PBL) aswell as its mpacts upon global clmate A
10a SAFIRE progran for the purpose was carried out started fran 1997 under the coopera-
tion of the United States Canada Japan Russia and northem European countries mclu-
ding the A rctic Surface H eat Equilbrim Observation ( SHEBA), A mospheric R adiation
Progran ( ARM ) and Intemational Cloud progran of Regional Clmate Experment
(FIRRE). Zouetal (2001) U1 exam ined the am ospheric structure and vertical d istribution

of ozone mn the ChukchiSea by means of sound ngs obtamned during the first CH NARE Qu
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et al (2002)"" illustrated the nearsurface amospheric stucture over a range of floe-ice
areas by use of soundings fran the tethersonde balloon indicating the 73~ 75°N strong in-
version of the amospheric structure turbulent strength aswell as their possble effect Liu
etal (2002)"" analyzed diumal variation of the A rctic version layer The dram atic de-
crease m the ice area and depth of the A rctic O cean is triggered by global wam ing

producing vast differences m turbulent exchange and energy balance bew een open sea

and floe ice'®”", which exert significant mpacts on amospheric circulations over the
A retic and m idlatimdes A problem ) that has caused great attention of the scientific
canm un ity.

Based on the experience of first CH NARE in 1999", second CH NARE was made
fran July 14 to Septanber 23 2003 The observations of relevant aim ospheric/oceanic ele-
ments were mplanented on the R /V Xuelong in its pumey supported by advanced mstru-
ments and powerful logistics assistance The ice station was set up around 78°N, 143-—
148 W for conducting an observational experinent on interactions betveen ocean sea ice
and amosphere acquiring a set of valuable data In this paper the high-latiude PBL
structure and feature over the A rctic are presented by using the data of vertical profiles of
temperature hum dity w ind speed/direction and other related data E ffects of ice/snow
surface tamperatures and radiation upon the PBL w ill be dealtw ith i the follow ing

2 Description of observation and data

The second CH NARE m ission was carried R /V Xuelong onboard that traveled fran
Dalian to the A rctic O cean,  crossing the Bering Seas and reaching the selected area of the
A retic O cean on August 20 A large slab of the sea-ice 2— 3m deep and about 300 km” in
area w as chosen for the ice station of PBL experient by helicopter reconnaissance U nder
the mfluence ofw nds and oceanic currents the station moved roughly fran west to east i
e, fram 78 3°N, 148W to 78 7°N, 143W (Fig 1).

A 2-weekly expermentwas conducted on mteractions betveen sea ice and aiy recor
ded data mcluding 3D wibulent heat fluxes 3-level gradient of meteorological elam ents( 6
m, 3m and Q S5m), radiation balance canponents snow surface temperature ice tanper-
atures at different depth and vertical profiles fran August 22 to Septanber 3 The amos-
pheric profile sound ing systan is consisted of a tethersonde and a set of receiver aswell the
processing software produced by US A ir Campany. The technical indices are listed n Table
1 for sensorm easured amospheric elanents The sensorswere calbrated against the stand-
ards in theM etering Station under the ChineseM eteorological A dn mistration The accuracy
of the measuraments is shown i Table 1 with elanents nvolving temperaturg hum ity
pressure and w nd velocity /d irection

The amospheric profiles are sounded n 55 tmes and associated w ith data fran differ-
ent weather processes during the observation In the observational period camplicated
w eather phenan ena often occurred there were noticeable mteractions anong ocean/air/sea
ice which happened around the station Fran August22 to Septanber 3 the station w as ex-
perienced weather process fran low to high-pressure systans (Fig 2). The highest pressure
occurred on August 29 with a clear day and the lowest tanperature It was dan mated by
w indy /snowy and heavily foggy weather n the rest tme A's the station was near about 2 km
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fran the open sea, itwas under the nfluence ofwam /wet air fran the sea, resulting in

Fig 1
Table 1. Specification of tethersonde sounding amospheric elan ents

e
Ice Camp drift” ™
ice station \\,\

1 1 1 1 1

78.0
143 144 145 146 147 14 8149
longitude

Ice canp drift trajectory fran Aug 22 to Sep 3 2003 measured by GPS

A mospheric elan ents

A ir tanperature
Relative hum ity
Pressure
W ind speed

W ind direction

M easuring range Precise
- 40~ 50 C 3T
0~ 100% %
600~ 1050 hPa 10 3 hPa
0~ 25m/s 10 3m/s
0~ 360° +5°

~ OV, valatne him il ik aveant dte clicht drvan at wealar w mde and m thic race tam nara-

can be seen that the sounding height could arrve at > 1000 m m the condition of weak
winds and lower 600 m and even lowest of 210 m when w inds were stronger

3 PBL structure over sea ice

It is ofmajor scientific mterests to research PBL structure w ith its evolution and to de-
temn ne the PBL param eterization schane for sea ice/ocean/air nteractions over the A rctic
Ocean The great differences exist in absorbing solar radiations betw een ice-free and snow -
ice cover different surfaces thereby making the A rctic PBL. structure to differ vastly fran
those n other regions of the earth The PBL structure is also dependent on the density and
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depthof floe ice. Asshown nQuetal. ( 2002)"™, nversions of tan perature and hum id ity
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Fig 2 Tme series of pressure(P), air tanperature( ta), hum dity(H ) and W ind speed(U/) observed mn ice
canp fran August 22 2003 to September 3 2003
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Fig 3 The series of heights of tethersonde sounding in ice canpover the A rctic O cean fran August 23 2003 to
Septanber 3 2003

mnside the PBL observed in 1999 were related to different distributions of sea ice In the
2003 m ission Chinese meteorologists obtamed ammospheric profiles over a ~ 300 km® ice
sheet around 78°N thatw as of larger-scale representativeness canpared to the 1999 counter

parts
3. 1 Diwumal Variation of Tanperature Hum ity and Wind Speed in Vertical

Sound ing number of amospheric profiles each day was different as mpacted by strong
winds i the ice station To obtain typical dumal variation features of aimospheric vertical
stucture profile data on 29 Augustwas selected w ith controlled by a high pressure ( Fig
2) and all themost fine day to analyze the variations Figure 4 presents the profile varia-
tions of tanperature hum dity and w nd velocity at different tme ( 10:0Q 12:0Q 18:00
and 22: 00 LT. ).

As given in Figure 4a the vertical structure of tem perature profile is of typical pattem
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on dumal variation of the floe ice n high latimmde over the A rctic O cean Temperature on
the surface is higher than that n the near-surface layer at the noontme ow ing to solar heat-
ng A m ixed layer is below 100 m leve] and above the level tenperature ncreases w ith
height that is the level of tanperature nversion at intensity of 1 ‘C /100 m. Them ed layer
disappears after 16: 00 LT and a new m xed layer em erges above 200 m levelw ith its lower
portion for mversion at ntensity of 2 ‘C /100 m. The PBL becan es steady at nighttme ( af-
ter 18:00 LT) with am xed layer above 100 m level where temperature was about 0 C.
while the effect of wrradiative cooling m clear sky before sun rising the mversion strength
reachesmaxmum of near ~ 6 C /100 m. An observational factwas si ilar to those i the
other parts except lower mtensity In genera] the variation of profiles showed that ten pera-
ture at 400— 600 m levelwas higher than the surface and there is themally steady stratifi
cation nmost cases as air tanperature ncreases w ith height

The dumal variations of hum dity w ind velocity and direction in vertical synchronous-
ly w ith above tem perature profile show as figure 4b 4¢ 4d A tdaytme there is am xed lay-
er of hum dity below 50m level ndicating that hum ity varies little w ith height Above the
level hum dity rises noticeably w ith increasing height and an mversion layer of hum ity ex-
ist In the aftemoon ( 16: 00LT) the mversion layer reaches itsmaxmum intensity and went
up above 150m level Fran evening till night them xed layer at < 50 m level tums mnto an
nversion layer of hum idity and above 50 m level becan esm xed layer The vertical struc-
tures of wind direction/velocity were sufficiently smple The velocity mncreased versus
heghtw ith peak ng at the 100 m level at daytme The w ind gradientwasmaxmal around
noontine about4m s ' /100m. Fran the evening till the night the height of the speed in-
creasing w ith the heiwhtwas I ited to 50 m above surface and the eradient reduced to the
order of 3m s ' /100m. As to the change inw ind direction in the vertical itwas quite sin
lar to the velocity 1 e, it changed more greatly with height in the near-surface layer and
an aller variation above 100m level In general southeastw nd at surface changes to steady
southerly w inds as the height mcreased

The above description of the d umal variations m vertical structures of the four elln ents
indicates that the depths of tenperature and hun idity nversions as well as the height of
w ind shear above near surface layer are of ramarkable pattem of the diumal variations on
August 29 2003 The altiude of convective boundary layer in daytime is higher than that
of stable boundary layer n nighttme The altitude for both averaging is 200 m, which is
100 m lower canpared to the first CH NARE m easurem ent around 73°N.

3.2 M ean Characteristics of PBL Vertical S tructures

The vertical structures of PBL. paraneters are different by the nfluence of different
w eather processes i the ice station To get the PBL mean feature the profile data of tenper-
aturg  hum ity and w nds sounded 50 tmes are treated and statisticly analyzed It is ndr
cated that the PBL over 78°N, 144— 148W area could be broadly classified as the struc-
tures of stable unstable and multi-layered w ith theirmean profiles presented n figure S
It can be seen that fran figure Sa air tanperature rises vertically w ith height the snow sur-
face temperature is — 4 9 °C and — Q 58 °C at 100 m level Itmeans that the intensity of
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tem perature inversion reached 4. 3 °C. Then temperature goes up gradually w ith am ixed
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Fig 4 D umal variation of tenperature( a), humidity( b), wind speed(C) and wind direction( d) profiles
sounded n the ice canp n September 29 2003

layer above 250 m. This typical structure of stable PBL happened at the frequency of near
20% . Fran soundings the tenperature of m xed layer was higher than that of near-surface
layer in association dan nantly w ith upper-airwam advection as dynam ic effects The fea-
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tures of average profile ofw ind speed and hum ity for stable stratification are of gradients
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Fig 5 Average structure of tanperature( a), w ind speed( b) and hum dity( ¢) profiles sounded in the
ice canp

with 4m /swind speed and 1. 0 g/kg specific hum ity to be rather big at0 to 100 m level
Above the level it ism xed layer where the w ind speed and specific hun dity change very
little w ith the height

Synoptic systens especially w ndy weather had great mpacts on distribution of sea
ice surrounding the station M ulti-layered profiles were often caused by interactions among
ocean/sea ice/air (Fig 5b) at the frequency of 48% . Temperature dropped as a function
of altiude beween 0 to S0m level quickly rose beween 100 to 200m level to fom an n-
version layer followed by its slow drop to generate am xed layer at > 300 m height This
mu lti-layered structure was true forw ind velocity and specific hum ity given n their pro-
files It follows that tan perature difference arising between large-size floe ice and open wa-
ter leads to the fact that oceanic wam and wet air flows across the station fran above the
near-surface layer resulting n the multi-layered structure as shown i Figure Sh which
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was alsomentioned by Qu et al (2002)'" who regarded it relate to cloudy and foggy
weather n the summer of the A rctic O cean The unstable boundary layer refers to the rate
of tamperature drop w ith height closing its lapse rate when its mversion disappeared It is
seen fran Fig 5c that the lapse rate is on the order of Q 7 °C /100 m below 500 m level and
less than that given above W ind speed and specific hum idity change w ith height are close
to the cases of abovementioned wo structures and a hum ity mversion and a gale layer just
are above surface The frequency for this vertical structure was 29 .

3.3 Strong Wind Shear Process

W ith conventional data it is difficult to discem the genesis and development of w ind
shear that often occurs in the PBL of the study region During the observation w ind gale of
higher than 8 m /s( Fig 2) occurred m many cases accanpanied by temperature nversion
and w ind shear In the case the tethersonde balloon and sensor were lost tv ice caused by
strong w ind shear of > 14 m /s The process was associated w ith the exchange of heat and
manentum i the PBL As an exanple shown mn Figure @ find amost intense w nd shear
happened on Septanber2 Itwas southerly w nds at a speed of 6-7 m /s near-surface layer
while the w ind tumed suddenly mnto easterlies at a speed of 17-19m /s at 100 m level re-
sulting n the shear vigor of the order of 10 m /s for the 100 m range M eanwhile abrupt
change happened to temperature( hum idity), mncreasing fran — 6 02 C(L 410 1L 9 g/
kg), leading to a temperature ( hum idity) mversion ntensity of 8 C(Q 5 g/kg) within the
range It is easy to see that upper-level stronger wam and moist air fran the southeast n-
teracted vicorouslv w ith near-surface-laver cold air n their exchange w ith the result of the
fomation of strong wind shear temperature and hum idity mversions Satellite data has
shown such happening may lead to the break of pack sea-ice at high latitudes ( figure an it-
ted). Figure 7 gwves the synoptic situation at 500 and 1000 hPa on August 31 and Septan-
ber 1L It is indicated that the fom ation process of mtensive shear is related w ith obviously
w eather background

On August 31, a polar vortex was centered to the northw est of the station on the 500-
hPa chart and a high ridge in the westem of the station wasmoving to the north on 1000 hPa
chart so that the station w as under no effect of the weather systans The next day the vortex
moved to the center of the A rctic O cean and the surface high pressure was cut-off nto smal
ler closed systans In this case the station is affected by air current fran north side of the
closed high and south southw estw inds prevailed n the near-surface layerwhereas m the up-
per level mfluenced by the flow fran east side of the vortex w ith easterlies The dram atic
interactions of air currents bew een higher and lower levels caused the vigorous w ind shear

in the PBL. s
4 Results and discussion
Based on analysis of PBL vertical stucture i the A rctic region ( ~ 78°N, 144-148°

W) fran more than 50 amospheric profiles and relevant data sounded at the ice station the
follow ng results could be discussed
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The depth of tanperature and hun ity mversion as well as the height of w ind speed
shear layer over the floe-ice area show significant dumal variation The height of daytme
convective boundary layer is higher than that of the nighttme stable boundary layer
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The PBL features of vertical structures are of stable unstable and multi-layered struc-
ture appeared at the frequency of ~ 2006, ~ 30 and ~ 50, respectively m the A rctic
region which differs fran previous conclusions For exanple n amospheric or clinate
modelswheremn the polar ABL is often assumed to be stable structured Our observation i
contrasl showed higher frequency of unsteady and multi-layer structures during ice melt
ng ndicating the necessitate of mproving the model ABL param eterization schene on the
basis of observational experments on a seasonal basis V igorous nteraction between stron-
ger upper-levelwam, wet air and cold air n the near surface layer is responsible for n-
tense w ind shear temperature and hum ity mversions leading to the ntensity of 10 m /s/
100m, 8°C/100m and Q 5 g/kg/100m, respectively Such processwould trigger intensif-
ying interactions bew een ocean and sea ice and air lead ng of break ing of pack ice produ-
cing open water area speeding up the ice melting and increasing the A rctic clouds rising
surface tanperature n the high-latitude region

A's the Arctic O cean is situated i geographic position and the harsh clmate sound-
ngs especially those regarding ABL structure and turbulence is scarcity As a resuly little
has been reported about the study on the PBL features particularly their genesis/develop-
mentmechanisns and effects upon fast change mn the A rctic clinate which needs accumu-
latmg more data for further study.
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