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Simulations of the Convective Internal Boundary Layer
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The lake does not freeze during the winter.

SPATIALLY RESOLVED 5-m WINDS FROM CROSS-CORRELATION OF AEROSOL BACKSCATTER STRUCTURE

The 250-m resolution wind-field derived from PPl scans of the VIL on 10 January 1998 shows acceleration and veering of the offshore flow. The largest Speed and direction as a
1 0 JAN UA RY 1 998 streak in the divergence and vorticity fields appears to be a building wake originating at the Edgewood power plant located 3-km south of the lidar. - -
—— "—mremmeesr— > function of offshore distance.
i S ) B b ) iy 10 . R . . B 254 .
LbAR_ AEROSOL BACKSCATTER FROM ONE PP 0 [, Shebmn it R < Mg, Shebianen | == These north-south averages of the wind
e e AN e e UW VIL UWVIL UW VIL T = speed and direction show acceleration
. FELILT LiDAR . - :
o i ]1:3: 4:1“““11 45 ﬁﬁ 112 4;1“““1] 4? ﬁﬁ 10 January 1915}'} ; | and veering as the flow adjusts to
: - 14:5 = - 16 - 14:5 14:16 - 14:57 5 244 . T Steam-fog near the VIL site from the NCAR This photograph was taken from the VIL site
-2 : e e e - oo e Fr e e e ey =T B A A R i Chan_gmg surface .frICtIOI?\,. pressure- Electra on 13 January 1998. Notice the cellular looking east over Lake Michigan. Notice the
g ] S | T' :ZEZEEILI‘II;’;.Eﬁ';:.".::;.:‘;‘:.tt::‘:!‘.‘;:':.:' Ly E @ =i :EEE,:E*EEEEET;i::E:EEE:EE?ﬁE::1 E to 2 o o et «* gradient, and vertical mixing over the patterns of fog. Photo courtesy Dave Rogers steam-fog and clouds offshore.
: [ [ e e e I [ T o o | gt (CSU).
£ -4 E i aafl - L, e e e o e B s << e S | = o cwm el 5 11 Y o i e e e e B e e e et e =i i i e e - | = B .
= A +.."[ R ey, B b _151 }w;w;_rw St B P e e Water The VIL uses a Nd:YAG laser to transmit 400-
8 B 1 et BT eamen e ., o e | HIE g I - oo - i i e e e e e | A I T S R H H .064-mi
L E i\ e e -E E:u ﬁ,,,,,,_ e e | E - D.verge“ce as a function of EJ pl#f]esvelal’t_1 06(;1 micron wa\./ele.r;gth at 100
: g v ?'tﬂf&tﬁ:::f:ﬂf:ﬁ‘:ﬁﬁ:ﬁﬂ g ﬂﬁg}i e e € 2 - Z.. 1né V1. resides in a semi-traller van,
ST 2 Ry e e i - R . B e | g ” B e le & 5 offshore distance. These north- employs 0.5-m optics, a beam-steering unit,
R TS Sbetebbefabtotesaeter sty tetiasat ottt S Pt ool e e i 25 . log-amplifier and real-time-displays. Data are
RADIOSONDE SOUNDINGS TAKEN 8 g : ;I'e S e e g T et ”'“';;ﬁ:::“ ==l |5 g ) south averages of the divergence stgred gn write-once optical dizksy.
10-KM WEST OF LIDAR SITE = A TREERE e R T | & OUEY S £ L= ST s | A ° show the effect of the acceleration
" iy : . s A 3 T 1" 1_-_ 2 o i e L e T o T e e e R | i Lr .i':l-é. ; T—::—;’-:I—:—.—b—:—l— p:-:-:::: : g . .
s I -10 nio e Ffg 1 2 3 4 3 & T B 9 10 et f2g 1 2 % 1 8 8 7 B 8 10 moi ke Flg 1 2 3 4 8 8 PR P01 2 5 4 5 6 7 8 5 10 the sh During cold-air outbreaks, steam-fog forms
3.9 . . T i i R bk 2 ] , __. J | : ..:_ D istaiboe east fromms VIL (ko) L , ,_. " I : .-._, Distanee st o VIL (ki) L s __. ] l:E .;_ sl st oo VIL ‘huu 107?istanceeastofVIL(offshoredistance) km near e S Ore- over the Iake and IS an exce”ent source Of
) 34 0 2 4 distanceﬁeast o Iidaar 10 12 ::'_ _. ” ::'_ _. ” :':'_ .::.". ! " 10 January. 1998, 14:16-14:57 UT | scattering for the lidar.
4 —_—dr —_—l p ek . . - - . = = -
£ 24 1y 1) o Ry - . AOS Vorticity as a function of In this poster we present correlation functions
. ' Minimum air temperature at the I 8 8 10 11 |-} PP S _p L i ' [ALA Fetarenans 5 T , i 2 ° -
3 f oot f P wilnd speed (m's) i 170 'l._,,', -}z ik Pl 3 -5 e Zosl Nl T T offshore distance. These _ _ and winds derived from horizontal (PPI) and
] surface on the morning of 10 January 7o peed (el ey gl rF; Loy [n £ Photograph of the VIL in Sheboygan, WI, during Lake- ¢ tical (RHI) scans of the VIL during Lake-
’ 1998 was -16 C in Sheboygan. o .‘_- el . T nOI’th-SOUth averageS Of the ICE. This was taken looking west before dawn with .
1 | = 9 ICE. The observat d to check
' Winds were from the WSW at 5-10 £ 7 g FA DR U .. . the moon setting. The bright light on the beam . The observations are used to check a
_ og- ] s m/s. The mixed-layer was about 1- 7 WI N D s P E E D . D IVE RG E N ‘ :E el vo RT I c I TY - vorticity show the effect of veering steering unit was used to orevent frost from forming :arge-eddy simulation of the internal boundary
: ayer.
“0 re;::era;i?ec.m ° Wind sz:eed (m/s)“ zu?ﬂinu Dir:as:?ion (deg?eu: km deep F v 20 1Distaznce 2astifVlf(off:hor!distagnce)gkm 10 near the Shore' on the W|ndOWS y r

The wind-field derived from PPI scans of the VIL on 13 January 1998 show a strong wind-speed maximum in the
1 3 JAN UARY 1 998 upper rlght corner.y This appears to be caused by Sheboygan Point which lies dlrectly upwmd along the shearline. DOWNSTREAM WI ND SPEEDS FROM RHI SCANS ON 1 3 JAN UARY 1 998

_pp  AEROSOL BACKSCATTER FROM ONE PPI i : R v R S wir's Consecutive RHI-scans at a constant azimuth The cross-correlation technique was applied to the The wind-speeds from the RHI scans show the
s GO S-8 S. G -~ ; R =. qr . . . . . . . .
e o Uy HERE S “haibiga) i B Iﬁ SN g s Iﬁ angle (pointed downwind with respect to the RHI scans to measure the downwind component of air near the surface increasing speed while the
et] X =l PUL_LLR U ! LT STE RTHEF Y T . . . . . . . .
Wik L2 U] : i. “'5"*““II1“5I . ] mean surface wind direction) produced one wind-speed as a function of altitude and downstream upper-levels decrease in speed. The vertical
: e [ - - : : : : : . )
z i';ﬂ- __"“ ' -1 B vertical slice of the boundary layer every 2 s. distance. Correlation functions were summed over gradient of wind-speed decreases offshore
’ ' 600-m horizontal bands to reduce noise. because of strong vertical mixing caused by
: 0 15165122 LT 1-13#33 . convection.
F iyt b ; P
g = B e i S 5 -E e 120-degree component of wind-speed derived from 1290 lidar RHI-scans
ESE SN S AR !\--"'-""'_"'_- . :: ~ <8 3 E . . E i | - E between 10:44 and 11:08 CST on 13 January 1998. -
RADIOSONDE SOUNDINGS TAKEN :‘:::: ’::.'.:-.‘-':‘::::‘;;;}:';:;;::: e = : “;t‘n‘rﬁi:;::"::} o “f-!; a g 2 __%m"'?"-’i" i 3
10-KM WEST OF LIDAR SITE T "-E}E'"'L‘i‘ = e = b ! 3 — :
‘- i SR ‘?’?* St ' £ :
D N A SRS BL 17 e aRisiiaiiaE | . “:’::ar:ﬁi??:” i 5*-5 s 3 ;
distance east of lidar Tl L - - R o ﬁhﬁ 3 £ & :
4 &Y mmmEE R P e R ; g £ i
' Minimum air temperature at the T M e I VI B e “"HH,'"", Lk @ _
) ’ surface on the morning of 13 January ; § :
1998 was -21 C in Sheboygan. ' S ‘( :
1 Winds were from the NW at 5-10 —w N D P E E D D‘l E R E N E RT I I T :
‘ 0.5 m/s. The mixed-Iayer was about 400- C s d "..-..-T:Trl.:..*hf;r.q +F __|f -mul :.'-.1.4 Y 4 n-_l'_uﬁ-l_gl- AOEAE 4;) 1 2 3 a 5 7 8
-40 30 20 10 [ 20 40 280 300 320 340 m deep' I ) ) DownStream diStance (km)

Downwind distance (km)

CRoss-co RRE LATIO N Of aerOSO| baCkscatter data LARG E E D DY SI M U LATI o N LESSs explicitly simulete the eddies & plumes in a turbulent boundary layer that are responsible for

transporting heat, moisture, trace gases and momentum.
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