Chapter 11. Winds (ctd). Variation of wind with height o EAS U Aber. o by 21 Nov. 2016

PBLY or “Frichon laer" (Planctiry Jatmus, Giand. Layer )
ABL/ due to non-constant slope of the isobaric surfaces —

 variation with height above th
the "thermal wind," and its orientation relative to thickness lines
 link between a "veering" or "backing" wind aloft, and thermal advection

 variation with height across the ABL, due to friction

If upper level divergence Result of coordination of
exceeds surface convergence, - surface pressure system
the sfc low will deepen ~ and waves aloft:
N c _ .
lvergence onvergence - Converging cross-isobar

- >

- flow at the surface feeds an

¢+ |Recall (Example 1.2) ascending current with
p _Mmg ~ divergence aloft
sfc ™
A ~ This explains why bad
with m the overlying ~ weather is associated with
air mass in column of  lows
area A |
L Convergence H Divergiéﬁ?(’:ﬁé 777777777777777777777777777777777777777777777777777777777777777777777777

Fig 11.17
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Ch1l. Height variation of the "free wind" — because isobaric slopes vary with height 2/16

Lef >¢ be nermal Ho Camt!urf o‘f Z

ANZ :
Vg — fg | | 1S 'H\e
360 S"\‘ﬁi‘p\'\\'c o ___-—--""_________ B H
Wwind Skeed ‘______--—--""____ > Vg2 EZI ?
P, — PGF
i,
AV \ ~ —
. T . H
What do P —~— éflvm B !
the PGF
green L H ‘
symbols
denote? The . Cold Fig 11.18 Warm
ﬂeoS‘I'rofla-'c wird vulof \'} - Ni
 recall hypsometric egn iz = 7. — 7 = Rq T, lni <'_' = "/aj
2 1 g P2 AZ
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Ch1l. Thermal wind 3/16
Hill with 3¢ oriesfcd

7561/)6/l0“C0\lﬂ/ 7L0 iSo/Meg
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Ch1l. N. hemisp. thermal wind blows parallel to thickness lines, colder air on its left 4/16
Now let x point eastward and y point northward

Y l |
Vo=, v )= 9 (-84 ALy L—M‘ | B
g2 1792 "o f Ay AX N
—— c \ I I l"'-._h_ u
+uWo Com#onen"'s A7 AZ ‘ 3 | | 92
v _ g [ 1 1 b V -
Vo (Ugl’vgl) f. ( Ay’ AX> uﬁ | | T .
l | ~
-
V. =V —V :g(_A(ZZ_Zl) A(ZZ_ZI)> I | v“1
Ty 92 "1 f Ay A® ¢ l |
\ )
Y
orif h=Z,-2Z, ("thickness") thickness contours

. Thisis an example of a "veering"
then wind: can you see that the setup
| v, =9 (_Ah Ah, ~ implies warm advection?

Ay AXx e .
~ Wind vector at level 2 is the "resultant” of
- adding the thermal wind vector to the

For any layer "12" the thermal wind vector is wind vector at level 1

parallel to the thickness lines (isolines of Z, — Z, ) b

- - = T .
for that layer and (in the N, hem:s/,.) Vg2 :\VT + g1~
blo”jwn"b\ ,,,,,, COlda'(on’+SLEFr - 21— -
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Ch11. Barotropic (region of the) atmosphere 5/16

kot | : : - LA
| | | I I

~\\‘,| Feethem | | :
S l SN

Cold : : : Warm  Cold i i Warm
| A | A | |
| | | ! I

L Vo |1V [ H L Ve Ve H Vs
| | | | A
| | | I I
| | | i i
: : : | V,
I I I i |
| | | |

a)  Height=H, Fig 11.19 b)  Height=H, c)

« thermal contours (isotherms, thickness isolines) are parallel to isobars and height contours

thermal wind is parallel to geostrophic wind

geostrophic wind direction not changing with height

no thermal advection occurs because ‘e wiad ruaf //'/‘ KGTaerms
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Ch11. Baroclinic (region of the) atmosphere 6/16

| isetherm | i N
| | ! ' 4 x
| | | | Vg2
Cold | W | |
o H i i arm i N\ H i Vy
v | | “Vgy | -
e ; IR A Vo
| | | Vo2 1!
4 V., : NN |
i i I‘So éa( i L | i
i | Cold | " Warm
Height = H;, '
Height = H,
Fig 11.21

iIsotherms and thickness contours are NOT parallel to isobars and/or height contours

thermal wind NOT parallel to geostrophic wind

geostrophic wind direction (and speed) changing with height

thermal advection occurring
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Ch1l. Example: upper chart with barotropic and baroclinic regions 7116

00Z THU-JEU 30 OCT-0CT 14
; 500 hPa GEM HEIGHT-HAUTEUR / 1000-500 hPa THICKNES55-EPAISSEUR
AREGIONAL [ 1] &40 - 50755, sse. . san L IO PEDEIE

e s R

ANALYS 1S
ANAL YSE

QIR

e : \\ N .;%—56

CMC 500 hPa analysis, 00Z 30 Oct.




Chll. Example: close-up of a barotropic and a baroclinic region 8/16

c Y W
328 o, 501

v N,

« barotropic — no thickness advection * baroclinic — thickness advection

CMC 500 hPa analysis, 00Z 30 Oct. 2014



err\'nj wind = Warm gdVechon

@M)(in? wind 2 cold advechsn

Remember these direction changes e
are above the ABL — the mechanism

has nothing to do with friction, it is //
related to the spatial pattern of / @

temperature (equivalently, thickness,
or the “thermal field") / BACKING
WIND
lower level T~/
wind Vg1

VEERING
WIND

,,,S;,e g'L»O/\ 67( "LL‘; ’hﬂj;naasm
- N M
Var 0\"’10/\ w.n\ [/|€|jl’\

we Can injes

%"-u% 5 ' N ’ e A A’ § Son de ’,ﬂ
higher Tevel ‘6 + hetoal adVechon
- bogtibility For .
wind Vg 0 :Zﬂ wl,,g/e,;,laomf T wWarm

%"=~% { an J
a) T qad (lder air > Fig 11.24
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Review: Turbulent vertical momentum transport — the agency of "friction" 10/16

Near surface loua,ds - effects of surface friction carried
e_ybor% lbw Wome b Rarcel's velocity (u,v,w) ~upward by turbulent eddies
\ |
ymrceﬁ “}’“‘“‘”A _ . Parcel momentum per unit - the greater the level of turbulence, the
and (eciede ~ volume: p (u, v, w) ~stronger the vertical exchange rate (of
l,\.'jL Momen], m Horizontal mtm transported heat, momentum, moisture...)
loarce l¢ lywcl - downward by eddies and “urbulence 1creases with 15y
aloﬁ— pulls” on the surface 5“’7[aCC fbtﬁ’mc{;} I'nc/(afl'/vj
| o wind speed aad 10 cregsing +termal
Imos('e @ verhdal l'/\S'L ’-I"I/ (@H >0)
oS | e A |
+han iw.(ﬂc L]  strong daytime turbulence brings down
ans orrzan fast-moving (high momentum) parcels
g H Moentum from near the top of the PBL and these
V4 push along the air near ground —
, -| fast- slow- strong surface winds result
g’l‘ronj wind moving moving
1 pal parcel parcel . \weak night-time turbulence (stable
near g
Sheaf A e descends ascends  gyratification) means weaker "coupling”
Hroura, weak of surface air to the winds aloft —
wind sL\eM /) slower near-ground windg___\
STUIPED HERE )

” > MOI\I 2/ NOV,

! b) . Wind Speed U Fig 11.7 (modified) ,
o §\\\) Cond ihon'
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Sec 11.2.3 Influence of friction , and the surface winds 11/16

PEF 15 indep. I hedgt (in s.'myeei- case)

996 hPa

PGF not changing with height CF force remains perpendicular
? to wind vector

Wind speed decreases near ground
“due to friction force F, decreasing CF

| CF N
New balance of three forces
e \de
1000 hPa “
PGF

1004 hPa

Fig 11.14c (corrected)
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Chapter 11. Synoptic scale relationship of vertical and horizontal motion 12/16

idge
If upper level ' trough o rl
divergence exit / N\ % gXIt
exceeds <\C @9 0
surface SORNE q P o
N f |'I |'I S
convergence, fo | | ‘| ‘ ST
the sfc low o | .- :
will deepen vergence onvergence
ot Upper waves
af
\ ; aligned with
- a T 4
Surface pressure
systems
Fig 11.17
L Convergence H Divergence
(Northern

hemisphere)

Fig 11.15




Sec 11.4 Local winds (winds on the meso- and micro- scales) 13/16

Circulation patterns on scales smaller than the synoptic scale that we view on the weather

« micrometeorological flows In micro- and meso-scale

- meteorology we describe properties
* mesoscale flows ~ inthe PBL in terms of their statistics

These flows may be driven by surface temperature (average=mean, standard

and/or moisture gradients, by topography, by changes in ~ déviation,...), defined over a

the surface elevation and/or cover, by obstacles,... sampling period of ~ 15 to 60 min

All air roaci\inj

fror [eft must "jc+ IAMIL”

+he Frecs y So the decmaSeaI"-"“:'f“
£ Wi d nen/imu/ml 'S
U, Com/veasagfl b

ACCELERNT st S
_ g ¢ o AT S R

h 3\~ ind Shear 22
"'U\(‘bu 'C/\C,C

R T T

o x
dn increased windl Ol/oﬁ
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Ch11. lllustrative example of a micrometeorological flow: winds about a windbreak 14/16

U, the time average speed

e e L B S B e
‘; %i‘ﬂé 383 \005 &:‘AW\;@S 1 measured upwind from the
1 —o modd \ 1 shelterbelt at 2 m AGL,
- : and U the time average
) i speed elsewhere at the
0.5_— same height 2 m AGL
| v vlotty ot 3=z | Qeasucel ber wind dir
ol .. o -_lr -l—o \,.h‘ndl‘:/'@al( >
% o 5 10 15 gy, H=10m

xIH
Notice that variables have been “normalized”,

i.e. made dimensionless by choosing “scales” . RN
Onl ‘aC(C&MS(_ o‘f ‘Hlle V\()(Malﬂ,&rl'l /

for length and velocit .
J yolo rgjuH‘ S /Krow) o a‘FFUCr\f Doy
all _on_the Same curde . 4

G doununind of Fae Frees the oind
slaeeo\ wa$ reduced f 0“13 30%
F B vale i dhe o ben (b uis o|> e

Near Indian Head, Saskatchewan
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Sec 11.4 Example of a mesoscale flow: sea breeze and land breeze 15/16

PN e —— &
L -~ H [f H

[ II o |III IN""
1
|I ,.-'l L J
\ Sea Breeze L III\‘ I"

H - — . Land Breeze e H

LT e Warm TN T T T - ﬁ‘
Cool Cold
| / Cool /
a) ' Flg 11.25

 driven by surface thermal gradient originating in different energy balances over
land and sea (and thermal inertia of the ocean) Q =Q,+Q.+AQ,
 results in a "thermal"” pressure system

 shallow circulation (~ 1km deep) may penetrate up to 100 km inland

» masked by strong synoptic scale winds

 stronger on days with strong solar heating, and strongest mid afternoon when

: maximal AT

« sea breeze usually stronger than land breeze, as the nightime AT tends to be

smaller

Question: do you think the Coriolis force affects these flows? Why? YE€S . Lifehme is of
order \/—FC
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Sec 11.4 Slope winds (mountain & valley breeze)

) Fig 11.29

 air in immediate contact with the slope is warmed (or
cooled) by the surface heat flux Q,,, and this results in a

buoyancy force _
4 4 F. = Tslope I
B—Y

T

mid-valley

mid-valley

Diurnal Cycle of Up-valley and Down-valley Circulations

Upslope and up-valley midda.y Downslope and down-valley midnight
| ¥ "

EThe COMET Program



Topics/concepts covered

 geostrophic wind spd. and dir. may vary with height — due to the thermal pattern

« thermal wind vector not an actual wind, but difference of wind vectors at 2 levels

e it is oriented parallel to thickness lines with cold air on the left (in N. hemi)

 a veering (backing) wind is associated with warm (cold) advection

 mechanism of friction (vertical transport of momentum by turbulent eddies)

« factors enhancing turbulence in the Atmospheric Boundary Layer (ABL)

« friction slows and turns the wind in the ABL

« surface convergence in lows, surface divergence in highs

 coordination of surface convergence with divergence in trough exit aloft makes
for a "well supported" storm — strong ascent

* necessity to adopt statistical description of properties in the ABL

 basis for dichotomy between “disturbed” and “undisturbed” flows

« “normalizing” variables by adopting suitable “scales”

» sea breeze — shallow mesoscale thermal pressure system

* slope winds (gravity-driven flows)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

