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INTRODUCTION- Lecture 3

LIFE CYCLE OF AN INTENSE MEDITERRANEAN CYCLONE

PV THINKING =P An andysis of the cyclone event in terms of the impacts and
interactions of dry and moist PV anomalies (and mean flow)

Beyond a qudlitative analysis, how can these impacts and interactions be quantified ???

PV-BASED PROGNOSTIC SYSTEM + FACTOR SEPARATION




FUNDAMENTALS PV THINKING- QG framework

e It is convenient to have in mind the two basic quasigeostrophic equations:

* Thermodynamic ol = o p
equation (adiabatic) e ® %
* Vorticity equation ¢, - =

(frictionless) o Vo V(G + /)= foD

® The two important principles governing OGPV form the basis of PV thinking:

Conservation principle

A Invertibility principle
(OGPV is smply advected) (OGPV anomaliesinduce
1 characteristic flow patterns)

An alternative approach to study the
behavior of synoptic-scale systems

PV THINKING - Impact Upper Level PV Anomaly
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EMBEDDED IN THE WESTERLIES

Some examples ...




PV THINKING - Impact Surface Thermal Anomaly

Vorticity considerations Thermodynamic considerations
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EMBEDDED IN THE WESTERLIES

PV THINKING - Lateral Interactions
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Vortex
interactions

Background-flow
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advection of vortex




PV THINKING - Lateral Interactions
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PV THINKING - Lateral Interactions
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Motion of surface cyclones and anticyclones on level terrain




PV THINKING - Lateral Interactions
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Effects of orography on the motion of surface cyclones and anticyclones

PV THINKING - Lateral Interactions
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PV THINKING - Vertical Interactions

Vertical Rossby wave propagation
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PV THINKING - Vertical Interactions
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Growth of an idealized baroclinic wave-cyclone




PV THINKING - Vertical Interactions

— dq/dy > 0 u-c >0

Effects of diabatic processes (condensation)

LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)




LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

5720 2- a7

LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

ALGERIA

- Over 100 mm/6 h that led to catastrophic flooding
- 737 people were killed and 23000 left homeless




LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

BALEARIC ISLANDS

- Up to 400 mm/24 h, 150 km/h winds and 12 m sea waves
- 4 casualties, 500000 trees uprooted, floods and severe damages on coasts




Some effects of the cyclone in the Balearics

Some effects of the cyclone in the Balearics
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Some effects of the cyclone in the Balearics

Some effects of the cyclone in the Balearics
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LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

BALEARIC ISLANDS

- Up to 400 mm/24 h, 150 km/h winds and 12 m sea waves
- 4 casualties, 200000 trees uprooted, floods and severe damages on coasts

LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)
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LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

LIFE CYCLE OF THE CYCLONE (9-12 November 2001)

Mid-Upper levels ( H 500/ T 500) Low levels (SLP/ T 925)

Strong baroclinic
development
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Ch4-IR NOAA image (11 Nov / 13.29 UTC)

Diabatic
contribution ?

PIECEWISE PV INVERSION TECHNIQUE
(Davis and Emanuel; MWR 1991)

1) Balanced flow (¢, ) given instantaneous distribution of Ertel’s PV (¢):

balance equation dz? Oy? Azdy
f Coriolis parameter m map-scale factor
* Approximate form grT SN o o [ 0% 8% &y %9
of Ertel’sPV 97 D (f +m V) a2 " \ 9z07 8z0n Aydr Oydx
p pressure g gravity K =Rd/Cp 7 =Cp(p/po)*

* Charney (1955) nonlinear V2% =V - Ve + 2 [32_7,&82_11) 3 ( 9% )2}

* B.C Lateral (Dirichlet) / Top and Bottom (Neumann): ddjor = fopjor = -6
6 potential temperature

2) Reference state: Balanced flow (4, i) given time mean distribution of Ertel’s PV (g):

* Same equations as in 1), except using time mean fields instead of instantaneous fields

3) Perturbation fields (¢’ , ¥, ¢’) defined through: (2, $,%) = (g, b, )+ (g, &', v")
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PIECEWISE PV INVERSION TECHNIQUE

4) We consider that q’ is partitioned into /V portions or anomalies: g’ = 22‘;1 Gn

¢ = ;',:I:l &

5) Piecewise inversion: (¢, , ¥, ) associated with ¢,? ... and requiring:
rtnb En_l k2]

...After substitution of the above summationsin the
balance and PV equations and some rearrangements
of the nonlinear terms:

B O, O Dp O D
2, . 2 -
Vi =V Vi, +2m ( dz? Hy? + Ay? Ox? Qaway Ay

5 = w[ 28 iy,
aqu»k 62 azéw a?ur)n 3 m2 622}’)* a:!qbﬂ 327{.')* 62‘;511
Jzdx 3.1'37r Jydr dydx Ozdr dzdr  Aydx dydx
where ()* — % B.C: Lateral (Dirichlet with ¢, and y;,) / Top and bottom (Neumann with 6,)

Time interval: 9/00 - 12/12 every 12 h, using the NCEP meteorological analyses
* In our case study: Reference state: 7-day time average for the period 7/00 - 14/00 (MIEAN)
Anomalies: ULev, LLev, DIAB

ULev PV perturbation above 700 hPa
PV-based

DIAGNOSIS LLev Surface thermal anomaly and PV perturbation below 700 hPa

DIAB Positive PV perturbation below 500 hPa in areas with RH > 70%
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PV-based
DIAGNOSIS

Geopotential
height perturbation

ULev PV perturbation above 700 hPa
LLev Surface thermal anomaly and PV perturbation below 700 hPa
DIAB Positive PV perturbation below 500 hPa in areas with RH > 70%
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PV-based
DIAGNOSIS

Contribution to the
surface cyclone
height perturbation

ULev PV perturbation above 700 hPa
LLev Surface thermal anomaly and PV perturbation below 700 hPa
DIAB Positive PV perturbation below 500 hPa in areas with RH > 70%
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ULev

PV perturbation above 700 hPa

DZI/;I;\‘;;%‘{I < LLev Surface thermal anomaly and PV perturbation below 700 hPa
DIAB Positive PV perturbation below 500 hPa in areas with RH > 70%
Evolution of the
PV anomalies
ULev PV perturbation above 700 hPa
PV-
DIA GI]’\[/lzi'dI S LLev Surface thermal anomaly and PV perturbation below 700 hPa
DIAB Positive PV perturbation below 500 hPa in areas with RH > 70%

Evolution of the
PV anomalies
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PV-based
DIAGNOSIS

Evolution of the
PV anomalies

Interactions
among
anomalies and
mean flow

ULev
LLev
DIAB

PV perturbation above 700 hPa
Surface thermal anomaly and PV perturbation below 700 hPa
Positive PV perturbation below 500 hPa in areas with RH > 70%
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PV BASED PROGNOSTIC SYSTEM
(Davis and Emanuel; MWR 1991)

1) Tendency of the Charney (1955) nonlinear balance equation:

(92'lf')'! 02!/) @821# i 3211/) 02#)[}

2.t _ . ol 2
CASSAAAR ox? oy 0x? O0y? Oxdy drdy

2) Tendency of the approximate form of Ertel’s PV:
¢ = L 58 ey
. OQ‘IPE 62@ 621/1 (92(3'[ 621/}! 02@ azlp 62@1
Ordr dxdr ~ dz0m Jxdm  Oydw dydm  Oydm dydr

3) Ertel’s PV tendency equation (frictionless and adiabatic):

aq Horizontal wind ~ Vertical velocity

0) A balanced flow has been first found using the PV inversion technique: ¢ —— (¢, ¥)

— (4", y)

J

¢ =-m(Vy+V,)- quw*a—ﬁ
V., =mkx Vi . _dm _ kw

wh=—=—w
V,=mVx dt P
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PY BASED PROGNOSTIC SYSTEM

4) Omega equation:
02

: i 171/ﬁ£ 161, * 292 Q &
jnaﬂ [7? aﬂ(rr w*)| +m*V aﬁzu.x
ey J (O O n dw*
U Or \ Oz dxdr Oy Oydr

Onl/k—1 3 I .
+ (- ) = (Ve V) V8] |

.0 S apt
o, 0 [Pty ottt 0% 0%
=2 — 5555t 5z7 25
ar | 027 9y*  Ox% Oy? Azdy dxdy

5) Continuity equation:

mQVQX 4 Trl*l/ﬁi(ﬂ_l/ﬁflwﬂ) =0 z
or

Lateral B.C (Homogeneous) Top-Bottom B.C (Neumann) ¢' = —m(V, + V). V0 — w*gj
m

d=t=¢=w=x=0 d¢' /o = foy'/on = 6" wp =0 wp = Topographic

FACTOR SEPARATION (Stein and Alpert, JAS 1993)

0: MEAN + 3 FACTORS (/: ULev 2: LLev 3: DIAB)
El
4

Enn N L7 E13

Eo=Fo
Er=Fi-Fo
E2=F2-Fo E2 € > E3
E3=F3-Fo o

Eiz=Fi2-(FiI +F2) + Fo 4
Eiz=Fi3-(Fi1+F3)+Fo E23 Ei23
E23=F2-(F2+F3)+Fo

E123=Fi123-(F12 + Fi13+ F23) + (FI + F2+ F3) - Fo

( 8 flow configurations necessary )
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MEAN

ULev

ULev + LLev

ULev + DIAB

LLev + DIAB

11/00

ULev + LLev + DIAB
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ULev + LLev

ULev + DIAB
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LLev + DIAB

ULev + LLev + DIAB
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CONCLUSIONS

Extreme cyclogenesis event in the western Mediterranean region (the worst storm
affecting the Balearic Islands during the last decades)

Baroclinic development + Diabatic contribution from condensation

PV-based diagnosis:
- Typica seguence of many extratropical cyclones’ULev — LLev— DIAB\
- Controlled by the mutual interactions among the anomalies and mean flow

Quantification of the interactions (PV thinking):
- ULev : Contribution during the whole life cycle of the cyclone
- LLLev : Contribution during the developing stage / Later NE movement
- ULev + LLLev : A leading factor, especially during the mature stage
- Other : Most relevant during the mature stage, but ULev + LLev + DIAB
during the developing stage !!!

Note: Diabatic term in the equations and orography as a factor could also be considered
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