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Review Paper by Houze
Missouri: 180,000 sq km; Croatia: 57,000 sq km.

Houze, R. A. Jr., 2004: Mesoscale convective systems. Rev.
Geophys., 42, RG4003, doi:10.1029/2004RG000150.



Morphology of MCSs: Zipser (1977)



Morphology of MCSs: Houze et al. (1989)



Convective vs. Stratiform: Houze (1982)



Heating Profiles: Schumacher et al. (2004)



Morphology of Mesoscale Convective Systems:

I MCSs: Many convective cells organized by a
downdraft-generated gust front.

I Aging convective cells coalesce into a large stratiform rain
region.

I Convective and stratiform regions exhibit very different
vertical heating profiles.

I Heating (H(z) = dθ/dt) profiles are similar to mass flux
(M(z) = ρw) profiles:
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Effects of Rotation: (Skamarock et al. 1994)



Satellite Loops: (U. Wisconson, CIMSS)

I 13-14 Aug 2009 IR loop —>
I 14 Aug 2009 vis loop —>
I 14 Aug 2009 IR-PW loop —>



Rogers and Fritsch2 Simulation: Rainfall and
Mid-Level Flow

2Rogers, R. F., and J. M. Fritsch, 2001: Surface cyclogenesis from
convectively driven amplification of midlevel mesoscale convective
vortices. Mon. Wea. Rev., 129, 605-637.



Rogers and Fritsch Simulation (cont...): Potential
Vorticity and Rain



Rogers and Fritsch Simulation (cont...): Schematic
Structure



How Does Mid-Level Vortex Spin Up?



Vorticity Equation:

Flux form of vorticity equation3

∂ζz
∂t

= −∇h · Z = −∇h ·
(
v hζz − ζhvz + k̂ × F

)
where terms in parentheses constitute the horizontal flux of
vertical vorticity. (Beware the advective form

dζz
dt

= ζh ·∇hvz +
ζz
ρ

∂ρvz

∂z
−∇h · (k̂ × F )

which implies incorrectly that vertical vorticity can be
transported vertically!)

3Haynes, P. H., and M. E. McIntyre, 1987: On the evolution of
vorticity and potential vorticity in the presence of diabatic heating and
frictional or other forces. J. Atmos. Sci., 44, 828-841.



Vorticity Flux:

I Z a = v hζz : Horizontal advective flux of vertical vorticity.
I Z t = −ζhvz : Horizontal flux of vertical vorticity due to

vertical flux of horizontal vorticity (tilting).
I Z f = k̂ × F : Horizontal flux of vertical vorticity due to

friction.

vertical velocity

vortex line

increasing
vertical
vorticity

decreasing
vertical
vorticity

horizontal flux of vertical vorticity surface friction

V

F

vorticity
flux



Conclusions from Vorticity Analysis:

I Horizontal advection dominates in free troposphere where
friction is small; tilting is less important as it produces
vorticity tendency dipoles.

I Spinup occurs where horizontal vorticity convergence
occurs, i.e., where the vertical convective mass flux
increases with height.

I Conversely, spindown (or anticyclonic spinup) occurs
where horizontal vorticity divergence exists, i.e., where
convective mass flux decreases with height.



Mass Flux and Spinup/Spindown:
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I Mid-level spinup produced by stratiform mass flux profile.
I Low-level spinup produced by convective mass flux profile.



Review of Potential Vorticity:
Potential vorticity definition:

q =
1
ρ
ζ ·∇θ ≈ 1

ρ
ζz
∂θ

∂z
≈ −gζz

∂θ

∂p

Vertical component of absolute vorticity (use geostrophic
balance and θ ∝ −∂Φ/∂p):

ζz = f +
∂vy

∂x
− ∂vx

∂y
≈ f

(
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1
f 2∇

2
hΦ

)
Perturbation equation q = q0(p) + q′, Φ = Φ0(p) + Φ′ (use
hydrostatic equation, Boussinesq approximation):
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Potential Vorticity: Balanced Inversion of
Mid-Level Vortex
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What Controls Mass Flux Profiles? (Raymond and
Sessions)4
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4Raymond, D. J. and S. L. Sessions, 2007: Evolution of convection
during tropical cyclogenesis. Geophys. Res. Letters, 34, L06811,
doi:10.1029/2006GL028607.



Raymond and Sessions: Potential Temperature and
Moisture Deviations from RCE
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Raymond and Sessions: Mass Flux Profiles
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Raymond and Sessions Results:
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Conclusions About Convection:

I Convection in a quiescent environment tends to exhibit a
top-heavy mass flux profile over its life cycle, indicating a
large stratiform contribution.

I In the persistent and extensive convection of a mesoscale
convective system, this leads to the spinup of a mesoscale
convective vortex. If the vortex is strong enough the
balanced temperature response is cooling below the
vortex and warming above.

I The modified temperature structure results in convection
with a bottom-heavy mass flux profile over its life cycle.
This leads to the development of a low-level vortex, which
over the ocean can lead to tropical cyclone spinup.



Mesoscale Convective Vortex in Shear: (Raymond
and Jiang)5

positive PV anomaly
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5Raymond, D. J., and H. Jiang, 1990: A theory for long-lived
mesoscale convective systems. J. Atmos. Sci., 47, 3067-3077.



Effect of Shear on MCVs:

I Shear can disrupt MCVs by differential advection of PV.
I Quasi-balanced dry-adiabatic flow is along isentropic

surfaces in reference frame of MCV.
I Shear + MCV results in quasi-balanced flows up and

down tilted isentropic surfaces, which can affect
convective environment.


