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Background

O Localized heavy rainfall events which have long duration can

cause severe inundation and landslide disasters

O Difficulty of quantitative precipitation forecast (QPF)

= Realize the environment of convection initiation in the

model computation using Data Assimilation (DA)
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Background

» Release/absorption of latent heat cloud cause tornado

= Apply “thermodynamic vortex” to forecasting
Mesoscale Convective System (MCSSs)
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Method: Develop a new vorticity

« Hypothesize Lagrangian that has the dimension of energy density

= Apply 3 equations as the constraints of the system (Sasaki 2014)

Lagrangian ﬁ Conservation Conservation of entropy
Inner energy Gravity potential of miss (=the 2;' law of thermodynamics)
1 , -
L= { [2'02 = Ulp.5) = 8] = alop+ V- ()] = 5105 + 7 - (,oqu)]}
Kinetic energy : Iéntropy :
(1) (2)

@ ; : : )

Constraints: (1) equation of motion

(2) conservation of mass, entropy

\ .

« Action “L” has the minimum (stationary) points = Euler-Lagrange eq.

t1 1
L = / {/ L d;z':dydz} dt
to Vv

w=—=-VS Xv
v: velocity, p: air density, «, B: Lagrange multipler, V: whole region of the system, t,, t;: time (arbitrary) 4
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© Vorticity expressed by PT

and horizontal wind
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“Thermal flow causes vorticity in the system” C,: specific heat at constant pressure

Svapor: €Ntropy of water vapor

Chemical approach for the estimation . -
Vertical Vorticity

Vertical Vorticity

of vorticity w (Sasaki, 2009)

' - Horizontal

Converting entropy to potential temperature g(a'

allows to estimate vorticity using numerical
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Baroclinic atmosphere

O The state in which the isobaric surface and the iso-density (thermal)

surface are not parallel

Iso-density O Baroclinic vector [ /s? ]
Isobaric ~ surface ? 7
surface
i &//’ Fbaroc — FFP X vp

BR7 Express the effect of vorticity

= eliminating the gap between the

East(x) two surface

it =
North(y) Vo () Vp

Baroclinic: V8 is larger magnitude
In this research, we focused on vertical

component of baroclinic effect that is C, 1( o6 55‘)
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described by horizontal PT gradient. Svapor
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(idealized convection simulation)

! O Numerical model: CReSS (Tsuboki,

2002)
O Number of grids:
(lon.) 400 x (lat.) 200 x (ver.) 140
O Horizontal resolution: 250 m
O Vertical resolution: 100m (avg.)
O Environment wind at initial state :
horizontally uniformed west wind
O Warm bubble near the ground: +4 K
O

\_

Observation error: 1.0 x 1073 /s
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Warm bubble experiment: Settings
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Scale Analysis near Convection Core

v' FFT for vorticity {,, w, at cross-section of the convection core
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Scale Analysis near Convection Core
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Scale Analysis near Convection Core

v FFT for vorticity {,, w, at cross-section of the convection core
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Scale Analysis near Convection Core

v Rapid increasing of graupel can cause the
Maximum value of each mixing

increasing of PT-based vorticity ratio near convection core
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O Numerical model: CReSS (Tsuboki, \
2002)

O Assimilation system:

CReSS-LETKF (Yamaguchi et al., 2008)

O number of grids:
(lon)500x(lat)450x%(ver.)61

O horizontal resolution: 1km

O vertical resolution: 250m (avg.)

O initial/lboundary value: MSM (JMA)

(using the environment of Northern
Kyushu Heavy rainfall in July, 2017)

O Assimilation time: 2017/07/05 1230JST

kOObservation error: 1.0 X 1074 /s /

DA Experiment of vorticity: Settings

(pseudo) observation value
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vortex tubes in
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- Westward wind was dominant

- Vertical wind shear

- Almost zero of horizontal PT
gradient

- On the sea (ignore the
orographic effects) 5



DA Experiment of vorticity: Results
dv Jdu
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DA Experiment of vorticity: Results
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v’ Both negative/positive vortex
tubes realized near Assimilated
points

v Horizontal PT gradient become
larger though w,

v Updraft realized indirectly with
changing PT field
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Altitude [km]
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Future works: Energy Cascade

v FFT for vorticity {,, w, at 3D of the convection core
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® Analysis of the interaction between
(,,and w,

® The behavior of PT-based vorticity
corresponding to cloud-microphysics



Future works: Apply to MCSs

Olncreasing tendency of energy spectrum can also be seen

in MCS simulation
Wind-based vorticity ¢y 530,57
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