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Dependency of horizontal resolution
on accumulation processes of
low-level water vapor
- Case study of Tsukuba tornado -
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Synoptic situation on 6 May 2012 (Tornado day)
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500 hPa temperature: 0900 JST

A cold air-mass with less than -18
degrees in Celsius at 500hPa

covered almost the whole area of
Japan.

Surface weather map : 0900 JST
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Warm moist air flow towards a low-
pressure system in the Sea of
Japan prevailed in eastern Japan.




Specific humidity at 500 m above sea level
depicted from JMA-MA
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1200JST Huge water vapor at low levels made favorable conditions
6 May for initiation and development of deep convection.




Time change of 500m-height specific humidity
depicted from JMA MA
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Moist air was produced associated with low-level
trough travelling eastward over the ocean south of Almost doubled
the Japanese Islands, and it flowed into Kanto Area.




Numerical model and experimental design

G
Model: IMANHM (Saito et al. 2006)
Dynamics: Fully compressible equations with a map factor
Cloud physics: Bulk-type with six water species (qv, qc, gr, qi, gs, qg)
Convection: Kain and Fritsch (1990) 4 Only in 5km model
Turbulence: MYNN (Nakanishi and Niino 2006), Deardroff (DD, 1980)
Surface flux: Beljaars and Holtslag (1991)
Horizontal grid: 5km (MYNN), 2km (MYNN), 1km (MYNN,DD), 500m (DD)
Vertical layer: 50 layers (6 layers below 500m, model top:21.8km)
Initial/boundary:  JMA-MA adopting a 4DVAR assimilation system
18JST, 5 06JST, 6
JMA-MA
NHM5km_w 4@ Domain:2500kmx2000km
NHM5km,2km,1km,500m 4@ Domain:1000kmx600km




Accumulation processes of low-level water vapor

Vertical transportation
from the top
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Mixing of eddies
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Other processes.

* Decrease due to
condensation
(product of clouds)
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In this study, a budget analysis of LWA is made using NHM
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Brightness temperature (IR-image) of MT-SAT
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\[¢] Femarkable clotids are f_oU_n_d south of thé Japanese Islands.
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Time change of low-level water vapor amount (5km)

-model
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Time change of accumulation processes (5km-model)
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Time variation (mm/h)

Time change of accumulation processes
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Time change of accumulation processes
for target air column (5km-model)
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Comparison between integrated increase and LWA
for target air column (5km-model)
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Sub-grid vertical transportation of water vapor

(Skm'mOdel) 12 hour integrated amount
B A N T e for target air column
gl A
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Sub-grid mixing dominates
below a height of 500 m.

mq ‘ Depth of humid layer
= Increases with time.
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Comparison between integrated increase and LWA

Left axis: Integrated increase(mm/h) Right axis: LWA (z < 936m) (mm)
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12 hour change of LWA for target air column

_ 500m-NHM(DD) | 1km-NHM(DD) 1km-NHM

Total (mm/12hours)

Kinematic change 211 743% 221 755% 180 62.9%

Horizontal

convergence 8.79 (308.3%) 8.59 (293.2%) 0.26 (322.8%)
\t/rearﬂggl)rtation (grid)y ~ -046  (161%) 052 (17.7%)  -1.58  (-55.2%)
ranepogation (subgrid) 0005 (0.18%) 0006  (021%) 0003  (010%
AT 622 (2181%) -5.86 (-2002%) -583  (-204.9%)
Latent heat flux 073 257/% 0.72 245% 106 37.1%

Difference between MYNN and Deardroff
B is small for total change, but each term.




Sub-grid vertical transportation of water vapor

km-NHM with Deardroff
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Vertical transportations of water vapor
for target air column (12h accumulation amounts)
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Vertical profiles of 12-hour accumulation amounts
of water vapor for target air column

m Grid (Residual+Horizontal adv.)
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Vertical profiles of water vapor for target air column
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Summary

v'Accumulation processes of low-level water vapor
Small dependency of horizontal res. & turbulence scheme on amounts
However, each process is difference by tub. scheme. —llil—

Accumulation process MYNN | Deardroff

Kinematic change due to meso trough ~ ~2/3 ~3/4
Latent heat flux from the sea ~1/3 ~1/4

v" Sub-grid vertical transportation (water vapor buoyancy)
IS limited below a height of 500m.
Small dependency of horizontal res., but large for tub. Scheme.

v" Features of vertical profile of water vapor
Deardroff accumulates water vapor in lower layers than MYNN
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MREEDLWAD 1 2E5EDE(LE

_ 5km-NHM 2km-NHM 1km-NHM
3.06

& & (mm/12hours)

BEEIFHEIL 197 642% 171 614% 180 62.9%
IKFULR 9.10 (296.9%) 9.15  (329.1%) 9.26  (322.8%)
$NEFZT (grid) 150  (488%) -1.60  (-57.4%) -1.58  (-55.2%)
SAEFEF (sub-grid) 0003 (0.11%) 0004  (0.15%) 0.003  (0.10%)
IKEFTR 564  (-184.0%) -5.85 (-210.4%) -5.88  (-204.9%)

BRISYIR 1.10 35.8% 1.07 385% 106 37.1%
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MREEDLWAD 1 2E5EDE(LE

3.02

& &t (mm/12hours)

BEEIFHEIL 192 635% 133 615% 154 75.1%
IKFULR 8.92  (2953%) 5.39  (2481%) 6.21  (303.5%)
SREFER (grid) 148  (-49.1%) 054  (24.7%)  -045  (-21.7%)
SNEFEIT (sub-grid)  0.002  (0.08%) 0.004  (02%)  0.004  (0.2%)
KEFTR 552  (-182.7%) -3.52  (-162.1%) -4.24  (-206.9%)

BEITYIR 1.0 365% 084 385% 051 24.9%
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