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Analytical Study of the Spectrum of
Vertical Wind and the Spectrum of Clouds

Nobuaki ADACHI

Abstract

Accurate modeling is difficult for the feedback effect of clouds associated with
global warming, and the uncertainty in climate prediction is one of the biggest
elements in the future. It is supposed that there is a close relation to radiation
budget of the clouds associated with a convective activity. It is necessary to under-
stand the convective activity, i.e., vertical wind, and the spatial relation of clouds.
Frontier Research Center for Global Change and Center for Climate System Re-
search, University of Tokyo developed Nonhydrostatic ICosahedral Atomospheric
Model (NICAM) for this problem. NICAM has calculated clouds directly without
using cumulus parameterization.

In this study, we analyzed the features of the spatial spectrum of vertical wind
and the cloud elements using NICAM, and attempted to understand the spatial
relation of these elements.

The spatial spectrum is calculated for the data of 2008/09/13/00Z of 108 hours
after the initial value of 2008/09/08/127Z. The time integration of NICAM with
glevel-10 (horizontal resolution 7.0 km) is carried out by the T2K Tsukuba system.
Moreover, cross-spectral analysis is conducted about the spatial spectrum of each
element, and the relation between vertical wind and a cloud element is investigated.
It turns out that the spatial spectrum of vertical wind becomes a white noise
spectrum independently of latitudes and altitudes. Near the equator, the spatial
spectrum of clouds also turns to a white noise spectrum. The spatial spectrum of
clouds turns to a red noise spectrum as the latitude becomes high, but the spectral
slope is very loose.

As a result of calculating the cross-spectrum of vertical wind and clouds, it is
found that vertical wind and a cloud element has very high correlation. Correla-
tion is high from a low wavenumber to a high wavenumber. There was no phase
difference in that case. That is, in every spatial scale, vertical wind and clouds
are related closely, and more clouds are formed in the strong place of the upward
flow.

Key Wards: vertical wind, cloud, NICAM, spectral analysis, cross-spectrum
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Specific Humidity [g/kg]
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Cloud Water [g/kg]
700hPa, Distribution of Longitude
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Cloud Ice [g/kg]
500hPa, Distribution of Longitude
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Cloud Ice [g/kg]
200hPa, Distribution of Longitude
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Energy Spectrum

Northern Hemispheric ’OLR’
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Energy Spectrum

Energy Spectrum
Northern Hemispheric "W Wind’
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Energy Spectrum
Northern Hemispheric *Specific Humidity’

N20° - N30°
M ] ]

Equator - N10° 1

—
Q

Energy Spectrum

1 500nPa

| 300hPa ------

1 500nPa
| 300hPa -

T T T
M| MR | —

T T T
M| MR | —

Energy Spectrum

2] 500hPa

100

700hPa

{ 700hPa
1 500nPa
| 300hPa ------

0

Y

| 300hPa -~

T
Zonal Wavenumber

————— P
102 10

3

00

T 102
Zonal Wavenumber

022:400000000000Q0g/kg000D0O0O0OOOOODO

41



Energy Spectrum
Northern Hemispheric *Cloud Water’

Equator - N10° 1 N20° - N30° 1

104

E ERYRY
S 105 | i
©
(]
o
(@p)]
>
o2
2 10 | I
L ]

1 600hPa

| 700hPa | 700hPa

850hPa ------ 850hPa ------

10_7 T M T M T T T M T M TorTTTT
o4 N40° - N50° | N60° - N70° |
£ LAk
2 107 ] Vi 2
3] (AT
o (ATAEY
o i
%)
>
(@)
o
o 104 - -
L 1 1 .
| 600hPa | 600hPa %ﬂ
: 700hPa 700hPa i
850hPa ------ 850hPa ------
10_7 T AR T A T T . - T AR T A T AR
100 10! 102 108 10° 10! 102 103
Zonal Wavenumber Zonal Wavenumber

023: 400000000000 QCOg/kgDODOODODODOOOOOO

42



Energy Spectrum
Northern Hemispheric *Cloud Ice’
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Energy Spectrum
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Energy Spectrum
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