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利用課題『AFESを用いた地球型惑星の大気大循環シミュレーション』及び『AFESを用いた火星・金星大気
の高解像度大循環シミュレーション』のもとで実施しました。
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はじめに
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• 金星大気の循環を理解するためには、大気大循環モデル（AGCM）による 
数値シミュレーションも重要である。


• 我々は、地球シミュレータに最適化された AGCM である AFES（Ohfuchi et 
al. 2004; Enomoto et al. 2008）の簡易金星版を開発し、従来よりも高解像度の
数値計算を実施してきた。

- 極渦の解析（Ando et al. 2016; 次の発表）

- 惑星規模波動の解析（Sugimoto et al. 2013, 2014; さらに次の発表）

- 運動エネルギースペクトル解析（本発表）

• エネルギースペクトルは、惑星スケールからモデルが解像可能な最小ス
ケールまでの運動エネルギー分布を記述する方法。


• 地球大気のエネルギースペクトルは航空機観測（Nastron & Gage 
1985）によって求められ、その分布は AGCM で再現されている
（Takahashi et al. 2006 など）。


• 金星大気のエネルギースペクトルを求めることは比較惑星学的にも重要。
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簡易金星版 AFES 計算設定
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• 空間解像度：

- 切断波数 T159（~0.75°× 0.75°; 480 × 240 グリッド）

- 鉛直層数 L120（Δz ~ 1km; シグマ座標）


• 放射過程は簡易：

- 水平一様なニュートン冷却 と日変化含む太陽加熱 (0–80 km; 60–70kmで強い)


- 基準温度場に 低安定度層（55－60km）を配置 

• 渦粘性（サブグリッドスケールの乱流の効果）

- ４次の水平超粘性 (∇4) ― 切断波数に対する緩和時間 0.01 地球日

- 鉛直渦粘性 ― 係数 0.15 m2s–1 


• 自転は地球と同じ向き

• 雲・湿潤過程なし・乾燥対流調節なし

• スポンジ層 (≧ 80km)

• 初期値：基準温度場と温度風平衡にあるスーパーローテーション流

• 積分期間：４地球年（解析期間は最後の１地球年分：準定常状態）
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← 低安定度層

電波掩蔽観測の 
結果を反映

ニュートン冷却の 
基準温度場の安定度 

(Sugimoto et al. 2013)

スポンジ層

初期スーパーローテーション流

スポンジ層
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計算結果｜平均東西風
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計算結果｜平均東西風
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12 第 1章 はじめに

図 1.3 雲追跡法で見積もられた雲層上部 (高度 65 km付近)の昼面平均東西風速．米
国のマリナー 10号 (Mariner 10，1974年)，パイオニア・ヴィーナス (1979年，1982

年)，および欧州宇宙機関のヴィーナス・エクスプレス (Venus Express, 2007年)によ
る観測．(Taylor, 2010, Fig. 8.8)

動している可能性が指摘されている．なお，金星大気東西風の観測データは，上述のいく
つかの地点での鉛直分布と昼面雲層上部の緯度分布ぐらいしかなく，雲層より下の風速を
含めた 3次元的な風速分布はまったく観測されていない．

1.1.2 タイタン

タイタン大気のスーパーローテーションは，Sicardy et al. (1990) による，星の光の
掩蔽観測によって初めて観測的に示唆された．その後 2005年に，米国の土星探査機カッ
シーニ (Cassini) がタイタン大気に投下したホイヘンス (Huygens) をドップラー追跡す
ることにより，東西風速の鉛直分布が得られた (図 1.4)．高度 120 km付近で 100 m/s程
度の西風が観測されており，これはタイタン大気が自転速度の約 9倍の速さで回転してい
ることを意味する．なお，タイタン大気の東西風観測は，金星よりもさらに少なく，緯度
分布などはまったく観測されていない．

(Taylor 2010)

観測：雲追跡風
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運動エネルギースペクトル｜地球
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(Koshyk & Hamilton 2001) 鉛直渦度 水平発散
(球面調和関数展開の係数)

E(⇣D)
n =

a2

2n(n+ 1)

nX

m=�n

(⇣mn ⇣m⇤
n +Dm

n Dm⇤
n )Etotal

n

(Natrom & Gage 1985)

地球大気観測
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as not believable. Indeed we find that the steepening near
the end of the spectrum in Figure 1 has no counterpart in
the full 2D spectrum. Figure 2 shows this 2D total
horizontal wavenumber KE spectrum at 200 hPa calcu-
lated from the simulated vorticity and divergence fields
(equation (6) of KH). The left panel shows results for the
full range of wavenumbers resolved (1–639) and the
right panel shows a closeup of the 30–639 range. Results
are presented for the simulations with the control value of
the hyperdiffusion coefficient and with twice and one- half
this value. The result with the control value of diffusivity
displays a mesoscale regime that is close to a constant slope
overmuch of themesoscale, although there is a slight bending
down past n ! 300 and an abrupt increase at the highest few
wavenumbers. The anomaly right near the truncation wave-
number is a feature of the simulated spectra in thismodel at all
resolutions. The appearance of this feature suggests that the
nonlinear interactions in the model are resulting in a foward
cascade of energy that is arrested at the truncation scale and
accumulates there. This is a feature of many numerical
simulations and may be eliminated with an appropriately
scale-dependent dissipation. Fortunately, in this case the
apparently anomalous values are confined to just a few
wavenumbers.
[9] The model when run with the enhanced and reduced

diffusivity coefficients is much less successful in simulating
the observed constant slope of the mesoscale spectrum. It is
noteworthy that the doubled standard diffusivity run (red
curves) appears to be overdamped over most of the high

wavenumber end of the spectrum, but still exhibits a clear
shallowing of the spectrum in the mesoscale range, from say
n ! 80 to n ! 250.

4. Resolution Dependence and Scaling of
Parameterized Diffusion

[10] A series of simulations with different truncations
(from T39 to T639) and different values of the horizontal
diffusivity were run. By trial and error choices of the
diffusivity, the result in Figure 3 was obtained. This shows
simulated spectra that are nearly independent of the trunca-
tion over the n"3 and shallower mesoscale regimes (for
legibility the T39 result is not shown but it agrees well with
the others). The values of the diffusivity used in each of
these experiments is shown in the upper right panel. We find
that to obtain the convergent spectra we need to scale the
diffusivity approximately as a power law of the model
truncation (the regression fit shown in Figure 3 is 1.2 #
1021 nt

"3.22 m4s"1, where nt is the truncation wavenumber).
Also shown are results for the recommended diffusivity
values for T21, T31, T42 and T63 determined by Boville
[1991] in a similar manner using a different spectral GCM.
[11] The dashed line in Figure 3 shows spectra computed

from a T639 integration identical in all respects to the
control run, but employing twice the vertical resolution
(T639L48). The result is reasonably close to that from the
24-level version, although there seems to be a systematic
difference between n ! 10 and n ! 50 where the L48 model
has more KE than the L24 version.

5. Results for Dry Dynamical Core Model

[12] If KH are correct and the energy in the mesoscale is
at least partly due to downscale spectral cascades from the
synoptic scales, then a shallow mesoscale spectrum may be
expected even in a model with no moist convection. In order
to test this notion, we constructed a dry dynamical core

Figure 3. As in Figure 2 but for AFES run with different
numerical resolution. Results are shown for the 24 level
version truncated at T79, T159, T319 and T639, as well as
the T639L48 version. At each horizontal resolution a
diffusion coefficient has been determined by trial and error
to produce the fairly convergent behavior at the high
wavenumber end of the spectrum. The black symbols in the
inset show the diffusion coefficient as a function of
truncation obtained this way. The red dots show results
from a similar analysis of a version of the NCAR
atmospheric model obtained by Boville [1991]. The lines
in the inset are linear regressions.

Figure 4. As in Figure 2, but for the control T639L24
AFES (black) and the dynamical core version of the model
run with the same horizontal diffusion coefficient as
employed in the standard AFES (red) and with half this
diffusion coefficient (blue).

L12812 TAKAHASHI ET AL.: GLOBAL SIMULATION OF MESOSCALE SPECTRUM L12812
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(Takahashi et al. 2006)

地球AGCM

–3

–5/3

（2次元乱流による下向きカスケード）
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運動エネルギースペクトル｜金星
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• 傾き –5/3 が目立つ

• 全波数 10 ～ 45

　(4,000 ～ 900 km)

• 特に高度 70 ～ 60 km


as not believable. Indeed we find that the steepening near
the end of the spectrum in Figure 1 has no counterpart in
the full 2D spectrum. Figure 2 shows this 2D total
horizontal wavenumber KE spectrum at 200 hPa calcu-
lated from the simulated vorticity and divergence fields
(equation (6) of KH). The left panel shows results for the
full range of wavenumbers resolved (1–639) and the
right panel shows a closeup of the 30–639 range. Results
are presented for the simulations with the control value of
the hyperdiffusion coefficient and with twice and one- half
this value. The result with the control value of diffusivity
displays a mesoscale regime that is close to a constant slope
overmuch of themesoscale, although there is a slight bending
down past n ! 300 and an abrupt increase at the highest few
wavenumbers. The anomaly right near the truncation wave-
number is a feature of the simulated spectra in thismodel at all
resolutions. The appearance of this feature suggests that the
nonlinear interactions in the model are resulting in a foward
cascade of energy that is arrested at the truncation scale and
accumulates there. This is a feature of many numerical
simulations and may be eliminated with an appropriately
scale-dependent dissipation. Fortunately, in this case the
apparently anomalous values are confined to just a few
wavenumbers.
[9] The model when run with the enhanced and reduced

diffusivity coefficients is much less successful in simulating
the observed constant slope of the mesoscale spectrum. It is
noteworthy that the doubled standard diffusivity run (red
curves) appears to be overdamped over most of the high

wavenumber end of the spectrum, but still exhibits a clear
shallowing of the spectrum in the mesoscale range, from say
n ! 80 to n ! 250.

4. Resolution Dependence and Scaling of
Parameterized Diffusion

[10] A series of simulations with different truncations
(from T39 to T639) and different values of the horizontal
diffusivity were run. By trial and error choices of the
diffusivity, the result in Figure 3 was obtained. This shows
simulated spectra that are nearly independent of the trunca-
tion over the n"3 and shallower mesoscale regimes (for
legibility the T39 result is not shown but it agrees well with
the others). The values of the diffusivity used in each of
these experiments is shown in the upper right panel. We find
that to obtain the convergent spectra we need to scale the
diffusivity approximately as a power law of the model
truncation (the regression fit shown in Figure 3 is 1.2 #
1021 nt

"3.22 m4s"1, where nt is the truncation wavenumber).
Also shown are results for the recommended diffusivity
values for T21, T31, T42 and T63 determined by Boville
[1991] in a similar manner using a different spectral GCM.
[11] The dashed line in Figure 3 shows spectra computed

from a T639 integration identical in all respects to the
control run, but employing twice the vertical resolution
(T639L48). The result is reasonably close to that from the
24-level version, although there seems to be a systematic
difference between n ! 10 and n ! 50 where the L48 model
has more KE than the L24 version.

5. Results for Dry Dynamical Core Model

[12] If KH are correct and the energy in the mesoscale is
at least partly due to downscale spectral cascades from the
synoptic scales, then a shallow mesoscale spectrum may be
expected even in a model with no moist convection. In order
to test this notion, we constructed a dry dynamical core

Figure 3. As in Figure 2 but for AFES run with different
numerical resolution. Results are shown for the 24 level
version truncated at T79, T159, T319 and T639, as well as
the T639L48 version. At each horizontal resolution a
diffusion coefficient has been determined by trial and error
to produce the fairly convergent behavior at the high
wavenumber end of the spectrum. The black symbols in the
inset show the diffusion coefficient as a function of
truncation obtained this way. The red dots show results
from a similar analysis of a version of the NCAR
atmospheric model obtained by Boville [1991]. The lines
in the inset are linear regressions.

Figure 4. As in Figure 2, but for the control T639L24
AFES (black) and the dynamical core version of the model
run with the same horizontal diffusion coefficient as
employed in the standard AFES (red) and with half this
diffusion coefficient (blue).
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運動エネルギースペクトル｜回転成分・発散成分
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E(⇣D)
n =

a2

2n(n+ 1)

nX

m=�n

(⇣mn ⇣m⇤
n +Dm

n Dm⇤
n )

(Koshyk & Hamilton 2001)

鉛直渦度 水平発散
(球面調和関数展開の係数)
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回転成分：

発散成分：
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• 回転成分は 高度約 57~73km では –5/3 に近い。40kmは –3乗則

• 発散成分は低波数側まで –5/3 乗則。

回転成分　　　　 　　　　発散成分
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• 高波数側は発散成分が卓越

• 高度 60 km 付近は、その上下
に比べて回転成分が大きい。


• 重力波の伝播を示すか？

➡重力波解析は未着手

➡今回はスペクトル解析から
の推察を述べる。
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（Takahashi et al. (2006) のデータ）
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ここまでのまとめ
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• 簡易金星版大気大循環モデル AFES を用いて高解像度計算を実施。 
- スーパーローテーション流を初期値として４地球年の積分。

- 東西風速場は観測と似た分布。


• 水平運動エネルギースペクトル En を計算。 
- 4 < n < 45 の範囲で−5/3 乗則。

- (地球では 10 < n < 80 で−3乗則、80 < n で−5/3乗則) 


• En を発散成分 EnD と 回転成分 Enζ に分解。 
- 発散成分は多くの高度で低波数側まで –5/3乗則に近い。

- 回転成分は、高度 ≧57kmでは–5/3乗則、40km付近では–3乗則。


• 発散成分の割合の高度分布を調査。 
- 発散成分の割合が極小となる高度、と

- 密度をかけた運動エネルギーが極大となる高度、がおおよそ一致。

‣ この高度で励起された発散エネルギー（重力波）が上下に伝播して 
いる様子を示している。


- この高度は、南北温度差が大きい＆安定度が低い。

‣ 傾圧不安定によって励起される重力波の上下伝播による寄与の可能性。
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雲画像（輝度値スペクトル）との比較
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Venus clouds and turbulence 311

Fig. 4. Examples of the zonal cloud brightness power spectra averaged along latitude bands (as indicated). The spectra are averaged logarithmically over 3 maps in
a latitude band 20◦ wide (gray lines). All spectra are normalized to power 1 at wavenumber 10. Log–log fits to the data for the wavenumber ranges 1–10 and 10–50
are shown as continuous black lines and are slightly extended beyond the region of the fit (dashed lines).

Table 2
Power spectra slopes in Galileo data

k range n at each latitude band

50◦–70◦ N 30◦–50◦ N 10◦–30◦ N 10◦–10◦ N 10◦–30◦ S 30◦–50◦ S

(1) Map A (360◦ longitude)
1–10 – −2.5 ± 0.3 −2.1 ± 0.4 −2.0 ± 0.2 – –
10–50 – −2.1 ± 0.5 −1.9 ± 0.4 −2.1 ± 0.3 – –

(2) Average of all maps (A, B, C, D, and E)
1–10 −2.3 ± 0.3 −2.7 ± 0.7 −1.9 ± 0.4 −1.7 ± 0.4 −1.9 ± 0.2 −1.8 ± 0.5
10–50 −1.9 ± 0.5 −2.0 ± 0.5 −2.0 ± 0.4 −1.8 ± 0.4 −2.1 ± 0.4 −1.9 ± 0.4

On the average, the power spectra show an index n close
to −2, with higher variability at low wavenumbers (k = 1–10)
where extreme slope exponents ranging from n = −1.7 (lat-
itudes 10◦ N–10◦ S) to −2.7 (latitudes 30◦–50◦ N) are found
(Table 2). In this low wavenumber range k = 1–10, correspond-
ing to synoptic and planetary scales, the spectrum is domi-

nated by slopes n ∼ −2 up to latitudes ∼35◦ N but the spec-
trum becomes steeper with n ∼ −3 at ∼50◦ N in both hemi-
spheres (Fig. 5). In the high wavenumber range (k = 10–50)
there is practically no differences with latitude and the aver-
age slope is n ∼ −2, indicating that the distribution of cloud
features at synoptic and sub-synoptic scales (L < 3500 km)

3 
 

 

Fig.2 PSDの例 （ 2007-07-27 03:30:17 ）62S 
 

 
Fig. 3  PSDの傾きの緯度変動 

(左)2009-05-04 17:23:17 , (右) 2009-05-04 23:08:17 のデータ。 
 
 
４．まとめ 
本研究では 2006年 5月から 2010年 1月の期間に撮像された画像のうち 44画像について

解析を行った。緯度 20S－70Sの波数 0.0001 /kmから 0.01 /kmの範囲のパワースペクトルを

求め、長期的な特徴を調べた。 

その結果、多くのスペクトルにおいて地球の kinetic energy spectraと同程度のスケール
（波数 0.001 - 0.003 /km）で変曲が見られた。この変曲は 2次元乱流と 3次元乱流の境界で

あると推定される。また、スペクトルが数時間という短い周期で時空間変動している様子

を初めて示した。 
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Fig. 13. Time-averaged power spectra of the zonal brightness variation for the indicated latitude bands in the (a) 

northern hemisphere and (b) southern hemisphere. All the spectra are normalized to the power at wave number 10 in the 
10øS-10øN latitude band to emphasize relative differences. 

cloud layer to produce the low contrast in high phase angle 
images, but not so deep that it cannot produce the rather high 
contrasts of the largest-scale features in low phase angle im- 
ages [Travis et al., 1979a]. 

We have searched our images for indications of vertical lay- 
ering or indirect evidence of vertical motions. There are four 
such indications. 

1. On the boundary between the bright polar regions and 
the mid-latitude regions, dark streaks occasionally appear to 
cut across the other features in the area (Figures 2rn, 2w, 3a, 
and 6b). This may mean that these features are at different al- 
titudes than the others. 

2. In several images (Figures 2j, 2q, and 6a) bright mate- 
rial from the polar region appears to intrude into lower lati- 
tudes. OCPP polarimetry results show that the bright polar re- 
gions are associated with a significantly greater number 
density of submicron haze particles lying above the main 
cloud and extending more than two scale heights above it 
[Kawabata et al., this issue]. In one comparison of a polarim- 
etry map with an image acquired -•5 hours earlier a region of 

what larger than observed in convection on earth [Agee et al., 
1973] and much larger than anticipated for dry convection in 
an unstable region. The Pioneer Venus large probe cloud par- 
ticle size spectrometer experiment [Knollenberg and Hunten, 
this issue] does show a well-mixed layer in the same region of 
the cloud as the low stability region found by the large/small 
probe atmosphere structure experiment [Seiffet al., this issue]. 
However, this level is too deep in the cloud to be observed by 
OCPP. One possible explanation is that the cells represent 
convective motions that occasionally penetrate into and 
spread out in the statically stable regions that are viewed by 
OCPP. Convection in the neutrally stable, well-mixed part of 
the cloud. may be continuous, but perhaps only a few cells are 
vigorous enough to penetrate to higher altitudes. 

One common 'explanation' of the dark UV features is that 
they are produced when convective motions bring dark mate- 
rial up from below which is then distributed into planetary 
scale- features by the winds aloft. This picture is not supported 
by the observed interactions of the large-scale features with 
the ce:lis. If numerous cells produced a dark albedo feature, 

bright streamers at the northern edge of the south polar region 'then we should observe a permanent, sun-locked, large-scale 
exhibits the signature of substantial submicron haze over the 
main cloud. If this correlation is confirmed, it could imply 
that polar haze particles are being transported from the pole 
toward lower latitudes at these higher altitudes (see section 

3. The two types of wavelike features that have been iden- 
titled suggest vertical motions in a statically stable level, i.e., 
gravity waves. Such a statically stable region is indicated by 
the probe temperature measurements above 60 km [Seiffet al., 
this issue]. 

4. The cells are conceivably produced by small-scale con- 
vection. This interpretation raises two questions: (1) what 
process produces the large horizontal scale of these con- 
vective cells (-•200-700 km) and (2) what relation do the cells 
have to the low static stability region observed below 60 km in 
the probe measurements? If the relevant vertical length scale 
for convection is the gas scale height, then the diameter/depth 
ratio of the cells may be as large as 100. Such a ratio is some- 

dark feature near and downstream from the subsolar point. 
Although the Mariner 10 imaging team concluded that this re- 
gion was disturbed [Murray et al., 1974], they and we do not 
see any evidence for a sun-locked dark feature. As discussed 
in section D2, the dark equatorial band is a common feature, 
but it propagates around the planet, appearing fully formed 
even at the morning terminator (Figure 2a), where fewer cells 
are seen. 

2. Horizontal Cloud Structure and Motions 

The bow-shaped features observed in the OCPP images can 
be more than 10,000 km long and yet only 500-1,000 km wide 
(e•g., Figure 3a). On some occasions they move across the disk 
•:a single unit and reappear in an altered but recognizable 
form 4 days later (e.g., the arms of the Y feature in Figures 2q ß 

and 2u), suggesting a lifetime >4 days. Yet the same features 
can completely disappear in less than 4 days (Figures 2u 
and 2w) rather than slowly decaying away. Furthermore, other 
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cloud layer to produce the low contrast in high phase angle 
images, but not so deep that it cannot produce the rather high 
contrasts of the largest-scale features in low phase angle im- 
ages [Travis et al., 1979a]. 

We have searched our images for indications of vertical lay- 
ering or indirect evidence of vertical motions. There are four 
such indications. 

1. On the boundary between the bright polar regions and 
the mid-latitude regions, dark streaks occasionally appear to 
cut across the other features in the area (Figures 2rn, 2w, 3a, 
and 6b). This may mean that these features are at different al- 
titudes than the others. 

2. In several images (Figures 2j, 2q, and 6a) bright mate- 
rial from the polar region appears to intrude into lower lati- 
tudes. OCPP polarimetry results show that the bright polar re- 
gions are associated with a significantly greater number 
density of submicron haze particles lying above the main 
cloud and extending more than two scale heights above it 
[Kawabata et al., this issue]. In one comparison of a polarim- 
etry map with an image acquired -•5 hours earlier a region of 

what larger than observed in convection on earth [Agee et al., 
1973] and much larger than anticipated for dry convection in 
an unstable region. The Pioneer Venus large probe cloud par- 
ticle size spectrometer experiment [Knollenberg and Hunten, 
this issue] does show a well-mixed layer in the same region of 
the cloud as the low stability region found by the large/small 
probe atmosphere structure experiment [Seiffet al., this issue]. 
However, this level is too deep in the cloud to be observed by 
OCPP. One possible explanation is that the cells represent 
convective motions that occasionally penetrate into and 
spread out in the statically stable regions that are viewed by 
OCPP. Convection in the neutrally stable, well-mixed part of 
the cloud. may be continuous, but perhaps only a few cells are 
vigorous enough to penetrate to higher altitudes. 

One common 'explanation' of the dark UV features is that 
they are produced when convective motions bring dark mate- 
rial up from below which is then distributed into planetary 
scale- features by the winds aloft. This picture is not supported 
by the observed interactions of the large-scale features with 
the ce:lis. If numerous cells produced a dark albedo feature, 

bright streamers at the northern edge of the south polar region 'then we should observe a permanent, sun-locked, large-scale 
exhibits the signature of substantial submicron haze over the 
main cloud. If this correlation is confirmed, it could imply 
that polar haze particles are being transported from the pole 
toward lower latitudes at these higher altitudes (see section 

3. The two types of wavelike features that have been iden- 
titled suggest vertical motions in a statically stable level, i.e., 
gravity waves. Such a statically stable region is indicated by 
the probe temperature measurements above 60 km [Seiffet al., 
this issue]. 

4. The cells are conceivably produced by small-scale con- 
vection. This interpretation raises two questions: (1) what 
process produces the large horizontal scale of these con- 
vective cells (-•200-700 km) and (2) what relation do the cells 
have to the low static stability region observed below 60 km in 
the probe measurements? If the relevant vertical length scale 
for convection is the gas scale height, then the diameter/depth 
ratio of the cells may be as large as 100. Such a ratio is some- 

dark feature near and downstream from the subsolar point. 
Although the Mariner 10 imaging team concluded that this re- 
gion was disturbed [Murray et al., 1974], they and we do not 
see any evidence for a sun-locked dark feature. As discussed 
in section D2, the dark equatorial band is a common feature, 
but it propagates around the planet, appearing fully formed 
even at the morning terminator (Figure 2a), where fewer cells 
are seen. 

2. Horizontal Cloud Structure and Motions 

The bow-shaped features observed in the OCPP images can 
be more than 10,000 km long and yet only 500-1,000 km wide 
(e•g., Figure 3a). On some occasions they move across the disk 
•:a single unit and reappear in an altered but recognizable 
form 4 days later (e.g., the arms of the Y feature in Figures 2q ß 

and 2u), suggesting a lifetime >4 days. Yet the same features 
can completely disappear in less than 4 days (Figures 2u 
and 2w) rather than slowly decaying away. Furthermore, other 
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ただし雲の濃淡パターンが運動パターンと一致する保証はない...
輝度値パワースペクトルは −5/3 乗よりも急な傾き。
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Fig. 2. Pioneer Venus OCPP images. 


