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Jupiter’s atmospheric structure 

•  Dark belts and bright zones circle the 
planet at constant latitudes, separated 
by zonal jets flowing at 180 m/s both 
eastward and westward.  

•  Large-scale ovals (~10,000 km) are 
typical weather systems lasting 10s of 
years, and display anti-cyclonic motion 
between the jets. 

•  Equatorial plumes are considered a 
marker for moist convection, as anvils 
of thunderclouds in the deep water 
cloud layer (Stoker, Icarus, 1985, 
1986). 



The Clouds of Jupiter 

•  Permanent global coverage 
organized in belts and zones 

•  Lower cloud - probably water - 
5 bar pressure level, 
convective, mixed-phase 

•  Middle cloud - NH4SH at the 2 
bar pressure level, stratiform 

•  Upper cloud  - Ammonia Ice, 
Cirrus-like 

• Lightning was predicted by Bar-Nun (1975) 
based on non-equilibrium chemistry.  
• Comparable to terrestrial “Super-bolts” 
• Mixed-phase water cloud seem to be the best 
candidate (Levin et al., Icarus, 1983).  



What are the possible contributions by 
Japanese team to atmospheric science in 
Jupiter?	


- Thundercloud simulation 

- Lightning detection by spacecraft  

- Spectral imaging with telescope	




First	
  detec*on	
  of	
  Lightning	
  –	
  Voyager	
  1,	
  2	
  

Voyager	
  1	
  
•  20	
  luminous	
  events	
  [30N,	
  

49N	
  55N]	
  
(Cook	
  et	
  al.,	
  1979,	
  Smith	
  et	
  al.,	
  1979)	
  

•  167	
  whistler	
  signals	
  [source	
  
at	
  66N]	
  

(Scarf	
  et	
  al.,	
  1979,	
  GurneI	
  et	
  al.,	
  1979)	
  

Voyager	
  2	
  
•  3	
  images	
  with	
  bright	
  spots	
  

[13.5N,	
  49N.	
  60N]	
  
(Magalhaes	
  and	
  Borucki,	
  1991,	
  Borucki	
  and	
  

Magalheas,	
  1992)	
  



Op*cal	
  Detec*on:	
  Galileo,	
  Cassini	
  

Storms are long lasting and the 
flash rate is high, very bright 
and energetic. 

Occur at mid- and high 
latitudes, less near the equator, 
especially in the belts 



Lightning is detected mainly in the belts, associated with optically thick, 
high white cloud clusters that appear suddenly and grow ~ days to 
diameters > 1,200 km.	




RelaPng	
  cloud	
  features	
  to	
  opPcal	
  flashes	
  in	
  Galileo	
  images	
  
(LiIle	
  et	
  al.,	
  Icarus	
  142,	
  1999)	
  



Moist convection as an energy source for the 
large-scale motions in Jupiter's atmosphere 

(Ingersoll et al., Nature, 2000) 

• Small-scale eddies drive both the jets and the ovals, 
receive their energy from moist convection. 
• The eddies are moist convective structures, and form 
a self-sustaining cycle: they maintain the jets and the 
interaction produces a pattern of upwelling and 
downwelling that helps maintain the eddies. 
• Moist convection is driven by instability created by 
the deep heat flow, and the condensation of water 
vapor leads to clouds ~80 km deep which produce 
lightning 
• The small eddies get their energy from the deep 
atmosphere and interior through moist convection	




Observation of moist convection in Jupiter's 
atmosphere (Gierasch et al., Nature, 2000) 

•  The total vertical transport of 
heat by storms is of the same 
order as the planet's internal 
heat source. 

•  Moist convection - similar to 
large clusters of thunderstorm 
cells in the ITCZ on Earth – 
may be a dominant factor in 
converting heat flow into 
kinetic energy in the Jupiter’s 
atmosphere	


Mapped images of the storm region. There are two storm centres, 
near latitude 14 S, longitude 268 W and latitude 15 S, longitude 
263 W, respectively	




Numerical modeling of cloud convection    
-- the model and the set-up -- 

Sugiyama	
  et	
  al	
  (2009)	
  Nagare	
  MulPmedia	
  (On-­‐line	
  Journal	
  of	
  Japan	
  Soc.	
  of	
  Fluid	
  Mechanics	
  )	
  
	
  Sugiyama	
  et	
  al	
  (2010,	
  to	
  be	
  submiIed	
  to	
  ICARUS)	


H2O	
  

H2O	
  

clouds	


vapors	


Sugiyama et al., 2009, 2010	




Characteristics of  
simulated cloud convection 

H2O	
  AcPve	
  period	
 Quiet	
  	
  period	


In	
  spite	
  that	
  the	
  thermal	
  forcing	
  driving	
  the	
  convecPon	
  is	
  kept	
  
constant,	
  the	
  simulated	
  cloud	
  convecPon	
  is	
  far	
  from	
  being	
  steady.	
  
Both	
  the	
  intensity	
  of	
  convecPve	
  moPon	
  and	
  the	
  structure	
  of	
  clouds	
  
exhibits	
  disPnct	
  quasi-­‐periodic	
  cycle.	


Sugiyama et al., 2009, 2010	




H2O	
  

NH3	
  

NH4SH	
  

Domain	
  	
  average	
  cloud	
  amount	


Domain	
  	
  average	
  temperature	
  deviaPon	


Pme(days)	


Why is the cloud activity  intermittent? 

Associated	
  with	
  the	
  strong	
  	
  water	
  cloud	
  
	
  convecPon	
  in	
  the	
  “acPve	
  period”,	
  	
  
the	
  tropospheric	
  temperature	
  rises	
  
sharply.	
  
The	
  atmosphere	
  becomes	
  stable,	
  	
  
and	
  the	
  cloud	
  acPvity	
  dies	
  out,	
  	
  
going	
  to	
  the	
  “quiet	
  period”.	
  

During	
  	
  the	
  “quiet	
  period”,	
  the	
  
atmosphere	
  	
  	
  
cools	
  slowly	
  by	
  the	
  “radiaPve”	
  cooling.	
  

When	
  the	
  atmosphere	
  is	
  cooled	
  	
  enough	
  
to	
  be	
  “convecPvely	
  unstable”,	
  
the	
  water	
  cloud	
  convecPon	
  returns,	
  
i.e.,	
  a	
  new	
  	
  “acPve	
  period”.	
  

quiet	
  	
 quiet	
  	
A
cPve	
  	


A
cPve	
  	


A
cPve	
  	


Sugiyama et al., 2009, 2010	




The time interval between active periods 
is roughly proportional to deep water 

vapor mixing ratio.  Why? 
The	
  amount	
  of	
  temperature	
  rise	
  is	
  roughly	
  	
  
proporPonal	
  to	
  the	
  deep	
  water	
  vapor	
  mixing	
  	
  raPo.	
  

The	
  period,	
  which	
  is	
  the	
  temperature	
  	
  rise	
  divided	
  	
  
by	
  the	
  cooling	
  rate,	
  also	
  become	
  proporPonal	
  	
  
to	
  deep	
  	
  water	
  content.	
  
Present	
  experiments	
  show	
  such	
  tendency.	
  

The	
  periodicity	
  of	
  clouds	
  gives	
  us	
  hints	
  on	
  	
  
deep	
  water	
  vapor	
  content.	
  

N.B.	
  Present	
  experiment	
  is	
  done	
  with	
  the	
  cooling	
  
much	
  stronger	
  than	
  	
  in	
  real	
  Jupiter’s	
  atmosphere.	
  
With	
  realisPc	
  strength	
  of	
  forcing,	
  	
  
the	
  periods	
  should	
  be	
  O(100-­‐1000	
  days).	
  

Sugiyama et al., 2009, 2010	




Cloud tracking    by orbiter  

Simultaneous measurements of atmosphere such as spectral imaging, 
which determine the horizontal motion of clouds and the altitude of cloud 
top, are essential to investigate the role of thunderstorm.   

Cloud tracking provides information of wind speed and nature of eddies. 



Recent spectral imaging on the ground suggests no significant alt. difference of 
cloud top between NEB/SEB and NTrZ/STrZ (Sato, et al.)   

Multi-color imaging with Ground-
based telescope and LCTF	


Spectral imaging  by ground-based and spacecraft 



Suggested	
  instrumenta*on	
  
for	
  lightning	
  flash	
  detec*on	
  
by	
  orbiter	

Sensor:	
  CMOS	
  (e.g.,	
  STAR250..	
  up	
  to	
  10s	
  of	
  MRad)	
  	
  
Filter:	
  H	
  Balmer	
  Alpha	
  line	
  (656.3nm)	
  narrow/wide	
  
Triggering:	
  transient	
  flash	
  detected	
  by	
  FPGA	
  logic	
  

	
   	
  should	
  be	
  opPmize	
  for	
  Jovian	
  lightning	
  

Sampling	
  rate:	
  
	
  normal	
  mode:	
  29ms	
  for	
  full	
  frame	
  (512x512	
  pixels)	
  
	
  high-­‐speed	
  mode:	
  up	
  to	
  ~0.1ms	
  	
  
	
   	
  for	
  30x30	
  pixels	
  by	
  focusing	
  thunderstorm	
  area.	
  	
  	
  

Weight:	
  	
  ~1kg	
  
Size:	
  16x7x5.5	
  cm	
  (sensor)	
  and	
  16x12x4	
  cm	
  (circuit	
  case)	
  
Power	
  consump*on:	
  ~4W	
  
Data:	
  only	
  intensity	
  and	
  pixel	
  locaPon	
  with	
  Pme	
  …reduced	
  significantly	
  
Those	
  specs.	
  can	
  be	
  modified	
  according	
  to	
  spacecrak	
  resources,	
  	
  	
  
or	
  even	
  can	
  be	
  combined	
  with	
  other	
  imagers.	
  



to	
  validate	
  a	
  possible	
  scenario	
  of	
  momentum	
  transfer	
  by	
  thundercloud,	
  	
  
which	
  make	
  large	
  scale	
  structures  
upward wind in thundercloud        small eddies       belt/zone and ovals 

Strategy	
  of	
  thunderstorm	
  study	
  in	
  Jupiter	
  	


- Wind velocity in belt/zone, ovals and eddies… by cloud tracking  
- Cloud top altitudes of belt/zone and thundercloud … by spectral imaging 
- Lightning activity with depth info. … by lightning flash detector	


Thundercloud	


Large scale zonal wind	


eddies	


EJSM? (JGO, JEO, JMO)	




名寄 (Nayoro) 

陸別 (Rikubetsu) 
札幌 (Sapporo) 

ISAS/JAXA 

•  Nayoro City 

  * geographical lat. & lon. = (44.4°N, 142.5°E) 

Month Ave. Temp. (°C) Precipitation (mm) 

1, 2, 3 -7.8 50.0 
4, 5, 6 +9.6 53.7 
7, 8, 9 +17.9 117.4 

10, 11, 12 +1.2 103.9 

Ground-based telescope for planetary obs. 
at Nayoro, Hokkaido,  
JAPAN	




Nasmyth(Ns) 
Focus - B 

Nasmyth(Ns) 
Focus - A 

Cassegrain(Cs) 
Focus 

Primary Mirror 

Secondary Mirror 

（Front View）	


Main Structure of  Telescope 





Summary	
  
QuanPtaPve	
  understanding	
  of	
  thunderstorm	
  acPvity	
  with	
  cloud	
  
monitoring	
  would	
  be	
  a	
  key	
  to	
  solving	
  mechanisms	
  of	
  zone/belt	
  
and	
  big	
  oval	
  structures.	
  It	
  is	
  also	
  dedicated	
  to	
  probing	
  of	
  the	
  water	
  
vapor	
  in	
  deep	
  atmosphere.	
  
CounPng	
  lightning	
  flashes	
  is	
  the	
  only	
  effecPve	
  an	
  easy	
  way	
  to	
  
esPmate	
  thunderstorm	
  acPvity	
  quanPtaPvely.	
  

Japan	
  has	
  good	
  experiences	
  in	
  thundercloud	
  simulaPon,	
  lightning	
  
detecPon,	
  spectral	
  imaging	
  (and	
  analysis).	
  

Compact,	
  light	
  and	
  simple	
  detector	
  onboard	
  EJSM	
  orbiters	
  can	
  be	
  
modified	
  according	
  to	
  the	
  spacecrak	
  resources.	
  

Ground-­‐based	
  telescope	
  also	
  may	
  contribute	
  to	
  atmospheric	
  
science	
  in	
  Jupiter.	



