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Findings from Venus Express 
and some outstanding questions 



Science Objectives 

The aim of Venus Express was to carry out 
a comprehensive study of the atmosphere 
of Venus and to study to some detail the 
plasma environment and number of 
aspects of the surface of the planet. 
 
The first mission to make systematic use 
of the spectral windows in the near IR 



Science Objectives  - Themes 

•  Atmospheric Dynamics 
•  Atmospheric Structure 
•  Atmospheric Composition and Chemistry 
•  Cloud Layer and Hazes 
•  Radiative Balance and Greenhouse effect 
•  Surface Properties and Geology 
•  Plasma Environment and Escape processes 



Orbit Characteristics 

Ø  24 hours period 
Ø  250-400 km pericentre altitude 
Ø  66000 km apocentre altitude 

Ø  90 deg inclination 
Ø  Pericentre latitude 74-90 deg N 
Ø  7-10 hours communication link 

per orbit 



Science Payload 

Name Instrument Principal Investigator 

ASPERA Analyser of Space Plasma and 
Energetic Ions 

S. Barabash, IRF, 
Kiruna, Sweden. 
 

MAG* Magnetometer T. Zhang, IWF,  
Graz, Austria. 

PFS Planetary Fourier Spectrometer 
(IR) 

V. Formisano, IFSI-CNR, 
Rome, Italy. 
 

SpicaV/SOIR* UV-IR spectrometer for stellar 
and solar occultation 

J.-L. Bertaux, SA-CNRS, 
Verriere, France. 
 

VERA Venus Radio Science B. Häusler, Uni-BW, 
Muenchen, Germany. 
 

VIRTIS* UV-Vis-IR Mapping spectrometer P. Drossard, Obs de Paris, 
Meudon, France, 
G. Piccioni, IASF-CNR, 
Rome, Italy. 

VMC* Venus Monitoring Camera W. Markiewicz, MPS, 
Lindau, Germany 

 
 



Some Mission Facts 

1. The operation of the spacecraft has been 
extraordinary smooth.  

2. Over 5000 Gbit of science data has been 
downloaded to ground from the six scientific 
instruments. 

3. 16 earth occultation seasons have taken place. 
Radio science observations have been carried 
out and resulted in more than 700 density/
thermal atmospheric profiles. 

4. 13 atmospheric drag campaigns have been 
performed. Well above 100  measurements 
down to an altitude of 165km has been 
collected.  

5. ESA’s first aerobraking campaign resulted in 27 
deep atmospheric profiles, down to 129 km 
altitude, 



Major new observations 

1.  Evidence of Volcanism. The planet is alive! (VMC, Virtis). 
2.  Large temporal variations in mesospheric SO2. (SpicaV) 
3. Global maps of surface temperature and emissivity. (Virtis) 

4. Detailed information on the south polar vortex. (Virtis) 
5.  Secular increase in the wind speed at the cloud top. (VMC) 
6. Discovery and characterisation of atm. gravity waves. (VMC)  

7. Discovery of new species: Ozone, Hydroxyl. (SpicaV, Virtis) 
8.  Establishing profiles of D/H ratio, varying with altitude (SOIR) 

9.  Establishing escape rates of H, O and He ions. (ASPERA) 
10. Evidence of lightning.(MAG) 



Fields of significant improvements 

1. Understanding of atmospheric dynamics in four dimensions. 
2.  Atmospheric structure (T and density) mapped. 
3.  Characterisation of the dynamic plasma environment and 

magnetosphere. 
4. Mapping of the dynamic distribution of H2O, CO, NO, O3, OCS, 

SO2, HF, HCl. 
5. Observations of C and O isotopes in CO2 

6.  Characterisation of airglow of several species. 
7.  Characterisation of the clouds and hazes: drop size 

distribution and refractive index. 
8.  Improvements of GCM’s and cloud formation models using 

VEX data. 



Virtis 5 micron images of the southern hemisphere 
and the south pole double vortex, made in 1st orbit 

[Piccioni, 2007] 



Polar vortex dynamics 

Virtis data @5µm, 
sampling altitude  
~65km 



Octobber 2014 ESTEC Open Dag 11 

Polar Vortex 



No vertical wind shear in the vortex 

Deep atmosphere (50 km) 
Clouds top radiation (65 km) 



VMC UV images, global scale 

Octobber 2014 13 
Orbit #462 

Orbit #458 
Orbit #673 

Orbit #679 



Cloud top morphology and small scale 
structures, by VMC at UV 

1000 km 



Wave features in VMC UV images 



Tracking of the apparent motion of the O2 emission:                            
The observed circulation appears highly variable even on 
short time-scales (hours). Data from Virtis. 

Movie covers ~8 hours 

6 days apart 

O2 airglow at 1.27 µm at night 



Octobber 2014 ESTEC Open Dag 17 

Oxygen airglow in motion (VIRTIS) 



Octobber 2014 ESTEC Open Dag 18 

Origin of airglow 
on Venus 

[Hueso, 2008] 



Observation of O2 and NO airglow 

O2 airglow emission at ~ 97 km – 
suggest weak or no super-rotation 

   VIRTIS, SPICAV 
  

NO airglow emission at ~ 115 km 
suggests super-rotation! 

  [Stiepen et al., 2013] 



Contemporary Volcanism? 

Emissivity anomaly at Idunn Mons 
[Smrekar, 2010] 

Surface Temperature [Mueller, 2010] 



YES, definitely! 

1.0 micron channel of the VMC camera, show the dramatic 
increase and subsequent decrease back to normal of the 
surface brightness (temperature). This is observed at the edge 
of a recent tectonic rift zone, Ganiki Chasma, where active 
volcanism could be suspected.                       

[Shalygin, 2015] 



Mesospheric SO2 changes 

Venus Express shows 
episodic injection of SO2 into 
mesosphere. 
- Is this an connected with 
volcanic activity (like Pinatubo)?  
- Or is it simply atmospheric 
variability (like El Niño / La 
Niña)? 

[Marcq, 2012] 



309 km altitude, 0516 LT, 85o latitude  [Russell, 2010] 

Evidence for Lightning: 
- Whistler waves as seen by MAG 



Venus Express provided the 
first 3-D determination of 
winds at different altitudes on 
Venus. 

Winds at the cloud level 

[Khatuntsev, 2012] 

Now wind data over six years 
reveal a dramatic 30% 
increase in super-rotation rate! 

Relation to change in solid 
planet rotation rate? [Helbert, 2011] 



Location of horizontal gravity waves 
from VMC data 

Northern hemisphere. To 
be interpreted with care 
as strong biases in the 
data set may exist.  

[Piccialli, 2013] 

Compatible with 
observation of vertical 
gravity waves as 
observed by Radio 
Occultation 
measurements. 
 



New torque technique for measuring 
atmospheric density at low altitudes 

1.  Run movie 



High day to Day variability from Drag/
Torque measurements at 165km  



Aerobraking Scientific Results: 
Atmospheric Density at low altitues 

April 2015 Vexag Hampton, VA 

Large day-to-day variability 



Final contact 



Science Objectives 

•  Atmospheric Dynamics 
•  Atmospheric Structure 
•  Atmospheric Composition and Chemistry 
•  Cloud Layer and Hazes 
•  Radiative Balance and Greenhouse effect 
•  Surface Properties and Geology 
•  Plasma Environment and Escape processes 

OK 

OK 

OK 

OK 

OK 

OK 

?? 



Outstanding questions (1) 

•  Atmospheric Dynamics 
•  Apparent increase in wind speed at the cloud tops. Is 

this a real effect and for how long can it be sustained? 
Periodicity? Relation to surface features? Relation to 
change in rotation rate of the solid planet? The 
meridional circulation is still not well characterised. 

•  Atmospheric Structure 
•  The cold layer at 125 km as observed by SpicaV is very 

near the freezing point of CO2. Modelling of this layer is 
still not satisfactory. Is this a permanent or variable 
feature? 

•  The structure below 45km remains largely unknown. 



Outstanding questions (2) 

•  Atmospheric Composition and Chemistry 
•  Apart from for water and CO the composition below the 

clouds is not well characterised 

•  Cloud Layer and Hazes 
•  The unknown UV absorber in the upper cloud layer is still 

not well understood 
•  The lower cloud layers remain little characterised. What 

are the main microphysics parameters? Are the lower 
cloud particles solid or liquid?  



Outstanding questions (3) 

•  Radiative Balance and Greenhouse effect 
•  What is the global radiation balance and how does it 

relate the greenhouse and the surface temperature? 

•  Surface Properties and Geology 
•  What characterises the surface-atmosphere interactions? 

Which materials/gasses and processes are involved? 
•  Where are the active regions located? Evenly distributed 

or strongly concentrated? 
•  High radar reflective areas still not understood. 



Outstanding questions (4) 

•  Plasma Environment and Escape processes 
•  How can the variation in D/H with altitude be explained? 

Does this represent a static situation? 
•  Why is the escape from Venus less that the escape from 

the Earth? 



Outstanding questions, not or only 
partially addressed by Venus Express 

Planetary evolution 
What were the conditions at early Venus?  
 - Need for measurements of noble gasses and key isotopes. 
 

Lack of magnetic field 
Information on the planetary interior is lacking. When and how did 
the dynamo stop. Was there ever an effective dynamo at Venus.
   

General information of the surface structure and geology need 
improvement.    



Conclusions 

1.  Venus Express has clearly driven the understanding of Venus forward in 
many fields. A key finding is the large variability in many measured 
parameters, both spatial and temporal (long and short term). 

2.  Questions related to the interior, the surface and the surface- 
atmosphere interaction need to be studied further, preferable with a 
lander/rover, but important results can be achieved by using a high- 
resolution (interferometric-) SAR 

3.  Information on the atmosphere below the clouds is still very sparse, 
probes seem needed. 

4.  Some hints on the evolution have been given but it is necessary to get 
measurements of selected stable isotopes and noble gasses. (balloon?) 

5.  Imaging of the surface below the clouds is still not done, except for at 
radar wavelength. (probes, plane?) 



Major publications 

1.   Over 500 refereed publications related to Venus Express results 
2.   Planetary & Space Science, double issue on Venus Express (2006-07) 
3.   Special section of Nature (2007)  
4.   Planetary & Space Science, special issue on coordinated ground and space based 

observation campaign (2008) 
5.   Journal of Geophysical Research, special issue on Venus Express (2009) 
6.   Planetary & Space Science, special issue on comparative planetology (2010) 
7.   Icarus, special issue on Venus (2012) 
8.   ISSI Book “Towards understanding the climate of Venus” (2012) 
9.   Planetary & Space Science, special issue on Exploration of Venus (2015)  
10.  Venus III book (in progress)    
 

VEXAG#10 37 



Bye bye Venus Express… 


