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Introduction:  The Mars Atmosphere and Volatile 

EvolutioN (MAVEN) spacecraft has been continuously 
observing the variability of solar soft X-rays and EUV 
irradiance, monitoring the upstream solar wind and in-
terplanetary magnetic field conditions and measuring 
the fluxes of solar energetic ions and electrons since its 
arrival to Mars in September 2014. Relevant observa-
tions from the instrument suite include solar flare activ-
ity based on solar irradiance measurements by the solar 
Extreme Ultraviolet Monitor (EUVM), the fluxes of so-
lar energetic particles accelerated by shocks at the Sun 
and in the heliosphere from the Solar Energetic Particle 
(SEP) instrument, the solar wind plasma parameters by 
the Solar Wind Ion Analyzer (SWIA) and the vector 
measurements of the interplanetary magnetic field 
(IMF) by the Magnetometer (MAG).  

Such a comprehensive set of observations at Mars  
gives us the opportunity to better characterize the local 
EUV and solar wind conditions during active space 
weather periods and to analyze the response of the Mar-
tian system to the upstream disturbances. Some of the 
Mars-impacting space weather events observed by 
MAVEN include the heating of the neutral atmosphere 
triggered by large flares [1][2], the perturbation of the 
Martian system and ion escape enhancements due to the 

passage and interaction of an interplanetary coronal 
mass ejection (ICME) [3; 4], and the triggering of dif-
fuse auroral emission in the lower Martian atmosphere 
due to the precipitation of electrons during a SEP event 
[5][6].  

Thus far, the strongest space weather event observed 
by MAVEN occurred in September 2017, when a series 
of solar flares and CMEs erupted from the Sun. This se-
ries of solar activity impacted the local space environ-
ment at Mars, including the upper atmospheric heating 
by emissions from the X-class solar flare, high fluxes of 
solar energetic particles (SEPs) impacting the atmos-
phere and reaching the surface, bright emissions of a 
diffuse (global) aurora, and observation of a Forbush-
like decrease in the radiation environment due to the en-
counter of Mars with the ICME [4; and references 
therein]. 

Overview of the upstream space weather obser-
vations:  Figure 1 shows the upstream solar wind con-
ditions observed by MAVEN to date (November 2014 
to the end of March 2019). This period corresponds to 
the end of the maximum phase through the (ongoing) 
minimum phase of Solar Cycle 24 (hereafter, SC 24), as 
indicated by the monthly sunspot numbers versus time 
shown in Figure 1a. Figures 1b-1d show the orbit-

Figure 1. (a) NOAA monthly mean sunspot numbers (SSN) from November 2014 to the end of March 2019, corre-
sponding to the end of Solar Cycle 24 maximum phase to the ongoing minimum phase. (b to e) 4.5 years of MAVEN 
observations of the solar wind speed, density, dynamic pressure and IMF magnitude. The solid magenta (blue) vertical 
lines mark the CMEs (CIRs) that impacted Mars. 

6434.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)



averaged MAVEN/SWIA upstream solar wind speed, 
density, and dynamic pressure measurements together 
with the total IMF magnitude measured by 
MAVEN/MAG. The vertical lines shown in this figure 
give an indication to the types of space weather activity 
that dominates the solar cycle phases and experienced 
by Mars, such as impacts by ICMEs (magenta) during 
the  SC 24 maximum phase and corotating solar wind 
streams (blue) during the SC 24 declining-to-minimum 
phase. In general the modestly active SC 24 maximum 
produced generally weaker solar events and helio-
spheric conditions, in comparison to the activity of SC 
23 (e.g., the 2003 the Halloween Storm).  

An extreme space weather event at Mars:  On 10 
Sept 2017 during the declining-to-minimum phase of 
SC 24, active region 12673 (AR2673) produced some 
strong solar activity, including an X8.2 class flare and a 
fast (~3,300 km/s) and wide CME. Although AR2673 
was not centrally facing Mars (~67°E from the Sun-
Mars line), the solar events greatly impacted the local 
space environment at Mars. The space weather effects 
at Mars were simultaneously observed by instruments 
across several Mars missions, MAVEN, Mars Science 
Laboratory (MSL), Mars Express (MEX), Mars Odys-
sey (MO), and also Trace Gas Orbiter (TGO). Numeri-
cal results for the event period from the Wang-Sheeley-
Arge (WSA)-Enlil coupled solar corona-solar wind 
model (hereafter, WSA-Enlil) were used to illustrate the 
global context of the solar and heliospheric sources of 

the space weather conditions observed at Mars during 
this event period. Figure 2 shows a WSA-Enlil simula-
tion snapshot of the solar wind speeds in the ecliptic 
plane. The black contour lines illustrate the modeled 
ICME structure that impacted Mars on 13 Sept 2017.  

 Figure 3 shows the upstream observations by 
MAVEN during this event period. The top panel shows 
the MAVEN/EUVM observations of the solar irradi-
ance, where the detected peak irradiance is associated 
with the X8.2 solar flare event. The following three pan-
els show the high energy SEP protons (15 to 220 MeV) 
and lower energy SEP protons (20 keV to 6 MeV) and 
electrons (20 keV to 200 keV) detected by 
MAVEN/SEP. The fifth panel shows the upstream solar 
wind dynamic pressure measured by MAVEN/SWIA 
(red dots) overplotted with the modeled values (black 
line). The bottom panel shows the magnetic field topol-
ogy (closed, open, draped) derived from the photoelec-
tron measurements by MAVEN/SWEA. 
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Figure 3. MAVEN observations of the space 
weather activity that erupted from the Sun on 9-10 
Sept 2017. Figure adapted from [4]. 

           
Figure 2. WSA-Enlil simulation snapshot showing the 
arrival at Mars of a merged structure of  three CMEs 
(black contour lines) that erupted in succession from 
one active region at the Sun on 9-10 September 2017. 
The colors shown are the modeled solar wind speeds 
in the ecliptic plane. Figure adapted from [4]. 

6434.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)


