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Introduction: Jupiter’s moon Europa is a prime 
target in our exploration of potentially habitable worlds 
beyond Earth, and of ocean worlds in the outer solar 
system. The Europa Lander Mission Concept would 
land on the surface to collect and process ≧3 separate 
samples, each at least 7 cm3, and acquired from ≧10 
cm deep [1, 2, 3]. The experience gained from landing 
on and/or sampling Earth’s Moon, Mars, comet 67P, 
Ryugu and Bennu, and plans for landing on/sampling 
Ceres are all relevant to the Europa Lander Mission 
Concept because they are all airless bodies like Europa 
(or in the case of Mars, a body with a thin atmosphere). 
We do not include Venus and Titan because their 
dense atmospheres result in a different landing process. 
For an overview of the entire reconnaissance strategy 
for landing on Europa, see [4, 5]. 

Lessons Learned from Landing on Earth’s 
Moon: In the early 1960s, a debate was still occurring 
as to whether a lander or astronaut would sink into the 
lunar surface [6]. The seven Surveyor missions were 
designed to provide vital information about the 
potential Apollo landing sites, and when Surveyor 1 
did not sink into the lunar regolith, it confirmed earlier 
calculations that the surface could support a lander [7]. 
Moreover, Surveyor 6 performed a controlled 2.5 m 
hop after initial landing, and observed its original 
landing site to investigate soil mechanics [8].  

Any site on the lunar surface was of great scientific 
interest, so the main lunar landing site constraints 
focused on engineering safety considerations such as 
slopes ≤12°, good lighting conditions and no extreme 
topographic variations at the landing site or along the 
approach. NASA’s Associate Administrator for 
Manned Space Flight made the final decision for 
Apollo 11 to land in the Sea of Tranquility [6], which, 
fittingly, had a <2° slope, few craters and boulders, and 
no large hills or cliffs in the reconnaissance data. 
However, a last minute diversion was still required to 
avoid a small crater filled with boulders.  

Chang’ E 3 landed on the Moon in 2013 and was 
the first lunar soft landing since Luna 24 in 1976 [9]. 
As engineering lessons were learned from the earlier 
Chang’ E missions, the scientific goals became more 
important. The Chang’ E 4 landing site (the first 
successful landing on the lunar far side) was selected 
after a down-selection process that included 
quantitative scoring of potential sites [10].  

Lessons Learned from Landing on Mars: 
Martian landing site selection by NASA has relied on 
data of ever-increasing spatial resolution [11]. Mariner 
9 data was initially used to reconnoiter landing sites for 
the Viking mission. The many 100s m/pixel data 
concealed an unexpectedly dangerous surface, and 
more reconnaissance, using higher resolution data from 
the Viking orbiter, was needed prior to landing [12].  

Based broadly on experience gained from the 
Pathfinder mission, the landing site selection process 
for the Mars Exploration Rover (MER) mission took 
over 2 years and involved four open community 
workshops. Roughly 155 potential landing sites were 
down-selected to 4 finalists via an iterative process 
based on engineering safety constraints and science 
priorities. The engineering constraints included low 
latitudes for maximum solar power, low 10-m scale 
slopes to reduce air bag bounce and moderate rock 
abundance to reduce air bag abrasion [13].  

The Mars Science Laboratory (MSL) landing site 
selection process was based on MER, with key 
technological developments: (i) aero-maneuvering 
through Mars’ thin atmosphere (instead of ballistic 
descent) reduced the landing ellipse size, and (ii) the 
sky crane architecture was more robust to high surface 
slopes (<30° slopes at 2-5 m) than the previously used 
air bags, enabling consideration of rougher sites [11]. 
The landing site selection process for Mars 2020 was 
similar to MSL, and advancements in terrain relative 
navigation (TRN) shrunk the landing ellipse to ~8 x ~7 
km, which enabled more landing site possibilities [14]. 

The science objectives for InSight could be met by 
landing anywhere on Mars, so only engineering factors 
influenced landing site selection, such as slopes <15° 
and the leveling limit for the seismometer [15].  

Lessons Learned from Landing on Comet 67P, 
and Sampling Asteroids Ryugu and Bennu: The 
Rosetta orbiter performed a thorough characterization 
of the nucleus of comet 67P using data up to a few cm/ 
pixel, which enabled selection of nominal and back-up 
landing sites for the Philae lander. Potential landing 
areas were based on scientific suitability, relatively flat 
topography, lack of boulders, predicted vertical axis of 
lander within 30 degrees of surface normal, 
illumination angle and impact velocity [16]. 

For Hayabusa2 at Ryugu, 100 m2 potential 
sampling areas were narrowed down to 10 m2 areas 
using cm/pixel 2D and 3D data. Boulder abundance 
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and topography/topographic flatness were the main 
engineering safety considerations, in addition to a 
scientific evaluation of likely sample properties [17].  

Upon arrival at Bennu, the OSIRIS-REx spacecraft 
discovered a surface with many low thermal inertia 
boulders, and smaller hazard-free regions than 
anticipated. As a result, the final sampling site was 
1/10th of the size originally planned. The mission 
design was built around reconnaissance, and enabled 
an incrementally increasing understanding from the 
global to local scale to be obtained [18, 19]. 

Lessons Applied to Landing on Ceres: A recently 
studied New Frontiers class lander and sample return 
mission concept for Ceres has many considerations 
similar to those for landing on Europa [20]. Dawn data 
(highest resolution ~5 m/pixel in Occator crater) does 
indicate that safe and scientifically interesting sites are 
likely present on Ceres [21], but does not allow for full 
characterization of hazards on the scale of a ~1-5 m 
lander, which requires data of a few decimeters per 
pixel to ~1 m/pixel (based on the 5:1 rule of thumb 
[e.g., 11]). Thus, an orbital reconnaissance phase is 
recommended for a future mission. TRN and hazard 
avoidance [22] would guide the spacecraft to a safe 
site. Landing ellipses would be as small as ~20 m 
circles on account of no atmospheric perturbations 
(like at Mars) and the precision of TRN [20]. 

Lessons Applied to Landing on Europa: Based 
on the aforementioned lessons, the Europa Lander 
Mission Concept team have: (1) defined engineering 
safety and science criteria for landing site section, (2) 
plan to use data from upcoming missions to thoroughly 
characterize and select landing sites prior to arrival at 
Europa and (3) will utilize advancements in technology 
to enable safe and high-precision landing [1 – 5].  

Mission data to be used in landing site selection. 
The highest spatial resolution Galileo data (~12 
m/pixel in very localized areas) provides tantalizing 
indications that safe 200 m diameter landing sites do 
exist on Europa. However, Galileo data would not 
provide enough information to safely land on Europa. 
Thus, data would be utilized from upcoming remote 
sensing missions, in particular Europa Clipper, for 
landing site selection [4, 5]. Using a notional launch 
date in 2030, there are almost 3 years between the end 
of the Europa Clipper prime mission and the final 
landing site selection for the Europa Lander Mission 
Concept architecture, providing ample time to identify 
a landing site. An extended Europa Clipper mission 
would also provide opportunities for targeted, follow-
on observations of potential landing sites focusing on 
key reconnaissance considerations such as the creation 
of DEMs, the differentiation of shadows from areas of 
low albedo and the observation of surface changes. 

Maximizing the reconnaissance potential of Europa 
Clipper data. The Europa Clipper Reconnaissance 
Focus Group (Recon FG) consists of scientists and 
engineers from the Europa Clipper and Europa Lander 
Mission Concept teams. The Recon FG developed 
planning guidelines that provide a metric against which 
possible Europa Clipper trajectories can be assessed 
for suitability for the needs of reconnaissance. 
Planning guidelines do not leverage requirements on 
the Europa Clipper mission but they do allow the 
mission design team to understand requests from the 
focus groups and provide goals for tweaking in-
development tours to achieve the best science possible 
[23]. There are two Recon FG planning guidelines: (1) 
the landing site selection dataset planning guideline is 
needed to select a landing site that meets requirements 
for both engineering safety and scientific value, and (2) 
the planning guideline for the TRN dataset is needed to 
successfully navigate to a selected landing site. 

Utilization of technological advancements. Key 
technological advancements would enable landing sites 
as small as 200 m in diameter, and would include the 
use of an adapted sky crane, TRN, and hazard 
avoidance. Moreover, four adaptable stabilizer legs 
would provide stability by locking in place when the 
main body of the lander touched the surface [1, 2].   

Conclusions: The Europa Lander Mission Concept 
is mature and technologically well-developed. There 
are detailed plans to: define and apply engineering 
safety and science criteria for landing site selection, 
use data from upcoming missions, in particular Europa 
Clipper, for landing site reconnaissance, and use 
technological advancements to increase probability of 
safe landing and enable high-precision landing. For 
more information see 
https://www.jpl.nasa.gov/missions/europa-lander and 
https://www.europa-insitu.caltech.edu.  
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