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Introduction:  The Mars Student Climate Lander 

(MSCL)[1] was a study conducted at the Jet Propul-
sion Laboratory by a student team supported by the 
National Space Grant Consortia. This student designed 
mission will provide a low mass, low volume, self-
sufficient payload with a suite of instruments capable 
of meeting aggressive science goals to characterize the 
surface of Mars. The payload was designed to piggy-
back on a Mars Science Laboratory (MSL) sized rover 
and  be dropped off on the surface after landing.  

In order to fully characterize Mars, both its history 
and present state, we need to understand its atmosphere 
and global climate.  Studying atmospheric science on 
Mars is a high priority according to the Mars Explora-
tion Program Analysis Group (MEPAG) [2]. Past mis-
sions have taken numerous global surveys of the Mar-
tian atmosphere looking down from orbit, but only a 
few have looked up from the surface.  Studying the 
near surface and boundary layer climate environments 
are scientifically useful for a broad range of reasons, 
including understanding dust and water transport, long-
term climate modeling, potential habitability, and par-
ticularly future human exploration. Understanding the 
surface environment can directly contribute to the 
search for life on Mars and allow scientists to further 
understand what conditions to expect prior to planning 
manned missions.   

  In addition, the Martian boundary layer is respon-
sible for the dynamics of the lower atmosphere, and 
surface data can significantly contribute to future Mars 
sample return missions.  The Martian boundary layer 
has a fascinating diurnal cycle.  It can sink as low as 
the surface during the Martian night and rise up to sev-
eral kilometers high at the peak of the sol.  Since it has 
such a different dynamic behavior compared to Earth’s 
boundary layer, there is a lot of information that engi-
neers need to become familiar with before they can 
design a rocket that will successfully leave the Martian 
atmosphere and return to Earth.   

A global network of climate landers would provide 
an invaluable in-situ dataset to enhance numerical 
model predictions.  Orbiters have provided useful at-
mospheric data for the upper to midlevel atmosphere, 
but data for the lower atmosphere is still lacking. The 
dataset has been established by Viking [3], Pathfinder 
[4], and Phoenix’s [5] meteorology packages. These 
missions contributed to the surface observations of 
temperature, pressure, wind, and atmospheric composi-
tion measurements. The meteorology package aboard 
MSL (REMS) will also provide valuable temperature, 

pressure, and wind measurements but expands the 
package to include crucial ultraviolet radiation meas-
urements [6].  MSCL will be able to provide similar 
datasets to better understand the surface environmental 
conditions that future human missions may encounter, 
ideally in several locations on the Martian surface.  

Science Objectives:  The science objectives were 
defined according to NASA Exploration priorities. 
MEPAG science goals clearly advocate for the need to 
determine atmospheric states that affect entry, descent, 
and landing (EDL) and launching techniques. A better 
understanding of the ionizing radiation environment is 
also crucial to the health of future human explorers. 
With these priorities in mind, the science objectives 
were defined as the following: 

Primary: Quantify the near-surface environment as 
it pertains to potential habitability and human explora-
tion. 

Secondary: Determine the variability and condi-
tions in the boundary layer.  

MSCL is capable of characterizing surface weather 
conditions and quantifying the radiation environment.  
The instrument suite will conduct direct measurements 
of surface pressure, temperature, humidity, wind veloc-
ity, and ultraviolet and high-energy radiation doses. In 
addition, indirect measurements of thermal lapse rate 
and surface water vapor flux can be derived with this 
instrument suite.  

To address the secondary science objective, the in-
strument suite will be capable of characterizing the 
aerosol concentration profile, air temperature profile, 
integrated water column, and atmospheric dust opacity. 

Figure 1 MSCL with the mast fully deployed after 
dropoff from parent rover. 
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The thermal balance between the surface and lower 
atmosphere will also be quantified.  

Instrument Package:  The instrumentation pack-
age is directly related to the two science objectives.  In 
order to satisfy the surface and boundary layer meas-
urement requirements, the following instruments were 
selected:  six thermocouples, a humidity sensor, a 
sonic anemometer, an upward looking and downward 
looking radiometer, a barometer, a lidar, and a camera.  
The instrument layout, seen in Figure 2, is designed to 
simultaneously achieve optimum science measure-
ments and satisfy extremely restrictive engineering 
requirements. 

Conclusions:    Studying the near-surface and 
boundary layer climate environment is not only scien-
tifically valuable but can provide insight required to 
plan for future human exploration missions.  MSCL’s 
observations will be able to answer questions related to 
radiation environment, dust transport, water vapor 
transport, temperature and pressure fluctuations, aero-
sol concentrations, and habitability. The local (possibly 
global if a network is established) observed surface 
conditions will provide the missing data points for nu-
merical global climate models whose accuracy is cru-
cial for successful Mars Sample Return and human 
exploration missions. 
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Figure 2 The MSCL instrumentation layout. 
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