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Introduction: At Gale Crater, clouds on Mars have 

been observed from the surface through Zenith movies 

(ZMs) taken from the NavCam from the Mars Science 

Laboratory (MSL) Rover, also known as Curiosity 

[1,2]. However, the altitude of these clouds as yet to be 

determined, as Curiosity lacks a lidar [3,4] with which 

cloud height could be directly measured. Previous stud-

ies [2,5] have suggested that the Planetary Boundary 

Layer (PBL) at Gale Crater may be too dry to support 

clouds near this surface which suggests that features 

may be located at altitudes higher than the crater rim. 

This theory is supported by recent analysis which 

shows a correlation in season between cloud and the 

prescence of the aphelion cloud belt (ACB) [5]. Fur-

thermore, looking at the granularity of the ZMs indi-

cates a characteristic wavelength of approximately 7° 

which suggests a cloud spacing of 5 km if the altitude 

of the cloud is 40 km [2].  

However, such estimates give only a rough approx-

imations of the height of these clouds. To better find 

the altitude, an atmospheric model, the Mars Regional 

Atmospheric Modeling System (MRAMS) [6] will be 

used to correlate wind direction, wind speed and super-

saturation with the available data derived from imaging 

sequences. 

 

 Method: Cloud motion directions may be deter-

mined based on the ZMs [1]. These movies consist of 

eight images that are taken at a camera elevation of 85° 

so that the zenith point is within each image [1]. These 

observations are usually obtained every 3-4 sols from 

the beginning of the mission and are still a part of cur-

rent operations. The current record of ZMs span two 

Martian years with observations taken throughout the 

day [5]. 

Before wind direction and angular speed can be 

found, images must be processed using the mean-frame 

subtraction technique [1,2,3] as the raw images do not 

directly show the clouds due to their low optical depth. 

The mean-frame subtraction technique consists of cal-

culating the average frame of all eight images and then 

subtracting this to each individual image to isolate a 

time-variable component [1].  From this, a movie is 

made showing the differences between each frame, 

which show the thin clouds. An example of this is 

shown in Figure 1. 

Since the motion of the clouds are visible in the 

ZMs, the angular wind speed can be calculated by find-

ing the average distance the clouds move across the 

frame. This will be used to compare wind speed and 

direction to the MRAMS model data at each altitude 

from 0 to 50 km above Curiosity 

 

Ongoing Work: 

The first solar longi-

tude (LS) to be mod-

elled was 90° and re-

sults from the analysis 

will be presented. 

Eventually, an entire 

Martian year will be 

simulated which will 

allow the examination 

of the evolution of the 

height of the clouds 

above Gale Crater 

over the entire Mar-

tian year. 

 

Figure 1: An example 

of clouds found from 

the sol 429 ZM. This 

was after the pro-

cessing of the images 

using the mean sub-

traction method. With 

this orientation, cloud 

movement can be ob-

served from top to 

bottom [1]. 
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Figure 2: The MRAMS profile of data modelled on 

Ls 90°. Samples of modeling results from MRAMS 

on Ls 90°  used for comparison of observations 

with numerical predictions [6]. The graphs corre-

spond to temperature, wind speed and wind direc-

tion respectively. These were plotted against time 

and altitude. 
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