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Introduction:  On present day Mars, surface tem-

perature rarely exceeds 300K in the summers, while in 

winters it ranges around ~200K to ~250K [1]. This 

presents a very cold and dry picture of  Mars, which is 

also devoid of any form of precipitation. Plenty of evi-

dences, however, exist for a warmer and much wetter 

Mars in the past [2]. NASA’s MSL Curiosity, which 

landed in Gale Crater in August 2012, provided ample 

proof of a water-bearing environment within the crater. 

Phoenix lander, which touched down in the martian 

arctic region in May, 2008 has observed the present-

day martian weather conditions. Phoenix detected sur-

face frost early in the morning, very close to the lander 

and also subsurface water-ice that was exposed by its 

robotic arm[3]. Viking Lander 1 (VL1) was the first 

spacecraft to land on Mars which obtained first in-situ 

temperature, pressure and wind velocity data.  

We aim here to estimate the diurnal boundary layer 

properties of first order, for top soil moisture at four 

sites using in-situ temperature, humidity and pressure 

data measured by Curiosity. We compare the values 

obtained at Gale Crater, with similar first order calcula-

tions at VL1 and Phoenix sites. 

Dataset:  We used REMS/GTS level 3 data from 

Curiosity which includes air temperature (Ta), ground 

Temperature (Tg) pressure (p), and relative humidity 

(RH) for sols 10, 82, 238 and 436. For the Phoenix 

site, we used temperature measured at a height of 

250mm from the surface (T250) as surface temperature, 

and another measurement at a height of 1000mm from 

the surface (T1000) for air temperature, and relative hu-

midity was simulated for 5% and 100% (taken as min-

imum and maximum values, respectively) [4]. In case 

of Viking, we used in-situ surface and atmospheric 

temperatures, surface pressure from the lander and 

relative humidity measurements were obtained from 

[5]. 

 Method:  We have adopted the method [6] for es-

timating the sensible heat, which is given as  

 

QH = k
2
Cpuρaf(RB)[(Tg-Ta)/ln

2
(za/zo)] 

 

where k is the von Karman constant, cp specific 

heat of CO2 at constant pressure, ρa is density of air at 

1.6m, za is 1.6m where the Ta (air temperature) is 

measured by Curiosity, u is horizontal wind speed 

which is taken as 10 m/s in this study, f(RB) is a func-

tion of the bulk Richardson number RB.  The latent heat 

estimation from [6] is given as: 

QE = Lvβk
2
Cpuρaf(RB)[qs(T=Tg)-Ta/ln

2
(za/zo)] 

 

where Lv is the latent heat of sublimation from wa-

ter vapor, β represents the top soil moisture, qs the sat-

uration specific humidity at T=Tg, qa is specific hu-

midity at za. The values for the constant parameters are 

obtained from [6]. To obtain β, we used the Bowen’s 

ratio formulation [7] which relates the ratio of sensible 

heat and latent heat. β is equal to 1, if frost exists on 

the surface, otherwise it is taken as ~10
-4

 [6]. Similar 

temperature outputs from Phoenix and Viking landers 

were used for corresponding data analysis.  

Discussions:  We computed the thermal inertia for 

Rocknest area in Gale Crater (Curiosity was near 

Rocknest on sol 82) from THEMIS nighttime IR image 

using a  technique developed by [9] and also from in-

situ REMS/GTS derived temperature values. Orbiter-

derived thermal inertia values range between 410-450 J 

K
-1

m
-2

s
-1/2

, while in-situ thermal inertia values range 

from 320 to 350 J K
-1

m
-2

s
-1/2 

(Fig.1). The derived ther-

mal inertia suggests that the region consists of finer 

materials. Moreover, the thermal inertia would affect 

the surface, which is undergoing periodic heating. The 

moderate thermal inertia obtained over the Curiosity 

site suggests that the rate of heat exchange is relatively 

less as compared to the higher thermal inertia regions.   

Fig. 1. THEMIS nighttime IR derived thermal inertia 

map obtained using [8] for the Gale crater region   

(4.6°S, 137.4° E).  

1780.pdf46th Lunar and Planetary Science Conference (2015)



 

Fig. 2. Sensible and latent heat flux derived for four 

seasons from the Curiosity REMS. The seasonal effects 

are reflected in the diurnal curve. 

 

       The diurnal variation plots of sensible heat and 

latent heat for four different seasons are shown in Fig. 

2. We obtained first order β values for the studied sols 

to be in the range of 10
-2

 to 10
-3

,
 
which is in agreement 

with the limits proposed by [6]. The seasonal data that 

we plotted provided several insights on the seasonal 

influence over the surface. 

 

       We have obtained a relatively higher value of β in 

the spring season as well as in the summer season. We 

attribute this relatively higher value to the fact that 

during the months of spring and summer, the daytime 

as well as nighttime surface temperatures are signifi-

cantly higher than during other seasons (autumn and 

winter). Moreover, solar insolation is also higher on 

Mars at this time. To further support our wetness num-

bers, we point out to the fact that RSL (Recurring 

Slope Lineae) [8] appear and fade over the course of 

spring through autumn at a few places on Mars. More-

over, the linear streaks or, relatively dark markings 

were observed on steep southern slopes (32° to 48° S) 

[8]. These features are also known to form only if the 

surface temperature exceeds 250K. Although RSL have 

not been observed as far north as Gale crater, we argue 

that the conditions for the formation are favourable for 

at least a few hours in the daytime during the late-

spring to early-autumn seasons. The atmosphere could 

also be relatively more humid in summer time at Gale 

Crater (early in the morning), which we find to be a 

contributing factor to moisture at that time of day 

(0300 to 0500 hours LST).   

 

For the Phoenix site, we chose sol 25, due to the 

detection of water ice just beneath the robotic arm. For 

this site, we used the relative humidity as 100%, early 

in the morning and also at late in the night (2200 to 

0700 hours LST). RH drops substantially later in the 

day to almost about 5% by early afternoon, but attains 

higher values again at around 2200 hrs LST. The first 

order β was in the order of 10
-2

 in the early morning 

hours, which suggests that the site could be more moist 

during that period. Over the Viking landing site, for sol 

1, we obtained the same order as that of the Phoenix 

site. The first order analysis over the three landing sites 

have thus provided an insight about β, which is well 

within the limits prescribed [6]. 
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