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Executive Summary  

Venus surface conditions are exceptionally challenging for the 

use of surface platforms due to the high temperature and pressure 

and reactive atmosphere. Nonetheless, there are important 

science questions that can only be answered via in situ surface 

operations, both short and long durations. A main purpose of this 

Venus Surface Platform Study is to understand platform 

capabilities required to achieve desired Venus interior-, surface-, 

and surface-atmosphere-related science.  

More generally, the original study purpose was to assess the 

science achievable by various surface platform capabilities, to 

describe the state of the technologies applicable to Venus surface 

exploration, and to lay out a high-level roadmap for the future 

exploration of the planet by this means. Given that the Venus 

Exploration Analysis Group (VEXAG) recently reviewed and 

released updates to its key documents (Figure ES-1), one of which 

was the exploration roadmap, the study team dropped the 

roadmap element from the objectives. 

Major findings of the completed study include: 1) surface 

science is key to understanding Venus origin, history, climate, and 

interior; 2) some key data (like mineralogy and morphology) can 

continue to be acquired with short-duration landers and probes 

while other data (meteorology, seismology, and geological 

processes) need the long temporal baselines provided by long-

duration landers. Further, other data will require measurements 

taken simultaneously at multiple locations; 3) current technology 

can support new short-duration missions; 4) increased science 

can be realized by increasing surface missions® capabilities in a) 

life on surface (time), b) mobility, c) sophistication and 

autonomous operations (smarts), and d) multiple copies of the 

same platform making simultaneous measurements at various 

locations (multiple simultaneous measurements or MSM). The 

potential impact to science by various capabilities is shown in 

Table ES-1. An ¯H° in a field signifies that the capability is highly 

impactful in realizing that aspect of the science. An ¯S° in a field 

signifies it is somewhat impactful. The descriptions and definitions 

of the capabilities are provided in Section 3.0.  

The capabilities referenced previously are underpinned and 

made possible by a host of technologies, some current, some in 

development, and some still to be developed. The study team 

explored the relationship between technologies and capabilities 

and summarized the results in Table ES-2. The detailed discussion 

of technologies and their relationship to capabilities is discussed 

in Section 4.0.  

The identified capabilities are not necessarily exclusive of each 

other and combinations of capabilities may be synergistic. An 

attempt was made at capturing that construct with Figure ES-2.   

 

   
Figure ES-1. VEXAG documents (Refs. 1 and 2). 
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The conclusions drawn are that enhanced capabilities along 

dimensions of mobility, smarts, and especially time and MSM will 

provide the foundations to address more decadal science questions 

related to Venus®s interior, surface, and the surface-atmosphere 

interactions. To enhance future lander platform, time, smarts, 

mobility, and MSM will require consistent support to develop 

relevant technologies. The most impactful near-term technology 

investments will target solutions to power needs (especially 

supporting long-life platforms), high-temperature electronics, 

memory, and autonomous operations and navigation.  

 

 

Table ES-1. Potential Science Impact Relative to Capability 

Science field Capability 

Interior Time Smarts Mobility MSM 

Structure H   H 

Composition H S  H 

Dynamics H   H 

Heat flux S   S 

Surface  

Composition  S  S 

Dynamics (eruptions, flows, ¤) H S H  

Diversity (spatial) H S H S 

Morphology H H  S H 

Stratigraphy H H H H 

Surface-atmosphere interactions  

Gas and surface composition H H  H 

Winds H   H 

Reactions H H  S 

Momentum exchange H  S H 

 

 

Table ES-2. Relationship Between Technologies and Capabilities Enabled 

Critical underlying and supporting technology Capability 

Time Smarts Mobility 

Power (low³10s of watts or less) H H  

Power (high³100s of watts)   H 

Cooling (will also need power (high)) S H S 

High-temperature electronics/memory/power processing H H H 

Mechanisms (drills, wheels, ¤)   H 

Autonomous operations and navigation  H H 

State-of-art instruments  H  
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Figure ES-2. Driving synergistic capabilities of Venus surface platforms. 
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1.0 Introduction  

One of the most intriguing planets in our solar system for both 

solar and extra-solar systems science is Venus. Venus is the planet 

most similar to Earth in several important ways and many believe 

Venus-like planets are more common around other suns than are 

Earth-like planets. Therefore, scientific understanding of our sister 

planet is a high priority. To address many questions, in situ 

measurements are required; this is true for any planet but 

particularly true for Venus due to the unique challenges that the 

atmosphere poses for remote sensing. The environmental 

challenges at the Venus surface have made it difficult to address the 

interior-, surface-, and deep-atmosphere-related science questions 

posed in the Planetary Decadal Survey report (Ref. 3) and VEXAG 

goals and objectives documents (Ref. 4) so there still remains the 

need for in situ data. This has been recognized in recent workshops 

such as the Venus modeling workshop held at Glenn Research 

Center (GRC) in 2017 (Ref. 5). Perhaps the most notable challenge 

at the surface is the extreme temperature. The extreme temperature 

has relegated the surface life of all Venus landers to date to be no 

more than 127 minutes (Ref. 6). The drive to understand the range 

of science needs and how those relate to the combination of 

environmental challenges and technical capabilities became the 

impetus for initiating the Venus Surface Platform study. The main 

purpose of the Venus Surface Platform study is to assess the 

science that needs to be achieved by various surface platforms, the 

capabilities needed to achieve that science, and the technologies 

needed to enable those capabilities. 

1.1 Study Organizational Structure  

Study-related work was executed by an organizing committee 

and four subgroups. The organizing committee consisted of 

(alphabetically) Jeff Balcerski (Ohio Aerospace Institute), Noam 

Izenberg (Johns Hopkins University Applied Physics Laboratory), 

Natasha Johnson (Goddard Space Flight Center (GSFC)), and 

Tommy Thompson (Jet Propulsion Laboratory (JPL)). The study 

was co-chaired by Mike Amato (GSFC) and Tibor Kremic (GRC). 

Each of the target science areas had a lead that helped encourage 

and steer discussions and make the needed progress. Science-

driven subgroups were organized and targeted to surface-related 

topics, namely, 1) interior, 2) surface, and 3) surface-atmosphere 

interactions. There was also a fourth subgroup organized that 

focused on capability/technology topics. Leads for the subgroups  

were: 1) interior³Walter Kiefer (Universities Space Research 

Association/Lunar and Planetary Institute), 2) surface³Martha 

Gilmore (Wesleyan University), and 3) surface-atmosphere 

interactions³Natasha Johnson (GSFC). Jonathan Sauder (JPL) 

was the lead for the capabilities/technology subgroup. The 

organizing team and leads for the subgroups are reflected in 

Appendix A. To achieve study goals, two face-to-face meetings 

(one at GSFC and one at GRC) were organized including one 

where invited scientists, technologists, and mission planners 

participated in a 2-day working meeting to systematically address 

and discuss relevant topics. Several telecoms were also 

conducted to discuss content, assign and report on actions, make 

decisions, and discuss work progress.  

1.2 Study Approach  

The approach for this study was to engage those with prior or 

current activity related to Venus surface exploration and the 

experts in the field, enlisting them to work together to address the 

original study purpose to:, to assess the science desired by 

various surface platforms, the technologies required, and to lay 

out a high-level roadmap for the future exploration of the planet 

by surface platforms. During the study process, it was discovered 

that there were a few key capabilities that drove the ability to 

achieve Venus science goals. Those key capabilities in turn could 

be realized by one, or more often, a combination of specific 

technology developments. Identifying the key capabilities became 

a product of this study.   

During the course of this study, VEXAG reviewed and updated 

their guiding documents including the Roadmap for Venus 

exploration (Ref. 1). There were discussions between this study 

team and the teams updating the VEXAG documents and some of 

the early results of this study were inputs to the VEXAG teams 

updating the documents. Given this exchange and the release of 

the VEXAG roadmap document, this study team did not develop 

its own separate exploration roadmap as originally planned, 

therefore, that objective was dropped from this effort.  

This study report is organized around the three target science 

areas, consistent with the subgroup structure, these again are: 
 

1. Interior (e.g., geophysics and geodynamics)  

2. Surface (e.g., geology, weathering, minerology, and petrology)  

3. Surface-atmosphere interactions (e.g., minerology, petrology, 

atmospheric composition, and geochemistry)  
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After a discussion of the science needs, the focus turns to the 

capabilities required to meet the respective target science goals. 

Finally, the underpinning and/or enabling technologies are 

discussed. 

For each of the three target science areas, the respective study 

subgroup formulated science objectives; discussed in Section 2.0. 

The discussion centers on the science objectives, capability, and 

functionality necessary for a surface platform to get the 

measurements to achieve the science goals.  

This required an understanding of the state of the art (SOA) of 

what is presently known about Venus, including information 

provided by various platforms such as orbiters. Understanding by 

the science subgroups of the SOA of applicable technologies was 

also necessary. In fact, this was a discussion topic at each face-to-

face meeting. Once the key capabilities, as described in Section 3.0, 

were identified by the study team, the supporting and underpinning 

technologies were also discussed among the technology and 

science subgroups. This helped drive out what the technologies are 

that enable the capabilities to achieve the science.  

The capabilities/technology subgroup looked at a variety of 

areas and how those enabled capabilities or direct measurements 

for science. Some of the discussed capability and technology 

topics included: instrumentation, avionics, communications, 

power, and mobility.  

It was found there was an interplay between various basic lander 

parameters and how that translates to implementation capabilities. 

The following example subset are some parameters that can lay a 

foundation for a set of key capabilities required. 

 

¶ Time duration (hours to months) 

¶ Distance between measurements (point measurements to 

100s of kilometers) 

¶ Depth (surface to 10s of meters) 

¶ Terrain accessed (flat plains to tesserae) 

¶ Autonomy (simple preprogrammed mission to humans in the 

loop) 

¶ Points/network (single lander through lander networks) 
 

The science that can be addressed changes dramatically 

depending on conditions, for example, duration of the mission or 

how many landers are coordinated in the mission. 

The set of key capabilities identified in this study came about 

through discussing various science needs and mission 

parameters. The approach then involved deeper discussion, on 

what specific technologies enable the key capabilities. 

Some examples of specific technologies discussed that enable 

key capabilities include suitable power systems, a cooling system 

that could keep sensitive subsystems within an acceptable 

temperature range, and high-temperature electronics. Further 

discussion of underpinning technologies is provided in Section 4.0. 

1.3 Challenge s 

The relative lack of knowledge of Venus®s surface and interior is 

a direct result of the challenging environment, which has 

temperatures hot enough to melt lead and zinc, pressures 

equivalent to nearly a kilometer under Earth®s oceans, and a 

reactive chemical atmosphere (Ref. 7). Remote sensing of the 

surface and portions of the atmosphere is difficult at best (Refs. 2 

and 6) due to the thick layers of sulfuric acid clouds and the high-

pressure supercritical CO2 atmosphere below those clouds. This 

has hampered the ability of orbiting missions to provide desired 

insight into surface features and processes, thus hiding potential 

clues regarding climate, surface processes, and the interior.  

Over the period from 1970 to 1984, 10 lander missions to 

Venus were successfully executed, yet the longest surviving asset 

(Venera 13) lasted only 127 minutes (Ref. 8) before succumbing 

to the extreme temperature. While this and other landers provided 

valuable new data at the time, key measurements remain poorly 

constrained. In addition, the short life prevented understanding 

many of the temporal near-surface processes on Venus, for 

example meteorology and seismic activity, therefore, very little is 

known about the activity of the crust, the interior structure or 

composition, and the surface-atmosphere interactions. 

2.0 Venus Surface Science Gaps 
and Desire d Measurements  

2.1 Overview  

Significant scientific investigation of Venus has historically 

involved the use of multiple platforms including orbital, aerial 

(balloon), and lander missions. The use of orbital and aerial 

platforms has been facilitated through the leveraging of core 

technologies relevant to other planetary studies including those of 

Earth. Given the environmental conditions on the Venus surface 

and the capabilities enabled by technologies at the time, lander  
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Figure 2.1. Earth versus potential Venus interior structure Credit: Lunar and Planetary Institute (Ref. 9). 

 

 

Figure 2.2. Magellan image of Dickinson Crater, one of the relatively 

small number of Venus craters (Ref. 10). 

 

missions to date have had limited durations (~2 hours). Although 

substantial advancements have been made in understanding Earth®s 

sister planet, given such missions, there are significant science 

questions that still need to be investigated, and in many cases 

uniquely answered, through the use of in situ measurements. 

Examples of questions from the recently updated VEXAG Venus 

Scientific Goals, Objectives, and Investigations (Ref. 4) related to 

different aspects of Venus planetary exploration include: 

 

¶ Interior: ¯Seismic measurements via a long-lived lander of 

seismicity induced by active tectonism or volcanism would 

also be invaluable. Measurements by a single lander would 

be sufficient to detect such activity, but measurements by a 

network would enable more quantitative analysis of the 

activity° (III.A.GA) (e.g., Figure 2.1).  

¶ Surface geology: ̄ Landers can provide detailed determinations 

of rock type and physical inter-relationships using high-

resolution imagers and chemical analysis instruments (e.g.,  

x-ray fluorescence, gamma ray spectrometry, or LIBS [laser-

induced breakdown spectroscopy]). Landers could potentially 

remove surface coatings caused by chemical weathering to 

determine the detailed mineralogy of a Venus rock.° (I.A.HO) 

(e.g., Figure 2.2 and Figure 2.3). 

¶ Surface-atmosphere interactions: ¯In-situ direct measurements 

of the deep Venus atmosphere would provide clarity to questions 

of the concentrations and distributions of gases whose lowest 

scale height concentrations have only been inferred. This 

Investigation could be accomplished via landers or descent 

probes with suitably designed mass spectrometers°, (III.B.CI). 

¤ F̄inally, landers and descent probes capable of 

simultaneously measuring meteorological parameters and the 

mixing ratio of carbon dioxide (and other species) in the lowest 

~10 km can study supercritical carbon dioxide.° (II.B.IN)  

 

Questions about key science questions and gaps were posed to 

each subgroup in the study. Table 2.1 gives a sampling of the 

science questions associated with the Venus surface, which are  

 



Venus Surface Platform Study Final Report  

7 

related to rock composition, atmospheric chemistry, climate and 

weather, and interior dynamics and structure. These questions are 

key to understanding Venus. In some cases, the questions can be 

answered using current lander technology with upgraded 

instrumentation. However, to answer a number of science questions 

data from longer duration missions, new capabilities, multiple 

measurements at various locations, or long-distance mobility may 

be required. These capabilities in turn may require advances in 

relevant technologies (Ref. 2). 

Given the limited number and duration of previous Venus 

surface missions, even incremental steps toward achieving these 

advanced surface mission capabilities would be useful. However, 

the use of surface platforms that have the enhanced capabilities in 

areas of time, smarts, mobility, and/or MSM are needed to go 

beyond incremental science advancements and achieve major or 

even breakthrough advancements in Venus science. Key 

capabilities that impact science return are defined and discussed 

in detail in Section 3.0. 

 

 
Figure 2.3. Venus surface image taken by Venera 13 (Ref. 11). 

 

Table 2.1. Examples of Science Questions, Missions, and Associated Measurements 

 Science Mission Measurements 

Interior diversity 

and structure 

What is the physical structure and rheology of the deep 

interior? 
Long lived, single and multiple, stationary 

Seismology (long-duration 

stationary platform)  

What is the physical structure, composition, and 

dynamics of the crust? 
Long lived, single and multiple, stationary 

Seismology (long-duration 

stationary platform 

What is the heat flux from the interior to the surface? Single, multiple, stationary, long or short lived Heat flux, temperature probe 

    

Geology and 

composition 

What characterized Venus surface geology and history? 
Single, multiple, stationary, short to moderate 

life 

Imaging, chemical composition 

and age dating, physical 

measurements 

What is the spatial variation across the surface of Venus 

geology? 

3+ landers (different altitudes and latitudes), 

stationary, short-lived preprogrammed 

mission, or long-lived or mobile system 

Imaging, chemical composition 

and age dating, physical 

measurements 

What are of petrogenic elements, material properties, 

and surface structures?  

Single, stationary, short-lived preprogrammed 

mission 

Chemical composition and age 

dating, physical measurements 

    

Climate,  

weather, and  

energy balance 

What are the concentrations of atmospheric 

constituents, metrological conditions, and solar 

radiance?  

Single, stationary, 3+ landers (different 

altitudes and latitudes), short life; 

preprogrammed mission 

Meteorology, chemical 

composition, radiance 

What are the time variations in concentrations of 

atmospheric constituents, metrological conditions, and 

solar radiance? 

Single, 3+ landers, stationary, long-lived 

mission up to one solar day 

Meteorology, chemical 

composition, radiance 

What is the spatial variation of concentrations of 

atmospheric constituents, metrological conditions, and 

solar radiance? 

Long-lived landers (different altitudes and 

latitudes): multiple stations, multiple short -life 

landers, and / or long-distance mobility 

Meteorology, chemical 

composition, radiance 
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2.2 Interior  

2.2.1 Science Questions 

Major investigations related to a better understanding of the 

Venus interior (defined here to be a couple of meters or deeper 

below the surface) include investigation of seismic activity, interior 

structure and bulk composition, and interior heat loss. Venus has a 

similar size, mass, and location in the solar system to Earth, but our 

knowledge of its interior structure is limited to studies of the gravity 

field. For example, the bulk density and tidal Love number k2 require 

the presence of a metallic core that is at least partially molten  

(Ref. 12), and regional gravity studies constrain the thickness of the 

crust and lithosphere (Ref. 13) and the locations of upwelling and 

downwelling flow in the mantle (Ref. 14). There is mounting 

evidence for currently active volcanism (Refs. 15 and 16), but the 

frequency and eruption volumes are not known. Venera 15 and 16 

and Magellan data reveal abundant tectonic activity such as 

extensional rift structure, contractional structures such as ridge and 

mountain belts, and the highly deformed tessera. These features are 

indicative of a convecting mantle yet currently Venus does not have 

a magnetic field. Further, because Venus and Earth are similar in 

size and bulk density and likely similar in composition, one might 

expect them to have similar surface heat flows. However, Earth®s 

interior heat is efficiently transported to the surface by plate 

tectonics, while Venus appears to have a thicker lithosphere, 

resulting in less efficient convective energy transport and a lower 

surface heat flow (Ref. 17). The details of the possible transition 

from an early mobile lithosphere on Venus to the present-day 

sluggish or stagnant lithosphere are poorly understood and were 

probably both spatially and temporally complex (Refs. 18 and 19).  

Major science questions include: 
 

¶ What is the physical structure and rheology of the deep 

interior? 

¶ What is the physical structure, composition, and dynamics of 

the crust? 

¶ What is the heat flux from the interior to the surface? 

¶ What is the current level of endogenous activity on Venus? 

2.2.2 Notional Mission Approach (es) to Address 
Science Questions on the Interior of Venus  

While no in situ seismic data exists for Venus today, models 

suggest that perhaps a few tens of events of magnitude 5 or 

greater may occur over the course of a Venus day (1 solar day on 

Venus is 117 Earth days) (Ref. 20).  

A long-lived surface lander that includes a seismometer and 

possibly a heat flow probe as part of the payload could make 

important contributions towards answering these questions. 

A seismic system on a long-lived lander could both measure the 

level of seismic activity and use the measured seismic velocities to 

constrain the interior structure, such as the thickness and 

composition of the crust. One path toward seismology on Venus 

could be to start with a single station to assess the general level and 

amplitude of seismic activity as well as the level of wind noise, which 

could interfere with seismic measurements. Such a pathfinder 

experiment would also inform future missions to enhance and tune 

seismometers, power systems, and optimize other lander platform 

systems such as data transmission and storage. The InSight 

mission on Mars demonstrates the potential power of even a single, 

highly capable seismic station (Ref. 21). A long-lived surface 

platform, something like NASA®s Seismic and Atmospheric 

Exploration of Venus (SAEVe) concept, Figure 2.4 (Ref. 22), could 

be used for such a mission. Combinations of two or more of those 

same platforms spaced an appropriate distance from each other 

would be able to determine the locations of seismic sources and 

probe the interior structure by measuring how seismic velocity 

varies with depth. Other geophysics measurements, such as heat 

flux and magnetic field measurements, would also be important. The 

Venus interior questions that such a mission approach would 

address include those shown in Table 2.1.  

 

 
Figure 2.4. SAEVe lander concept (Ref. 22).  
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A key capability to address interior science is the ability to 

measure for longer times and with multiple landers. Mission 

duration should initially be for at least 30 Earth days with 120 days 

or more being the goal. For missions lasting up to a Venus solar 

day (117 Earth days), capabilities considered viable in the near-

term are platforms like SAEVe. The addition of memory to 

platforms like SAEVe will enable capturing and transmitting all the 

data in the seismic waves making it a desired technology. 

Optimum distance between the surface platforms that support 

seismometers have been initially estimated to be between 300 to 

800 km (Ref. 23). The more separation between platforms the 

deeper one can probe. It is estimated that depths up to 100 to 

150 km can be probed assuming that the seismometer is sensitive 

to seismic periods between 10 and 100 seconds, while 

measurements at periods of 1 to 10 seconds could provide details 

on seismic source mechanisms. Networks of longer duration 

stations, even permanent platforms, can be envisioned in the 

future as other capabilities like permanent power solutions are 

developed and could continue to reveal more about the interior 

structure of Venus much as seismology has done on Earth.  

2.2.3 Measurements 

The key surface geophysics measurements for understanding the 

interior of Venus are seismology, heat flow, and magnetometry.   

2.2.3.1 Seismology  

One of the most direct methods to understand the interior of a 

planet is the use of seismology. The overall science objective is 

to determine the rate and nature of Venus seismic activity as well 

as using seismic measurements to understand the structure and 

composition of the Venus interior.  

Seismic velocity is a function of temperature and composition; 

thus, it can be used to measure interior structure. For example, 

the thickness of the crust can be determined because the 

transition from the crust to the mantle is a major discontinuity in 

seismic velocity. Within the crust, it may also be able to distinguish 

composition (e.g., basalt, andesite, or granite) based on the 

seismic velocity (Ref. 24). The thickness of the lithosphere can be 

estimated from the velocity of Rayleigh waves (Ref. 25). At greater 

depths in the mantle, it may be possible to estimate temperature 

by looking for reflections from mineral phase transitions (e.g., 

olivine to spinel) in the upper mantle (Ref. 26).  

Seismic measurements on the Venus surface have a specific set 

of challenges. The presence of the Venus wind will affect seismic 

measurements. While the velocities are not relatively large, the 

atmosphere is dense and will induce forces on the instrument. 

This can be addressed with simultaneous measurements of wind 

velocity and pressure in conjunction with the seismic 

measurements. Moreover, ambient seismic noise induced by the 

global wind field has the potential to be a useful seismic source, 

provided that it is measured simultaneously at two or more 

stations in a regional seismic network. Ambient noise seismology 

has become an extremely important technique in terrestrial 

seismology (Ref. 27).  

The efficacy of a deployed seismometer can depend on the 

porosity and rigidity of the material at the landing site. Porous or 

loose material could result in poor coupling with the seismometer. 

If the seismology lander also includes a drill for a heat flow or 

geochemistry experiment, the drill could serve as an active 

seismic source for probing the structure of the shallow 

subsurface. A similar experiment was performed on Mars using 

the heat flow ¯mole° as a seismic source (Ref. 21). Adaptation of 

seismometer instruments (Figure 2.5) (Ref. 23) and tactics from 

NASA®s Insight mission (Figure 2.6 and Figure 2.7) (Refs. 28 and 

29) for Venus seismometry appears like a plausible solution.  

2.2.3.2 Heat Flux  

The flux of energy coming out of a planet®s interior depends 

both on the pattern and vigor of convective flow in the mantle and 

on the distribution of radioactive heat-producing elements in both 

the crust and mantle. A broad range of evolutionary models have 

been proposed for Venus, involving a plate-tectonics-like mobile 

lithosphere, a stagnant lithosphere, transitions between these two 

states, and a possible catastrophic resurfacing event at some point 

in the last billion years (Ref. 30). Measuring the heat emitted 

through the crust can contribute to an understanding of the thermal 

state of the Venus interior. Currently our guides to understanding  
 

 

Figure 2.5. Insight seismometer ­s Microelectromechanical 

systems (MEMS) sensor (Ref. 23). 
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Figure 2.6. Insight Seismic Experiment for Interior Structure (SEIS) 

seismometer (Ref. 28). 

 

 
Figure 2.7. Image of NASA Insight Mission (Ref. 29).   

these problems are gravity modeling, surface geology, and cratering 

record. Measuring heat flow directly would add critically important 

information on the current thermal budget of Venus, but 

implementation may be challenging. Heat flow is usually measured 

by drilling at least several meters into the surface and measuring the 

temperature gradient as a function of depth and the thermal 

conductivity. Near a planet®s surface, the temperature varies over time 

due to the diurnal cycle in solar insolation, so these measurements 

must be made at sufficient depth to be below these diurnal 

temperature variations. On the Moon, this requires measurements at 

depths of 2 to 3 m below the surface (Ref. 31). On Venus, the likely 

lack of an impact gardened regolith results in a higher near-surface 

thermal conductivity. This, along with the long solar day, allows the 

diurnal thermal wave to reach depths of ~10 m on Venus. However, 

drilling to such great depths into Venus is a daunting task today for 

multiple reasons including the needed power and time to drill to the 

required depth as done previously on other planetary bodies.   

One alternative measurement concept that has seen some 

development is a contact type thermal plate (Figure 2.8). With good 

coupling, thermal control, and supporting measurements like surface 

skin temperature and accurate local diurnal data, the desired heat flux 

measurement might be feasible (Ref. 32). In principle, the 

measurement could be made in a short period of time. However, 

numerical climate simulations indicate that the surface temperature 

can vary by ~3 K over the diurnal cycle (Ref. 33), which will cause 

the heat flux into and out of the surface to vary with time. Even if 

thermal plate measurements were made over a full diurnal cycle, it 

has not yet been demonstrated that the measurements can be 

performed with sufficient accuracy to reliably remove the diurnal 

signal or to accurately measure the heat flow out of the Venus 

interior. As a first step toward measuring heat flux in situ, it would be 

useful to measure the temperature variation at the surface over the 

course of the solar day.   

 

 

  
Figure 2.8. Contact type heat flux sensor and image of thermopile array (right) (Ref. 22).   

 






























































