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Executive Summary: 

  With the recent confirmation of liquid water on the surface of Mars, a question was 

brought to forefront of the scientific world: Could we bring life to Mars? The purpose of our project is to 

take small steps in the direction of this idealistic goal and pull back the veil a little bit. There are a variety 

of conditions required for earth’s advanced lifeforms, and of course Mars does not share many of these 

‘comfortable’ conditions with Earth. That is not to say, of course, that life cannot exist there. To clarify, 

the process of terraforming simply starts with simple life forms, slowly adapting the environment until it 

is suitable for more complex forms of life, and to continue the loop as long as desired/possible. In our 

case, we have chosen cyanobacteria to start this process. They are a non-complex and rugged organism 

that will likely be able to survive the harsh deserts of Mars. With the model we created in this project, we 

can not only predict the survival rate and growth of the cyanobacteria population, but through the analysis 

of Mars’s atmospheric and geographic chemistry, we can model oxygen production and gas levels in the 

atmosphere over time.  

 

Hypothesis: 

 We hypothesized that over time, the population of cyanobacteria would follow a logistic model, 

essentially having slow rate of growth at first, then a rapid exponential growth, and lastly, it would slowly 

level out and plateau. This would be a direct result of the three main factors. First, a reduction of the 

carbon dioxide concentration in the given area; Second, a reduction of necessary nutrients in the soil, in 

the given area; And third, an increase in population density.  

 

Methods Used: 

 The first step was to model the survival rate of cyanobacteria on earth and extrapolate data based 

on current Martian conditions, including the composition of the soil and atmosphere, to find the survival 

rate on Mars. Then, we modeled the spread of the organism on Earth and use the aforementioned data and 

results to extrapolate the spread on Mars. Subsequently, we determined what makes cyanobacteria 



5 

produce the amount of oxygen that it does on earth and we extrapolated the Martian oxygen production 

rate based on the conditions.  Once that data is received, we will be able to find the oxygen levels in the 

atmosphere. Once we run the simulation for a long enough time, we will be able to see the habitability of 

the environment, in terms of breathable oxygen. 

In order to make the data more accurate, we will also test different parameters of conditions, that 

is, we will create the model so that it will be able to handle different conditional variables (i.e. different 

light saturations, temperatures, humidity, air pressure, etc.). Because there is not enough specific 

empirical data on Mars from organizations like NASA yet, our team will be making the following 

assumptions for the baseline computation: cyanobacteria will be able to survive in the average 

temperatures of Mars and that, for the sake of simple feasibility, there is enough water for the 

cyanobacteria to live conservatively. This water will not all be contiguous, nor will it be pure (it will have 

to be relatively salty in order to keep it from evaporating in the 600 kPa atmosphere); we will be taking an 

extremely conservative approach to these assumptions for the sake of the data, that is, we will keep it 

within the possibility of human ability (both in practice and monetarily).   

 

Our Process (Challenges): 

 We went into the project without a firm grasp of the intricacies of Cyanobacteria. To start out, we 

gathered as much information as we could. This resulted in a great background of our knowledge of the 

topic, however, we were unable to find any actual data of the populations of cyanobacteria in different 

conditions. Specifically, there was no information that allowed us to correlate certain chemical 

compounds’ existence in the soil and atmosphere and the growth of the population.. These combined 

problems hindered our project. During our interim report, our project had a good start, but lacked the 

cohesion to blossom into a strong final project. After a presentation was finished, we received advice that 

helped our project progress: “Don’t let perfect be the enemy of the good”. We decided to start again with 

a new mindset, consider the problems at hand, and move on. We now look at the model not as a perfect 

representation, but a good representation. After the presentation, we essentially had two options: a logistic 
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model and ‘the game of life’. Both had their pros and cons, but the main reasons we chose the logistic 

model was because it would be more accurate and was likely going to be simpler to create because of the 

lack of empirical data. 

 

Algorithm: 

 The method we used to answer our questions involved both chemical and biological equations. 

We begin by asking the user if they would like to enter their own parameters for the calculations, that is, 

enter a temperature and pressure, etc. in order to customize the model to any situation, however, in the 

submitted code, mostly preset values of the conditions on Mars (from organizations like NASA) are used 

for the sake of simplicity.  

K’ = ln (N2 / N1) / (t2 - t1) 

Divisions per day = K’/ln(2) 

Doublings per day = 1/divisions per day 

 The above equations were used to determine the growth of the colony. K’ is the specific growth 

rate where N2 is the biomass at time 2 (t2) and N1 is the biomass at time 1 (t1). The irradiance of Mars 

(590 kW m^-2) and the total surface area of the cyanobacteria (as well as their light absorption efficiency) 

were used to determine the total energy taken in by the population on any given day. The enthalpy of 

reaction of photosynthesis (2802 kJ/mol of glucose) was used to determine the amount of oxygen in the 

atmosphere in terms of moles. The ideal gas law was used to determine the volume (L) of oxygen 

generated.  

 

‘The Logistic Curve’ and Carrying Capacity (The Biology): 

Following our hypothesis, the growth of Cyanobacteria follows a logistic curve. To clarify, the 

population of bacteria has a slow early growth, accelerates rapidly into the exponential phase, begins to 

slow, and begins to approach 0. When the growth reaches 0, the colony has reached the carrying capacity 
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of the environment. This is considered the maximum amount of an organism that can exist in an 

environment unless something changes.  

http://study.com/cimages/multimages/16/logistic_growth_graph.png 

 

 

The Chemistry: 

 Cyanobacteria is a type of bacteria that can obtain the energy that they need through 

photosynthesis, a chemical process that uses CO2, H2O, and solar energy to produce glucose and oxygen 

gas. This is an important factor in our project because we are focusing on producing oxygen. There are 

multiple processes in the process of photosynthesis, such as the Calvin Cycle, that each take in or release 

different amounts of energy, but these intermediary steps ultimately add up to the chemical equation of 

photosynthesis and the overall enthalpy of 2802 kJ/mol.  

 

Computer Modeling and Biology: 

 Computational algorithms share remarkable similarities with biological systems, especially in the 

way processes occur. Bill Gates calls computer science and biology “sister sciences” because of the their 

natural similarities and functions. These models allow for an accurate prediction of how a life form will 

react in various environments, in our case cyanobacteria on Mars.  

http://study.com/cimages/multimages/16/logistic_growth_graph.png
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Validation of Solution: 

 Because there seems to have been little to no work done in the field, we really have no way of 

validating our solutions. We are breaking new ground, not redoing or resolving a problem that has already 

been solved. 

Results and Conclusion: 

 The majority of our challenges are centered around one problem: We do not have enough data on 

the topic. We had to be creative and understand the whole problem in order to predict how that organism 

would react because no one knows. Because the discovery of water on Mars is so recent, we cannot use 

other growth models to aid our project. Instead of just assuming Cyanobacteria behaves the same way on 

Earth and Mars, we focused on the chemistry on Mars. The soil on Mars is comprised of all the macro and 

micro nutrients needed to sustain life. The amounts of these nutrients, however, varies from sample to 

sample. So, we modeled how a lack of nutrients affected the growth of the cyanobacteria. We have not 

only done this for nutrients in the soil, but also for the significantly lower irradiance (solar energy that the 

plants can receive on the surface), which is almost half of Earth’s, and the atmospheric pressure (which is 

less that 1% of Earth’s). We have discovered that cyanobacteria, as it does on Earth, follows a fairly 

logarithmic path. If a tough enough organism from Earth is chosen to survive on Mars, it is possible for it 

to survive and contribute to the long process of terraforming. 

 

 

Most Significant Achievement: 

 For the whole year, we were plagued with a vacuum of data. There was no way for us model 

anything without empirical data on the growth of the population of cyanobacteria. We were basically 

forced to be creative, to think more scientifically than we would have normally been required to. We had 

to work our way around the problem in a new way, backed only by our knowledge of Mars and a vision to 

create something fresh. That was our greatest accomplishment. 
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