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The Definition of Problem: 
 
 With the recent insight into the environment of Mars, it is relevant, if not explicitly 
important, to develop this vision of Mars’s current biosphere capabilities, as well as its future 
state. There are a myriad of conditions required for earth’s advanced lifeforms, including 
humans, and Mars does not create many of these ‘comfortable’ environments. That is not to 
say, of course, that life cannot exist there...Cyanobacteria are a simple and rugged organism 
that will likely be able to survive the harsh deserts of Mars. The problem, up until this point, is 
that terraforming Mars has been an enigmatic and ‘chance’ venture to say the least. However, 
with the model created in this project, not only will we be able to predict the survival rate and 
spread of the cyanobacteria, but through the analysis of Mars’s atmospheric and geographic 
chemistry, we aim to model oxygen production and gas levels in the atmosphere over time. A 
successful terraforming, in theory, would use simple lifeforms to increase the habitability of said 
environment and allow more complex lifeforms, a process which will hopefully create a positive 
feedback loop of terraforming.  
 
The Solution: 

We will map the spread of one Earth’s most extreme and tenacious photosynthesizing 
organisms on the Martian surface: cyanobacteria. This ‘mapping’ will take into account 
cyanobacteria lifespan, reproductive rates, oxygen production rates, Martian atmospheric 
composition, and soil composition.  
 
 The first step is 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 will model the spread of the organism on Earth and use 
the aforementioned data and results to extrapolate the spread on Mars. Subsequently, we will 
determine what makes cyanobacteria produce the amount of oxygen gas that it does on earth 
and, again, we will extrapolate the Martian oxygen production rate based on the 
conditions.  Once that data is received, we will be able to find the oxygen, as well as other 
gases, 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 and what ‘class’ (level of complexity biologically) 
of earth’s organisms will be able to survive there.  
 

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, and possibly air pressure). 
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: the average 
temperature will be just below freezing during the day (approximately -1 to -4 degrees Celsius), 
the pressure will be as researched below, and we will be assuming that there are a total of 30 
square meters of an average depth of about 5 cm water. 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).   
 
Progress to Date: 
 

All research has essentially been completed, that is, all of the information that we 
needed to collect (concerning Mars’ geochemistry, atmospheric composition, and information on 
cyanobacteria) has been found. We are currently working on an algorithm that will model the 
growth of the cyanobacteria. Once the algorithm is completed we will begin the computational 
modeling. The algorithm, in itself, will not require graphics in order to be understood; it will be 
purely mathematical. However, later, if we deem it necessary (or useful) to the project, we will 
add in a graphical interpretation similar to John Conway’s Game of Life, using OpenGL.  
 

• The following include basic ideas of what we’ve researched: 
 

o Mars is terrestrial; meaning that its soil composition is made up of mostly 
silicates, like earth 

o Martian soil has a pH of about 7.7; slightly basic, whereas on Earth it is 7 
o The most abundant chemical elements in the Martian crust, besides silicon and 

oxygen, are iron, magnesium, aluminum, calcium, and potassium. Less 
abundant are titanium, chromium, manganese, sulfur, phosphorus, sodium, 
and chlorine. 

§ The bolded ones indicate ones that are in common with earth’s soil, as 
shown below 

o Earth’s plants need mainly Nitrogen, Phosphorus, Potassium, Calcium, 
Magnesium, and Sulfur // They need trace amounts of which include boron (B), 
chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), sodium (Na), zinc (Zn), 
molybdenum(Mo), and nickel (Ni). 

o Pressure on Mars: 600 pascals (earth is 101325 pascals) 
§ This will likely not affect growth rates of the bacteria, simply because of 

the lack of complexity in organisms’ chemistry and life cycle, as well as 
the simplicity of their physical structure. Similarly, pure water will most 
certainly boil at a low temperature in this atmosphere, however, if the 
water has ionic salts dissociated in it, the evaporation threshold rises 
considerably. This is how we will solve that problem; we will assume that 
the water is extremely salty (cyanobacteria can survive in salty water).  

o The Martian atmosphere consists of approximately 96% carbon dioxide, 1.9% 
argon, 1.9% nitrogen, and traces of free oxygen, carbon monoxide, water and 
methane, among other gases 

§ Cyanobacteria, obviously, needs CO2 in order to photosynthesize, just as 
plants do on Earth 

o Water exists in larger, less salty quantities, frozen, presumably under a coat of 
dust. This water will be inaccessible to the cyanobacteria.  

o Liquid water is found in warmer regions on occasion 
§ This is where we will assume that executors of the project will place the 

water 
o At 20 °C and light saturation, most common planktonic cyanobacteria achieve 

growth rates of 0.3-1.4 doublings per day 



§ The doubling rate will be considerably less for our location, given our 
conservative assumptions 

• Below are two graphs that we have encountered during our research; both regarding the 
organism’s conditional location and growth rates 

 
 

 

 
 



 
 

Computational Models: 
 

There are a few different computational models our team was looking at to model the 
growth. 

For one possible computational model, we can populate a 2D array with random 
colonies of cyanobacteria. By using classes, we can give each individual cell colony attributes 
such as light saturation, density, and depth (submerged in water). We can use this initial test as 
a benchmark for future testing. This will be akin to Conway’s Game of Life in that there will be 
locational and situational rules that dictate the survival of the organism(s). The ‘rules’ of our 
game will be determined by the environmental conditions of the Martian environment.  
 

Another option lies in extrapolating data from Earth, i.e., the optimal Martian eutrophic 
zone, optimal Martian pressure based on CO2 gas levels in the atmosphere, average growth 
rate based on irradiance, etc. At the moment, this option is the more feasible one, however 
there is possibility that (if this one is chosen), we will later create a graphical model similar to 
Conway’s Game of Life. 
 
The Expected Results: 
 

As of this day, we expect that, Mars’s atmospheric and soil composition will be altered to 
a significant enough degree within 2 or 3 centuries that a higher level organism, one that does 
not require much water, may be sent up to Mars. This organism will almost definitely be plant-
life. We expect that during the initial growth of cyanobacteria, the population rates will follow an 
almost logarithmic graph, increasing rapidly at first, assuming they can survive. The population 
will then slowly flatten out as the environment reaches its critical biomass capacity. Once that 
occurs, the ecosystem is prepared for the next stage in terraforming: the introduction of the 
aforementioned life form, the more advanced one. It is at this point that the biomass capacity of 
the Martian ecosystem will increase. You continue these steps until a life form as complex as a 
human can survive there. We will not be modeling all of these stages in our model, only the first 
and most difficult one, however this is the hope for the ‘future’ of our idea. 
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