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Introduction:  Brine composition and 

concentration is a key determinant of habitability in 
aqueous environments. These features interact with 
each other [1] and with temperature and pH in complex 
ways [2], with assumed non-linear effects on the 
potential biomass or biological activity present in a 
given environment. To facilitate the objective mapping 
of potential habitats across landscapes we designed a 
classification system for habitable space based on a 
self-organizing map (SOM) [3].  

Methods: Artificial datasets for temperature, pH, 
Na+, Cl−, Mg2+, SO4

2- were developed for biologically 
meaningful ranges. These data were scaled, then used 
for unsupervised training of the SOM on a toroidal grid 
space consisting of 40,000 map units. 

Each map unit in a SOM is described by a vector of 
values selected from the training data. During training, 
the vectors associated with each map unit and its 
neighbors are iteratively updated as new data is 
presented to the SOM. The trained SOM thus reflects 
the structure of the underlying data despite consisting 
of far fewer map units than there are vectors in the 
training data.  

We applied several clustering algorithms to 
identify regions of similar habitability within the map 
space. Although clusters are somewhat arbitrary for 
continuous data, defining regions produces a taxonomy 
that can be used to provide context for biological or 
other observed phenomena. Hierarchical clustering 
with 16 clusters provided the most coherent 
partitioning of the SOM. Each of the clusters reflects a 
unique range of values for the considered parameters, 
and can be used to describe real-world data classified 
into the SOM. This operation is computationally 
lightweight, requiring only the identification of the 
map unit with the minimum distance to the real-world 
data. 

Application to Modeling Water Activity (aw): A 
key feature of SOMs is that they provide a means to 
associate values that are known for the training data 
with new data for which the values are unknown. To 
illustrate this feature, we calculated aw for the training 
data using the EQ3 model (Fig. 1b). We compared the 
predicted values with reported values for several 
concentrator and crystallizer ponds at the South Bay 

Salt Works, a solar-salt harvesting facility in San 
Diego, CA, USA [4], and three deep hypersaline 
anoxic basins (DHABs) in the Mediterranean Sea (R2 
= 0.937, n = 12) (Fig. 2). Although the model tended to 
overestimate aw, it nonetheless captured the general 
trends suggesting that with further development aw can 
be modeled effectively from a limited number of 
physico-chemical parameters. Future work will focus 
on a more complete evaluation of model efficacy using 
laboratory brines and from diverse natural 
environments. 
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Fig. 1. A self-organizing map (SOM) was created from 
a synthetic dataset of temperature, pH, Na+, Cl−, Mg2+, 
SO4

2-. Top) The final values associated with each map 
unit were clustered using hierarchical clustering. 
Bottom) Water activity was calculated using the EQ3 
model for each map unit.  Grey map units indicate 
input values that were outside of the bounds of the 
EQ3 model. 

 
 
Fig. 2. The SOM was used to predict water activity for 
data from solar salterns and deep sea hypersaline 
anoxic basins. There was generally good agreement 
between predictions and measured values (R2 = 0.937) 
though some brines deviated from model predictions.  
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