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Glaciers located in higher mountainous lands are of fundamental importance
because they work as precipitation buffers and main sources of water for
downstream populations. In addition, they have been  a source of data for
climate dynamics analysis and now they are certainly behaving as sentinels
of environmental changes, including current man-induced global warming.
For this reason, the continuous spatial and temporal representation of data
relating  to  glaciers  is  necessary.  However,  frequent  field  campaigns  are
scarce due to their complex logistics and high costs involved in accessing
isolated and extreme weather regions. At regional level, the Andes extend
about 7000 km along western South America, spanning tropical, subtropical,
and midlatitude climate to sub Antarctic regimes.  They have an average
height of 4000 m a.s.l.,  with peaks exceeding 6500 m a.s.l.  and glaciers
being sustained along almost the whole length of the mountain range. They
extend  over  Argentina,  Bolivia,  Chile,  Colombia,  Ecuador,  Peru,  and
Venezuela; hosting the largest concentration of tropical glaciers in the world,
which have been retreating at an accelerating rate since the 17th century.
There is an on-going effort to keep an inventory of  these ice masses by
government  sponsored  organizations.   On  the  other  hand,  there  is  an
international  effort  to  have  a  comprehensive,  integrated  view  of  the
Cryosphere  and  the  linkages  with  global  climate  change,  and  South
American data could definitely contribute to this worldwide effort, but there
is a growing concern relating with the cost-effectiveness of  any solution,
since the participating organizations are reluctant to invest on high-budget,
high-profile  programs.  Fundamental  meteorological  variables  such  as
temperature, precipitation, radiation, humidity etc., shall be collected on a
daily or even hourly-basis. In addition, geophysical variables related to mass
balance  and  chemical  composition  are  key  inputs  to  glaciers  behavior
understanding.  It  has  been demonstrated  that  light  absorbing  impurities
such as black carbon and dust reduce the reflectance of snow/ice surface
accelerating snow aging and melting. In this framework, operational black
carbon  monitoring  would  enable  to  improve  energy  balance  modeling.
Finally, precise records on mass slides and coverage area changes are also
necessary on a regular basis. All properties mentioned above are feasible to
be measured directly or indirectly by remote sensing and several missions
were designed to study the Cryosphere. However, they work as monolithic
systems and present different spatial and temporal resolution according to
each scientific purpose.  In  this  paper  we propose a solution based on a
dedicated  system composed  by  a  number  of  cubesats  on  a  segmented



architecture  where  each  satellite  will  have  a  particular  purpose  on  the
system. The idea is distributing the functionality in autonomous modules
that can interact and act together as a single entity by means of a Delay-
Tolerant Network (DTN) providing communications among the modules and
with the ground stations. A module could carry an optical  instrument for
measuring reflectance (i.e. black carbon) or it could be a network node for
gathering  meteorological  data  from stations  located  in  the  Glaciers.  The
proposed  solution  provides  a  continuous,  long-term,  adaptive  and  cost-
effective glaciers monitoring system. Depending on the size of the network,
data could be gathered on an hourly basis with high reliability. The system is
adaptive  to  new demands  and/or  new technological  advances  by  simply
launching a new cubesat which could be included in the network. For the
same reason, the lifetime of the network is unlimited as the modules could
be  replaced.  Adequate  number  of  spares  could  be  avilable  for  reliability
purposes. Also, the system is cost-effective as it will be based on standard
COTS components, characteristic of the cubesat community and the launch
costs are significantly lower than those for larger satellites. In this work, we
evaluate  by  means  of  simulations  different  cubesat-based  segmented
architecture  constellation  configurations  carrying  diverse  sensor
technologies. The topological (i.e., formation flying disposition of satellites)
and communication subsystem (transmission power, antenna, modulation,
data-rates,  etc.)  trade-offs  are  thus  discussed and compared to discover
advantages  and  disadvantages  of  different  glaciersobservation  mission
configurations.


