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First Major Renovation of Biosphere 2 

1. Farm soil was removed and related infrastructure was demolished 

2. Intense planning sessions involving scientists from around the 

country  and from many different science disciplines occurred during 

2007-2009 to plan this new flagship project of Biosphere 2  

3. It was decided to construct physical models of mountain slopes to 

study relationships among geology, hydrology, chemistry, ecology, 

and atmospheric science at a large scale – The Biosphere 2 

Landscape Evolution Observatory 
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Why build physical models of mountain 
slopes? 

 1. How does water move through landscapes to get to rivers, etc? 

2. How might the way water moves through landscapes change in 

future climate scenarios, and how will that affect water resources 

for people? 

3. How does the water, energy, and carbon cycles interact at the 

Earth’s surface? 

4. How do biological systems modify landscapes? 
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Landscape  scale 
Water Cycle 

Soil pit scale 
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• As land use, climate, and vegetation 

change, the availability of surface water 

(and ground water) will change 

• This could be particularly problematic in 

arid and overpopulated regions 

• In arid regions such as Arizona, high-

elevation areas are natural “water 

towers” and mountain slopes transfer 

water to rivers and aquifers  
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At Biosphere 2 we are building physical models of 
natural slopes to address these issues. 

•We can control the environment in B2, and make 
denser (in time and space) measurements in 
constructed slopes than in natural systems. 

•Because we are designing and building it, we will 
know the internal structure and “initial conditions” – we 

never really know these in natural systems 
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360 m2 hillslope forms 

1 meter of engineered soil 

Thousands of environmental sensors to measure 

water, energy, carbon  and geochemical fluxes through 

soil, plants, atmosphere 
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• Overarching scientific goals: 
• How will the carbon, water, and energy cycles change as climate changes? 
• How do physical and biological systems coevolve? 

• Technical project goals: 
• High-precision and real-time quantification of hydrological partitioning at 

hillslope scale - in space and time 
• Determination of rates and climatic controls on solid-phase geochemical 

evolution 
• Quantification of rain-splash and overland flow erosion 
• Observation of microbial and vegetative colonization 
• Study of coupling among vegetation, hydrology, climate and lithology at 

hillslope scale 
Each of these goals also drive us towards the goal of improved 

coupled Earth-systems computational models 
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Construction began 7/29/2011 after ~18 months of engineering design, 
contractor selection, etc. 

 

UA School of Architecture/Biosphere 2 
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The backbone of our approach to coupled Earth systems science is the 
dense LEO sensor network and associated cyberinfrastructure, 

which is being developed in-house and in collaboration with UA ECE 
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Soil Moisture – Decagon 5TM 
Soil Temp – Decagon 5TM 
Soil Water Potential – Decagon MPS2 
Soil Water Sampler – Prenart SuperQuartz 
 
At 5 cm, 20 cm, 50 cm depth 
 
 

Soil Moisture – Decagon 5TM 
Soil Temp – Decagon 5TM 
Soil Water Potential – Decagon MPS2 
Soil Water Sampler – Prenart SuperQuartz 
 
At 5 cm, 20 cm, 35 cm depth 
 
 

Soil Moisture – Decagon 5TM 
Soil Temp – Decagon 5TM 
Soil Water Potential – Decagon MPS2 
Soil Water Sampler – Prenart SuperQuartz 
 
At 5 cm, 20 cm, 50 cm, 85 cm depth 
 
 

Custom electrical resistivity tomography 
(ERT) probes for geophysical measurement 
of 3D moisture field 
 
At 5 depths: 10, 20, 30, 50, 75 cm 
 
 

Custom soil gas samplers (gas permeable 
ePTFE membrane over perforated PTFE 
tubing) 
 
At 3 or 4 depths to match water samplers 
 
 

HukseFlux heatflux plates (HPF-1 and HPF-
SC) with co-located Campbell Scientific 
averaging thermocouples (TAV-L) 
 
At 5 cm depth 
 
 

Carbon dioxide concentration sensors: 
Vaisala GMM222 
 
At 3 depths matching local sensor stack 
 

Each LEO hillslope will have 1,835 sensors embedded in the “soil” material 

Vibrating wire piezometers (GeoInstruments  
10 psi ) for mapping of soil water saturation 
depths 
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LEO will be the world’s largest weighing lysimeters, and 
the only place that the full water budget can be balanced in 

real time at the landscape scale 
 

To fulfill this objective, the in situ sensor network will be complemented 
by: 

• An engineered rain system capable of 0.5 – 5.0 cm/hr 
• Mag flow meters to measure precipitation flux 
• Mag and tipping bucket meters to measure soil water flux at seepage 

face 
• Overland flow flux measurement and collection system 
• Custom load cells embedded into steel structure that will monitor 

system weight in real time at 0.05% precision or better, so that total 
water content is always known. 

• Atmospheric instrumentation 
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LEO is already a nexus for integrated science 
 

The Biosphere 2 research faculty is poised to work with faculty 
members from campus to operate LEO, to foster collaboration beyond 
the institution, and to run a truly interdisciplinary Earth systems science 
research institute with LEO as its unifying focus. 
 
LEO construction began July 29, 2011, and will take an estimated 15 

months to complete 
 

Several ongoing activities include assessment of early-stage soil 
microbiology, planning activities related to vegetation selection, 
and a growing outreach, education, and documentation effort.  
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The LEO project serves as a tool for STEM education, 
public outreach, and is being professionally documented as 

it is constructed and operated 
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leo.b2science.org 
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LEO video: 
 produced by Shipherd Reed and Ruben Ruiz, Biosphere 2 
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