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http://criticalzone.org/ 



The National CZO Program is a community resource. It 
serves the international scientific community through 

research, infrastructure, data, and models. The 
interdisciplinary teams at each CZO work on site-specific 

science as well as cross-site science 

3 CZOs (CA, CO, PA): 2007-2012 
3 CZOs (AZ, DE, PR): 2009-2014 



http://criticalzone.org/data.html 

Embedded  
sensor networks 



(Slide courtesy of Suzanne Anderson) 

Boulder Creek CZO, CO 



•  3rd order White Clay  
Creek at SWRC, 800 
ha 

•  1st order forest, 24 ha 
•  1st order row crop, 

~40 ha 
•  1st order construction, 

~50 ha 
•  mouth White Clay 

Creek, 277 km2 
•  mouth Brandywine 

Creek, 842 km2 



LIDAR Surveys at Each 
CZO 

1.      Tree scale mapping (sub‐m scale)  
           ‐ Loca4on of trees  
           ‐ DBH 
           ‐  Canopy Closure 
           ‐ Tree Height 
           ‐  LAI 
           ‐  Species Iden4fica4on 

2.    Bare Earth Ground Truth (Leaf off flight) 
           ‐ Shale Hills Watershed (leveraged dataset) 
           ‐ Mid‐Basin Stream Channel Ground Control Point (downstream) 
           ‐ Leading Ridge Watershed 1 Ground Control Point 



Species Common Name Number of Trees 
Red maple 22 
Sugar maple 122 
Yellow birch 2 
Sweet birch 10 

American Hickory 3 
BiTernut hickory 184 
Pignut hickory 122 

Shugbark hickory/ Mockernut 
hickory 26 
Beech 7 

White ash 36 
Yellow‐poplar 13 
Cucumber tree 3 

Blackgum 5 
Table Mountain pine 2 
Eastern white pine 59 

Virginia pine 96 
Black cherry 5 
White oak 282 

Chestnut oak 558 
Red oak 287 
Black oak 47 

American basswood 3 
Eastern hemlock 164 

SUM  2058 



Australia, 
China, 
… 



Forest Crop Spray Irrigation 

Penn State 



Stream Gauge 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Subsoil Moisture Clusters  
of the Monitoring Sites 



Bt1 Horizon  

Bt2 Horizon  

C Horizon 

2” Schedule 40 PVC 

Nested Tensiometers 
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Portable Soil Moisture 
Profiling Probe (TDR) 

Nested Piezometers  
with Thermocouples 

Well 



July 28 Aug. 12 Aug. 15 Aug. 25 

•  106 total monitoring locations 
•  2004 – Present (~weekly) 



Valley θ > Concave Hillslope θ > Planar Hillslope θ  

θD(SLU) 

(m3/m3) 

High σθ‐ high θD(w) (winter/spring) 

Colored bars represent inter‐quar4le range 

Low σθ‐ low θD(w) (summer) 
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LAI and soil moisture display inverse rela4onship during 
growing season 

Soil moisture decreases from leaf onset to leaf maturity 
and then increases from maturity to leaf senescence. 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Hydropedograph 



Relatively flat 
field 

Hilly 
landscape 

Watershed 

Region/Nation/
Globe 

Standard 
Geostatistics 

Hierarchical 
Linear Model 

Spatial Bayesian 
Hierarchical Model 

Spatial 
Model 

Spatial 
Extent a) 

b) 

c) 

d) Prior Model 
π(θ)  

Process Model 
f(Y | θ) 

Data Model 
g(Z | Y, θ) 



Modeling Monitoring 

Mapping 

(Lin, HESS, 2010) 



1. Linking surface to subsurface 

2. Linking point to area 

3. Linking status to process 


