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How	  Can	  Brown	  Dog	  Support	  
Cri1cal	  Zone	  Observatory	  Study? 
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Organic	  ma,er	  

Nanoporous	  slicates	  

Mineral-‐microbe	  	  
complex	  

Aluminosilicate	  clays	  	  

oxide	  and/or	  carbonate	  	  
coa=ngs	  

Chorover	  et	  al.,	  Elements,	  2007	  

Cri=cal	  Zone	  



CH	  -‐	  SC	  

Cri=cal	  Zone	  Observatories	  Network	  (2013)	  



lidar	  

CZOs	  provide	  a	  new	  genera=on	  of	  integrated	  
measurements	  

eddy	  correla=on	  

embedded	  
sensor	  

networks	  low-‐cost	  
sensors	  

isotopes	  



Climatology / 
Meteorology	  
Temperature	  
Precipitation	  

Snowfall	  
Snow depth	  

Relative humidity	  
Barometric pressure	  

Dew point	  
Wind speed	  

Wind direction	  
Cloudiness	  

Incoming shortwave 
radiation	  

Latent/ Sensible heat 
flux	  

Geomorphology	  
Lidar	  

Erosion Rates	  

Soil Science / 
Pedology	  

Soil taxonomy	  
Parent lithology	  

Depth to bedrock	  
Soil temperature	  
Soil moisture/ 

Volumetric water 
content	  

Water/ Matric 
potential	  

Bulk electrical 
conductivity	  

Hydrology 
Stage, Discharge 
Well water levels 

Well water temperature 

Water Chemistry 
Stream water TSS 
Stream water POC, 
PON, nutrient loads 
Stream water DO 

Stream water specific 
conductance 
Stream water 
temperature 

Stream water pH 
Biogeochemistry	  

%C, C mass	  
%N, N mass	  

C:N 	  
Soil CO2	  

Eddy Covariance/ 
NEE 

Biology/ Ecology	  
LAI	  
GPP	  

Core Data Measurements 

Management	  
Tile Flow	  

Flashiness Index 
Grass: Crop	  

Land Use Diversity 
STIRs 



Data	  Heterogeneity	  

Josh	  	  
Peschel	  
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LiDAR	  Topography	  Data	  
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h,p://opentopo.sdsc.edu/
gridsphere/gridsphere?
cid=datasets	  

Red:	  Open	  Topography	  	  
Yellow:	  Community	  Contributed	  
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Sources: Esri, DeLorme, NAVTEQ, TomTom, Intermap, increment P Corp., GEBCO,
USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, METI, Esri China (Hong Kong), swisstopo, and the GIS User Community

0 10 205 Kilometersµ
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How	  can	  we	  achieve	  LiDAR	  scale	  
or	  finer	  resolu=on	  observa=on	  	  
for	  soil	  related	  variables?	  

Du,a	  et	  al.	  2013	  
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Du,a	  et	  al.	  2013	  
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Aspira=ons	  from	  BrownDog	  

•  “Unstructured”	  data	  is	  viewed	  broadly	  as	  
comprising	  of	  a	  collec=on	  of	  heterogeneous	  
data	  with	  formats	  that	  reflect	  temporal	  and	  
disciplinary	  legacies,	  data	  from	  emerging	  low	  
cost	  open	  hardware	  based	  sensors	  and	  
embedded	  sensor	  networks	  that	  lack	  well	  
defined	  metadata,	  and	  sensor	  characteris=cs,	  
as	  well	  as	  data	  that	  are	  available	  as	  maps,	  
images	  and	  text.	  	  



Aspira=ons	  from	  BrownDog	  
•  Develop	  capability	  to	  “integrate”	  heterogeneous	  data	  that	  

reflect	  the	  formats	  used	  in	  different	  disciplines,	  to	  address	  
well-‐defined	  scien=fic	  ques=ons	  pertaining	  to	  CZ.	  Such	  
integra=on	  may	  range	  from	  overlays	  in	  common	  
geographical	  formats	  to	  more	  formal	  integra=on	  in	  a	  
geodatabase.	  	  

•  Develop	  example	  applica1ons	  of	  analysis	  and	  modeling	  
that	  exploit	  the	  integrated	  data.	  These	  applica=ons	  will	  in	  
turn	  inform	  the	  data	  integra=on	  that	  is	  needed.	  

•  Guide	  the	  transla1on	  of	  the	  above	  technologies	  for	  
general-‐purpose	  use	  for	  broader	  adop=on	  by	  the	  CZ	  
community.	  	  



LiDAR	  Data	  Studies	  

•  Iden=fy	  geomorphic	  
features	  in:	  
–  Low	  gradient	  streams	  and	  
landscapes	  

–  Human	  modified	  
landscapes	  

•  Ini=al	  focus	  on	  terraces,	  
floodplains,	  stream	  
cross-‐sec=on	  
–  Help	  understand	  
equilibrium	  or	  
disturbance	  impacts	   B.	  Rhoads	  
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This	  presenta=on:	  focus	  on	  methods	  for	  
extrac=on	  of	  useful	  informa=on	  from	  LiDAR	  data	  



Upper	  Sangamon	  River	  Basin	  (USRB)	  

Basin	  Area:	  
3731.5	  km2	  

Data	  source:	  Illinois	  State	  
Geological	  Survey	  
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LiDAR	  
High	  Resolu=on	  Digital	  Eleva=on	  Model	  

(DEM) 	  	  

1.5	  km	  

1	  km
	  

DTM:	  	  
digital	  terrain	  
models	  (represent	  
only	  the	  ground	  
surface)	  
a	  ‘bare	  earth’	  point	  
cloud	  
	  

DSM:	  
digital	  surface	  models	  	  
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•  Longer	  stream	  
profiles	  (25%)	  

•  More	  obvious	  
concave	  and	  
convex	  curves	  	  
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y = 0.00020933x+161.1611
Pearson coefficient = 0.99295

LiDAR Data
Line Fit
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LiDAR	  data	  advantages	  
LiDAR	  (1.2	  m	  DEM)	  v.s.	  30	  m	  DEM	  

200km	  

250	  km	  



LiDAR	  data	  
(DEM)	  

Delineate	  terraces/
floodplains	  geometry	  

(Shapefile)	  

Data	  analysis	  
(Sta=s=c	  and	  

Profile)	  

Erosion,	  human	  
ac=vi=es,	  Sediment	  
transport	  and	  so	  on	  

Analysis	  1	  

TerEx	  Tool	  	  
(ESRI	  ArcGIS	  
plugin)	  

MATLAB	  

Brown	  
Dog	  

Brown	  
Dog	  

Terraces/Floodplain	  Study	  



TerEx	  Tool	  
Analysis	  1	  
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Terraces/floodplain	  Elev.	  

Belmont	  Lab	  Resources	  
21	  
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Terraces/Floodplains relative elevation 

Mean	  value	  1.4787m	  

Mean	  value	  1.7720m	  

Mean	  value	  1.0832m	  
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Stream	  Eleva=on	  Profile	  with	  Averaged	  	  
Terraces/Floodplains	  Eleva=on	  
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Elevation Profile of Stream and Terraces/Floodplains in USRB

 

 

Stream channel fitting line
y = −0.00020765x+215.7061
Pearson coefficient = 0.99694

Terraces fitting line
y = −0.00021581x+217.7089
Pearson coefficient = 0.99485

y1 = −0.000188x+215.3055

y2 = −0.000253x+218.9276

y3 = −0.000164x+210.7225

LiDAR surface along stream
Terraces/Floodplains
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LiDAR	  data	  
(DEM)	  

Tons	  of	  cross	  sec=on	  or	  
transect	  lines	  (.sdf	  -‐>	  .txt)	  

Maturity	  analysis	  
(Hypsometric	  

curve)	  

Erosion,	  human	  
ac=vi=es,	  Sediment	  
transport	  and	  so	  on	  

Analysis	  2	  

Hec-‐GeoRAS	  	  
(ESRI	  ArcGIS	  
plugin)	  

MATLAB	  

Brown	  Dog	  

Brown	  
Dog	  

Hypsometric	  Curve	  Study	  



Cross	  Sec=on	  Gathering	  
•  Hec-‐GeoRAS	  

–  Cross	  sec=on	  interval	  is	  200m,	  
width	  is	  1km	  -‐-‐	  2km	  	  

25	  

Analysis	  2	  

Disadvantages	  	  
•  Can	  not	  generate	  
more	  than	  2000	  
cross	  sec=on	  lines	  at	  
the	  same	  =me.	  



‘Hypsometric’	  Curve	  
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Analysis	  2	  



Hypsometric	  Curve_Stability	  
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Hypsometric Curve of WildCat USRB
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Hypsometric Curve of Middle USRB
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Hypsometric Curve of Ground Moraine Segments in USRB
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Analysis	  2	  



LiDAR	  data	  
(DEM)	  

Stream	  Sinuosity	  
(Shapefile)	  

Moving	  window	  
analysis	  (Box	  

plots)	  

Erosion,	  human	  
ac=vi=es,	  Sediment	  
transport	  and	  so	  on	  

Analysis	  3	  

Manually	  
digitalized	  
stream	  path	  
(ESRI	  ArcGIS)	  

MATLAB	  

Brown	  
Dog	  

Brown	  
Dog	  

Channel	  Sinuosity	  Study	  



Sinuosity	  Concept	  
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Actual	  channel	  length	  

Straight	  line	  distance	  

Analysis	  3	  



Space	  interval:	  6000m	  as	  
an	  example	  

Sinuosity	  in	  Upper	  Sangamon	  River	  Watershed	  
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Moving	  window	  to	  
compute	  sinuosity	  
based	  on	  different	  
space	  intervals	  

•  Total	  Length	  (	  length	  chosen	  for	  sinuosity)	  
Ø  216km	  	  	  

•  General	  Sinuosity	  
Ø  1.87	  
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Analysis	  3	  



Uncurated	  data	  process	  

•  Aerial	  photos	  
– Thousands	  of	  photos	  from	  1993yr	  to	  2012yr	  

•  Format	  
– Geo=ff	  and	  .sid	  file	  	  

•  Target	  
– With	  help	  from	  Brown	  Dog	  
– Detect	  the	  streams’	  migra=on,	  modifica=on	  or	  
extension	  
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Brown	  Dog	  can	  help	  to:	  

•  Replace	  exis=ng	  tools	  with	  servers	  which	  can	  
increase	  the	  processing	  speed	  	  

•  Create	  a	  be,er	  tool	  on	  servers	  	  
– Expand	  data	  process	  limita=on	  	  
– Show	  more	  intelligent	  way	  of	  extrac=ng	  raster	  
data	  
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Nutrient modeling 



Mul=-‐layer	  soil	  nutrient	  model	  
•  Soil	  carbon	  and	  nitrogen	  dynamics	  

– Soil	  carbon	  and	  nitrogen	  dynamics	  controlled	  by	  soil	  
microbial	  organisms.	  



• Bioenergy crops 
▫  Threshold effect on soil 

carbon accumulation 

▫  Due to high above-
ground C:N ratio in 
bioenergy crop at 
harvest 

▫  Result in substantial 
atmospheric CO2 
sequestration 

Source: Woo et al., 2014 (under review) 



Nitrogen	  Age	  
•  Age:	  	  

–  “Time	  elapsed	  since	  the	  par=cle	  under	  
considera=on	  len	  the	  region	  in	  which	  its	  age	  
is	  prescribed	  to	  zero’’	  (Deleersnijder	  et	  al.,	  
2001)	  

	  Difficult	  to	  achieve	  deep	  insight	  with	  a	  
simple	  analysis	  of	  available	  measured	  or	  
simulated	  variables	  

–  Specific	  interpreta=on	  methods	  required:	  
analysis	  of	  elapsed	  =me	  	  



Nitrogen	  Age	  &	  Concentra=on	  



List	  
•  Data	  	  

–  LiDAR	  data	  (1.2	  meter	  DEM)	  
–  30	  meter	  DEM	  
–  Point,	  line	  and	  polygon	  

shapefiles	  
–  Aerial	  photos	  
–  Weather	  data	  
–  Soil	  nutrient	  data	  
–  Text	  
–  Excel	  
–  .MAT	  
–  .CVS	  	  
–  .SDF	  
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•  Tools	  	  
–  ESRI	  ArcGIS	  

•  TerEx	  Tool	  
•  Hec-‐GeoRAS	  
•  Stream	  profiler	  
•  ArcHydro	  

–  C++	  	  
– MATLAB	  
–  CUDA	  	  
–  VMT	  (Velocity-‐
mapping-‐tool)	  



Summary	  and	  Conclusions	  

•  IMLCZO	  offers	  unique	  and	  compelling	  
opportuni=es	  for	  development	  of	  BrownDog	  
technologies	  

•  BrownDog	  technologies	  can	  significantly	  
expand	  the	  science	  of	  IMLCZO	  and	  CZOs	  
broadly	  

Partnership	  between	  CZO,	  BrownDog,	  SEAD	  &	  
EarthCube:	  All	  benefit	  



Ques=ons?	  
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