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Angelo	  Secchi	  
•  First	  scien?st	  to	  state	  
authorita?vely	  that	  the	  sun	  is	  
a	  star	  

•  Invented	  secchi	  disk	  for	  first	  
measurement	  of	  ocean	  color.	  

•  The	  first	  disk	  was	  lowered	  
from	  the	  papal	  yacht,	  
l'immacolata	  Concezion	  
(Immaculate	  Concep?on),	  on	  
April	  20,	  1865	  (Carlson	  and	  
Simpson,	  1996).	  	  



Evolu?on	  of	  Boundless	  C	  

Sarmiento and Gruber (2002) 



Sabine et al 2004 



IPCC	  2013	  



Regnier	  et	  al.	  2013	  



The	  Ac?ve	  Pipe	  Model	  

Cole	  et	  al.	  2007	  



Terrestrial	  Aqua?c	  Linkages	  
Major	  Areas	  of	  Research	  

•  Terrestrial	  Transport	  to	  Inland	  Waters	  
– Hydrologic	  controls	  
– Terrestrial	  Biological	  Controls	  

•  Transport	  and	  Transforma?ons	  during	  Transit	  
– Major	  Processes	  

•  Removal/addi?on	  and	  change	  in	  composi?on/form	  

–  Impact	  on	  Inland	  Waters	  

•  Impact	  on	  Receiving	  Coastal	  Waters	  



Riverine	  Transport	  to	  Ocean	  

Raymond	  and	  Spencer	  2014	  



How	  much	  terrestrial	  C	  enters	  inland	  
waters?	  

•  Measurements	  
– Need	  to	  focus	  on	  small	  watersheds	  

•  End-‐member	  land-‐use	  systems	  across	  climate	  gradients	  
•  Elucidate	  hot-‐spots	  (e.g.,	  wetlands	  for	  DOC)	  

– Need	  to	  sample	  hydrologic	  events,	  which	  are	  
short	  in	  dura?on	  

•  Models	  
– Have	  to	  have	  strong	  hydrologic	  component	  
– Need	  for	  both	  simple	  and	  complex	  models	  



Terrestrial	  transfers:	  DOC	  
Harvard	  Forest	  

•  60%	  of	  
export	  
occurs	  
during	  15	  
days	  of	  
year	  

Wilson	  et	  al.	  2014	  



DOC	  &	  POC	  
Export	  with	  

Storms:	  Atlan?c	  
Piedmont	  

Dhillon	  and	  Inamdar	  2014	  



Lambert	  et	  al.	  2014	  

DOC	  Export	  with	  
Storms:	  Brieany	  France	  



DOC	  &	  POC	  Export	  with	  Storms:	  South	  
Korea	  

Jeong	  et	  al	  2012	  



DOC	  Export	  with	  Storms:	  Sleepers	  
River	  VT	  

Pellerin	  et	  al.	  2012	  



Pellerin	  et	  al	  





Modeling	  DOM	  Responses	  to	  Climate	  
Change	  in	  New	  England	  

•  Hydrologic	  Responses	  
– Understanding	  storm	  flow	  through	  surficial	  soils	  is	  key	  
to	  modeling	  loadings	  (Sebestyen	  et	  al.	  (2009))	  

•  Storm	  flow	  through	  surficial	  soils	  will	  increase	  in	  winter	  due	  
to	  increased	  dormant	  season	  precipita?on	  due	  to	  climate	  
change.	  	  	  

•  Increase	  in	  the	  number	  of	  large	  events	  will	  increase	  DOM	  
transport	  (Raymond	  et	  al.	  in	  review)	  

•  Biologic	  Processes	  
–  Stream	  water	  losses	  decrease	  due	  to	  declines	  in	  
lieerfall	  and	  soil	  C	  mineraliza?on	  rates	  with	  future	  
climate	  change	  (Campbell	  et	  al.	  2009)	  

	  



Storm	  Impacts	  
on	  Receiving	  

Waters	  







Gulf	  of	  Maine	  Impacts	  

Balch	  et	  al	  2012	  



Transforma?ons	  

Raymond	  et	  al	  2013	  

	  Inland	  Water	  CO2	  Efflux-‐	  2.2Gt	  yr-‐1	  



Regional/Global	  CO2	  Evasion	  

Benstead	  and	  Leigh,	  2012	  

Stumm	  and	  Morgan	  

x	   x	  

CO2	  Concentra?on	  
	  Gradient	  

Surface	  	  
Area	  

Gas	  Transfer	  
Velocity	  x	   x	  



Surface	  Area	  

•  Very	  few	  es?mates	  of	  global	  stream/river	  surface	  
area	  

•  Es?mate	  from	  length	  and	  width	  
•  Spa?al	  length	  products	  (e.g.	  HydroSHEDS	  and	  
NHDplus)	  advancing	  quickly	  

•  Width	  es?mates	  and	  measurements	  also	  
advancing	  quickly	  

	  



Stream	  Surface	  Area	  -‐	  Length	  

Benstead	  and	  Leigh	  2012	  

•  Difficult	  to	  
determine	  when	  
streams	  begin,	  lake-‐
stream	  connec?ons,	  
ephemeral	  streams,	  
wetland/floodplain	  
connec?vity	  



Hydraulic	  “Primer”	  

•  Discharge	  (Q)	  =	  
Width*Velocity*
Depth	  

•  W	  =	  aQb	  

•  V	  =	  cQd	  

•  D	  =	  eQf	  

•  b+d+f=1	  
•  a*c*e=1	  

Raymond	  et	  al.	  2012	  



Stream	  Surface	  Area-‐	  Width	  
Comparing	  Two	  Data	  Sets	  
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Raymond	  et	  al.	  2013	  from	  USGS	  
data	   Raymond	  et	  al.	  2012	  

W	  =	  aQb	  



Global	  surface	  
area	  by	  stream	  

order	  
•  Larger	  role	  of	  small	  
streams	  with	  
Raymond	  et	  al.	  

•  Global	  Surface	  area	  =	  
670,000km2	  versus	  
430,000km2	  
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Stream	  Gas	  Transfer	  Velocity	  (k600)	  

•  K600	  is	  a	  func?on	  of	  turbulence	  at	  the	  surface	  of	  streams	  
•  Calculated	  from	  slope	  and	  velocity	  (Raymond	  et	  al.	  2012)	  
•  Velocity	  es?mated	  from	  discharge	  and	  hydraulic	  equa?ons	  
•  Slope	  gathered	  from	  Hydrosheds	  

	   	   	  V	  =	  cQd	  

	  



NARWidth	  
(Allen	  and	  

Pavelsky	  2015)	  



Global River Width from Landsat 
(GRWL) Database 

	  
Coming soon… 

gaia.geosci.unc.edu/NARWidth 









Conclusions	  

•  Inland	  waters	  transport	  terrestrial	  material	  to	  
the	  ocean	  but	  are	  also	  sites	  of	  ac?ve	  
processing	  

•  Ability	  to	  efficiently	  and	  accurately	  measure	  
land	  to	  water	  transfers	  improving	  greatly	  

•  Models	  will	  be	  able	  to	  use	  this	  new	  data	  to	  
link	  hydrology	  and	  terrestrial	  components	  

•  Refined	  es?mates	  of	  surface	  area	  of	  inland	  
waters	  needed	  and	  are	  occurring.	  	  

	  


