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Active Pipe Model

• Inland Waters 
historically 
seen as 
“passive pipe”

• Currently 
trying to work 
out fluxes of 
“active pipe” 
model



Global Inland Water CO2 Evasion

Benstead and Leigh, 2012
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• 6,709 sites with CO2 calculated from alkalinity and pH
• Not correlated strongly with anything
• Regional CO2 was interpolated from individual sites
• Global average= ~3500 µatm (used medians)

River CO2

Raymond et al. 2013



Stream/River CO2 Sites

• 6,709 sites with CO2 calculated from alkalinity and pH
• Not correlated strongly with anything
• Regional CO2 was interpolated from individual sites
• Global average= ~3500 µatm (used station medians)



Stream Surface Area

• Very few estimates of global stream and river surface 
area.  No spatially resolved estimate.

• Estimated from length and width by stream order
• Length gathered from HydroSHEDS
• Width from discharge and hydraulic equations
• Corrected for stream drying and freezing



Stream Surface Area - Length
• Use digital elevation 

maps
• Global: HydroSHEDS for 

length (Lehner et al. 
2008). 

• United States: National 
Hydraulic Data set (NHD)

• NHD has a better 
resolution than 
HydroSHEDS

Benstead and Leigh 2012



Stream Surface Area- Width
Comparing Two Data Sets
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Global surface 
area by stream 
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• Large 
differences 
due to 
equations

• Importance of 
small streams

Σ =487,000

Σ=761,000



Climatic 
Regulation 
of Surface 

Area
• Greater surface area 

in wetter regions.
• Width relationship 

with Precip, stronger 
than length Density

Temperature (oC)
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River Surface Area

• Total Surface area of 624,000km2 (0.5% earth surface)
• Aufdenkampe 2011: 320,000-510,000km2

• Downing et al. 2012: 485,000-662,000km2

• Approximately 88,000km2 is blocked by ice
• Approximately 84,000km2 not active due to drying



Stream Gas Transfer Velocity (k600)

• K600 is a function of turbulence at the surface of streams
• Calculated from slope and velocity (Raymond et al. 2012) from 563 independent 

measuremens
• Velocity estimated from discharge and hydraulic equations
• Slope gathered from Hydrosheds

V = cQd



• 1.8Pg yr-1 (2.2 with lakes and reservoirs)
• 70% of CO2 from 20% of Earth surface
• High Fluxes from Southeast Asia, Amazonia, Central America, Europe, regions of 

South America west of the Andes, Southeast Alaska, western Africa, and the eastern 
edge of East Asia

Global Stream/River Evasion



(hypothetical) Sources of 2.2 Pg yr-1

• Soil CO2
– Assume all soil water entering inland waters 

(40,000km3 yr-1) has CO2 concentration of 
50,000µatm that evades = 1.0Pg yr-1.



(hypothetical) Sources of 2.2 Pg yr-1

• Soil CO2.  1 Pg yr-1

• Terrestrial OM Decomposition
– Assume lateral transport of soil OM is twice as 

large as what is exported to the ocean and that 
this OM is oxidized and evaded as CO2.  ~0.4Pg yr-1



(hypothetical) Sources of 2.2 Pg yr-1

• Soil CO2.  1 Pg yr-1

• Terrestrial OM Decomposition.  0.4Pg yr-1

• Wetland and riparian root respiration. 
– Assume 20% of wetland NPP (6Pg yr-1) is 

transferred laterally as C and evaded as CO2



(hypothetical) Sources of 2.2 Pg yr-1

• Soil CO2.  1 Pg yr-1

• Terrestrial OM Decomposition.  0.4Pg yr-1

• Wetland and riparian root respiration. 1.2Pg 
yr-1



• Significantly lower estimate
– 0.65 vs 1.3 Pg yr-1



• Significantly higher estimate
– 0.4 vs 0.1 Pg yr-1



How much riverine DOC makes it to 
the ocean?

• There are now 
numerous estimates

• They are a bit 
incestuous in the data 
they utilize (still room 
for improvement)

• Annual variation of 
~25%

Study Estimate
(Pg yr-1) 

Schlesinger and 
Melack (1981) 

0.37-0.41

Ludwig et al. (1996) 0.21

Meybeck (1993) 
0.20

Aitkenhead and 
McDowell (2000) 

0.36

Meybeck (1982) 0.22

Harrison et al. (2005) 
Seitzenger et al. (2005) 

0.17

Mayorga et al. (2010) 0.16

Dai et al. (2012) 0.21-0.22

Raymond and Spencer 
(2014) 

0.25

 



DOC flux for top 30 rivers ranked by 
discharge

• 36% of land draining into ocean
• 50% of global ocean discharge

Raymond and 
Spencer (2014)



DIC/Alkalinity Fluxes

• Facilitated by strong relationship between fluxes and 
climate/lithology

• 70% of flux, 10% area
• ~0.35 Pg C yr-1 (as bicarbonate)



Active Pipe Model-Global
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