
Oceans in Biogeochemical Cycling
• Wind-driven “gyres” and mixing in surface

Ø short turnover times in surface ocean !

• Thermohaline circulation at depth
Ø Increasing residence times with depth !

• Ocean-Atmosphere coupling most obvious in ENSO
– global changes due to shifted oceanic and atmospheric cycling
– changed pacific biogeochemical cycling (C, N, …)

• Salinity nearly constant, 35 ‰ � 35 g NaCl / kg water
– long � : Na+, Cl-; short � : Ca2+, SO4

2-

• Highest primary productivity in “upwelling” surface waters
Ø >95% from phytoplankton making use of abundant nutrients
Ø >90% turnover/loss in thermocline; <1% export to depth
Ø nutrient use/uptake in thermocline, recycling/mineralization at depth
Ø C, N, and P cycling driven by changing pCO2 and pO2 with depth
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Fig. 1: Suppression of methane emission by iron(III) fertilization in the year 1999. Black bars represent methane fluxes of the 
control field and gray bars methane fluxes of iron fertilized plot. At three different time points during the vegetation methane
fluxes were measured in mornings (a.m.) and evenings (p.m.) using the closed chamber method. Measurements represent a 
series of quadruplicate±standard error. …
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… The cow-calf sector  of the beef industry is the largest emitter  of methane within U.S. livestock 
industr ies. Although efficiency gains have also been achieved in this sector over time, there is still 
much room for improvement. Emissions from beef cows are high for a number of reasons: beef cows 
are very large animals; diets, consisting mainly of forages of varying quality, are generally poorer than 
in the dairy or feedlot sectors; the level of management is typically not as good; and the beef cow 
population is very large. Better grazing management and dietary supplementation have been identified 
as the most effective ways to improve efficiency and reduce emissions from this sector because they 
improve animal nutrition and reproductive efficiency. … Source: EPA 
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Sources of Methane
1. Ruminant exhalation and 

flatulence
2. Managed wetland emissions
3. Leakage
4. Pyrolysis
5. Fermentation
6. Coal mining emissions
7. Uncontrolled escape
8. Fermentation
9. Leakage from industrial 

processes



Estimates of the global methane budget (in Tg(CH4)/yr) from 
different sources compared with the values adopted for this report 

(TAR).
 Reference: Fung et al. Hein et al. Lelieveld et al. Houweling et al. Mosier et al. Olivier et al. Cao et al. SAR TARa 

(1991) (1997) (1998) (1999)  (1998a) (1999)   (1998) 
Base year: 1980s  - 1992  -  1994 1990  - 1980s 1998

 Natural sources

Wetlands 115 237 225c 145 92
Termites 20 - 20 20
Ocean 10 - 15 15
Hydrates 5 - 10 -

Anthropogenic sources

Energy 75 97 110 89 109
Landfills 40 35 40 73 36

Ruminants 80 90b 115 93 80 93b

Waste treatment - b 25 - 14 b

Rice agriculture 100 88 c - 25-54 60 53
Biomass burning 55 40 40 40 34 23
Other - - - 20 15

Total source 500 587 600 597 598
Imbalance (trend) +37 +22

Sinks

Soils 10 - 30 30 44 30 30
Tropospheric OH 450 489 510 490 506
Stratospheric loss - 46 40 40 40

Total sink 460 535 580 560 576

a TAR budget based on 1,745 ppb, 2.78 Tg/ppb, lifetime of 8.4 yr, and an imbalance of +8 ppb/yr.
b Waste treatment included under ruminants.
c Rice included under wetlands.



Analysis of trends in methane sources

Large. Venting, flaring and leakage prevention 
can be improved. Energy efficiency also120Fossil fuel

Medium. Largest source is domestic 
consumption. Alternatives are needed40

Biomass 
Burning

Small. Increased urbanization counteracts 
progress in CH4 recovery for energetic use40Landfills

Medium. Improved bovine nutrition and 
reduced meat consumption can help120Ruminants

Small. Very important food source. Only change 
in water management during growth helps50

Rice 
cultivation

Very small. Trend depends on feedback 
mechanism (+ or -) with global warming180Wetlands

Mitigation optionsTrendTg CH4Source
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