
Global change, ecosystem metabolism, 

deoxygenation and GHG emissions



A large number of streams and rivers 

worldwide threatened by hypoxia (i.e., DO 

concnetration < 2 mg L-1)



Maximum water temperature and channel slope as most 

important predictors for river hypoxia occurrences, 

followed watershed area, human development index…

Small streams with flat channels are likely most prone to 
hypoxia as temperature increases

Why?

Flat and small: gas exchange and terrestrial subsidies



Global change, hypoxia and riverine methane emissions

Anaerobic metabolism — methanogenesis



• Annual methane emissions of 

27.9 (16.7–39.7) Tg CH4 —

comparable to other freshwater 

ecosystems

• Oxygenation (gas exchange 

velocity), organic carbon 

(peatland), temperature and 

population density as 

significant predictors of CH4 

concentration

Rivers as a significant source of methane to the atmosphere



• Half of the global CH4 emissions from aquatic 

ecosystems

• High uncertainties related to emission fluxes from 

various freshwater systems 

• Rivers: mean (31 Tg CH4 yr-1) versus median (6 Tg 

CH4 yr-1)

• Compare to 16.7–39.7 Tg CH4 yr-1 from previous paper

Steady increase of 

methane emissions



Photosynthesis:

6CO2 + 6H2O → C6H12O6 + 6O2

Respiration:

C6H12O6 + 6O2 → 6CO2 + 6H2O 

What happens to all the organic carbon in a changing world?



• Terrestrial stores of organic carbon

• Mobilisation and transportation

• Transformation by aquatic metabolism

• Evasion as CO2 and CH4 into the atmosphere



Global distribution of soil organic carbon (SOC)

1 2
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1. Boreal forests in Scandinavia

2. Permafrost in Siberia

3. Peat in Southeast Asia

4. Soils in the Congo basin



Understanding the links between 

global change and 

biogeochemistry across 

ecosystems



Each colored area represents the absorption 

spectrum 

• phytoplankton: green

• non-algal particles: dark brown

• chromophoric DOM: light brown

• water: blue

Chromophoric DOM (humics and fulvics)

Dissolved organic matter

(more than just DOC)

Highly diverse molecular 

composition (glacier-fed streams)



• Chemistry (elemental composition)

• Light absorption

• Size (degree of polymerisation)

• Bioavailability (labile or persistent)

Dissolved organic matter (more than just DOC)

DOM: The major intermediary to the carbon cycle



Is there a link between boreal forests and fish populations 

in the Atlantic Ocean?



Terrestrial greening and aquatic browning

• Large amounts of soil 

organic carbon mobilized 

and entering streams 

and rivers

• Humic and fulvic acids 

(degradation product of 

vascular plant material) 

induce browning of 

surface waters

• Increases in water DOC 

concentration

Greening of the boreal landscape

Increasing primary production



Increasing DOC concentrations in boreal freshwaters

• Interactive effects of climate, land use and acid 

deposition

• Increasing pool sizes (fertilization effect), mobilisation 

(reduced retention) and transport (increased 

precipitation)



Terrestrial greening and aquatic browning and light attenuation

Overview of drainage area, major rivers, water masses and 
currents. Drainage areas to the Skagerrak, Baltic Sea and 

North Sea are divided into Fennoscandia (blue), North-

eastern Europe (purple), and North-western Europe (red). 

• Increasing boreal forest cover

• Increasing light attenuation in 

the Skagerrak Sea

• Terrestrial greening and 

freshwater browning around the 

Baltic and North Sea has 

ramifications for coastal water 

clarity across thousands of 

kilometres

• Pointing toward an ecosystem 

connectivity from the Baltic 

lakes and forests to the Barents 

Sea.



Terrestrial greening, aquatic browning and ecosystem 

consequences

Geographical overview of the Northeast Arctic cod feeding and 

spawning areas. The Northeast Arctic cod has its main feeding and 

nursery areas in the Barents Sea. In late autumn, mature cod 

migrate south to spawning grounds along the Norwegian coast. 

Spawning takes place between January and May. Eggs and later 

hatched larvae are carried by the northbound Norwegian Coastal 

Current (NCC) back to the Barents Sea. The insert shows the main 

spawning grounds (hatched) around the Lofoten archipelago

• Spatial connectivity between 

processes on land and in coastal 

waters

• Propagated through streams and 

rivers

• Ecosystems are connected into 

meta-ecosystem through the flow of 

energy and matter

• From ecosystem processes to 

population dynamics 



Permafrost melt and river 

biogeochemistry

Check the scale in the photo



Permafrost melt and river 

biogeochemistry



Permafrost melt and river 

biogeochemistry



Permafrost organic carbon: old but highly 

bioavailable

• Up to 41% of the DOC from Pleistocene 

Yedoma(up to 20 ky old) deposits bioavailable to 

the microbial metabolism

• High bioavailability when mixed with Kolyma River 

or East Siberian Sea water

• Permafrost organic carbon highly successible to 

microbial respiration

• Relevance for greenhouse gas production with 

climate feedbacks



• Larger CO2 emssions from rivers than lakes

• Similar CH4 emissions for rivers and lakes

• Greenhouse gas emissions (as CO2 equivalents) from 

rivers and lakes largely outpace terrestrial net ecosystem 

CO2 exchange

• Underscores the role of inland waters for metabolism of 

permafrost organic matter and GHG production



Palm oil plantations in Southeast Asia and river and coastal 

biogeochemistry



Tropical peat in Southeast Asia 

Tropical peatlands store 

around one-sixth of the global 

peatland carbon pool (that is 

105 gigatonnes), equivalent to 

30% of the carbon held in 
rainforest vegetation



Draining the system

Lowering water level and drying peat
Prone to (wild)fires — CO2 emissions
Degradation of peat domes and deterioration of soild that are rich in organic carbon 

https://greenglobaltravel.com/how-to-avoid-products-with-palm-oil/

Use of palm oil and plantations



• Drainage system, groundwater 

lowering and peat drying

• Prone to (wild)fires — CO2 

emissions

• Clear-cutting

• Loss of biodiversity

• Fundamental alterations of 

biogeochemical fluxes

Deterioration of tropic peatlands



• The conversion of native peat land to 

oil palm plantations inverses the 

ecosystem CO2 exchange from a 

GHG sink to a source to the 

atmosphere

• Loss of soil organic carbon to stream

networks….

Deterioration of tropical peatlands

Peat Swamp Forest

Net Ecosystem Exchange



• The relative importance of microbial respiration and photomineralisation of DOC to CO2 depends on 

solar radiation and channel depth (light attenuation)

• The concentration of dissolved iron present, the relative abundance of lower molecular-weight DOC 

compounds and dissolved O2 (oxygenation, gas exchange) at deeper water depths, as well as DOC 

re-supply control DOC oxidation rates
• Iron-initiated photodecarboxylation of lignin-like compounds to CO2 may be the primary mechanism 

for DOC photomineralization in the drainage canals. Photodecarboxylation involves the 

photochemical reduction of Feiii to Feii, which initiates a ligand–metal charge‐transfer reaction where 

a carboxyl group is oxidized to CO2

• DOC/DOM that is not oxidized may be transported to the coastal waters



Time series of satellite ocean color data from 

northwestern Borneo show that DOC concentrations in 

coastal waters have increased between 2002 and 2021 

by 0.31 µmol liter−1 year−1.

 
This was caused by a ≥30% increase in the concentration 

of terrigenous DOC and coincided with the conversion of 

69% of regional peatland area to non-forest land cover, 

suggesting that peatland conversion has substantially 

increased DOC fluxes to the sea.



Time series of satellite ocean color data from 

northwestern Borneo show that DOC 

concentrations in coastal waters have increased 

between 2002 and 2021 by 0.31 µmol liter−1 

year−1.
 

This was caused by a ≥30% increase in the 

concentration of terrigenous DOC and coincided 

with the conversion of 69% of regional peatland 

area to non-forest land cover, suggesting that 
peatland conversion has substantially increased 

DOC fluxes to the sea.

This rise in DOC concentration has also 

increased the underwater light absorption by 
dissolved organic matter, which may affect 

marine productivity by altering underwater light 

availability.



Deforestation in Africa



• Deforestation mobilized old 

and soil-derived DOC to the 

streams

• Old terrigenous DOC is highly 

bioavailable to the microbial 

metabolism



Pristine forests protect deeper and old SOM 

from erosion. OM from young primary 

production is metabolised on land or 

transported via surface and shallow runoff to 

streams. In streams, this OM is slowly 
decomposed with the production of young 

CO2.

Removal of trees exposes soils to heavy rain 

(tropics!), which  increases the rate of surface 
run-off and soil erosion. SOM from those 

soils increasingly flows into rivers where it is 

rapidly degraded with the production of old 

CO2.



A new model for old carbon

• Old organic carbon fuels the 

contemporary metabolism in 

streams and rivers

• Gaining importance as old stores 

are being mobilized



Land use change

• Climate change (temperature, CO2 

fertilization, precipitation)

• Native land conversion

Terrestrial primary production

• Terrestrial subsidies of organic matter (and 

nutrients…)

Changes in flow regimes

• Increased hydrological connectivity (land-

river-coastal waters) 

• Stores of old organic matter become mobilized

• Fuel contemporary aquatic metabolism

• Contribution to GHG emissions with potential 

climate feedbacks



A better appreciation of biogeochemistry


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

