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Quantifying the role of inland waters in the 
C balance of boreal landscapes 
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Lateral export of organic C from watersheds 
estimated from riverine DOC balances in 

boreal Québec 

?





The average total C export per unit watershed 

from different boreal regions



The composition of total C export



Lateral export of organic C from watersheds 
estimated from riverine DOC balances in 

boreal Québec 

3 to 15 g C m-2 yr-1



• Part of the terrestrial OC will sediment 
and be buried in lake sediments

• Part will be mineralized and will 
generate a CO2 (and CH4) outflux in 
lakes and rives

• Part will reach the oceans

This lateral export of DOC represents a loss 

of terrestrial NEP to the aquatic 

component: Its fate matters



Organic C storage in lake sediments:

?



Organic C storage in lake 
sediments: 

?



2 to 14 g C m-2 yr-1

Range of C accumulation rates in boreal 
lakes in Québec



2 to 14 g C m-2 yr-1

Expressed per unit watershed area, these lake 
C burial rates amount to 1 to 5 g C m-2 y-1

Long-term soil C accumulation ranges from 2 to 
10 g C m-2 y-1 in these landscapes

This is overwhelmingy soil-derived organic matter



2 to 14 g C m-2 yr-1

Expressed per unit watershed area, these lake 
C burial rates amount to 1 to 5 g C m-2 y-1

In these lake-rich boreal regions, C buried in 
lakes may amount to 25 to over 50% of long-

term soil C accumulation

This is overwhelmingy soil-derived organic matter



2 to 14 g C m-2 yr-1

These sediments accumulate and preserve 
large amounts of terrestrial NEP, and are 

therefore an extension of soils

This is overwhelmingy soil-derived organic matter



C emissions from boreal lakes and 
rivers

?



A highly complex network of lakes and rivers

10Km



The challenge of integration and upscaling aquatic fluxes 



Example: 
Total C emissions from the ensemble of lakes and 

rivers from various networks in boreal  Québec, 
expressed per unit watershed area

6 to 35 mg C m-2 yr-1



A significant fraction of these aquatic C emissions 

represent soil and root respiration that is vented 

through the aquatic network 

6 to 35 mg C m-2 yr-1



1 to 5 g C m-2 yr-1

Ranges in lateral DOC export, total aquatic C 
emissions and lake C burial expressed per unit 

watershed area in boreal Québec

3 to 15 g C m-2 yr-1

6 to 35 mg C m-2 d-1



Some approximate numbers expressed 
per unit landscape for boreal Québec

Gross terrestrial primary 
production

550 to 800 g C m-2 yr-1

Forest     NEP (or NEE)

Peatland NEP  

-30 to +100 g C m-2 yr-1

12 to 140 g C m-2 yr-1

Fire C emissions 6 to 13 g C m-2 yr-1

Long term soil C accum. 2 to 15 g C m-2 yr-1

Lateral DOC export

Total aquatic C emissions

Sediment C burial 

3 to 15 g C m-2 yr-1

6 to 35 g C m-2 yr-1

1 to 5 g C m-2 yr-1



• These aquatic components are unquestionably 

significant from a whole landscape C sink/source 

perspective, particularly in the boreal biome

• Yet these aquatic components are still poorly 
integrated into landscape budgets

• There is still confusion as to how and when to 

incorporate these aquatic components into soil, 

peat and forest C models and budgets

Some thoughts



• These aquatic components are unquestionably 

significant from a whole landscape C sink/source 

perspective, particularly in the boreal biome

• Yet these aquatic components are still poorly 
integrated into landscape budgets

• There is still confusion as to how and when to 

incorporate these aquatic components into soil, 

peat and forest C models and budgets

• An opportunity for collaboration between the 
terrestrial and aquatic research communities

• Meeting today at lunch to discuss aquatic / 

terrestrial links, Kaminzimmer Room, 

Some thoughts



The C budget of inland waters: A 
moving target  

Cole et al. 2007



0.4 – 0.8

2.7 - 4.1

3 – 4.6

Tranvik et al. 2009; Buttman et al. 2011; Raymond et al. 2013; 
Kortelainen et al. 2013; Crawford et al. 2013  

The C budget of continental waters: A 
moving target 





A conceptual framework to link aquatic and 
terrestrial components

Webb et al. Ecosystems 2018


