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Terminology

• Carbon sequestration
• Carbon sequestration is the process in which carbon is removed from the atmosphere 

and stored in the carbon pools of specific habitats, such as above-ground biomass, roots 
and soil. The absolute quantity of carbon held in a habitat pool at any specified time is 
the carbon stock or store.

• Carbon source
• A process that releases carbon into the atmosphere

• Carbon sink
• A process that absorbs carbon from the atmosphere

• Carbon flux
• The amount of carbon exchanged between carbon stocks over a specified time.
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The global CO2 concentration increased from ~277 ppm in 1750 to 

417.2 ppm in 2022 (up 51%)

Globally averaged surface atmospheric CO2 concentration. Data from: 
NOAA-ESRL after 1980; 

the Scripps Institution of Oceanography before 1980
Source: NOAA-ESRL; Scripps Institution of Oceanography; Friedlingstein 

et al 2022; Global Carbon Project 2022

https://www.globalcarbonproject.org/carbonbudget/22/presentation.htm

Atmospheric CO2 concentration

http://www.esrl.noaa.gov/gmd/ccgg/trends/
https://scripps.ucsd.edu/
https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/
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Fate of anthropogenic CO2 emissions (2012–2021)

29%
11.4 GtCO2/yr

Source: Friedlingstein et al 2022; Global Carbon Project 2022

26%
10.5 GtCO2/yr

35.2 GtCO2/yr

89%

11%
4.5 GtCO2/yr

19.1 GtCO2/yr

48%

Sources  =  Sinks

3%
-1.2 GtCO2/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/
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Global carbon budget

Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the ocean
The “imbalance” between total emissions and total sinks is an active area of research

Source: Friedlingstein et al 2022; Global Carbon Project 2022

https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/


The Forest Carbon Cycle

• Carbon dynamics within the 
forest vary in space (e.g. soil 
type, species, management) and 
time (e.g. forest growth, species, 
management events)

• How we manage our forests, from 
site to national scale, influences

• the carbon balance of the total forest 
area

• the post-harvest climate impact 

• Assessment of the climate impact 
of our forests need to consider all 
of these drivers of the carbon 
cycle 
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Ecosystem carbon balance
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Diagram courtesy of Dr. Caren Jarmain, UL



Cill Chais

Cad a dhéanfaimid feasta gan adhmad?

Tá deireadh na gcoillte ar lár ............... 

[Now what will we do for timber,

with the last of the woods laid low?]

Centuries of exploitation
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Estate Woodlands

Jones (1986)

‘The most striking thing on a first sight of the

Irish landscape is the total absence of trees of

any kind. They are only seen in private parks’ –

Pascha; Grousset, Ireland’s Disease, 1887.



Annual Report of the Minister for Agriculture 1925-26

‘The department do not desire to acquire for afforestation land fit for 
agricultural purposes which might be capable of being used to form new 

holdings or enlarge existing ones. With a view, therefore, to prevent 
such land being acquired for afforestation they have fixed a maximum 
price at such a figure as to render its sale to the Department for this 

purpose an uneconomic transaction.’ 
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Annual area of state and private sector 

afforestation (ha/year) during 1922-2021
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Where are we now?

• 808,848 ha (11.6% on total land area) in 2022

• Stocked forest (713,152 ha); Temporarily unstocked (7,597 ha); 
forest open areas (88,100 ha)

• 89.3% under forest (remainder in open areas)

• 50.9% in private ownership, remainder public

• Coniferous species cover 69.4% of the stocked forest area and 
broadleaves the remaining 30.6%. 

• 5,472 ha cleafelled/year during 2017-2022.

• Total roundwood harvest in during 2017-2022: 4.1 million m3/year

• Legacy issues:

• Uneven afforestation rate

• Consequent uneven age class distribution

• Large proportion of forests are on peat soils (38.4%) 

13
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Legacy issues

Uneven age class distribution
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High proportion of peat soils



How do we measure forest carbon stock and 

stock changes?
Library analogy

Stock Method
Measure C stock at regular 
intervals and estimate C stock 
change

OR

Flux Method
Measure C inputs and outputs 
and estimate C stock change 
by difference 

Best to do both !
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Stock change method for soil carbon
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Chronosequence approach
(Reidy & Bolger 2013)

Paired plot approach
(Wellock et al. 2010)Repeated Sampling (Hayes 2010)

Hayes (2010)



Flux method for soil carbon
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Site description

• South-west Ireland

• 8 sites 

– 18-44 years old

– Afforestation (except 1 site)

• 7 Sitka spruce

• 1 lodgepole pine

• Ombrotrophic peat

– Peat depth: 60-150 cm

– Drained at time of planting

• Mean annual precipitation 1600 mm

Jovani Sancho et al. (2021))

We need to separate or tease apart the different components of the soil 

CO2 fluxes to assess the change in soil carbon stock.



Flux method for soil carbon
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 In each site:

 7 subsites

 3 microtopographies

 Fresh litter removed

 Soil respiration 

 Measured fortnightly 

 Infra red gas analyser (EGM-
4) with a modified chamber

 From February 2014 to 
February 2016 • Environmental variables

• Soil temperature at 10 cm depth

• Water table depth 

• Peat sampling

• BD, ash content, pH, SOC 
and N content

• Belowground inputs



Flux method for soil carbon
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• Pooled data from all sites were fed into a single nonlinear model following the 
same approach

• Multiplicative combined model of T exponential function and the WT Gaussian 
equation

Our best estimate is that these soils emit 1.68 ± 0.33 t CO2-C ha/year

But the trees are storing more carbon than the soil is losing …………….



National picture
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• Ireland’s forests removed an average of 3.8 million tonnes of carbon dioxide equivalent per 

year from the atmosphere over the period 2007 to 2016.

• Forests > 30 years old (60% of the total area) will be a small net source of approximately 0.1 

million tonnes of CO2 per year, when harvested wood products are included, over the period 

2021-2025 but return to a sink over the period 2036-2050

• Forests < 30 years old (40% of the total area) will remain a carbon sink. 
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Figure 3 Annual projected CO2e emission (positive) and removal (negative) for

afforested land less than 30 years old (AR), managed forest land (MFL) and the total

forest, all including HWP. Data is for the period 2021–2050 and units are Mt CO2e/yr.

Data is following adjustments to EFs. Jarmain et al. (in press)

The carbon cliff…….



Continuous cover forest (CCF) management
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• Few stands under CCF management in Ireland

• Most of these are transforming to CCF

• International studies offer insight but long term studies in Ireland are 
needed.

• Challenges:
• Robust growth models need to be developed for CCF. To date there are a limited 

number of single tree models that can do this and these are confined to continental 
Europe. These models have not been calibrated for UK or Irish conditions.

• The is limited CCF data to calibrate the required models. One cannot evaluate carbon 
flows without a reliable growth model.

• The effect of CCF vs conventional rotation forestry of carbon balance is unclear and 
this varies depending on the system boundary used for the evaluation (see Table 1 in 
full paper).



Species selection
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• Two important considerations:

• The annual (short term) rate of sequestration

• The long term equilibrium carbon storage (over several rotations) 

• Conclusion: The following generalisations can be made:

• Shorter rotation, more productive conifer species, and intensively 
harvested productive crops have higher average sequestration rates 
(7-11 tCO2 ha-1 yr-1) but lower long-term equilibrium storage values 
(147-400 tCO2 ha-1) when compared to long rotation less intensively 
managed stands. 

• Broadleaf stands have higher long-term equilibrium storage (>500 
tCO2 ha-1) but lower average annual sequestration rates (3-6 tCO2 ha-

1), when compared to conifer stands. 

• Slower growing, less intensively managed, stands capture carbon 
slowly but have a higher equilibrium sequestration values, when 
compared to fast growing intensively managed species. 



Landscape level forest management (1/2)
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• Stand level studies are vital not only to understand the 
carbon balance in forests, but also to evaluate different 
management systems. 

• However, carbon dynamics in forests are also driven by large 
regional and national factors such as age class structure, soil 
type, climate and proximity to timber processing facilities.

• Therefore, consideration of how to maximise the carbon 
benefits of forests should not just be focused on stand level 
management but should include the impact of stand level 
decisions on regional and national carbon balance. 



Landscape level forest management (2/2)
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• Conclusions:   

• There is a need for coherence in both land use and forest policy that 
takes accounts of the impact of current and alternative forest 
management practice on the forest carbon balance at the regional 
and national scale.  

• We need to focus on management of existing forests as well as 
afforestation.

• Various legacy factors influence carbon balance of existing forests, 
such as age class structure shifts and a silvicultural practice of shorter 
commercial rotations. 

• Storing carbon in the forest is not enough, we need to harvest it and 
do things with it, energy, construction etc. 

• Management for carbon needs to be balanced against economic 
factors, the need for sustainable timber supplies and other ecosystem 
services provided by forests. 
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Overall conclusions
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• Management practices greatly influence stand level carbon storage in 
forest ecosystems.

• Any consideration of changes in stand level management to reduce 
carbon losses or enhance carbon sequestration must also consider the 
landscape, regional and national implications of such practices, 

• not only for carbon sequestration in the national forest estate but also 
for carbon storage in harvested wood products and the potential for 
such products to displace fossil based products. 

• We should not disregard the other ecosystem services that forests 
provide.
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https://www.ipcc.ch/
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