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In this presentation, I’d like to…..

• Review peatland distribution, hydrology 
and natural processes.

• Examine how human activity can impact 
peatlands

• Assess how this affects Carbon dynamics 
(mainly in water) and ecosystem services

• Reviewer how can we use this knowledge 
for restoration measures?

• (Briefly) examine emerging issues affecting 
peatlands and upland areas more generally. 



Occurrence and Natural Processes
• Between 1/5th and 1/6th of land cover.

• Blanket bogs approximately 12% of (total) coverage-
mainly in upland areas.

• Remainder dominated by (thicker) raised bogs. 

• Essentially organic matter which accumulated under 
water logged conditions at a faster rate than it could 
decay.

• Between 1 and 3 billion tonnes of C estimated to be 
stored in them – cf Natural Capital. 

• Water content often greater than 95% (more than 
milk)

• Water (and how it behaves) is fundamental to 
understanding peatlands.



On Bogs: Where does water go?



So what are we looking at (hydrogeologically)?
Raised Bogs:

• Found in areas of high (>800mm) 
frequent (>200 days/yr) rainfall 

• Naturally very gentle (watch glass) 
topography masks thick sequences of 
peat (up to 15m+) which increase in 
thickness away from bog margins.

• Gentle topography hinders runoff and 
encourages water logging thus slowing 
decomposition (humification)

• Water table generally fluctuates by no 
more than 10-15cm.

• Where hydrologically intact have upper 
living layer (acrotelm), over more 
decomposed (catotelm)

• Fresh peat very soft, compressible and 
elevated hydraulic conductivity (when 
humification less than H4)



…and Blanket Bog

Found in wetter climate 
(rainfall>1000mm/yr, 250+ rain days)

More complex geologically, and 
topographically (…and so hydrologically).

Relatively little work carried out on 
blanket bog hydrology and hydrogeology. 

Limited work suggests much more 
heterogeneous but generally more 
compact and lower hydraulic 
conductivity….requires more work. 

Similarly relationship with substrate 
poorly understood, but recognised to be 
more complex than originally thought. 



Environmental Conditions

• Specialised environment-
• Permanently wet

• Organic matter substrate

• Highly anaerobic –CH4

• Low nutrient water supply

• Very specialised (peat 
accumulating) vegetation.

• Sphagnum sp. 

• Very sensitive to human 
disturbance.

Picture: Francis Mackin, RPS



Ecosystem Services
• Biodiversity: Bogs host rare and specialised 

species.

• Climate Regulation: Bogs are the largest stores of 
terrestrial carbon on the plant-by far!

• Hydrology: Bogs can store large volumes of water 
–more water in peat than milk, much of which 
drains to high status streams.

• This water, although slightly coloured, has a much 
better quality than in lowland catchments. 

• Wet areas are harder to burn

So,

• Bogs can provide us with cleaner water

• They maintain stream flow.

• They can help reduce risk of flooding.

• When healthy, they reduce fire risk.

Photo: Wikipedia



What happens to peat near drains?

Drainage

1m

Consequences:
•Steeper Slopes near 
margins.
•Deeper Water Table
•Die back in active raised 
bog.



Marginal Drainage



How far does impact extend?

Images: Alister Best



Biodiversity loss-Raised Bogs
Reasonable areas of uncut bog 
remaining, but that’s not what the 
Habitats Directive protects. 

RoI hosts the majority (>60%) of 
remaining (peat accumulating) active 
raised bog (ARB).

Remaining area of ARB estimated as 
approximately 0.3% of the original 
area.



….and Blanket Bog?
• Approximately 150,750 ha in 50 sites 

making up SAC network.

• Area considered Active Blanket Bog (not 
cut or eroding) 1366 km2. (NB: Not the 
same as peat accumulating)

• Approximately 10% lost since 1994.

• Suspected underestimation of damage.

• Initial survey of 1406 blanket bog  
subcatchments 95% displayed evidence 
of anthropogenic damage

• More detailed study of 341 least 
impacted catchments (>1km2), only 11 
suggested no damage. Further 
investigation of four of the most suitable 
catchments showed all had some 
damage. 



….other Ecosystem Disservices

Data Source: Cormac Mc Conigley, 
Local Authority Waters Programme



….and Water Quality

• Blanket bogs are a source of high 
quality raw water (lower pollution 
pressures).

• Water in more degraded areas is 
poorer quality.

• However, evidence of improved 
quality in intact / restored areas is 
more equivocal. 

• We need to  understand blanket 
bog hydrology and hydrogeology to 
more confidently quantify 
ecosystem services and disservices. 



…and Emissions

• Peatlands naturally sequester 
carbon.

• Overall (when factor in methane 
and NOx), they have a slight 
cooling effect –expressed as CO2

equivalent.

• Trend reverses with degradation

• For every 10cm drop in water 
table emissions approximately 3 
tonne/ha/yr. (Evans et al, 2021)

Peat Condition 

Category 

Drainage 

Status

Total CO2eq 

(tonnes/ha/yr)

Annual Cost per ha 

(at Eur 25/Tonne)
Saving/ha if 

fully restored

Forest 9.91 €247.75 €262.75

Eroded modified 

Bog
Drained 4.85 €121.25 €136.25

Undrained 3.55 €88.75 €103.75

Heather 

Dominated 

modified Bog

Drained 3.4 €85.00 €100.00

Undrained 2.08 €52.00 €67.00

Rewetted Bog Rewetted 0.81 €20.25 €35.25

Domestic 

Extraction
Drained 7.91 €197.75 €212.75

Industrial 

Extraction
Drained 13.84 €346.00 €361.00

Near Natural Bog Undrained 0.01 €0.25 €15.25

Intact Bog Undrained -0.6 -€15.00 n/a

Modified from CEH (2017)



Flow Moderation?
Intact bog viewed as stores if water, but 
is this true?

Complicated by artificial drainage and 
changes in peat properties

Flooding

-localised

-catchment scale

Bogs to regulate flow –during high flow

…..but also low flow-rarely considered, 
but could be vital during prolonged dry 
periods.

Above image: New Civil Engineer



What can we do?

Above (Left) Drains lower water levels in peat, leading to increased decomposition 
and colour generation. (Right) Drain blockage raises water tables to reverse this 
process and improve water quality and reduce GHG emissions.



How to tackle this issue?

• Widespread “restoration” works

• Success rates highly variable.

• Largely due to a lack of baseline 
monitoring.

• Until recently drain blockage was 
“the only show in town”

• Considerable (on-going) 
developments.

Photo: Francis Mackin



Restoration-Getting it Right

• Placing works in wrong place wastes 
money.

• Understanding hydrological processes 
is essential. 

• Modelling helps to more effectively 
target restoration. 

• …but this must also consider ground 
conditions and what is going on in the 
subsurface. 

• Responses can sometimes be very 
rapid (~5 years)

Above: Example of successful cutover restoration 
at Mount Allen Bog, Co. Roscommon, in a 
hydrologically suitable area. 



Is it worth it?

• Some ecosystem services 
difficult to cost

• Biodiversity –based on possible 
fines……

• Amenity…housing value.

• Flooding-insurance premiums –
need more flood modelling data.

• Others a bit easier 

• -if you have the data!

• Emissions-if use carbon tax from 
RoI as starting point. 

• Water treatment –if located in 
drinking water catchment (Data 
courtesy of NI Water).



Water Colour and Bog Condition



Drinking Water Treatment

• Looked at treatment costs at blanket peat covered site. (Chemicals, 
energy and waste disposal)

• Had costs for before and after restoration, where we saw a rapid 
response

• Equates at roughly £0.30/mg.l-1/ML.

• Test site in Co. Antrim with forestry and open moorland. Supplemental 
costs for treating water from afforested area: £72.12 /ha/yr.



Costing Emissions

• Taking wider view across all 
peatlands.

• Costs for most of current land 
uses in uplands do not compare, 
based on emissions alone. 

• In addition, this fails to factor in 
increased flood risk and value of 
other ecosystem services (work in 
progress).

Peat 

Condition 

Category

Drainage 

Status

Total CO2 eq 

(Tonnes/ha/yr)

Cost per ha at 

£28.75/tonne/yr

Savings if Fully 

Restored

Forest 9.91 £284.91 £302.16

Eroded 

modified bog Drained 4.85 £139.44 £156.69

Undrained 3.55 £102.06 £119.31

Heather 

dominated 

modified bog Drained 3.4 £97.75 £115.00

Undrained 2.08 £59.80 £77.05

Rewetted Bog Rewetted 0.81 £23.29 £40.54

Domestric 

Extraction Drained 7.91 £227.41 £244.66

Industrial 

Extraction Drained 13.84 £397.90 £415.15

Near Natural 

Bog Undreained 0.01 £0.29 £17.54

Intact Bog Undrained -0.6 -£17.25 £0.00

Modified from CEH (2017)



Emerging Issues –requiring further work



One Final Thing: Offsite Issues



So…

• Peatlands are a dominant landscape/soil type across NI

• The provide important (often unappreciated) ecosystem services.

• Many have tangible economic benefits

• Due to the degraded state of nearly all of NI’s peatlands, these benefits are 
considerably reduced, and can cost instead. 

• Restoration helps redress this issue, but need to be backed up by science.

• The speed of some responses make some of these economically viable in 
the space of 10 years or less, depending on setting.

• The impact of emerging activities in uplands needs further quantification to 
determine the net environmental benefit. 



Questions / Comments

• r.flynn@qub.ac.uk
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