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Around half of Scotland’s land area is considered upland and includes moorlands, 

peatlands and semi-natural grasslands. These habitats provide several important 

ecosystem services which include carbon (C) storage, water quality regulation, flood 

mitigation, biodiversity conservation, and recreation. The Scottish uplands are 

managed for three main agricultural activities: rough grazing, shooting (red grouse and 

red deer), and commercial forestry. Here, we focus on the climate impacts of practices 

for grazing and game management.  

 

WHAT ARE THE IMPACTS OF GRAZING ON SCOTTISH UPLAND SOIL C? 

Rough grazing for sheep and cattle makes up 59% of Scottish agricultural land. Wild 

red deer also graze extensively on Scottish upland areas. 

Grazing has an impact on upland vegetation composition, which may reduce the 

potential1 for soil C sequestration on highly organic upland soils. However, grazing 

pressure only partly explains changes in vegetation composition, with climate change 

and soil acidification2 also playing a part. Overgrazing may cause localised soil 

erosion3, leading to a loss of soil carbon, although there is a lack of recent evidence 

for Scottish uplands.  
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HOW CAN GRAZING BE OPTIMISED TO HELP MITIGATE CLIMATE CHANGE? 

Reduce grazing pressure by lowering stocking densities or restricting the length of 

time animals graze any particular area. A study on a grazed upland area in Central 

Scotland4 predicted that, over a 100 year time frame, excluding sheep or grazing 

sheep at 0.9 ewes ha-1 led to C sequestration of 14 tonnes C ha-1, whilst stocking 

densities of 2.7 ewes ha-1 led to a loss of 24 tonnes C ha-1.  

 

WHAT ARE THE IMPACTS OF MUIRBURN ON GREENHOUSE GAS EMISSIONS 

AND SOIL C IN THE SCOTTISH UPLANDS? 

Muirburn is a traditional method of burning to revitalise vegetation on uplands to 

improve grazing for sheep and habitat for red grouse. There is little information on the 

effects of Muirburn on greenhouse gas (GHG) emissions and soil C from Scottish 

uplands, although limited evidence is available from the UK. 

Greenhouse gas emissions: Carbon dioxide (CO2) is lost from the vegetation during 

burning and   CO2 emissions5 from plant respiration increase after burning, but CO2 

uptake also increases as the vegetation regenerates. Studies estimating methane 

(CH4) emissions show no significant change6 compared to unburnt areas and there 

are no data on the effect of prescribed burning on nitrous oxide (N2O) emissions.  

Carbon stocks: Burning also changes the composition of the vegetation but there is 

little evidence of how this affects soil C. The severity of the impact7 depends on the 

intensity of the fire, with hotter fires burning into the peat, leading to significant C loses. 

There is some evidence that Sphagnum mosses (the building blocks of peat) can 

recover from fire8 as long as some is left alive, but soil C losses due to runoff and 

erosion after burning are subject to debate6. Partially burnt vegetation in the form of 

charcoal of black carbon may also be sequestered in the peat, adding to the C stock. 
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HOW CAN THE IMPACTS OF BURNING BE REDUCED? 

Well managed burns following the guidance laid out in the Muirburn Code9 (2017) will 

help keep adverse impacts to a minimum. 

 

WHAT ARE THE BENEFITS OF RESTORING DRAINED SCOTTISH UPLANDS 

FOR GREENHOUSE GAS EMISSIONS AND SOIL CARBON? 

Much of Scotland’s upland area has been subjected to drainage. Drainage was 

historically used to improve upland vegetation composition for grazing sheep, but now 

is more likely to be used for forestry. Drainage lowers the water table which leads to 

decreased CH4 and N2O emissions but increased CO2 emissions and soil erosion. It 

also alters the vegetation composition, with the loss of peat forming Sphagnum 

mosses. Drained peatlands10 are estimated to emit between -0.05 (net uptake) and 

5.5 (net emission) tonnes of CO2 equivalents per hectare per year. 

There are very few studies measuring GHG emissions from Scottish uplands where 

drains (grips) have been blocked and there are limited studies from the UK. Most 

studies do not measure all GHGs and so the net effect is very uncertain11. Grip 

blocking may reduce C leaching in runoff, but an increase in soil C sequestration would 

require the re-establishment of Sphagnum mosses in the grip. 
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