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Three billion years ago, the 
Earth’s atmosphere underwent 
a dramatic change. For the 

first time, oxygen began to appear, 
and eventually reached its current 
21 per cent composition of the 
atmosphere. This highly reactive and 
poisonous gas was the waste product 
of photosynthesis by ancient algae 
and it forced the then dominant life 
forms into retreat while invigorating 
evolution with new challenges and 
opportunities.

Since the Industrial Revolution, we 
have raised levels of atmospheric 
carbon dioxide by 0.0001 per cent 
through the combustion of coal, oil 
and gas. Those fossil fuels formed 
over millions of years and we are 
consuming them in mere decades. 
The challenge of recapturing this 
carbon to reduce its climate impacts 
can be illustrated by considering what 
we have already released, never mind 
the ongoing emissions.

Adapt or mitigate? 
The 0.0001 per cent increase in 
atmospheric carbon dioxide may 
sound small but it equates to an 
additional 3.6 x 1012 tonnes of carbon 

dioxide (tCO2) [1]. Scotland has 
contributed around 0.2 per cent as a 
per capita fraction of UK emissions at 
1990 levels [2]. If we double Scottish 
woodland cover to 38 per cent (the 
current national target is a three per 
cent increase) there is the potential 
to recapture up to 1.9 x 109 tCO2 at 
a rate of 64,000 tonnes per square 
kilometre [3]. This equates to 0.05 
per cent of the atmosphere’s extra 
carbon dioxide, a quarter of what 
we, in Scotland, have released since 
industrialising. However, half this 
potential woodland area is already 
wooded, and maybe half the carbon 
storage capacity is already taken in the 
unwooded soils and vegetation.

The scale of the problem is even 
greater when you consider that 40 per 
cent of the carbon dioxide released to 
the atmosphere has already dissolved 
into the oceans. The long history of 
industrialisation in Scotland is also 
ignored and likely to increase our 
total share. As a result, the carbon 
capture within a doubled woodland 
cover will be less than five per cent 
of Scotland’s contribution to the 
global increase in atmospheric 
carbon dioxide. The current three 
per cent national woodland increase 
will capture less than one per cent 
of our contribution. The potential 
role of woodland in climate change 
mitigation is, therefore, minor but it 
remains vital for ‘adaptation’.  

Mitigation and adaptation are 
complementary approaches to 
dealing with environmental impacts. 
Mitigation reduces impacts while 
adaptation creates systems that 
respond to them without failing. It is 
frustrating that adaptation has been 
overlooked in the climate change 
debate; there could have been less hot 
air and more action with adaptation 
as a focus because both sides agree 
that our planet has undergone 
changes in the past. So, while we have 
no control over these changes, or the 
carbon we have already released, we 
can choose how to respond and adapt. 
This is especially important now that 
the opportunity for mitigation has 
passed, as the figures above indicate.

Reverse the burning
Scotland’s extensive, moorland 
heaths and grasslands are the primary 
location for woodland expansion, 
to avoid disturbing the carbon 
store contained within peatlands. 
They are currently the focus of 
ongoing forestry, livestock and 
grouse management. With declining 
numbers of livestock and the growth 
of environmentally-aware practices in 
farming and forestry, management for 
grouse in particular has resulted in the 
creation of dreary extents of heather 
and moss.

The quality of this degraded 
moorland is often superficially 

Although the potential for carbon storage within woodland is 
relatively limited, there is no better terrestrial option, explains 
Andy McMullen.

Plant trees: but not to mitigate 
climate change

Above, left to right: Lofty pines reaching 0.1 
per cent into the lowest layer of our shallow 
atmosphere; Scrub in Greenland, a vision of the 
Cairngorm	plateau	in	2050;	A	modern,	filamentous	
algae (Draparnaldia sp.) bubbling with oxygen. 
Photos: Gus Routledge and Andy McMullen. 
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judged by the presence of a few bird 
species with limited consideration 
of the algae, amphibians, annelids, 
club-mosses, crustaceans, ferns, fish, 
freshwater sponge, forbs, fungi, 
grasses, insects, lichens, liverworts, 
mammals, mites, molluscs, mosses, 
protozoans, reptiles, sedges, shrubs, 
spiders, trees and worms that could 
also be present. As a result, 80 per 
cent of the internationally designated 
heathland in the grouse moor 
heartlands of Aberdeenshire, Angus 
and Speyside is in ‘unfavourable 
condition’ when a range of indicators 
are assessed [4]. The impacts of 
management are also apparent when 
grouse moors are abandoned and 
nothing happens beyond the ingress 
of “foxes and crows”. This is used to 
justify grouse-related management 
rather than to realise the impact of 
burning. Even a farmer’s ploughed 
field has the viability to flourish with 
wild flowers when abandoned.

Woodland function 
Native woodlands provide an adaptive 
approach to moorland management, 
particularly where it is degraded 
by intensive practises. Heaths of 
particular economic or biodiversity 
value can be maintained, even 
within open woodland, to retain 
their original activity or biodiversity. 
However, it is in terms of function 
rather than simple numbers of species 
that the woodland system can have its 
greatest effect. 

The planting of trees circumvents the 
challenges faced by seeds establishing 
in heathlands with a dense heather 
canopy or moss layer and a soil 
surface modified by burning. Once 
established, broadleaved trees, and 
birch in particular, have a confirmed 
role in reversing the effects of 
management, such as by capturing 
nutrients more deeply in the soil than 
heather can, and returning them to 
the surface in fallen foliage that is 
amenable to ‘composting’. As a result, 
soil fertility and biodiversity increase 
with the appearance of earthworms, 
for example. These increases in 
biodiversity extend further up 
the food chain as the ‘very three-
dimensional’ woodland structure 
develops in place of the more ‘two-
dimensional’ heath with its limited 
number of niches, fire-tolerant species 
and interconnections.

Although carbon capture is relatively 
limited within woodland, there is no 
better terrestrial option. Peat bogs do 
store more carbon but it accumulates 
slowly so woodland remains the 
best short to medium-term option. 
Woodland is also better adapted than 
heathland to the excess of nitrogen 
deposition, temperature increase and 
lengthened growing season associated 

with climate change. Furthermore, 
upland woodland reduces run-off 
and flooding, which is useful for 
protecting our urban areas, as storm 
events increase in intensity and 
frequency. Woodland is also able 
to recover from storm events and 
to pursue different trajectories in 
response to environmental change in 
ways that grouse moors cannot.

Protect the peat 
Land prices for forestry are now 
higher than for farming because 
of timber’s increasing value. This 
is an opportunity to fund the 
biodiversity of woodlands with their 
economic value. Currently, the value 
generated by Scottish forestry is £1 
billion annually which compares 
favourably to the £3 billion from 
farming or the £23 million claimed 

by the grouse industry. Although 
this latter figure is relatively small, 
it is of great local importance and 
current gamekeeping roles and 
skills will always be needed in a 
more forested future. Furthermore, 
they can be supplemented with 
additional management and sporting 
opportunities to secure sustainable 
social as well as environmental 
outcomes. This contrasts with the 
loss of opportunity within areas such 
as the Monadhliath Mountains in 
the Highlands where grouse moors 
are being replaced by wind farms. 
Frustratingly, practices such as the 
drainage of peat bogs to encourage 
grouse persist in these same places. 
This releases carbon in opposition 
to the efforts made in other Scottish 
industries.

And as for all that excess carbon 
in the atmosphere? Well, we’ll just 
have to adapt (literally) and learn 
to live with it and its consequences. 
In consolation, American ecologist 
Howard T. Odum did once quip that 
it was, perhaps, the fate of humanity 
to release all that geologically locked 
up carbon for future life forms to 
use. Or maybe we can be creative 
and take another lesson from those 
ancient, atmosphere-engineering 
algae? Perhaps Reforesting Scotland 
could expand its brief to include kelp 
forests and the like? After all, the sea 
is as much of a carbon sink as our 
atmosphere, it covers 70 per cent of 
our planet, and Scotland’s landscape 
is not enough to make a difference.
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