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THEME 4 – NATURAL ENVIRONMENT

Agriculture and Forestry

• NE1: Risks from changes in agricultural 
productivity and land suitability

• NE2: Risks to soils from increased seasonal 
aridity and wetness

• NE3: Risks from changes in forest productivity 
and land suitability

• NE8: Risks of land management practices 
exacerbating flood risk

• NE9: Risks to agriculture, forestry, landscapes 
and wildlife from pests, pathogens and 
invasive species

• NE10: Risks to agriculture, forestry, landscapes 
and heritage from changes in frequency and/
or magnitude of extreme weather and wildfire 
events

• NE13: Opportunities from changes in 
agricultural productivity and land suitability

• NE14: Opportunities from changes in forest 
productivity and land suitability

Although the primary focus of this study is on urban 
issues, the Glasgow region also encompasses rural 
areas for which some additional impacts arise. In 
particular, agriculture and forestry dominate non-
urban land use, with farming occupying around 200k 
hectares and forestry a further 57k ha (most of which 
is dedicated woodland, but some on farmland and 
some within urban areas). 

The combination of soils, topography and climate 
mean that the region is best suited to livestock 
production rather than cropping, and this is reflected 
in both the dominance of grassland and rough 
grazing but also in the types of farming systems 
present: of around 3100 farm holdings, over 2400 are 
for cattle and sheep and a further 110 for dairying but 
only around 100 for crop or horticultural production. 
Total agricultural employment is around 2700 Full 
Time Equivalents (FTEs), total output is around £118m 
and Gross Value Added (GVA) perhaps £40m23. Less 
detail is available for regional forestry activities, 
but simple pro-rata area estimation from national 
figures24 would suggest employment of around 200 
and GVA of around £11m (CJC, 2015).

The costs and benefits of climate change and 
adaptation activities in Scottish agriculture and forestry 
have yet to be quantified, but potential effects have 
been identified qualitatively.25 In particular, it is apparent 
that moderate warming will benefit biological-based 
production systems by extending the growing season 
and potentially raising yields, plus possibly increasing the 
range of crop and tree species that can be grown. This 
suggests that adaptation actions involving changing 
the seasonal timing of management activities will be 

23 Agricultural GVA is not reported at the LA-level, but pro-rata from 
national figures gives a crude indication.

24 NB. pro-rata applied to sub-set of categories, to exclude wider 
supply-chain (as for agriculture).

25 e.g. https://www.adaptationscotland.org.uk/why-adapt/impacts-
scotland; https://www.forestry.gov.uk/fr/climatechangescotland. 
See also: Reidsma et al. (2010)

Table 40. Agricultural and Forestry Land Areas (hectares). (Source: pers. comm, (2018) Scottish Government and Forestry 
Commission Scotland).

Local Authority Farmland 
Area

Crops Grasslan Rough 
Grazing

Total
Forestry

Of which on 
farm

East Dunbartonshire 10309 661 4050 3415 2791 1553

East Renfrewshire 11927 92 7301 3713 2030 584

Glasgow City 1311 0 551 9 1627 704

Inverclyde 11369 57 4379 6108 2014 586

North Lanarkshire 28223 1882 15370 4742 10038 3875

Renfrewshire 15026 1089 9290 3121 3263 1448

South Lanarkshire 131475 5987 59606 5378 31729 8509

West Dunbartonshire 8962 180 4660 2944 3553 921

Grand Total 218601 9949 105207 77834 57045 18180
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required, possibly extending to introduction of new 
activities, but with anticipated positive impacts on 
employment and production.

However, whilst moderate warming may be welcome, 
more extreme increases in temperature – either in 
general or during specific heatwaves – will lead to 
heat stress which reduces plant and animal growth 
rates. This is particularly the case if water availability 
is reduced, for example during drought periods – 
although these risks are considered low for the region 
(compared to other parts of the UK). Nonetheless, 
adaptation may need to include selection of crop and 
tree species and livestock breeds with greater tolerance 
of heat stress and/or construction of (especially) on-
farm water storage and distribution systems. 

Climate change is also anticipated to increase the 
incidence of various pests and diseases affecting 
agriculture and forestry. This is a potentially important 
risk. As such, prudent adaptive responses include 
increased capacity for monitoring/surveillance 
of risks plus adoption of measures to alleviate or 
avoid damage. For example, more regular screening 
of fields/plantations/herds and identification of 
appropriate controls. The latter may, again, involve 
selection of different plant and livestock varieties with 
less susceptibility to increased pest and diseases risks. 

Beyond the effects of climate change on commodity 
production, consideration also needs to be given to 
the range of broader ecosystem services associated 
with agriculture and forestry. For example, land 
management influences landscapes in terms of 
cultural enjoyment and ecological processes, and 
climate change will affect these as well as food and 
timber production. In particular, warmer temperatures 
will shift the geographical range of plant and 
animal species and may do so too rapidly for natural 
migration to occur. 

In this case, adaptive responses to either protect existing 
habitats and/or improve habitat connectivity to facilitate 
migration may be feasible. For example, using trees 
to provide shade, providing supplementary feed crops 
and maintaining habitat corridors. The study region 
contains some international and domestic statutory 
environmental designations, plus encompasses a 
number of Local Nature Reserves and as Country Parks, 
and hence adaptation measures directed at biodiversity, 
habitats and landscapes are relevant. 

Impacts on agricultural and forestry can also affect 
urban areas in other ways. For example, natural flood 
management involving changes to rural land use can 
delay and/or reduce surface water peak flows. Equally, 
renewable energy in the form of wind and hydro 
power plus biofuel feedstocks is typically located 
on agricultural or forestry sites. Rumble et al. (2015) 
estimate that urban trees deliver ecosystem services 
worth £4.5m/year within Glasgow.

Encouraging appropriate adaptations in agriculture and 
forestry is dependent upon the capacity of private land 
managers in terms of their awareness of likely challenges 
and opportunities plus their ability to respond, which 
may be constrained by a lack of relevant skills and/or 
access to funding. This suggests a policy role for advisory 
and training services plus grant-aid. 

In addition, agriculture is currently influenced 
strongly by support under the Common Agricultural 
Policy. The Scottish Land Strategy26 already exits 
to encourage discussion of priorities and trade-offs 
between different land uses and may have a role to 
play in helping to progress agricultural and forestry 
adaptations.

The potential risks and opportunities were outlined 
in the Glasgow City Region Climate Risk and 
Opportunity Assessment (GCRCROA). However, 
given the estimated agricultural and forest GVA for 
the region, climate change is unlikely to have very 
high economic cost, certainly when compared to the 
urban impacts documented elsewhere in this report. 
Nevertheless, they could still be important local 
impacts or benefits. 

• NE6: Risks to agriculture and wildlife from 
water scarcity and flooding

The FRM strategy (2015) identified the agriculture 
land at risk of flooding and estimated annual 
damage. This found for Clyde and Loch Lomond Local 
Plan District:

• For river flooding, 92 km2 of agricultural land at 
risk, with average annual damages to agriculture 
of £180,000;

• For coastal flooding, 9 km2 of agricultural land at 
risk, with average annual damages to agriculture 
of £16,000.

26 See www.gov.scot/Topics/Environment/Countryside/
Landusestrategy
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The increased risk of flooding from climate change 
would affect these land areas, increasing them by 
around 40% and 80% respectively. However, the 
marginal economic costs from climate change would 
be low relative to property damage, and the benefits 
to agricultural production (e.g. longer growing 
seasons, reduced frost days) would also compensate 
for these increases. 

As highlighted earlier, the region is expected to 
have a water supply surplus, so water scarcity is not 
considered an issue. 

The risks from land management on flooding is an 
issue for Scotland, but given the agricultural land 
in the region is of relatively low value, this is not 
considered a major economic impact. 

Natural Environment including 
Marine and Coastal

• NE4: Risks to species and habitats due to 
inability to respond to changing climatic 
conditions

• NE5: Risks to natural carbon stores and carbon 
sequestration

• NE7: Risks to freshwater fish species from 
higher water temperature, phenology and 
changes to hydrological regimes

• NE15: Opportunities from new species 
colonisations

• NE11: Risks to the natural environment from 
sea level rise

• NE12: Risks and opportunities for marine 
species, fisheries and marine heritage 
from ocean acidification and higher water 
temperatures

Climate change poses very large risks to terrestrial, 
aquatic and marine biodiversity and the ecosystem 
services they provide (provisioning, regulating, cultural 
and supporting services). It will shift geographic 
ranges, seasonal activities, migration patterns, 
reproduction, growth, abundance and species 
interactions, and will increase the rate of species 
extinction, especially in the second half of the 21st 
century (Settele et al., 2014). As well as terrestrial 
ecosystems, there are potentially large impacts on 
marine ecosystems, including nutrient cycling, carbon 
storage and phytoplankton stocks, from ocean 
acidification, ocean warming and sea-level rise, as 
well as impacts on freshwater ecosystems (rivers and 

lakes). Geological features may also be at climate-
induced risk from flooding, sea-level rise and erosion.

The potential risks and opportunities were outlined 
in the Glasgow City Region Climate Risk and 
Opportunity Assessment (GCRCROA).

However, this remains one of the most challenging 
areas for economic analysis. As noted by others 
(e.g. Suggitt et al., 2015), there remains a lack of 
quantitative studies on the physical impacts of 
climate change on biodiversity and ecosystem 
services, making it difficult to undertake subsequent 
economic costings. In particular, data on current 
conditions are often incomplete whilst qualitative 
descriptions of likely changes are rarely accompanied 
by quantification of either the magnitude of change 
or the pace with which it might occur. This hinders 
attempts to estimate economic implications and 
represents a research gap that needs to be addressed. 

Where information on biophysical impacts does 
exist, economic analysis is often made difficult 
by a lack of relevant price data to represent the 
economic significance of any biophysical changes. 
This reflects the fact that most ecosystem services 
are generally not captured by market prices, which 
makes valuation challenging. Non-market measures 
of the willingness to pay (to avoid impacts) can be 
used, though these are highly specific and are difficult 
and resource intensive to obtain, though the valuation 
literature has been advanced under The Economics 
of Ecosystems and Biodiversity initiative (TEEB, 2009: 
TEEB 2010). There are also challenges for valuation 
given the risk that climate change may lead to non-
marginal changes.

At the aggregate level, previous work has generated 
estimates of the current monetary value of ecosystem 
functions for Scotland to derive a current annual 
ecosystem service value of approximately £17 billion 
(Williams et al., 2003). However, this is primarily 
delivered through rural and coastal areas, and urban 
areas will not be as rich in biodiversity and ecosystem 
services, thus this value cannot be directly downscaled 
to the Glasgow city region context. Nevertheless, 
the potential value of urban and coastal ecosystem 
services in the area could be potentially large. 

There has also been some qualitative analysis of the 
monetary valuation of climate change impacts on 
the natural environment (terrestrial, freshwater and 
marine) for Scotland as part of CCRA1 (PWA, 2012). 



Economic Implications of Climate Change for Glasgow City Region

59

This highlighted high uncertainty, but indicated that 
for Scotland overall, these impacts could be significant 
in monetary terms. However, these costs were mostly 
associated with the rural environment, and therefore 
the relative impacts in the Glasgow region would be 
low. The analysis did provide quantified estimates 
of the economic costs for forestry, but again, for the 
GCR, these will translate into low local costs, given the 
small area of land under forestry. 

One example for which some economic analysis 
has been conducted is the case of peatlands. These 
play an important role in climate regulation through 
their store of carbon, but also deliver a range of 
other ecosystem services including water regulation 
and recreation, plus they provide habitats for a 
range of plant and animal species. Unfortunately, 
degradation due to a range of land management 
practices such as burning, draining and over-grazing 
has impaired service delivery from many peatlands, 
and placed them at risk of further degradation from 
climate change (Smyth et al., 2015). Recognition of 
the degraded state of many peatlands and of the 
benefits lost as a result has prompted UK-wide efforts 
to restore peatlands and has prompted economic 
analysis of the costs and benefits of doing so, 
including in Scotland.

Glenk & Martin-Ortega (2018) report use of an 
online stated-preference survey of 2000 people 
to value carbon, water and wildlife benefits arising 

from restoration activities under Peatland Action in 
Scotland. Estimated valuations ranged between £127/
ha/year and £414/ha/year, depending on the type 
and location of restoration considered. If the upper-
bound is interpreted as applying to more degraded 
sites and the lower-bound to mildly degraded sites, 
then the difference in valuation (£287/ha/yr) indicates 
the magnitude of damage costs arising from further 
degradation. By extension, given that climate change 
is anticipated to accelerate degradation of unrestored 
sites, the valuation difference may be interpreted as 
a crude indicator of the damage costs likely to arise 
from climate change if restoration is not undertaken.27 

Combining these valuations with estimates of the 
extent of peatlands within the Glasgow City Region 
of between around 25k ha and 36k ha, implies 
aggregate restoration benefits of the order of £3.2 
million to £14.9 million and an estimate of future 
climate-induced damage costs of £7.5million/yr to 
£10.3 million/yr. More refined estimates would require 
more detailed information on current site conditions 
and degradation time-paths but, although somewhat 
crude, such figures do give an indication of the order 
of magnitude of possible damage costs. 

27 Functioning peatlands can self-adapt to climate change through 
adjustments to the mix of (e.g.) sphagnum species present. 
Degraded peatlands lack this capacity and hence are susceptible 
to further, and likely accelerating, degradation through climate-
change effects. 




