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The global climate is warming and this trend will
continue. Observations show that species are already
being affected by climate change. Thus, conservation
managers need to include climate change in their
conservation strategies, based on sound scientific
knowledge.

MONARCH (Modelling Natural Resource Responses to
Climate Change) is a study into the impacts of climate
change on nature conservation in Britain and Ireland,
being conducted in three phases. It is helping to build
our understanding of the complex interactions between
climate change, land cover, species and their habitats. 

MONARCH 1 produced an assessment of the threats and
opportunities for both habitats and species – identifying
both winners and losers at the Britain and Ireland scale.
However, to better inform practical nature conservation
planning, it was sought to downscale this approach to a
finer resolution and take account of interactions within
habitats in the landscape. This was the objective of
MONARCH 2, completed in 2004, and the subject of this
summary publication. The full report is available online at
http://www.ukcip.org.uk/resources/sector/monarch_p2.as
p?sector=3.

MONARCH 2 models have been developed to help
provide generic guidance to those involved in nature
conservation policy and practice by improving
understanding of the potential effects of climate change
on species and their communities. MONARCH 2 focused
on four case study areas located in Hampshire, the
Central Highlands of Scotland, Snowdonia and a cross-
border site around Cuilcagh and Pettigo in Ireland. They
were selected for their sensitivity to climate change, their
importance for nature conservation and the availability of
suitable data.

MONARCH 2 explored the immensely complicated
nature of the interactions between species, habitat, land
cover and climate change. The limitations of data
availability restricted the application of the finer
resolution model and including land cover reduced the
clarity of the model output. MONARCH 2 has
nonetheless provided valuable experience, which has
helped to frame the objectives of the final phase of
MONARCH, which is now underway.

Introduction 

Oak and birch woodland, Rannoch. Modelling suggests that the

dispersal of oak, a potential recruitment species, into the Scottish

pine woods is likely to be slow.

Cover photograph by Roy Ferguson
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The methodology followed five stages.

1 Relevant data sets on observed species’ distributions,
climate, soil, land cover and statutory conservation
sites were obtained at multiple scales and
incorporated into a geographical information 
system (GIS).

2 Four case study areas were selected for testing models
of species’ suitable climate space and dispersal at the
local scale. This involved the identification of
climatically sensitive areas using the bioclimatic
classification developed in MONARCH 1 and the
selection of key habitats and species of conservation
interest within them (see full list of habitats and
species examined on page 10).

3 Four or five species within each of two key habitats
were selected per case study in conjunction with local
stakeholders (except the Irish study which
concentrated solely on peatland). The species’
selection process ensured the inclusion of a range of
interacting dominant, rare and recruitment species.

4 Models for simulating the response of species’
potential distributions and dispersal to climate and
land cover change at the landscape scale were
developed for application in terrestrial environments.
For the coastal environment, the models that predict
the effect of habitat change resulting from sea-level
rise (previously developed under MONARCH 1) and
those that predict the effect of winter weather on the
redistribution of waterbirds were integrated.

5 The models were run under a range of future climate
scenarios and for some species land cover change
scenarios were also used. A species dispersal model
was developed to assess the extent to which species
would be able to occupy their new climate space. It
was also used to determine possible species’
movements into and out of the selected habitats and
combined with community impact assessment to
determine the potential implications for species
composition of the selected habitats.

The MONARCH 2 methodology

Climate Change Scenarios

Four climate change scenarios, reflecting

different levels of greenhouse gas

emissions, have been developed for Britain

and Ireland for three time periods over the

course of this century, on behalf of the UK

Climate Impacts Programme (UKCIP).

These are based on a single climate model,

the Hadley Centre Regional Climate Model

(HadRM3).

MONARCH 1 used the first version of these

scenarios, the UKCIP98 scenarios published

in 1998. For MONARCH 2 the more recent

UKCIP02 scenarios have been used, for the

2020s and 2050s time periods. The low

and high emissions scenarios were used in

both phases of the MONARCH project to

capture most of the range of potential

outcomes for British and Irish climate. 

Change in average winter precipitation for the 2020s, 2050s and 2080s

under the low and high emissions scenarios. Image taken from Climate

Change Scenarios for the UK: the UKCIP02 Scientific Report, UKCIP 2002.
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Case Study 2: 
Central Highlands

The Central Highlands were selected as a case study
because of their sensitivity to climate change, their high
conservation interest, the range of habitat types and
altitudinal variation and their potential for species loss
and gain. The area includes the Creag Meagaidh National
Nature Reserve and the Black Wood of Rannoch, a
Caledonian pine woodland. The montane habitats have
bilberry, cowberry and stiff sedge as dominants and
ptarmigan as the flagship species. Silver birch and Scots
pine are the dominants for Caledonian pine woodland,
with sessile oak included as a potential recruitment
species and hairy wood ant as a rare species. 

Case Study 1: Hampshire

The beech hangers of East Hampshire and wet
heathlands were chosen, as they may be particularly
vulnerable to climate change. Beech, ash and dog’s
mercury were selected as dominant species within the
woodland and yellow-necked mouse chosen as a flagship
species. Cross-leaved heath, heather and purple moor-
grass were the dominants for wet heathland with bog
bush cricket as the flagship species.

Hampshire is predicted to have a future climate more
akin to current continental Europe than Britain.
MONARCH results suggest that by the 2050s, beech and
ash show limited extension in range due to the time they
require to reach reproductive maturity. Cross-leaved
heath could extend eastwards but purple moor grass and
ling have a more limited ability to disperse and/or there is
limited habitat availability. The numbers of yellow-necked
mouse could rise within beech hangers and colonise large
parts of the county. Hawfinch may lose out as its suitable
climate space is predicted to reduce within the county.
Suitable climate space for dog’s mercury is shown to
extend throughout much of the eastern part of
Hampshire under the 2020s and the 2050s scenarios. 

For long-lived species, extreme events such as droughts
or storms may have significant effects on individuals
already stressed by these climatic changes.
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Top: High Wood beech hanger, Selbourne, Hampshire.

Bottom: Yellow necked mouse dispersal under the low emissions

scenario for 2020s (top) and 2050s (bottom). Black dots indicate

current distribution. Modelling predicts that the yellow necked

mouse could become more widespread in woodlands across

much of Hampshire in the future.

Above: Suitability surfaces for stiff sedge within the Central

Highlands case study area (indicated by grey border) based on

climate and landcover scenarios. A reduction in suitable area is

shown compared to baseline (left) for the high emissions

scenario for 2050s (right).
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Case study 3: 
Snowdonia, Wales

The case study area covers Snowdonia National Park in
northwest Wales. The two habitats chosen for their
conservation concern are the 7,000 hectares of upland
oak woodland and 27,000 hectares of upland and
montane heath. It is predicted that the area will become
warmer with slightly wetter winters and significantly drier
springs and summers.

Results from MONARCH 2 suggest that by the 2050s
higher rainfall may allow bog, deep peat, fen, marsh and
swamp to increase in range at the expense of dwarf 
shrub and neutral, calcareous and acid grasslands. 
Sessile oak, the dominant species in upland oak woods,
and the montane and upland heath species are not
expected to lose climate space but bluebells and pied
flycatchers may do so as Snowdonia becomes at the
periphery of their range.

The models suggest that montane and heathland plants
could extend their ranges but that upland oak woodland
plants may have limited opportunity to do so. If bracken
and western gorse colonise higher altitudes, as the models
suggest, they will have significant impacts on the
composition of upland heath, while the upland heath
dominant heather may colonise and dramatically alter the
composition of the montane community.

0.00 - 0.09
0.09 - 0.18
0.18 - 0.27
0.27 - 0.36
0.36 - 0.45
0.45 - 0.55
0.55 - 0.64
0.64 - 0.73
0.73 - 0.82
0.82 - 0.91
0.91 - 1.00

MONARCH 2 predicts that neutral grasslands will have
the climatic potential to displace dwarf shrub by the
2050s in montane areas. In the woodlands, the dominant
species are expected to persist, with most tree species
showing limited climatic potential for dispersal. Birch may
increase its range over a greater distance due to its
shorter time to reproductive maturity. The hairy wood
ant appears to have the climatic and dispersal potential
to extend its range throughout the woodland habitats.

Top: Montane heath on the Carnedd Dafyd Ridge, Snowdonia.

Bottom: Modelled dispersal for western gorse into suitable

climate space under low emissions scenario for 2020s (left) and

high emissions scenario for 2050s (right). Black dots indicate

current distribution. Should it spread to higher altitudes it would

have significant impacts on upland heath composition.

Left: Bilberry is dominant within less exposed montane areas in

the Central Highlands. While no significant change in climate

space is predicted, it may be able to spread to higher altitudes if

snow cover melts earlier, enabling a longer growing season.Sc
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Case Study 4: 
Cuilcagh and Pettigo
Blanket Bog in Ireland

The Cuilcagh/Pettigo blanket bog straddles the border
between Northern Ireland and the Republic of Ireland
and was chosen for its perceived sensitivity to climatic
change and its conservation interest. Climate change is
predicted to lead to warmer weather with parts of the
bog drying out.

The case study concentrates on the one habitat, blanket
bog, with bog moss, hare’s-tail cotton grass, deergrass,
white beak-sedge and crowberry selected as dominant/
sub dominant species, lesser twayblade orchid and
golden plover as rare and flagship species respectively,
and downy birch and bracken as recruitment species.

MONARCH 2 modelling suggests that the peatlands will
experience little change by the 2050s despite some of
the area becoming warmer. This is surprising given the
apparent sensitivity of the area under the UKCIP98
scenarios. Nevertheless, Ireland as a whole is expected to
become less suitable for all the species apart from white
beak-sedge and bracken, with loss of suitable climate
space occurring particularly in the southwest.

The addition of CORINE Land Cover data in the
downscaled model did not provide a good match
between the simulated and actual distributions of species.
This could be because of the resolution of the data and
the presence of bog in most grid squares. The dispersal
model was not run for the Irish case study because of the
poor performance of the downscaled model.

There may be implications for the species composition of
communities if seasonal drying of the peat occurs. A shift
towards the species of drier areas may occur, perhaps
with a reduction in the area of bog and an increase in the
area of wet heath vegetation.

Top: Lesser twayblade is a rare orchid found on the blanket bog.

Bottom: Modelling predicts a progressive loss of suitable climate

space for the lesser twayblade orchid in Ireland, as shown 

for current climate space (left) and 2050s high emissions

scenario (right).
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Britain and Ireland’s estuaries are important for over-
wintering wading birds, but climate change will lead to
rising sea levels that will affect the estuarine habitat.
There may also be direct climate change effects on the
birds, their habitats and their food. 

MONARCH 2 looked at estuaries on the Suffolk coast and
in Hampshire, with the aim of predicting how many birds
could be expected to over-winter in a particular area. The
species studied were curlew, dunlin, knot, oystercatcher,
redshank, ringed plover and sanderling. Research
concluded that changes to the average minimum
temperatures on east coast estuaries could help to
explain the variation in observed distribution of six of the
seven species considered. It also concluded that these
estuaries would continue to have sufficient capacity to
hold any increase in the number of birds resulting from a
changing climate as measures would be taken to protect
the estuarine habitat from sea-level rise.

However, these conclusions need to be used with caution
because climate change will also affect the breeding
grounds and stop-over sites for birds that over-winter in
Britain and Ireland. Sites closer to the birds’ breeding
grounds may become suitable for over-wintering, with
fewer birds migrating to the estuaries of Britain and
Ireland, particularly in the west. 

Climate change: the impact on wading birds 
over-wintering in estuaries

Top: Dunlin flock over Taff estuary, Cardiff Bay. 

Bottom: Curlew feeding among coastal pools.
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Bioclimate classification

The MONARCH 2 bioclimatic classification using the
UKCIP02 scenarios shows that in Britain and Ireland 42%
of the land area is predicted to have a future bioclimate
unlike any currently found there. Snowdonia, Sussex,
Kent, the South Essex coast, Lanarkshire and the central
Highlands show the greatest difference in bioclimate
between the average 1961-1990 climate and the 2050s
high emissions climate change scenario in Britain. For
Ireland the future bioclimate of Fermanagh, Galway and
Connemara differs greatly from that currently
experienced. 

Species’ distribution and dispersal modelling

Results from testing the models in the four case study
areas show:

• The predicted bioclimatic sensitivity of the case study
areas is not always reflected in the modelled
responses of species’ suitable climate space under

future climate scenarios. This may be because the
dominant and relatively robust species selected to
characterise the habitats are widespread and without
range margins in or near the case study areas.

• While these widespread and dominant species are
predicted to continue to find suitable climate space in
their case study areas, losses in climate space for some
dominant species are forecast for East Anglia and
central England. The northern range margins of
species are projected to move northwards, with
southern margins retreating in response to climate
change.

• The addition of land cover to the species’ climate
modelling generally improves the simulated current
distribution at the Britain and Ireland scale. Including
land cover in modelling future climate space
constrains the species’ future potential range, by
suppressing its response to climate change. 

• The dispersal model successfully simulates a range of
dispersal abilities for different species. Within the case
study areas, trees show little range expansion due to
their long time to reproductive maturity, while 
species with long distance dispersal capabilities show
the greatest rates of expansion. Generally species are
predicted to have limited dispersal rates, likely to be
inadequate to match the predicted changes in their
suitable climate space, although some species may 
be able to track changing climate within the case
study areas. 

Modelling the implications for the composition
of species communities

The species’ distribution and dispersal modelling
identifies a relatively limited number of species that
would potentially move into or out of the selected
habitats. A conceptual model was developed which
examines the implications of species recruitment and
extinction upon the species composition of communities.
Where species are already present in a habitat and gain
climate space, there could be a change in their position
in the community. For example bracken and western
gorse may spread and threaten to occupy habitat at
higher altitudes in Snowdonia where species of nature
conservation interest are currently important.

Key findings

Bioclimate sensitivity analysis comparing baseline and

2050s high bioclimate classifications predicts that much

of Britain and Ireland will have high sensitivity (shaded

areas), with red/orange areas most sensitive and purple

areas showing less sensitivity. The bioclimate of much

of Britain and Ireland is predicted to be outside baseline

classification categories under the 2050s high emissions

scenario.
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The MONARCH predictions should be interpreted
cautiously taking account of the various limitations below.
They are useful as first approximations of the potential
magnitude and broad pattern of future impacts as
opposed to being accurate simulations of future species’
distributions. The limitations to the predictive capacity of
the models used in MONARCH 2 include:

• Some serious shortfalls in available data of observed
species’ distributions for Europe and the case study
areas at the required scale. Data reliability was also an
issue with the Land Cover Map 2000. Data
compatibility issues occurred with the British and Irish
climate and soils data, UKCIP 1998 and 2002
scenarios, and the mismatch between Land Cover
Map 2000 and Phase 1 Habitat Survey. 

• Assumptions that land cover is a suitable surrogate for
habitat availability. The model of land cover change
did not consider any economic or social drivers that
may affect the location or management of land cover
types. It also assumed that land cover types excluded
from the analysis are not significantly affected by
climate change. 

• The land cover change model and the bioclimatic
classification were developed using data and a climate
range restricted to Britain and Ireland. Extending the
range of climatic conditions over which both models
are trained by using European data would capture the
full range of conditions that may exist in the future.

• Biotic interactions between species, such as
competition, predation and symbiosis with other
species, were not considered in the models of species’
distribution. Applying these models at the Britain and
Ireland scale, where climatic influences on species’
distributions are shown to be dominant, can minimise
the significance of biotic interactions. 

• The models use averaged climatic changes. The
increased frequency and magnitude of extreme
events such as droughts or storms may have
significant impacts on species’ distribution that
MONARCH 2 is unable to take fully into account. 

• Adaptive changes by species in response to climate
change are not included within the MONARCH 2
modelling framework. Thus, model predictions can be

viewed with greater confidence for species not
expected to undergo significant evolutionary or other
adaptive change over the next 50 years. 

• The species composition models only assess changes
in species composition and are limited by a lack of
autecological data. The species’ interaction approach
used is not a direct measure of ecosystem function,
like productivity, but it can inform on possible shifts
or changes of community and ecosystem function. 

Model limitations and assumptions

Above: Upland oak woodland in Snowdonia. A reduction in

climate space suitable for the pied flycatcher which breeds in

these woodlands is predicted by MONARCH.
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Habitats and species

Habitat and case study area Species Category1

Beech Hangers, Hampshire Beech Fagus sylvatica Dominant

Ash Fraxinus excelsior Dominant

Dog’s mercury Mercurialis perennis Dominant

Yellow necked mouse Apodemus flavicollis Flagship

Hawfinch Coccothraustes coccothraustes Rare

Wet heath, Hampshire Ling or heather Calluna vulgaris Dominant

Cross-leaved heath Erica tetralix Dominant

Purple moor grass Molinia caerulea Dominant

Bog bush-cricket Metrioptera brachyptera Flagship

Curlew Numenius arquata Flagship

Caledonian pine woodland,
Central Highlands

Scots pine Pinus sylvestris Dominant

Silver birch Betula pendula Dominant

Hairy wood ant Formica lugubris Rare

Sessile oak Quercus petraea Recruitment

Willow tit Parus montanus Recruitment

Upland/montane heath,
Central Highlands

Ling or heather Calluna vulgaris Dominant

Bilberry Vaccinium myrtillus Dominant

Cowberry Vaccinium vitis-idaea Dominant

Stiff sedge Carex bigelowii Dominant

Ptarmigan Lagopus mutus Flagship

Upland oak woodland,
Snowdonia

Sessile oak Quercus petraea Dominant

Common cow wheat Melampyrum pratense Dominant

Bluebell Hyacinthoides non-scripta Flagship

Pied flycatcher Ficedula hypoleuca Flagship

Upland/montane heath,
Snowdonia

Ling or heather Calluna vulgaris Dominant

Bilberry Vaccinium myrtillus Dominant

Stiff sedge Carex bigelowii Dominant

Western gorse Ulex gallii Recruitment

Bracken Pteridium aquilinum Recruitment

Blanket bog,
Cuilcagh/Pettigo

Crowberry Empetrum nigrum Dominant

Hare’s-tail cotton grass Eriophorum vaginatum Dominant

White beak-sedge Rhynchospora alba Dominant

Sphagnum moss Sphagnum cuspidatum Dominant

Deergrass Trichophorum cespitosum Dominant

Lesser twayblade Listera cordata Rare

Golden plover Pluvialis apricaria Flagship

Bracken Pteridium aquilinum Recruitment

Downy birch Betula pubescens Recruitment

1 Flagship species were selected for their high public profile, and/or symbolic importance within the habitat or area. Recruitment

species were selected because they may disperse into the habitat under a changing climate.
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MONARCH 2 has developed and tested the MONARCH 1
model to a finer resolution; added ancillary components
addressing land cover, dispersal and community impact;
and applied these to four case study areas. However,
limitations in the downscaled procedures, particularly
data limitations, preclude their widespread application.

The third and final phase of MONARCH development will
refine, speed up and improve the interpretative potential
of MONARCH modelling as a universally applicable tool
for assessing changes in species’ distribution due to
climate change for Britain and Ireland. MONARCH 3 will
utilise 5 kilometre square resolution climate data and
scenarios rather than the 10 kilometre square resolution
of MONARCH 1 and take experience gained from
MONARCH 2 forward as follows: 

• the SPECIES model, which predicts the future climate
space or location of favourable climate conditions for
a species, will be automated so that a greater range
of species can be investigated, both to inform our
understanding of potential climate change impacts
and to contribute to the Biodiversity Action Plan
review process;

• a less complex approach to the integration of land
cover constraints to species’ distributions utilising
simple land-cover ‘masks’ will be integrated with the
automated SPECIES model;

• the model will be validated through hindcasting using
good long-term datasets for twelve species; and

• the range of uncertainty relating to the various
emission scenarios, the choice of global climate
change model and natural climatic variation will be
examined to assess their impacts on the MONARCH
outputs, using six species.

MONARCH 3

Implementation of the MONARCH methodology

Species to be studied in

MONARCH 3 include 

from top:

Song thrush, adonis blue,

otter and fen orchid
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The UK Climate Impacts Programme (UKCIP) helps organisations assess how they might be affected by climate
change, so they can prepare for its impacts. Based at the University of Oxford, UKCIP was set up by the
Government in 1997 and is funded by the Department for Environment, Food and Rural Affairs.

UK Climate Impacts Programme, Oxford University Centre for the Environment, Dyson Perrins Building, 
South Parks Road, Oxford OX1 3QY. Tel 01865 285717, Web www.ukcip.org.uk

Printed using waterless printing with vegetable-based inks on paper made from 75% post-consumer waste and
25% mill broke.

MONARCH 2 has sought to advance the science and understanding of the potential impacts of climate change
on biodiversity by downscaling the resolution of the modelled climate and land cover suitability surfaces and has
extended the scope of modelling to consider the role of land cover, the potential for dispersal and impacts on
community structure. However, MONARCH 2 discovered that reducing the scale of application of climate space
and associated modelling to a local or regional level requires data, in particular species’ distribution data, that is
often unavailable or isn’t of good enough quality to run the models effectively. MONARCH 3 will therefore
develop the modelling at the Britain and Ireland scale as in the original MONARCH model, but with added
refinements and a faster procedure that will improve its usefulness in helping nature conservation to adapt to
the impacts of climate change.

Research carried out by:

MONARCH 2 funded by:


