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9 Impacts for the Cuilcagh/Pettigo Peatlands case 
study area 

  
 P.M. BERRY, G.J. MASTERS, J.E. HOSSELL, N. BUTT, S. FREEMAN, P.A. 

HARRISON AND N. WARD 
 
Summary 
 
The Cuilcagh/Pettigo case study area was selected as a cross-border site in an area identified by the 
bioclimatic modelling as potentially sensitive to climate change and containing extensive areas of 
nature conservation interest. It was decided to choose only one habitat, blanket bog. A bog moss 
(Sphagnum cuspidatum), hare’s-tail cotton grass (Eriophorum vaginatum), deergrass (Trichophorum 
cespitosum), white beak-sedge (Rhynchospora alba) and crowberry (Empetrum nigrum) were selected 
as dominant/sub dominant species; lesser twayblade (Listera cordata) and golden plover (Pluvialis 
apricaria) as rare and flagship species respectively; and downy birch (Betula pubescens) and bracken 
(Pteridium aquilinum) as recruitment species. 
 
The research predicted that: 
 

1. The Cuilcagh/Pettigo peatlands would experience little change by the 2050s, although some 
of the area would become warmer. This is surprising given the apparent sensitivity of the area 
under the UKCIP98 scenarios.  It may be that the reduced number of variables used in this 
dataset has masked the extent of the changes. 

 
2. This would lead to little change in land cover within the case study area. 

 
3. Under the climate change scenarios, Ireland would become less suitable for all the modelled 

species, apart from R. alba and P. aquilinum, with predicted loss of suitable climate space 
particularly occurring in south-west Ireland. 

 
4. The addition of Corine land cover data in the downscaled model did not provide a good match 

between the simulated suitability space and observed distributions of species. This could be 
because peat bog is present in most squares at the 10-km resolution but its observed 
distribution is very patchy at a smaller scale. 

 
5. The downscaled model performed poorly because the addition of the Corine land cover data 

led to a poor statistical agreement between modelled suitability space and actual distribution. 
As a result the dispersal model was not run. 

 
6. One potential implication of reduced rainfall for the community composition is thought to be 

a shift towards a community similar to that of drier areas by the 2050s, perhaps with a 
reduction in the area of bog and an increase in the area of wet heath type vegetation, as occurs 
on areas of drained bog. 

 
9.1 Introduction 

This area and habitat were chosen because of their potential sensitivity to climate change as revealed 
through the application of the UKCIP98 climate change scenarios. Schouten (1984) included, as one 
of several reasons for the necessity to conserve the range of variation in bog types in Ireland, the fact 
that ombrotrophic bogs represent ideal objects for the study of relationships between climate and 
ecosystem, since these relationships are very direct ones, such as the adaptation of Sphagnum spp. to 
varying wetness, without the interference of any secondary factors like soil influences.  Thus unlike 
the other case study areas it was decided to focus on one habitat type, blanket bog, across an 
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altitudinal gradient of about 500 m. Within the case study area this habitat type is represented within 
the Cuilcagh Mountain and Cuilcagh-Anierin upland SACs, the Dunragh Loughs/Pettigo Plateau 
SAC/SPA/Ramsar site and other designated areas. The study area boundary was defined to include 
them.  
 
9.2 Bioclimatic classification 
 
9.2.1 Baseline classification 
 
The pattern of classes between the classification using the UKCIP98 data (Baseline98) and that using 
the UKCIP02 data (Baseline02) shows a considerable difference (Figure 9.1; Table 9.1).  Whilst two 
of the three Baseline98 classes are still represented there is a large-scale shift into classes 12 and 9, 
with class 5 being lost.  Figure 9.1 shows the distribution of the classes under both baseline datasets.    
 
In the Baseline98 classification, the area is dominated by classes 1 and 4, with some squares in class 
5.  Classes 1 and 5 are both cool climate classes with short growing season lengths (<250 days) with 
quite high winter rainfall and high winter wind speeds.  Class 4 shows warmer conditions, with lower 
wind speeds and a growing season length >300 days.  Under the Baseline02 classification, the study 
area is dominated by class 12, which has temperatures intermediate to classes 1 and 4, but has lower 
rainfall totals particularly in autumn and winter.  However, in the Baseline98 classification class 12 is 
still associated with raised bog areas in both Ireland and over the Pennines in England (See Table 2.5).  
It is also clear from Table 9.2 that the climate of the Baseline02 data set is both drier and slightly 
warmer than that described by the Baseline98.  For the squares assigned to Class 4 in the case study 
area the Baseline98 data for the average autumn and winter rainfalls are 409mm and 385mm 
respectively.  Under the Baseline02 data the figures are 394 mm and 371mm respectively.  Since both 
baseline assessments used data from the same period (1961-90) the changes to the classification for 
the Baseline02 data cannot be considered to be a climatic shift.  They represent a change in data 
resolution not a change in climate.  It was recognised in Chapter 2 that the reduction in the number of 
variables used in the Baseline02 might affect the ability of the classification to match the Baseline98 
classification.  However, it is more likely that the change in class is simply a reflection of the 
improved resolution of the Baseline02 dataset. 
 
Table 9.1: Percentage of grid squares within each of the classes of the bioclimatic classification for 
the Baseline98 and Baseline02 datasets and for the 5km 2050s Low and High emissions scenarios. 

Class 1 4 5 7 9 11 12 13 
Baseline98 52.38 33.33 14.29      
Baseline02 19.0 4.8   3.6  72.6  
2050s Low 9.5 71.4    1.2 6.0 11.9 
2050s High  71.4  1.2    27.4 
 
 
Table 9.2: Comparison of mean values of key variables averaged over the case study area from each 
of the data sets.  The variables selected represent those related to the first three components of the 
PCA in the derivation of the bioclimatic classification.   

 Spring precipitation 
total (mm) 

Growing Degree 
Days >5°C 

January 
wind speed (m/s) 

Baseline98 201.64 1293.90 5.57 
Baseline02 179.18 1324.61 5.57 
2050s Low 164.25 1627.41 5.60 
2050s High 155.47 1823.08 5.62 
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Figure 9.1: Distribution of bioclimate classes.  UKCIP Baseline02 classes (in the centre of a 5 km 
grid cell) are compared with Baseline98 classes (at the intersection of grid cells). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.2.2 Climate change scenarios – 2050s Low and High 
 
Figure 9.2 shows the projections for bioclimatic classes under the 2050s Low and 2050s High 
scenarios respectively.  Unlike in the other case study areas, all squares within both future scenarios 
have climates recognised in the UKCIP98 baselines, possibly reflecting the lower level of climate 
change projected for this area as compared to Britain.  Class 1 declines under 2050s Low and 
disappears under 2050s High. The main change is an extension of the warmer class 4 across most of 
the study area, with the cooler parts of the upland areas in the south-east of the study area being 
assigned to the cooler class 13.   
 
9.3  Land cover changes 
 
The land cover models for Ireland were based on Corine (Chapter 3.4) and showed great variation in 
their ability to predict the baseline land cover.  Across the case study area most of the ubiquitous land 
cover classes, such as peat bog, would be little affected by climate change, with the climate envelope 
for peat bog being maintained across the area.  In contrast, Figure 9.3 shows how natural grassland is 
projected to decrease in extent under the future climate change scenarios.  However, the model 
showed only moderate predictive power in the baseline assessment (Chapter 3), suggesting that the 
results should be viewed with some caution.   
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Figure 9.2: The projections for bioclimatic classes under the (a) 2050s Low scenario, and (b) 2050s 
High scenario. 
 
 (a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9.4 Species and dispersal modelling 
 
The validation statistics for the European trained SPECIES models show a very good discrimination 
ability for all species modelled, based on the AUC (Table 3.3). The Kappa statistic shows that there is 
an excellent agreement for Betula pubescens, Eriophorum vaginatum, Pteridium aquilinum and 
Pluvialis apricaria, while the others show very good agreement, as their distributions are slightly 
more patchy. Sphagnum cuspidatum has the lowest kappa (0.747), as the model fails to predict most 
of the German distribution and over-predicts for Ireland and parts of Britain (Figure 9.4). The whole 
of Ireland is simulated as suitable climate space for all the species at the 5-km resolution, except 
Listera cordata and S. cuspidatum which are predicted to have less suitable climate space in the 
south-west (Figure 9.5). A number of the species are quite sensitive to the climate change scenarios, 
with climate space being progressively lost from southern Ireland, as indicated for L. cordata and 
Trichophorum cespitosum (Figures 9.6 and 9.7). The pattern of loss is slightly different for each 
species, indicating their individual response to climate change, as was found in MONARCH 1 (Berry 
et al, 2001). 
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Figure 9.3: Changes in natural grassland under future climate change scenarios.   
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Figure 9.4: The European observed distribution (a) and simulated climate space (b) for 
Sphagnum cuspidatum. 
 
 
 
(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.5: Suitable climate space under UKCIP02 baseline climate for (a) Listera cordata and (b) 
Sphagnum cuspidatum 
 
 
(a) (b) 
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Figure 9.6: Progressive loss of suitable climate space for Listera cordata under the UKCIP02 
scenarios. 
 

  
2020s Low scenario 2020s High scenario 

  
2050s Low scenario 2050s High scenario 
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Figure 9.7: Progressive loss of suitable climate space for Trichophorum cespitosum under the 
UKCIP02 scenarios. 
 
 

  
2020s Low scenario 2020s High scenario 

  
2050s Low scenario 2050s High scenario 
 
 
 
The validation statistics for the downscaled SPECIES modelling based on climate and land cover are 
much lower than most of those for the climate-driven SPECIES model (Table 3.5), with six of the 
eight species having an AUC lower than 0.8 and the two bog dominants S. cuspidatum and E. 
vaginatum lower than 0.6.  P. apricaria still has a high Best Available Match although this is 
calculated differently (Chapter 3). The only species in the other case study areas that have an AUC 
below 0.8 are common cow-wheat (Melampyrum pratense) (0.761), hairy wood ant (Formica 
lugubris) (0.747) and sessile oak (Quercus petraea) (0.740).  In the case of M. pratense (Chapter 8.4), 
the close association of its distribution with woodland was not picked up well by the downscaled 
model, so when the dispersal model was run a relatively large number of sites where it does occur 
were simulated as unsuitable and thus dispersal from these locations was unsuccessful. The poor 
match between the observed distribution and suitable space at the 10-km resolution for F. lugubris led 
to a gross over-simulation of its 1-km suitable space, making the dispersal results potentially over-
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optimistic (Chapter 7.4.1). This experience from the other case study areas, suggested that where the 
AUC was less than 0.8 for the downscaled SPECIES model the suitability surface was not sufficiently 
robust to run the dispersal model. The poor agreement between the observed and downscaled 
simulated suitability surfaces for all the Irish case study species meant that they would not provide a 
good test for the dispersal model, especially when combined with the different methods of data 
collection, so the dispersal modelling was not undertaken. The reasons for the poor agreement need 
much further investigation, but possible avenues include the effect of the different and greater number 
of land cover classes within Corine and a possible greater role of climate in affecting species’ 
distributions in Ireland compared to Britain. 
  
A visual comparison between the observed distribution and downscaled simulated suitability surfaces 
shows that, not surprisingly, B. pubescens appears to have the best match, as it is a widespread 
species. Empetrum nigrum and L. cordata have a very low prevalence, but the whole (or nearly the 
whole for the latter) of Ireland is simulated as suitable (Figure 9.5). The downscaled model thus over 
predicts suitable space. The same is true, but to a lesser extent for R. alba and S. cuspidatum. It is 
apparent, therefore, that the presence/absence of land cover types at a 10-km resolution does not 
provide a good correlate with distribution for these species in Ireland.  This is likely to be due to the 
fact that at this resolution nearly all 10-km cells incorporate at least one small patch of suitable land 
cover (i.e. a ‘presence’), leading to blanket coverage throughout the case study area (Pearson et al., 
2004). Analysis of the land cover variables used (44 classes from the Corine dataset) supports this 
(Figure 9.8). In order to better identify correlations between land cover type and distribution of these 
species it would be necessary to adopt a finer resolution of analysis at which patterns in the 
distribution of suitable land cover are apparent in the dataset.  These results support the proposal that 
the search for environmental correlates with species’ distributions must be addressed at an appropriate 
spatial scale, whereby distribution patterns for environmental variables and species distributions are 
similar at the resolution of analysis.  
 
Figure 9.8: ‘Peat bog’ land cover class in Ireland at 10-km resolution (left panel) and 250 m 
resolution (right panel). Aggregating the data to 10-km is shown to remove much of the patterning 
that is apparent at the finer resolution. 
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9.5 Implications for the composition of species communities 
 
The study area contains extensive areas of both lowland (e.g. Dumragh Loughs/Pettigoe Plateau) and 
upland blanket bogs (e.g. Cuilcagh-Anierin Upland/Cuilcagh Mountain), and the original basis of 
the species’ selection was to give an indication of changes in these two ecosystem types. However, 
the resolution of the model outputs (10km2) is too coarse to attempt this at present, as it is not possible 
to distinguish between areas of the two habitat types. Furthermore, the outputs from the models are 
based on presence or absence of a species from each of the 21 squares that form the case study area, 
and they do not give any indication of species’ abundance. Therefore, the following discussion is 
limited to a general, broad-brush assessment of how climate change may affect the blanket bog 
community. 
 
Table 9.3: A summary of the predictions from the downscaled models for the case study area. 

Species 
 
Latin name                    Common name 

Selection 
category 

Downscaled model 
(climate change and land 
cover) 

Comments 

Betula pubescens downy birch Recruitment No change  

Empetrum nigrum crowberry Dominant Loss of half of suitable 
squares by 2050s from 
centre and SW of case 
study area 

Model over estimates 
current distribution 

Eriophorum 
vaginatum 

hare’s-tail cotton 
grass 

Dominant No change (gain of one 
square (same one) under 
all scenarios) 
 

Fairly widely 
distributed in case 
study area (15 squares 
today) 
 

Listera cordata lesser twayblade Rare Loss of space under all 
scenarios. No suitable 
climate space under 2050s 
high. 

Model over estimates 
current distribution. 
Fairly widely 
distributed today. 
 

Pluvialis apricaria golden plover Flagship No change  
 

Pteridium aquilinum bracken Recruitment No change (widely 
distributed in Northern 
Ireland) 

Model for current 
conditions under-
estimates, compared to 
the actual distribution. 
 

Rhynchospora alba white beak-sedge Dominant No change (widely 
distributed) 

Not a good match 
between current 
distribution and 
simulated distribution. 
 

Sphagnum 
cuspidatum 

 Dominant Increase in space 
(central part of case study 
area) 
 

Modelling of climate 
alone indicates loss of 
space, but with 
inclusion of land cover 
this is not predicted.  
Hence, this may not be 
a good prediction 
overall. 

Trichophorum 
cespitosum 

deergrass Dominant No change Very widespread 
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The results from the downscaled model are summarised in Table 9.3, and indicate that there is no 
large-scale loss of suitable space in the study area, for any of the dominant species modelled. 
Although, the rare species, Listera cordata is predicted to lose all suitable space from within the case 
study area under the 2050s High scenario. Both of the recruitment species (B. pubescens and P. 
aquilinum) continue to experience suitable space, in the vicinity of at least some of the blanket bogs. 
It is tempting to conclude that within this case study area the dominants fare well and the rare species 
(L. cordata) is under threat of being lost from the habitat.  However caution is needed with this 
interpretation, because of the poor modelling results and the use of presence-absence data, which may 
mask significant changes in potential relative abundance. Also, there was only one rare species in this 
study, making it difficult to generalise.  

 
9.5.1 Climate change and the case study area 
 
Annual mean temperatures in the case study area are predicted to increase by a maximum of 2ºC 
under the 2050s High scenario (Hulme et al., 2002), but the largest climate change effect will 
probably be on rainfall. The overall reduction in annual precipitation (0 to –10% under the 2050s 
High scenario) and the changes in rainfall patterns, resulting in up to 30% drier summers under the 
2050s High scenario, may have substantial impacts on the bog habitat for which water relations are 
crucial.  
 
In the case study area, there is a concern that the risk of peat slides may increase due to climate 
change. Drying out of peat leads to the filling up of pores with air and causes a switch from anaerobic 
to aerobic decomposition, which occurs at a rate approximately 50 times faster (Holden et al., 2004), 
and warmer climatic conditions may also accelerate decomposition. This faster decomposition of peat, 
together with collapses of the upper peat and of macropores (which can be important drainage 
channels) causes peat subsidence. This subsidence causes cracking in the peat surface and prolonged 
drying of peat can switch it from being hydrophilic to hydrophobic in nature, and reduces its ability to 
absorb rainfall. As a consequence, a greater proportion of the rain falling on desiccated peat may flow 
over the surface causing erosion of the peat surface (Evans et al., 1999), while ingress into the cracks 
may result in the development of gullies. Sheet erosion of dried peat by wind can also occur (Wein, 
1968). While climate change may exacerbate erosion problems on blanket bog, it should not be 
forgotten that it is most commonly human impacts, such as overgrazing, that initiate the problem and 
subsequently render areas vulnerable to such effects under climate change. 
 
 
9.5.2 Current blanket bog species 
 
Blanket bogs provide a gradient of soil moisture conditions, ranging from wet pools to drier 
hummocks, and many species occupy distinct regions within this gradient. Even very small changes 
and fluctuations in water table depth can cause marked changes in vegetation composition in these 
highly stress-sensitive ecosystems (Holden et al., 2004). For example, Sphagnum moss species are a 
critical component of the blanket bog ecosystem as they are responsible for the continued production 
of peat and are important for retaining moisture. However, with peat desiccation (seasonal, annual and 
long term) Sphagnum may have reduced growth rates, or may even die.   
 
Sphagnum cuspidatum, the species modelled in this study, is characteristic of the wetter areas of 
blanket bogs, commonly found in the pool and wet hollow areas of patterned bog, as well as in wet 
lawns. This species gives way progressively to Sphagnum papillosum, Sphagnum tenellum, Sphagnum 
magellanicum and Sphagnum capillifolium as conditions become drier (Rodwell et al., 2002). S. 
cuspidatum is known to be adversely affected by the drainage of blanket bogs (Rodwell et al., 2002), 
and it is probable that climate change may have a similar influence, resulting in a loss of habitat for 
this species. The climate space modelling predicted such a reduction in suitable space for S. 
cuspidatum but the inclusion of the land cover data resulted in a projected increase in suitable space. 
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This contradictory result suggests that inclusion of land cover data may have masked totally the 
climatic effect.   
 
A second species that has been modelled in this study, Rhynchospora alba, is also associated with a 
similar environment within blanket bogs and it too is known to be adversely affected by bog drainage 
schemes. This species is intolerant of competition and grows in shallow standing water, as well as on 
areas of bare wet peat (Preston et al., 2002). Like Sphagnum cuspidatum, it is probable that R. alba, 
will lose space due to the loss of bog pools (Holden et al., 2004), although this species may be able to 
colonise some eroded, bare peat surfaces, perhaps in gully bottoms.  It is worth noting, though, that all 
of Ireland is climatically suitable for R. alba under future climate scenarios.  However, more local 
effects, such as land cover and interactions with other species may well add up to a loss of 
environmental space overall.  
 
Predicting the impact of climate change on Eriophorum vaginatum is more complicated. It has been 
described as highly dependent on waterlogging and is associated with wet areas of stagnant water 
(Wein, 1968). However it is tolerant of summer drying of peat, as it is deep rooting (over 50cm). It 
has been observed to persist for long periods of time after former bog communities have been drained. 
This species usually regenerates from seeds and as seedlings have shallow rooting systems they will 
be highly susceptible to drought (Wein, 1968) and this may influence its distribution over the longer 
term. 
 
Both Trichophorum cespitosum and Empetrum nigrum represent species inhabiting the drier areas of 
blanket bogs, although E. nigrum has a much more restricted distribution than T. cespitosum. In the 
case study area, it is uncommon in the lowlands but common in the uplands. Indeed experiments have 
shown that prolonged waterlogging of the roots of E. nigrum leads to a loss of turgor in the plants and 
eventual death (Bell and Tallis, 1974), although no significant trend with drainage was observed in a 
study in the Northern Pennines (Stewart and Lance, 1991). It is likely that these species may expand 
their distribution on blanket bogs as they dry out. Both these species are found in wet heaths and thus 
may form important components of the vegetation in the future. However, Table 9.3 suggests that E. 
nigrum loses half of its suitable space while T. cespitosum maintains its space.   
 
Although the models predict a marked reduction in suitable space for Listera cordata, and its loss 
from areas of blanket bog, this is unlikely to impact greatly on the bog community. This species is 
currently rare in the blanket bogs of the case study area (although it may be under-recorded). 
 
This case study area contains a Ramsar site and SPA sites and so is an internationally important 
location for birds.  P. apricaria  numbers are low, with a nationally important population estimated at 
only 12 pairs currently breeding within the Pettigoe Plateau (representing 4% of the Irish population) 
(Ramsar sites database). Furthermore, although P. apricaria breed on blanket bogs, much of the adult 
feeding takes place on nearby agricultural land (Pearce-Higgins and Yalden, 2003). Hence, any 
changes in the distribution or population levels of breeding Pluvialis apricaria is unlikely to have a 
marked impact on the composition and structure of blanket bogs. 
 
If seasonal drying out of the peat occurs, there may be a shift in the composition of the community 
towards that of drier areas, perhaps with a reduction in the area of bog and an increase in the area of 
wet heath vegetation. A shift in the dominance of species would have far reaching impacts on 
community composition, as would the invasion of B. pubescens or P. aquilinum.  

 
9.5.3 Recruitment species 
 
The model predicts no change in suitable space for B. pubescens, although colonisation may occur in 
the bogs from nearby seed sources, especially if areas of bog become drier. This species has the 
ability to quickly colonise bare areas (Atkinson, 1992), such as those that may occur through peat 
erosion. This tree would represent a new functional type within the bog ecosystem and thus it may be 
expected to have a large impact on ecosystem function if it were to spread. In addition, it supports 
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many species of invertebrates and fungi that do not yet occur in the blanket bog.  However, 
experimental evidence from Clara bog in Ireland, a midland raised bog, suggests that successful 
colonisation of this species was precluded by phosphorus limitation on a desiccated section of the 
bog. Irish bogs in general, have very low levels of phosphorus concentrations in the rhizosphere 
(Tomassen et al., 2004) and this may be an additional limit to colonisation.  
 
Pteridium aquilinum was the second recruitment species modelled, and again the models do not 
predict any change in suitable space. However, P. aquilinum already grows very close to the edge of 
the bog at Cuilcagh Mountain and encroachment may occur as areas of the bog become less 
waterlogged. But, this assumes that the poor mineral content of peat is not too limiting for 
colonisation by bracken. Although bracken does grow on shallow peat its roots may penetrate through 
to mineral layer. Like B. pubescens, P. aquilinum would represent an entirely new functional group, 
associated with a new suite of species, should it prove capable of invading the bog community. 
 
9.6 Discussion and conclusions 
 
It is surprising that there is so little change in the bioclimate classification under the UKCIP02 climate 
change scenarios, given the apparent sensitivity of the area under the UKCIP98 scenarios.  It may be 
that the reduced number of variables used in this dataset has masked the extent of potential changes.  
 
The species modelling concluded that: 
 
• The European-trained SPECIES model performed well to very well for all species and simulated 

the whole of Ireland as being suitable climate space for all, but two, of the plant species.  
• The downscaled species model outputs had particularly low agreement statistics, when compared 

with those for the other case study areas. The reasons for this need further investigation. 
• This meant that a decision was made not to run the dispersal model and this meant that no 

“arrivers” or “leavers” could be predicted so the species community conceptual models could not 
be applied. 

 
The community composition interpretation concluded that: 
 
• Prolonged seasonal drying of the peat habitat may favour those species that prefer slightly drier 

conditions in the long term and may drive the community towards a wet heath type of community 
composition. 
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10 Conclusions and Future Research 
 
P.M. BERRY, G.J. MASTERS, P.A. HARRISON, J.E. HOSSELL, H.Q.P. CRICK S.N. FREEMAN, 
N.E. ELLIS, H.G. ORR, C.A. WALMSLEY AND O. WATTS  
 
10.1 Introduction 
 
In this chapter, a synthesis of the outputs of MONARCH 2 is provided by:  

• summarising the methodological developments; 
• drawing conclusions for each of the case studies and identifying generic conclusions; 
• cataloguing the model limitations and uncertainties; 
• assessing the impact of downscaling on the models and the availability of suitable data inputs; 
• identifying key areas for future research while distinguishing between those issues that will be 

addressed during MONARCH 3 and those that require consideration outside the project. 
 
Finally, key conclusions derived from the MONARCH 2 outputs are provided. 
 
 
10.2 Methodological Developments 
 
MONARCH 1 used the SPECIES model to simulate the impacts of climate change on the potential 
climate space for selected species in Britain and Ireland (Hossell et al., 2001). Other researchers (e.g. 
Midgley et al., 2002; Midgley et al., 2003; Peterson, 2003; Thomas et al., 2004;) have developed 
approaches similar to MONARCH using bioclimatic classification of the landscape, the application of 
climate change scenarios, generation of a climate envelope and some form of dispersal.  However, 
MONARCH used a neural network to generate the climate envelope, which compares very favourably 
with more traditional modelling approaches (Pearson et al., 2004).  Future research needs were 
identified during MONARCH 1, including better climatic data, improved understanding of the 
relationship between climatic parameters and species’ distributions and a consideration of climate 
change in a broader context (Hossell et al., 2001). Some of these issues were addressed through three 
main methodological developments in MONARCH 2: 

• The addition of land cover and land cover change as a surrogate for habitat availability, since 
for species’ distributions at a finer scale this may be a more important control than climate on 
species’ presence and absence (Pearson et al., 2004).  

• Land cover change scenarios were applied for selected species together with a dispersal 
model to assess the ability of species to move into new climate space thus indicating their 
potential vulnerability to climate change. 

• The results of the species modelling were applied to conceptual models of community 
composition to consider the potential impacts of local extinction or species dispersal on local 
communities. 

 
The revised MONARCH 2 methodology was tested and evaluated in four case study areas.  These 
areas were selected using the MONARCH 1 bioclimate classification to identify areas sensitive to 
climate change. A key element of the testing was to examine the feasibility of using the method at a 
regional rather than national scale to determine impacts upon habitats of nature conservation interest 
at a landscape level. In this way it would be possible to assess impacts on suites of statutory sites, e.g. 
montane habitats in the Welsh and Scottish uplands. The revised method produced a suitability 
surface based on land cover and climate, and while this did not always prove successful when 
simulating future scenarios, it does indicate the importance of land cover for current distributions at 
finer resolutions.  The dispersal model is population based, as opposed to the MIGRATE model 
(Collingham et al., 1996) which is individual based, facilitating a larger scale approach and 
potentially enabling the linkage with the species interaction models. 
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10.3 Key impacts on species in the case study areas  
 
10.3.1 Conclusions from the case study areas 
The four case study areas (Hampshire, Central Highlands, Snowdonia and Cuilcagh/Pettigo) represent 
lowland and upland systems, a north-south gradient and to a lesser extent a west-east gradient. All the 
selected areas were identified as regions where the bioclimate in the 2050s (High emissions scenario) 
was predicted to be beyond the baseline classification for Britain and Ireland. Key conclusions are 
presented for each of the case study areas followed by a summary of the generic conclusions. 
 
10.3.1.1  Hampshire case study 
Hampshire may experience climatic conditions well beyond those currently seen in Britain 
and Ireland by the 2050s, more akin to continental Europe. The land cover change model 
showed that there could be a large reduction in grassland extent. This may be due to the climate 
conditions exceeding those on which the model was trained and may not be a reflection of the fact 
that the land cover cannot exist in these areas. The sensitivity of the area to changes in climate under 
the 2050s High emissions scenario, as shown in the bioclimate work, is not so strongly reflected in the 
plant species modelling results.  This is partly due to the choice of long-lived tree species within the 
Beech Hangers habitat and to the robustness of many of the dominant heath species.  Dog’s mercury 
(Mercurialis perennis), yellow-necked mouse (Apodemus flavicollis) and the wet heathland plants 
may be able to expand their distribution due to unoccupied suitable environmental space, while the 
birds, hawfinch (Coccothraustes coccothraustes) and curlew (Numenius arquata), show potentially 
significant losses of suitable space under the 2050s High emissions scenarios; as does the bog bush-
cricket (Metrioptera brachyptera) in the New Forest. On the estuaries there are no predicted changes 
in the number of oystercatcher (Haematopus ostralegus) and redshank (Tringa totanus) as 
coastal defences are maintained into the future so that the area of intertidal mudflats remain similar. 
 
10.3.1.2  Central Highlands case study 
Central Highlands may experience a loss of montane environments with an increase in extent of areas 
classified as upland. The land cover model indicated a decline in the extent of montane habitats and a 
concurrent increase in extent of neutral grassland under future climate change scenarios.  The fact that 
it also predicted a complete loss of dwarf shrub is contrary to the SPECIES and dispersal modelling, 
which indicated little or no change in the suitable space for ling (Calluna vulgaris), bilberry 
(Vaccinium myrtillus) and cowberry (Vaccinium vitis-idaea). This may be because of the only 
moderate match between dwarf shrub land cover data and modelled space or because these species are 
already extensive in the area. The SPECIES and dispersal modelling indicated suitable space remains 
extensive across the study area for species characteristic of montane heaths, both stiff sedge (Carex 
bigelowii) and ptarmigan (Lagopus mutus), even under the 2050s High emissions scenario.  This may 
be due to the coarse scale of modelling (climatic data at 5km2) lacking sensitivity to indicate changes 
in an area of varied altitude. When land cover change was incorporated for stiff sedge then loss of 
montane habitat led to a decrease in suitable area. 
 
Scots pine (P. sylvestris) is predicted to remain a dominant species in Caledonian pinewoods. The 
SPECIES and dispersal modelling indicated very little change in extent for P. sylvestris or silver birch 
(Betula pendula) within the next 50 years owing to their longevity and limited capacity for dispersal 
resulting in an inherent time lag in responding to an altered distribution of suitable climate space.  
Hairy wood ant (Formica lugubris) is currently rare in the study area (and possibly under-recorded), 
yet the modelling indicated considerable potential for dispersal under future climatic scenarios.  
 
10.3.1.13 Snowdonia case study 
The bioclimatic modelling showed Snowdonia to be sensitive to climate change. However, these 
sensitivities are not reflected, as a whole, by the results for the species modelled. None of the 
dominant species in upland and montane heaths are predicted to lose suitable space. This lack of 
response may be a result of the reduced climatic sensitivity of the downscaled SPECIES model due to 
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the inclusion of land cover. All the upland/montane species showed a high potential to disperse into 
the simulated suitable space and in the case of the recruitment species, western gorse (Ulex gallii) and 
bracken (Pteridium aquilinum), their potential invasion of montane and upland heath habitat at higher 
altitudes is of particular concern for nature conservation. The Arriver model suggests that colonisation 
by P. aquilinum and/or U. gallii will have far-reaching effects on community composition and 
structure. The order of colonisation and competition effects will influence the exact nature of any 
changes to community composition.  
 
Within the upland oak woods, the dispersal model showed that while sessile oak (Quercus petraea) 
had some potential to disperse, this was limited by its long time to reproductive maturity. Other 
factors that constrained species’ dispersal were the availability of suitable new areas (bluebell, 
Hyacinthoides non-scripta and common cow-wheat, Melampyrum pratense) and altitude (M. 
pratense). In upland oak woodlands, the loss of pied flycatcher (Ficedula hypoleuca) from some 
woods due to restricted climate space is not predicted to significantly impact upon the species 
composition of the community, according to the Leaver model.  
 
For a few species, most notably bracken, the results are contradictory. The land cover modelling 
predicts a decline in suitable space for bracken while the downscaled SPECIES model predicts no 
significant change in extent, and yet experimental evidence suggests that with reduced frosts bracken 
will be able to spread altitudinally. There are a number of potential reasons for the apparently 
contradictory results including: i) frost and wind exposure are not explicitly included in model inputs, 
ii) the land cover change model is at a different resolution (5km as opposed to 1km) and is working 
with only climate data as opposed to climate and land cover in the downscaled SPECIES model iii) 
the addition of land cover in the downscaled SPECIES model may suppress some of the climate 
response iv) the distribution for P. aquilinum was derived by combining the bracken classes for 
LCM2000 and the Phase 1 survey, but there is poor agreement between them, so once again the two 
models are not directly comparable as they utilise different data. It is likely that a combination of 
these factors is responsible for the differences observed. 
 
10.3.1.4  Cuilcagh/Pettigo Peatlands case study 
The modelling predicts that the Cuilcagh/Pettigo peatlands will experience little change by the 2050s, 
although some of the area would become warmer. This is surprising given the apparent sensitivity of 
the area under the UKCIP98 scenarios.  It may be that the reduced number of variables used in this 
bioclimate dataset has masked the extent of the changes. This would lead to little change in land 
cover. Under the climate change scenarios, Ireland as a whole would become less suitable for all the 
species, apart from white beak-sedge (Rhynchospora alba) and P. aquilinum, with loss of suitable 
climate space particularly occurring in the south-west. The addition of CORINE land cover in the 
downscaled model did not provide a good match between the simulated suitable space and observed 
distributions. This could be because peat bog is present in most squares at the 10-km resolution. The 
poor performance of the downscaled model meant that the dispersal model was not run. It is possible 
that if warming leads to seasonal drying out of peat, which the SPECIES modelling does not pick up, 
there may be a shift in the composition of the community towards that of drier areas, perhaps with a 
reduction in the area of bog and an increase in the area of wet heath vegetation. 
 
10.3.2  Generic conclusions from the case study areas  
Overall, there was no or little change in the area suitable for many dominant species in the case study 
areas over the time frame of the project’s scenarios (up to the 2050s). This may reflect the life history 
of the dominant plant species involved; some have longer life spans than the time frame of the 
scenarios, the majority are long-lived perennial species, often in already harsh conditions (temperature 
and rainfall), and so are very slow to respond (e.g. Grime et al., 2000).  However, the limited response 
also reflects the fact that most of the selected species are not at their ‘edge of range’ at the case study 
sites. It is also important to appreciate that these bioclimate, land cover and dispersal models predict 
presence-absence but most species are likely to show significant and ecologically important 
abundance changes ahead of any change in distribution. It is also important to recognise that climate 
space changes are based on mean changes in bioclimate while it is likely that changes to the scale and 
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frequency of extremes of drought, flooding and wind speed will be significant in changing community 
composition.  
 
Some species did show the potential for dispersal, e.g. B. pendula, F. lugubris, and A. flavicollis.  
Their effect on the communities they recruit into will depend largely on whether other species already 
fill the functional niche they could occupy and their relative competitive abilities. The dispersal model 
indicated significant spread among some species to higher altitudes at the montane sites, e.g. U. gallii 
and P. aquilinum in Snowdonia, but whether this is realistic is uncertain. Existing distributions 
suggest that exposure rather than climate per se is an important factor controlling distributions at 
altitude and that this is not adequately covered by the bioclimatic data used for modelling. Montane 
species, such as Carex bigelowii, that are predicted to spread to lower altitudes according to the 
downscaled SPECIES model, are currently altitudinally limited so with rising temperatures their 
spread to lower altitudes seems highly unlikely. Use of climatic data at 5 km2 in topographically and 
altitudinally varied environments is not sensitive enough to reveal local shifts in species uphill. It 
would appear that the downscaling has failed to adequately take account of altitude and importantly 
exposure due to the lack of wind variables within the bioclimate modelling.  
 
The land cover modelling showed a high potential for loss in, for example, the montane and dwarf 
shrub land cover classes, but gain in neutral grassland. These changes are not reflected so clearly in 
the species modelling, partly as a result of few sensitive species confined to these habitats being 
chosen for analysis (and partly because the downscaled SPECIES model which can incorporate land 
cover change was only run for a few species). The conceptual models of community composition and 
the ecological literature indicate potential direct and indirect effects from climate in the selected 
habitats. Unfortunately, in some cases species responses are contradictory, for example, the 
distribution of bracken is shown to decline in Snowdonia according to the land cover modelling, 
remain fairly unchanged based on the SPECIES model outputs while experimental evidence and the 
conceptual model of community composition suggest that bracken may spread attitudinally. While 
other species show more consistent responses, it would appear that the modelling at the regional scale 
has failed to adequately integrate some of the key factors influencing distribution at the landscape 
scale; this is particularly so in the mountainous case study areas. The uncertainties and limitations that 
have led to these problems are explored more fully in the following section. 
 
Some similar species and habitats were chosen for different case study areas and a comparison of their 
responses indicates the regional nature of climate change impacts. Calluna vulgaris was chosen to 
represent lowland heath (Hampshire), as well as upland heath (Central Highlands and Snowdonia). In 
Hampshire, it has a restricted distribution (Chapter 6.5.1) and its dispersal is limited by available 
suitable space (Figure 6.32). In the other two case study areas its suitable area occupies almost all of 
the study area and thus there is little change in the future. In all three, it is not sensitive to climate 
change and could continue as a dominant. The same is true of V. myrtillus, which was chosen to 
represent upland heath in the Central Highlands and Snowdonia. In both cases, it is observed 
throughout the study area and is simulated to occur in all suitable areas in the future. Q. petraea was 
selected as a component of Caledonian pine woodland (Central Highlands) and upland oak woodland 
(Snowdonia).  In both cases it showed a limited potential for expansion. Carex bigelowii was chosen 
for the montane habitat in the Central Highlands and Snowdonia. In the former it already occupies 
most of the land over 600m and thus there is limited opportunity for dispersal, whereas it has a much 
more restricted distribution above 700m in Snowdonia, where it is at its southern range margin in 
Britain. The modelling suggests that it has the potential to disperse to cover quite a large proportion of 
the higher ground (Figure 8.29). This is uncertain given that species, such as C. bigelowii, are at their 
range margin and thought to be at risk from climate change. 
 
The only common habitat within the case study areas was montane/upland heath, which was chosen 
for both Central Highlands and Snowdonia. The models predict little shift in the suitable space for the 
modelled species, although there is some opportunity for expansion to higher altitudes. The 
conclusions for both areas were similar in that changes in the relative abundance of the various 
heathland species may occur, with increasing temperatures allowing them to become dominant at 
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higher altitudes, although exposure may become a limiting factor and changes in soil moisture levels 
may result in an increase in drier communities. Other environmental and management factors will 
play a role in affecting the outcome of climate change. Overall, where comparisons could be made, 
there were similar species’ and habitat responses once differences in the availability of suitable space 
were taken into account. 
 
In the case study areas, at least one recruitment species was chosen to test the Arriver conceptual 
model (Chapter 4). In most cases, species already present in the ecosystem were chosen (C. vulgaris – 
Hampshire and Snowdonia; Q. petraea – Central Highlands; Pteridium aquilinum and U. gallii – 
Snowdonia; Betula pubescens and P. aquilinum – Cuilcagh/Pettigo). The dispersal model indicated 
they had potential to spread, where there was unoccupied suitable space and the Arriver model 
suggested that several of them could have a significant impact on community composition. Although 
willow tit (Parus montanus) was selected as a recruitment species for Caledonian pine woodland, it 
did not reach the case study area under the UKCIP02 scenarios.  
 
 
10.4 Uncertainties and limitations of the models and data inadequacies 
 
10.4.1 Model uncertainties 
 
Uncertainty in the modelling work has not been explicitly addressed in MONARCH 2. Uncertainty 
can come from a number of sources, such as the quality of data about a species, scenarios, ecological 
models and their parameterisation.  
 
10.4.1.1  Uncertainty in distribution maps 
There is an accuracy/uncertainty issue associated with the European distribution maps used for 
training the SPECIES model, as they were derived in different ways. Given the sensitivity of the 
model to presences and absences, any inaccuracy could affect model training; this needs further 
exploration. Also the size of the sample training set and species’ prevalence for model-building data 
can have effects on model performance (Liu et al., submitted).  
 
10.4.1.2  Scenario uncertainty  
The climate scenario uncertainty stems from all UKCIP02 scenarios being based on a single regional 
climate model (HadRM3), but these are compared to other GCM scenarios in Chapter 2.9 and in the 
UKCIP02 scientific report (Hulme et al., 2002).  The magnitude and pattern of change in many 
parameters is similar to the UKCIP02 scenarios, but there are some notable differences, especially in 
summer precipitation. Incorporating the results from these other GCMs illustrates a wider range of 
scenarios than is captured by the UKCIP02 scenarios and thus model outputs must be seen as not 
encompassing the full range of possible outcomes. 
 
10.4.1.3  Algorithmic and neural network uncertainties 
There are a number of possible sources of algorithmic uncertainty coming from the ecological models. 
Firstly, the decision threshold for converting the SPECIES suitability surface to a presence/absence 
map can be derived and determined in different ways (Chapter 3.3.1). In MONARCH 2 the Receiver 
Operating Characteristic (ROC) curve procedure was used to identify three probability thresholds for 
the likelihood of suitable climate space under any scenario, and thus indicate the uncertainty in this 
modelling component. Secondly, the apparent insensitivity of the downscaled model to climate 
change (very few species showed a change in suitable space) could be a function of the climate 
suitability surface being a single input variable compared with the 22 land cover types input for Great 
Britain and 38 for Ireland. It is also likely to reflect the importance of land cover in species’ 
distribution at this scale. 
  
Although using a neural network to generate a climate envelope compares favourably with more 
traditional modelling approaches (Pearson et al., 2004), neural networks are generally perceived to be 
a ‘black-box’ technique, meaning that the workings of the model are difficult to disentangle, so that 
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the relative importance of the different land cover classes in determining species’ distribution is not 
readily identifiable from the network structure. The main limitation is that it is not easy to work out 
the internal workings of the network, so using more traditional statistics is generally preferred if this is 
the aim. An analysis of the network structure to identify key driving variables and comparing the 
results to those from other statistical techniques, such as General Linear Models (GLM) is a possible 
area for future research.  
 
 
10.4.2 Model limitations 
 
10.4.2.1  Bioclimatic classification 
The bioclimatic classification did not consider any climates beyond Britain and Ireland.  In some parts 
of the country, such as the Hampshire case study area, it is expected that conditions in the future 
might be unlike anything that is currently experienced.  Similarly, the technique did not allow any 
new classes to be created. 
 
The selection of the case study areas using the bioclimatic sensitivity identified by the classification 
work was made not solely on the basis of climate, but also considered the interests of the Steering 
Group, the conservation interest of the case study areas and the availability of data, thus introducing a 
known, selective bias. The bioclimatic work started from the assumption that the baseline data 
provided by the UKCIP98 and UKCIP02 scenarios would be reasonably similar and that the shift to 
the new datasets would not greatly affect the baseline classification of the case study areas.  The work 
undertaken shows that this is not the case and that differences in the spatial scale and method of 
interpolation of baseline datasets can add to the uncertainty inherent in climate change impacts 
modelling.  
 
10.4.2.2  SPECIES modelling 
The SPECIES model assumes that the current distribution used for model training is in equilibrium 
with the climate and this relationship occurs in the future, and that the climate is the dominant factor 
affecting species’ distributions. The validity and limitations of this bioclimate envelope approach have 
been fully discussed in Pearson and Dawson (2003) and Pearson (2004). They demonstrated that for 
certain species and particularly at the continental-scale, the bioclimate envelope modelling approach 
can provide useful results. At smaller resolutions, other factors, such as habitat availability (land 
cover) and competitive interactions become important. It was this hierarchy of factors affecting 
species’ distributions that led to the methodological developments in MONARCH 2.  
 
The failure of the inclusion of land cover to always improve the relationship between the observed 
and simulated species’ distribution, may show that at finer resolutions climate, or variables closely 
associated with climate, can still be important. Or, as in the Irish case study area, the critical land 
cover(s) may be too widespread for the model to discriminate the relationship. However, the lack of 
relationship is also due to important variables not being included in the model explicitly, such as soil 
pH and competitive interactions. The failure to include species’ interactions, which may be 
particularly significant at southern range margins, is seen as serious problem by Davis et al. (1998 a, 
b) and Hampe (2004). This limitation is particularly pertinent to those ‘limit of range’ species 
examined in Snowdonia and Central Highlands, e.g Carex bigelowii, and may in part explain the 
anomalous migration of montane species down the altitudinal gradient under climate change. A 
further caveat is that the model also includes no element of evolutionary change, as discussed in 
Pearson and Dawson (2003).  
 
10.4.2.3  Land cover modelling 
The land cover change model utilised data from the Land Cover Map 2000 and CORINE, which was 
available at a 1-km resolution.  However, climate data was only available at a 5-km resolution. 
Analysis can only be done at the level of the lowest resolution dataset, otherwise spurious accuracy is 
introduced into the analysis. Hence, the land cover data were aggregated to this level.  Only if a land 
cover was present in more than 5% of the area was it marked as being present in a 5-km square.  This 
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was to remove errors in interpretation of the satellite imagery.  The base data classified in this manner 
was then used to create the 5 x 5 km surfaces on which the models were based.  The land cover work 
assumes, therefore, that using this method the LCM2000 map provides a reasonable prediction of the 
presence-absence of all land classes modelled. Unfortunately, the comprehensive Phase 1 vegetation 
survey data available in Wales showed that even using this 5% cut off threshold serious errors in the 
classification of habitats within LCM2000 introduced a major limitation to the modelling. For 
example, calcareous grassland was mis-identified by LCM2000 throughout Snowdonia providing a 
false baseline.  
 
The modelling assumed that all land cover types are affected to a similar degree by climate change; 
and the influence of other drivers interacting with climate change to influence land use/cover was not 
addressed. These simplifications are unlikely to hold true as climate change drives developments in 
countryside management, from new farming opportunities that aim to exploit climate change to 
projects that build resilience to climate change.  Similarly the assumption was made that any changes 
projected are assumed to occur instantaneously and without interaction/influence from neighbouring 
land cover types and that land cover types excluded from the analysis are not significantly affected by 
climate change.   These issues are beyond the scope of the modelling but should be considered in 
interpretation of the model outputs.  
 
Accepting that many of the case study areas are predicted to have bioclimatic conditions outside of 
the current British and Irish range by the 2050s, it is a significant weakness that the land cover models 
were based solely on data for Britain and Ireland.  There is a need to extend the range of climatic 
conditions over which the land cover model was developed using European climate and land cover 
data in order to capture the full range of class types that may exist under future climatic conditions. 
Further, some land cover types could not be modelled using the presence-absence approach, as their 
coverage is too great for a climatic restriction on their distribution to be detected within the bounds of 
Britain and Ireland, and thus changes in landscape within an area could not be modelled.  
 
For certain land cover classes, such as those dominated by agricultural production or forestry 
production, it is clear that the Common Agricultural Policy (CAP), Rural Development Plan measures 
and other land use and agricultural policies will have at least as great as influence on the future 
location of such land cover types as climate.  This is not a weakness of the modelling work as it never 
sought to address this issue, but it is an important caveat. 
 
The land cover modelling took no account of the effect of climate on soil itself.  The implications for 
land cover types occurring on peat soils, for example, also need to examine how peat loss or 
formation will be affected under climate change. The predicted changes in distribution of bog do not 
adequately take account of the hydrological and topographical requirements for changes in the 
distribution of this habitat. 
 
10.4.2.4  Composition of species communities 
In order to address some of the caveats outlined above models of community composition were 
developed to consider the competitive interactions and impacts of ‘arrivers’ and ‘leavers’. However, 
the conceptual models and the interactive species matrices can only explore scenarios based on 
available autecological data. As a result, it was difficult to quantify impacts due to data limitations. 
 
Extreme events such as storms and droughts may have large impacts on species success and hence 
community composition, but only influence the models through averaged climate data.  It is likely that 
the interaction between climate change and other pressures, such as land management and pollution in 
combination with extreme events could be key in driving responses and community composition.   
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10.4.3 Downscaling limitations 
 
10.4.3.1  Reduction in climatic sensitivity by the inclusion of land cover 
The addition of land cover in the downscaled SPECIES model improved model results in a number of 
cases, by providing a better match between the observed and simulated current species’ distribution. 
In the case of species like Calluna vulgaris, purple moor grass (Molinia caerula) and Vaccinium 
myrtillus that are simulated to have suitable climate space throughout Britain, the addition of land 
cover restricts the simulated suitable space, recognising that land management is an important factor 
affecting their distribution. Other land-use and land management factors are driving habitat existence 
and playing a significant part in distribution at a local/regional scale. Similarly, the observed 
distribution of Melampyrum pratense is more limited than suggested by climate alone and the addition 
of land cover leads to a better, but slightly over-restricted simulation. Hyacinthoides non-scripta also 
occurs throughout Britain, except in the parts of the Highlands of Scotland and round the Wash. The 
downscaled model picks up the pattern slightly better than the climate-only simulation. The addition 
of land cover, therefore, seems to be important in constraining the simulated current suitable space of 
species that are climatically simulated to occur (almost) throughout Britain. This, however, is not the 
case for the three trees, beech (Fagus sylvatica, including its planted range), ash (Fraxinus excelsior), 
Betula pendula and also for Pteridium aquilinum, where there is little difference between the two 
simulations and for Mercurialis perennis, where the two simulations produce different patterns at the 
northern range margin that do not match the observed distribution particularly closely. For northern 
species, such as Carex bigelowii, Vaccinium vitis-idaea and Scots pine (Pinus sylvestris), the addition 
of land cover leads to a restriction in the simulated current suitable space in Snowdonia and northern 
England and for Ulex gallii it provides a more appropriate western simulation. Another group of 
species are those with a more fragmented distribution, like Formica lugubris and Metrioptera 
brachyptera, which have a very scattered distribution and while most of Britain is climatically 
suitable the addition of land cover restricts this, but still provides too broad an envelope (e.g. Figure 
7.16). For Quercus petraea, which has a wider distribution, it leads to an over-restriction in southern 
and eastern England. Nevertheless, in the majority of cases the addition of land cover has led to a 
closer match between the observed distribution and simulated current suitable space, but this 
improvement is not always so good in the case of fragmented distributions.  
 
The addition of land cover, however, led to the masking of the response of species to the climate 
change scenarios outputs from the SPECIES model, as discussed in Chapter 3. This resulted in no 
change in future suitable space for many species, although some showed loss in East Anglia and 
Central England (see Figures 7.16 and 8.25). An alternative means of including land cover at the finer 
resolution, needs to be devised, such as applying masks, so that the climate signal is not obscured. 
 
The land cover change scenarios were applied to a few species, in order to test the methodology. This 
was not possible in the case of Hampshire, as the relevant land cover types were not modelled 
(Chapter 3). In the Central Highlands, Carex bigelowii was selected, as it is associated with montane 
habitats and loss of this habitat has the potential to restrict its future distribution. This is illustrated by 
the model under the 2050s High emissions scenario (Figure 7.24), where suitable space is lost in the 
south-east of the case study area. The application of land cover change scenarios in the downscaled 
SPECIES model did, therefore, for the species selected, lead to changes in their suitable space. 
 
10.4.3.2  Parameterisation of the dispersal model 
The apparently different abilities of species to migrate and thereby track changes in their climate 
space was a function of the parameterisation of the dispersal model. Many species were credited with 
long distance dispersal on the basis of producing small light seeds (e.g. Betula pendula and hare’s-tail 
cotton grass, Eriophorum vaginatum) or their inherent mobility (e.g. birds). Their maximum and mean 
dispersal distance, however, varied. The largest maximum dispersal distance, for non-bird species, 
was for Apodemus flavicollis and this led to it potentially spreading through much of Hampshire and 
even onto the Isle of Wight (Figure 6.20). Other species with a maximum dispersal distance of 10 km 
or more (Metrioptera brachyptera, Formica lugubris, Quercus petraea, Vaccinium myrtillus and 
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Vaccinium vitis-idaea) did not always have high potential dispersal, because other factors constrained 
the process. Q. petraea, for example, was constrained by the long time to reach reproductive maturity. 
The importance of long-distance and a high maximum dispersal can best be seen in the case of M. 
brachyptera, because many of the other species have little new space to colonise. The sensitivity of 
the model to the different parameters needs more exploration. Some form of validation could also be 
attempted against the palaeoecological record, but it should be borne in mind that in the past species 
were moving relatively unhindered across the barrier free landscape. Also at the case study area scale, 
suitable space can be an important constraint, as was the case with B. pendula.   
 
10.4.3.3  Case study area location and species selection 
Beech hangers (Hampshire), native pine woodland (Central Highlands) and upland oak woodland 
(Snowdonia) showed very limited direct change, partly due to the longevity of the dominant tree 
species over the relatively short time-scales considered. The species modelled for each habitat were 
selected on the basis of their importance within the case study areas and habitats studied (e.g. 
dominant, flagship, rare) and the majority are not located at their ‘edge of range’. Given the limited 
number of species that could be modelled, the species are considered representative of the habitats 
chosen. It would not have been appropriate to select ‘edge of range’ species a priori to demonstrate 
regional changes in climate space. Most species show greater sensitivity at their range margins, 
although, at the national scale, eastern central England and East Anglia consistently are the areas 
likely to show loss of suitable climate space. No case study areas were located near here, although it 
was identified as an area of high sensitivity to climate change. 
 
10.4.4   Data limitations 
Differences in input data or their derivation is one possible source of the differences between the 
different resolution of models and also between case study areas. 
 
10.4.4.1  Climate Data 
The 10-km grid for the UKCIP98 scenarios provided an appropriate resolution to derive the 
Baseline98 classification for MONARCH1; the more detailed 5-km dataset (UKCIP02) would have 
been computationally unmanageable. However, UKCIP02 was used for the more detailed case 
studies. Unfortunately, the two UKCIP baseline datasets have been developed using different 
techniques with different source climate data; this makes it impossible to determine why the datasets 
produce such different climate classifications over the case study areas. The provision of baseline 
climate data for Ireland has largely been resolved through the British Irish Council (BIC), again at a 
5-km spatial resolution.  However, not all the climate variables required for modelling were available 
from the BIC, e.g. wind speed or cloud cover data, so these variables were simply downscaled from 
the 10-km Irish climatology data developed during MONARCH 1.  Monthly values of solar radiation 
and potential evapotranspiration also had to be derived.  It was surprising that there was so little 
change in the bioclimate classification under the climate change scenarios in Ireland, given the 
apparent sensitivity of the area under the UKCIP98 scenarios.  It may be that the reduced number of 
variables used in the 5-km Irish dataset has masked the extent of the changes. The need to compute 
these climatic variables, poses an issue of compatibility with other UKCIP studies.  These variables 
are used widely in climate change impact studies and their provision as part of the baseline datasets 
would be a valuable resource and ensure standard methods are utilised for deriving such variables 
throughout UK studies.   
 
The UKCIP02 climate change scenarios were provided on a 5-km grid for Britain.  However, 
compatible scenarios had to be created for Ireland by downscaling the HadRM3 change fields 
provided by UKCIP on a 50-km grid to the Irish 5-km baseline climatology.  A simple downscaling 
technique was applied whereby higher resolution climate change scenarios were produced by directly 
applying the 50-km climate change fields to the higher resolution baseline climatology 5-km grid. 
This method adds no new meteorological information and assumes that the spatial pattern of current 
(i.e. 1961-90) climate remains the same into the future.  However, this method is consistent with that 
used to create the UKCIP02 5-km scenarios for Britain. 
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10.4.4.2  Land cover data 
Land cover data were available (LCM2000 for England, Scotland and Wales and CORINE for 
Ireland) for input into the downscaled SPECIES model. The use of two different land cover data sets 
means that different land cover classes were used for the land cover change work and as inputs to the 
downscaled SPECIES model. This affects the transferability of results between Ireland and the other 
countries. The usefulness of LCM2000 is limited by poor discrimination and mis-matching of classes, 
particularly at satellite image tile boundaries for certain cover classes (e.g. set-aside grass, arable 
cereals, arable non-rotational and inland bare ground). Data from tiles could have been merged but in 
this study they were omitted. Data to verify LCM2000 are limited but there is very poor agreement 
between LCM2000 and the comprehensive Phase 1 vegetation survey data for Snowdonia (Chapter 
8). The poor discrimination of LCM2000 classes is insignificant at the Britain and Ireland scale while 
at the regional case study scale these errors become highly significant resulting in substantial errors in 
the land cover baseline, e.g. calcareous grassland. 
 
10.4.4.3  Soils data 
At the 10-km resolution, there are issues of compatibility, availability of derived data (e.g. available 
water-holding capacity), and matching of different datasets (see Chapter 1). The availability of soils 
data at a resolution finer than 10-km is an ongoing problem in Scotland and Ireland. There are 
reservations about extrapolating the 10-km resolution MLURI soils data to finer resolutions. There is 
still no digitised soil database for Ireland and thus no advance has been made on this since 
MONARCH 1 (Harrison et al., 2001).  
 
10.4.4.4  Species distribution data 
Some taxa are not well mapped at European scales. Fine resolution data at 1-km scale were available 
for the Hampshire case study but had to be derived by association between species and land cover 
types, expert opinion and field knowledge for other case study areas (see Chapters 7-9). The impacts 
of different methods of deriving the 1-km resolution species’ distributions have not been explored. 
Caution, therefore, needs to be exercised in interpreting and comparing the results of the dispersal 
models, as these derivation methods for populating the landscape for the dispersal model could lead to 
differences between species’ results and between case study areas. It would be beneficial to focus 
biodiversity recording efforts, at least for priority species, to a 1-km resolution, to match many other 
datasets. It would enhance research at the mesoscale into factors affecting species’ distributions.  
 
Data on the habitats within the case study areas were mainly required to indicate which species were 
present within a habitat. Good data was available for the Snowdonia National Park and appropriate 
data was obtained for the Hampshire and the Central Highlands case study areas. No data was readily 
available for the part of the Irish case study area in the Republic. Species lists for statutory sites were 
very patchy, with groups other than higher plants and birds, often not included. This lack of 
information for important community components made it extremely difficult to determine whether 
interactions between species were likely to occur. Furthermore, species lists were often presented for 
an entire site with no indication on within which habitats each species occurred. 
 
10.5 The way forward 
 
10.5.1 MONARCH 3 
The downscaling of the MONARCH 1 SPECIES model to a landscape scale uncovered some key 
limitations, principally due to data issues at the 1-km square resolution.  The third phase of 
MONARCH will therefore focus on maximizing its practicality and usefulness as a tool for 
conservation planning through its application at the 5-km square resolution for Britain and Ireland.  
MONARCH 3 aims to improve the understanding of the potential impacts of climate change on 
biodiversity through four project objectives: 
 

• Objective 1: Automate the SPECIES modelling process 
One serious constraint during the MONARCH research programme to date has been the limited 
number of species selected for modelling. Modelling has been a time-consuming and, therefore, costly 

 



MONARCH 2 Report – Chapter 10 
___________________________________________________________________________ 

261

process.  Hence, the application of the climate envelope ‘SPECIES’ model will be automated, 
enabling a much larger number of species to be studied. It will broaden the potential application of the 
outputs in relation to the development of nature conservation policy and practice.  
 

• Objective 2: Apply MONARCH methodology to a wide range of taxa in Britain and Ireland 
The targets set within the UK Habitat Action Plans (HAPs) and Species Action Plans (SAPs) are 
being reviewed during 2005/6. MONARCH outputs could inform the review process.  In order to 
provide generic guidance on the impacts of climate change and inform future reviews, the 
MONARCH methodology will be applied to a selection of some 120 UK and Irish SAP species. The 
model will provide both unconstrained simulated changes in suitable climate space and masked 
simulations based on the suitability of land cover classes.   
 

• Objective 3: Validate ‘SPECIES’ model through hindcasting  
Validation of models against real data provides the only objective test of model performance. In order 
to validate the SPECIES model, twelve species, including birds, plants and invertebrates, will be 
examined under both current and past climate to identify where observed distributions are outside 
their predicted climate space. Distributional discrepancies will be related to the historical distribution 
data. 

• Objective 4: To assess and quantify the uncertainty involved in the modelling process 
Uncertainty is inherent in any form of modelling and has been recognised by the IPCC as a key 
developmental area in its assessment process. In 10.4, we have sought to identify the different sources 
of uncertainty in the MONARCH modelling methodology. Further assessment of uncertainties will 
focus on (a) greenhouse gas emission scenarios, (b) climate model based uncertainty, and (c) natural 
variability.  The impact of these uncertainties upon the SPECIES model will be assessed for six 
species.  This should help identify ways in which the model can be improved and, by providing 
greater transparency, should enable conservation policy-makers and practitioners to make more 
informed decisions based on the MONARCH outputs.   
 
10.5.2 Other research challenges 
Research challenges that need to be addressed to enable the application of MONARCH at the 
local/regional level as tested in this second project phase are outlined below. The main areas requiring 
further consideration are: (1) lack of suitable data, (2) incorporating land cover and climate space at 
the landscape scale, (3) including the effects of random dispersal events, and (4) addressing 
community effects and other drivers for change. 
 
10.5.2.1  Lack of suitable data 
Weaknesses of the data sets used (see Box 10.1) should be disseminated to organisations involved in 
data gathering with a view to improving the collection and presentation of datasets to further their use 
in modelling studies.  The paucity of European range data for a number of taxa is a major issue while 
at the opposite end of the scale there is very limited 1-km scale distribution data for many areas. 
Information on species interactions at the local or site level are usually not adequate to assess the 
impact of species immigration and emigration on the composition and function of the existing 
community.   
 
10.5.2.2  Incorporating land cover and climate space at the landscape scale 
An alternative means of including land cover at the finer resolution, needs to be devised, such as 
applying masks, so that the climate change response is not obscured. It is a significant weakness that 
the land cover models were based solely on data for Britain and Ireland.  There is a need to extend the 
range of climatic conditions over which the land cover model was developed using European land 
cover data in order to capture the full range of class types that may exist under future climatic 
conditions. 
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Box 10.1 A list of data weaknesses preventing the full exploitation of models predicting the 
impact of climate change on the distributional ranges of species 
 
• Many species have distributions described at a European range but for taxa, like mosses and 

scarce species distribution data is often poor or absent at the continental scale.  This is essential to 
obtain statistically robust species-climate associations. 

• Within the UK, most datasets describing distributions of species are at a 10km2 level.  A 1km2 
resolution is necessary for downscaling. 

• There is scant data on the dispersal capabilities of most species. 
• There is little information at large on the direct physiological responses of species to climate 

change. 
• Climate scenario data used in MONARCH 2 was at a 5km2 level, which constrained the usability 

of other data, particularly the land cover data. 
 
 
 
10.5.2.3  Including stochasticity in dispersal modelling 
The inherent stochasticity of long distance dispersal events, which although rare have a large impact 
on long-term dispersal, and the limited availability of data on dispersal meant that many of the 
dispersal parameters had to be derived from knowledge of other species or based on expert opinion. 
The sensitivity of dispersal modelling to the input parameter values has only undergone limited 
testing and future work could include the use of various parameterisations for each species, so that 
different ‘scenarios’ of potential migration ability can be derived. For birds, at least, reliable data on 
abundance (as well as simple presence), and also on demographic variables (survival and recruitment) 
are available. An extension of the approach would be to estimate numbers of birds per square 
kilometre, and incorporate these, along with available information on demography and dispersal (c.f. 
Baillie et al., 2000) into the modelling framework. 
 
10.5.2.4  Addressing community effects and other drivers for change 
There remains potential to link the dispersal modelling with the descriptive community composition 
work using a meta-community framework approach.  To achieve this, a species interaction model 
would need to be linked with the climate envelope and dispersal models, so that the consequences for 
a community on a species arriving and/or leaving can be assessed. 
 
More generally, the interactions between other key drivers, like air pollution and land management, 
and climate change are important but poorly understood. Moreover, the importance of species 
competition needs exploration in order that its impact on species’ distributions and community 
composition under climate change scenarios can be determined. The processes of immigration and 
emigration are crucial determinants of a species’ persistence in a community. It is also apparent that 
community composition can be greatly affected by the number and type of species present, the 
strength, type and direction of the direct and indirect interactions between species, species extinction 
and species immigration and emigration. Ecological research has not yet resulted in holistic 
understanding of habitats.  The synthesis of studies in population biology, community ecology, 
ecosystem ecology or landscape ecology towards this end would improve understanding of likely 
community responses to climate change. 
 
 
10.6 Conclusions 
 
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 to the 1-kilometre square scale. It has also extended the scope of modelling to 
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consider the role of land cover, the potential for dispersal and impacts on community structure. The 
original objective was to predict likely changes to species distributions at a (1-km) landscape-scale, 
because it is more appropriate to land managers seeking to consider climate change. However, 
MONARCH 2 has 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 
frequently unavailable or of an inadequate quality to enable the models to be run effectively. 
   
The great complexity of natural systems suggests that there are fundamental limits to the prediction of 
potential future species’ distributions using climate envelope modelling.  The importance of the model 
predictions undertaken by MONARCH should not be underestimated, but in downscaling the 
SPECIES model the inadequacies of data sources, such as LCM2000, have been exacerbated while 
the sensitivity of the model to climatic changes has been reduced due to the inclusion of the land 
cover data. In addition, the limited range of variables examined by the model and its inability to 
adequately consider factors such as land management, competitive interactions and exposure have 
become more significant due to their greater importance at the landscape scale. Hence, the case study 
predictions should be interpreted with due caution and should be viewed as first approximations 
indicating the potential magnitude and broad pattern of future impacts, rather than as accurate 
simulations of future species’ distributions. The larger the geographic scale of output, the more 
reliable the generalisations, whereas interpretations at a regional scale (less than 1000 km2) should be 
viewed with caution because of the complexities within the natural systems; and in particular climatic 
factors become secondary to habitat or land management requirements.   
 
In essence, MONARCH 2 tested the capacity for downscaling the climatic envelope modelling 
approach and concluded that, owing chiefly to data limitations at the finer scale, it was more 
appropriate to provide generic indications of likely changes within exemplar species for a full range of 
taxa at the Britain and Ireland scale, rather than further develop the downscaled approach. 
MONARCH 3 will therefore refine 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.  
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