
Appendix 1 
Full technical summary of Dorset the ecosystem service modelling and mapping methods. 
1. Carbon 
The InVEST v3.4.4 Carbon Storage and Sequestration: Climate Regulation model was used to map carbon storage within ecosystems. Each LCM for Dorset was given a unique numerical land use code, being added for each habitat type to the attribute table. Carbon pools data were extracted from Jiang et al., (2013) and the median taken for each landcover type for above ground stored carbon in biomass (Mg ha-1), below ground stored carbon in biomass (Mg ha-1), carbon stored in soil and carbon stored in dead organic matter in Mg ha-1. Land use codes were added to a column in the carbon pool data to allow the model to cross-reference this with the landcover map. The output file was the same resolution as the input landcover map, thus a 100 m by 100 m cell size raster was generated. The carbon model was run for the whole of the UK using each LCM and then clipped to the ceremonial boundary of Dorset. We therefore show differences driven by land-use change but not – unknown – temporal changes within land uses.
Jiang et al., (2013) used different habitat categories to our LUC maps (1930, 1950 and 2015) so to fill in the InVEST carbon table we combined, averaged or excluded some of the classifications as follows:
· Bogs, fens, marsh, swamp and saltmarsh were averaged and combined to form “Fen, Marsh, Swamp (Salt Marsh)”
· Supra-litoral and Supra Litoral sediment (= litoral sediment) became Coastal (Sand dunes).
· Urban and sub urban became “Built-up areas and gardens”
· Montane habitats (= peatland) was not available on any of the new maps, so was excluded. 
Table S1: Pooled carbon pool data extracted from Jiang et al., (2013) for the county of Dorset.  Values are median values or each habitat type. Unidentified habitats and waters were given a value of zero.
	LCM broad habitats
	Carbon pools (Mg ha-1)

	
	Above ground
	Below ground
	Soil
	Dead materials

	Acid grassland
	6
	6
	85.87
	2

	Arable
	3.01
	2
	50.7
	0

	Broadleaved, mixed and yew woodland
	116
	120
	111.5
	55

	Built-up areas and gardens
	0
	0
	25
	0

	Calcareous grassland
	3
	6
	20
	2

	Coastal (Sand dunes)
	5.61
	0
	0
	0

	Coniferous woodland
	94.75
	110
	95.5
	50

	Fen, Marsh, Swamp (Salt Marsh)
	7.54
	3.55
	49.51
	0.5

	Heathland
	7
	5.5
	64.99
	1.5

	Improved grassland
	3
	2.5
	21.5
	0.5

	Inland rock
	5.61
	0
	0
	0

	Inland water
	2.82
	0
	76.2
	0

	Neutral grassland
	3
	4
	70.3
	1



2.Hydrological modelling: Water Yield 
The InVEST v3.4.4 Water Yield Model was used to represent the relative contributions of water from different parts of the landscape of Dorset, offering insight into how changes in land use patterns have affected annual surface water yield . Gridded estimates (1km) of monthly areal rainfall (mm) for Dorset (1930-2015) were obtained from the UK CEH-GEAR dataset (Tanguy et al., 2015) and monthly estimates converted to mean annual values. 
The reference potential evaporation estimates for the model were evaluated against the Global Potential EvapoTranspiration dataset (Global-PET: Trabucco and Zomer, 2009) provided by the Consultative Group for International Agricultural Research (CGIAR) which is derived from the WorldClim dataset (Hijmans et al., 2005). We used the annual climatology that is representative for the period 1950-2000 available at a resolution of 30 arc seconds. Unfortunately the WorldClim data set is representative for a period further forward in time for the 1930’s period and further back for the 2015 period. We assume that between 1930-1950 and 2000-2015 the reference evapotranspiration and the crop coefficient for each grid square has not changed much. These estimates were however, refined in the final version of the model by calculating the seasonality constant (Z) which captures the local precipitation pattern and additional hydrogeological characteristics of the catchments during the 1930 and 2015 periods. Z was calculated using the formula n * 0.20 (as per Redhead et al., (2016)), where n is the average number of rain days ( > 1 mm) over the study period (i.e. between 1930-2015). N was estimated at approximately 170 for the southwest of the UK based on Radcliffe Meteorological Station data (www.geog.ox.ac.uk/research/climate/rms/rainday.html), giving a value of 33.8 for Z.
A depth to root restricting layer was downloaded from the European Soil Database (ESDB), as derived data for ‘Depth available to roots’ in cm (Panagos et al., 2012; Hiederer 2013a, 2013b).  This was then reclassified using the ‘Reclassify’ spatial analyst tool to convert the cm measurements into mm, as the data needs of the model dictated. Plant available water content (PAWC) was also needed as a raster as fraction values between 0 and 1. The fraction was obtained through a division of the available water content (in mm) divided by soil depth (Sharp et al., 2015). Available water content was averaged from top soil and sub soil available water content (mm) 1 km x 1 km rasters from European Soil Database Derived data (Panagos et al., 2012; Hiederer 2013a, 2013b). The Raster calculator was used to calculate mean available water content across the top soil and sub soil rasters. This was divided by the root restricting layer to give a Plant Available Water Content (PAWC) fraction raster with all values between 0 and 1.
Watershed data was obtained from the Environment Agency (2015) from the Water Framework Directive River Waterbody Catchments Cycle 2 as polygon dataset, which includes 12 coastal catchments for Dorset allowing the full extent of the case study area to be modelled. Catchments are defined as an area of land from which all surface run-off flows through a series of streams, rivers and, possibly, lakes to a particular point in the water course such as a river confluence. As the InVEST water yield model calculates at the watershed level, the watersheds that fully or partially intersected the study area boundary were selected using the ‘Select by Location’ tool and exported as a new data set, with a ‘ws_id’ column added to the attribute table with unique values, as dictated by the model.  
The InVEST model also requires several tabular values for each LUC class. These include whether the land cover class is vegetated or not, rooting depth and a plant evapotranspiration coefficient (Kc). We estimated these coefficients for each of the board habitats by matching class descriptions in Redhead et al., (2016) and with personal communication with the lead author. The InVEST Water Yield model outputted a shapefile that was opened in ArcMap (v10.1 © ESRI UK Limited, Aylesbury) and converted to raster for mean water yield per pixel on the watershed (mm) and the volume of water yield in the watershed (m3) using the ‘Polygon to raster’ tool, using a cell size of 100 m x 100 m using the ‘maximum area combined’ method and only processed to the extent of the  administrative boundary of Dorset (as some watersheds are not fully contained within the Dorset boundary). It must be noted that the model does not take into account upstream catchments that contribute their yield to those downstream. These implications are considered in the discussion. 

3. Nutrient retention and export
To calculate the retention and export of nitrogen in terrestrial vegetation across the Dorset area the InVEST (v.3.4.4) the nutrient delivery ratio (NDR) model was used. This model had the same data needs as the Water Yield model, with the addition of a biophysical table, with water quality coefficients including nitrogen loading, and vegetation filtering values for each pixel. Additionally, the Nutrient Retention model required the Flow Accumulation rate from InVEST (v.3.5.0) RouteDEM. We used the OS 50 m Digital Terrain Model (DTM) (Ordnance Survey (GB) 2015) for the DEM. The ‘Fill’ spatial analyst tool was then used to eliminate sinks and combined with a digital watercourse network to ensure routing along known watercourses. These processes were performed in ArcMap (v10.1 © ESRI UK Limited, Aylesbury). The InVEST RouteDEM v 3.5.0 (Natural Capital Project 2015) tool was then run with the updated DEM with multiple levels of threshold flow accumulation between 10 and 2500, to calculate a threshold value for flow accumulation (TFA). A visual appraisal found the 1350 threshold flow accumulation level being the most similar to the OS Mastermap in terms of waterways (OS Open Data 2016). Nutrient retention coefficients for each LCM class were obtained from Redhead et al., (2018) who previously performed an extensive literature search for values relevant to the UK Broad Habitats classes. Historic nitrogen loading values (N ha-1 yr-1) for each LCM class were obtained from CEH (Ulli ?? 2018). . Both ‘per pixel’ and ‘per watershed’ outputs were generated.  	Comment by Stephen Watson: Will need to ask CEH Edinburgh how they wish to cite this (Lucy) 

4. Flood regulation
The capacity of vegetation to mitigate flood risk was assessed utilising a scoring approach using a non-monetary valuing technique developed by Hodder et al., (2010). Differences in land cover will affect flood risk through effects on surface roughness or infiltration capacity, which will affect water retention rates, and hence the volume and timing of flow (Nelson et al., 2009). Following Hodder et al., (2010) land cover classes were each given a score based on modelling and expert judgement (Table S2). The index is based on multiple factors in the form of: 

This method assumes that flood risk would be a direct consequence of land cover and makes the assumption that an increase in the moisture retention index value at a given point will decrease the risk of excess storm driven runoff. We make one amendment to the index, by changing the value of the “Arable” Retention Index Value from 8-3. This is based on the evidence that transformation of permanent grassland to arable land reduces pore rigidity and mechanical soil compaction generally implying lower condition of the soil and the ability to retain moisture (Ajayi et al., 2016). Ideally more experts would be consulted to make the index more robust.
Table S2. Soil Moisture Retention Index Values from Hodder et al., (2010). High values represent high potential to maintain a low soil moisture deficit.*Realigned in this study.
	LCM broad habitats
	Water retention index

	Acid grassland
	8

	Arable
	3*

	Broadleaved, mixed and yew woodland
	10

	Built-up areas and gardens
	6

	Calcareous grassland
	4

	Coastal (Sand dunes)
	8

	Coniferous woodland
	9

	Fen, Marsh, Swamp (Salt Marsh)
	10

	Heathland
	4

	Improved grassland
	6

	Inland rock
	2

	Neutral grassland
	6

	Inland water
	10



5. Timber production 
It is possible to estimate a theoretical, sustainable maximum yield that could be produced from the management of woodlands using a set of co‐efficients produced by Forest Research (Forestry Commission (2008). This sustainable wood yield value is that which can be harvested which is available for conventional markets.
The equation given to calculate the approximate biomass fuel yield as a function of yield class is:    
Biomass yield = a + ( b * yield class)
The parameters for these equations for Dorset have been calculated by Munro et al., (2009) as shown below:
Table S3 Parameters of equations relating biomass to yield class
	Woodland type
	a
	b
	Avg. Yield class in England
	Sustainable yield (odt/ha/yr)

	Broadleaved
	1.151
	0.2874
	5
	2.588

	Conifers  
	0.095
	0.1255
	12
	1.601



This report assumed that trees in Dorset achieve the average yield class for England. Based on these assumptions the maximum sustainable yield from Dorset woodlands in this study is detailed in Table S4
S4 Maximum sustainable yield from Dorset woodlands
	Woodland type
	Cover (ha)
	% of total
	Sustainable yield (t/ha/yr)
	Total yield (t/yr)

	Broadleaved  (1930)
	19423.16
	99.78
	2.59
	50305.984

	Broadleaved  (1950)
	18517.14
	99.77
	2.59
	47959.393

	Broadleaved  (1980)
	 
	 
	2.59
	 

	Broadleaved  (2015)
	14857.45
	63.9
	2.59
	38480.796

	Conifers  (1930)
	41.2
	0.21
	1.6
	65.92

	Conifers  (1950)
	41.85
	0.22
	1.6
	66.96

	Conifers  (1980)
	 
	 
	1.6
	 

	Conifers  (2015)
	8390.07
	36.09
	1.6
	13424.112



6. Crops and livestock
The InVEST crop production model (3.5.0 regression) was used to provide estimates of historical wheat and barley yields. To run this model, we provided an additional table that corresponds with nitrogen, phosphate, and potash application rates (kg/ha). Estimates for average nitrogen, phosphate and potash application rates for each crop for were taken from Nix (2018). The model produced modelled crop yields, as well as nutritional value. The proportion of land given over to each crop type was obtained for the area using Agricultural Census data and Tavener (1952). Notably wheat, barley and oats made up over 70% of the arable land use in all four time periods. This is a simplification of the distribution of crop value however, which in reality would vary across the landscape depending on which crops were planted where. However, as crops are often planted on rotation and no information was obtained from local farmers giving details of what crops were planted where, an average value was used based on the proportion of each crop (using Agricultural census data) and standard Nix values.
In addition to the work above, recorded livestock numbers in Dorset (cattle, pigs, sheep and poultry) for the 1930’s & 1950’s were sourced from Tavener (1952) & from the June Agricultural Census survey data for the 1980’s & 2015. The latter was supplied in hard copy by the Land Economy and Society Branch, University of Exeter.  Since no data was available on the actual location of the farms (due to data protection restrictions) it was not possible to accurately pinpoint the likely locations of each livestock type. It was therefore assumed that livestock are able to roam freely within the farmland area of the period and therefore, the amount of land actually available to livestock could be represented by the total area of semi-natural and improved grassland for each land cover scenario. 
7 Soil Quality
Owing to lack of historic directly measured soil quality data at the regional scale, estimated soil erosion rates were used to reclassify land cover using a proxy method  based on work by (Graves et al., 2015) who previously estimated soil erosion rates in England and Wales by land use/soil type category. Erosion rates for 4 soilscapes (clay, silt, sand and peat) recorded by Graves et al., (2015) were then averaged and unity-based normalized using the following formula, Z = normalised value, and X = existing value: to create a “soil quality” index with values ranging between 0-1. 

The approach used is similar to that used by the eSOTER project (http://www.esoter.org) in which erosion rates represent an average for specific land use practices. As agricultural practices were notably less intensive in the 1930’s relative to the rest of the periods, two index values were used to represent arable soil erosion potential. The “Arable extensive” (meaning: to obtaining a relatively small crop from a large area with a minimum of capital and labour) rate was used for the 1930’s, while the “Arable intensive” (Intensive farming practices include growing high-yield crops, using fertilisers and pesticides and keeping animals indoors) was used for the 1950’s onwards. These values were then aligned to each Dorset land use category in ArcGIS.
Table S5 Estimated erosion rates (t ha−1 a−1) in Dorset by land use category
	LCM broad habitats
	Normalised erosion rates (t ha−1 a−1)

	Arable extensive 
	0.31

	Arable intensive
	1.00

	Coastal Sand dunes and inland rock
	0

	Grassland improved
	0.23

	Grassland unimproved 
	0.21

	Horticulture
	0.64

	Inland Water
	0

	Neutral grassland
	0.15

	Urban 
	0.22

	Wildscape (includes heathland)
	0.03

	Woodland
	0.03



8. Recreation 

The InVEST v3.4.4 Visitation: Recreation and Tourism model was used to map potential recreational activity across the county. The purpose of the InVEST recreation model is to predict the spread of person-days of recreation and tourism, based on the locations of natural habitats. Here we included ten of the LCM broad habitats as areas of potential recreational activity (table S6), with the omissions of improved grassland and arable land which were considered to have little recreational value. In developing these accounts, it was found that the urban habitat classification “Built-up areas and gardens” excluded most green spaces (e.g. public gardens, parks, golf courses) and therefore would not provide information about the extent of green space in the urban environment and the interaction between society and the environment in these areas that would be of most use to policy. Due to this we did not include this category in our analysis.

The model provided various outputs including a shapefile with the average ‘photo user days’ per year. This data originates from the photo-sharing website ‘flickr.com’ (Yahoo, 2018), where most images have a specific longitude and latitude data attached. The InVEST Recreation model uses this data combined with the photographer’s ID and the date of the image to calculate average photo user days for the period 2015 period for each cell (Natural Capital Project, 2015) within the Dorset county boundary. 
As this method was only viable for the 2015 period, these estimates were combined with the Scenario Analysis component of the model which allowed us to predict how historic changes to the landscape will alter visitation rate using a least squares regression. Scenario predictors represented the same features that were selected as Predictor Variables, but represented modified versions of those features based on the area of each LCM broad habitat present in each time period.  The output from the model was a gridded shapefile of 100 m by 100 m cells.
9 Aesthetic value ‘naturalness’
Aesthetic value was assessed using scores based on aesthetic attributes identified from the CPRE Tranquility Mapping study (Jackson et al., 2008). As the perception of aesthetic qualities is very subjective, it is therefore important to select indicators based on robust testing using a large sample size with wide coverage. This study was selected because it was based on a substantial survey of UK public (4000 people) and the indicators used were spatially linked to aesthetic features. The CPRE ‘naturalness’ indicator is based on land cover type and hence is likely to differ between scenarios. The method has an underlying assumption that perceived ‘naturalness’ is an aesthetic benefit and accepts that naturalness may be perceived rather than actual/ecological naturalness (Tveit et al., 2006)In practice, the CPRE ‘naturalness’ scores, with a range of 0-10 where 10 is extremely natural, were aligned to LCM habitat types (Table S6). The overall score of naturalness for each period was calculated as:

Table S6 Aesthetic/naturalness index for CEH LCM habitat classifications developed by interpretation of the land classes used in the CPRE Tranquility Mapping study (Jackson et al. 2008).
	LCM broad habitats
	Naturalness score

	Acid grassland
	7

	Arable
	5

	Broadleaved, mixed and yew woodland
	7.5

	Built-up areas and gardens
	3.3

	Calcareous grassland
	7

	Coastal (Sand dunes)
	9

	Coniferous woodland
	7

	Fen, Marsh, Swamp (Salt Marsh)
	9

	Heathland
	8

	Improved grassland
	7

	Inland rock
	9

	Neutral grassland
	7

	Inland water
	9







10. Habitat quality for pollinators
Spatial values for nectar productivity, species nectar diversity and functional nectar diversity by UK habitat were extracted from Baude et al., (2016), (table S7). Baude et al., (2016) used a combination of two national scale vegetation surveys of Britain, so the study is applicable to the county of Dorset.
Nectar values were used instead of pollen by Baude et al., (2016) , as nectar is important as an energy source for adults bees and allowed directly comparable units (total sugars).  Nectar productivity was from directly measured and modelled data for 99% of nectar producing plants in Britain (260 species) using historical estimates of vegetation cover from the British Countryside Survey. Countryside Survey data was used to quantify nectar productivity for habitats, with species and functional nectar diversity being calculated with species and floral morphology groups respectively (Baude et al., 2016). Baude et al., (2016) found close parallels between historical changes in pollinator communities and changes in nectar resources. This suggests that using the nectar productivity and species and functional nectar diversity data is appropriate as a proxy for pollinator communities. Baude et al., (2016) do not state that one of these measures is more important as an indicator for pollinators; hence all were weighted equally to create the index. 
All three measures were normalised using the ArcGIS raster calculator tool and then summed together to create a habitat quality for pollinator index (Table 1). Baude et al., (2016) did not include habitats with low sample sizes: inland rock, littoral rock/ supralittoral rock, littoral sediment/ supralittoral, sediment (which probably do not provide resources for pollinators in any case), montane (not present in the study area) and urban habitats. Despite not including urban habitats, Baude et al., (2016) acknowledge its contribution to national nectar provision. Urban gardens are important as contributors of richness and composition of flora, and cover 18-27% of UK urban areas (Loram et al., 2008). To include urban areas within this study, pollinator abundance was  scaled from farmland values from a study by Baldock et al., (2015) which found farmland has a total taxa of 222.58, compared to 134.38 for urban, the latter having 39.63% of the former. Their study used 36 field sites in 12 locations across the UK, with urban land located within cities, and the matched farmland within 10km of the city sampled (Baldock et al., 2015). Values from Table 1 were ‘joined’ in ArcMap 10.1 to the Dorset basemaps, before each value being converted to 100 x 100 m cell raster.

[bookmark: _GoBack]
Table S7 Habitat quality for pollinators in Dorset - all values and calculations for the habitat quality index
	
	
	Original values
	Normalised values
	Habitat Quality Index

	LCM broad habitats
	Match from Baude et al., (2016)
	Nectar Productivity
	Species nectar diversity
	Functional diversity
	Nectar Productivity
	Species nectar diversity
	Functional diversity
	Average values 

	Acid grassland

	Acid grassland
	29.38
	0.78
	0.44
	0.301
	0.50
	0.70
	0.50

	Arable
	Arable
	6.9
	0.61
	0.3
	0.07
	0.4
	0.47
	0.31

	Broadleaved, mixed and yew woodland

	Broadleaf
	70.04
	1.03
	0.63
	0.72
	0.67
	1
	0.8

	Built-up areas and gardens

	Data from Badlock et al., (2015)
	4.17
	0
	0
	0.04
	0
	0
	0.01

	Calcareous grassland

	Calcareous grassland

	97.48
	1.54
	0.54
	1
	1
	0.86
	0.95

	Coastal (Sand dunes)

	-
	-
	0
	0
	0
	0
	0
	0

	Coniferous woodland

	Conifer
	14.49
	0.71
	0.41
	0.15
	0.45
	0.65
	0.42

	Fen, Marsh, Swamp (Salt Marsh)

	Fen,Bog, Saltmarsh
	39.22
	0.95
	0.54
	0.40
	0.62
	0.86
	0.63

	Heathland

	Shrub Heath
	82.43
	0.72
	0.39
	0.85
	0.47
	0.62
	0.64

	Improved grassland

	Improved grassland

	51.73
	0.73
	0.48
	0.53
	0.47
	0.76
	0.6

	Inland rock

	-
	-
	0
	0
	0
	0
	0
	0

	Neutral grassland

	Neutral grassland

	64.84
	1.03
	0.58
	0.67
	0.67
	0.92
	0.76

	Inland water

	Freshwater
	0
	0
	0
	0
	0
	0
	0



11 Biodiversity
This analysis focused on species of conservation concern, namely those listed on the UK Biodiversity Action Plan (BAP). To establish the likely importance of BAP species, occurring in different broad habitats of Dorset, a species richness indicator developed by Newton et al., (2012) was used to reclassify Land cover (Table S8). Values of both BAP species number and density were based on records made within the Frome catchment area of Dorset and subsequently normalised to provide measures of biodiversity value. Decision rules were used to assign each broad habitat in the case study sites a score from 0 to 1. It is notable that BAP species priorities and policies are likely to have changed over the last 85 years. Nonetheless such proxies provide a contemporary biased estimate of how the impact of habitat change has impacted the refuges for biodiversity across Dorset.

 Table S8 Species richness index from Newton et al., (2012).
	LCM broad habitats
	Dorset BAP species richness index

	Acid grassland
	0.369

	Arable
	0.014

	Broadleaved, mixed and yew woodland
	0.105

	Built-up areas and gardens
	0.12

	Calcareous grassland
	0.202

	Coastal (Sand dunes)
	0.253

	Coniferous woodland
	0.106

	Fen, Marsh, Swamp (Salt Marsh)
	0.459

	Heathland
	0.172

	Improved grassland
	0

	Inland rock
	0.139

	Neutral grassland
	1

	Inland water
	0.335
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