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S1. Data and data sources

Table S1 Refined list of the independent variables used in the linear regression. Any scaling of variables is described in italics within the description column
	Variable
	Description
	Source*
	Type
	n
	Min
	Max

	DistCoast
	Distance in metres from the hexagon cell centroid to the GB coastline. Divided by 100.
	Obtained by spatial join of hexagon grid cell polygons on coastline.
	Continuous
	2148
	3.47
	124476.40

	Cattle CTS
	Number of cattle on the farm (CPH). This is the average over the 24 month time period TpS. Average for all holdings in the hexagon cell. Divided by 100.
	CTS
	Continuous
	2053
	0
	2562

	CPH
	Number of cattle farms within the hexagon grid cell, based on point locations.
	CTS
	Continuous
	2148
	0
	19

	DistCL
	Distance to nearest common land, based on point location. Average for all CPH with point locations within the hexagon cell.
	SAM
	Continuous
	1999
	80.28
	11446.91

	PP_Count
	Number of fragments of permanent pasture (adjacent land parcels sharing the same CPH were joined prior to deriving this variable). Average for all CPH within the hexagon.
	CLAD
	Continuous
	2148
	0
	59

	PPTG_CHtot
	Total area of convex hull of permanent pasture or temporary grazing. Average for all CPH with permanent pasture or temporary grazing inside the hexagon grid cell.
	CLAD
	Continuous
	1391
	129.53
	2382387

	MvtsDmean
	Average distance of all movements onto the farm during TpS. Average for all CPH in the hexagon (based on point location).
	CTS
	Continuous
	1831
	803.53
	445895.2

	NumMkt
	Number of markets where cattle are sourced. Average for all CPH in the hexagon (based on point location).
	CTS
	Continuous
	2148
	0
	16

	SizeMktS
	Throughput (cattle / year) at the market where the majority of cattle brought onto the farm are sourced. Average for all CPH in the hexagon (based on point location). Divided by 100.
	CTS
	Continuous
	1567
	0
	34324.75

	GoatCPH
	1 if goats were present on the same CPH according to the agricultural survey, 0 otherwise. Average for all CPH in located in the hexagon.
	Agricultural survey
	Continuous
	2148
	0
	1

	SheepCPH
	1 if sheep were present on the same CPH according to the agricultural survey, 0 otherwise. Average for all CPH in located in the hexagon.
	Agricultural survey
	Continuous
	2148
	0
	1

	PoultCPH
	1 if poultry were present on the same CPH according to the agricultural survey, 0 otherwise. Average for all CPH in located in the hexagon.
	Agricultural survey
	Continuous
	2148
	0
	1

	NwcCPH
	1 if new world camelids were present on the same CPH according to the agricultural survey, 0 otherwise. Average for all CPH in located in the hexagon.
	Agricultural survey
	Continuous
	2148
	0
	0.333

	BS_Main
	Main output from badger sett density model (original data validated against RBCT areas only) - estimated setts per 10,000m2
	FERA
	Continuous
	2148
	0.0001
	0.008

	sum_d_fallow
	Sum of a Boolean indicator (1/0) of presence of fallow deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	sum_d_munt
	Sum of a Boolean indicator (1/0) of presence of muntjac deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	sum_d_red
	Sum of a Boolean indicator (1/0) of presence of red deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	sum_d_roe
	Sum of a Boolean indicator (1/0) of presence of roe deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	sum_d_cwd
	Sum of a Boolean indicator (1/0) of presence of Chinese water deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	sum_d_sika
	Sum of a Boolean indicator (1/0) of presence of sika deer within 7.5km (distance of half the diagonal of a 10x10km grid square) of the hexagon cell and it’s neighbouring cells, in 2002 for time steps up to 0204-0406, in 2007 for time steps from 0305-0507 onwards
	British Deer Society
	Continuous
	2148
	0
	7

	LCM07_TC02
	Coniferous woodland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	76.14

	LCM07_TC03
	Arable and horticulture - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	90.71

	LCM07_TC04
	Improved grassland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0.14
	92.25

	LCM07_TC05
	Rough grassland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	69.25

	LCM07_TC06
	Neutral grassland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	17.14

	LCM07_TC07
	Calcerous grassland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	73.71

	LCM07_TC11
	Heather grassland - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	32.50

	LCM07_TC15
	Saltwater - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	38.43

	LCM07_TC17
	Supra-littoral rock - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	3.29

	LCM07_TC18
	Supra-littoral sediment - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	35.33

	LCM07_TC19
	Littoral rock - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	55.67

	LCM07_TC20
	Littoral sediment - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	23.67

	LCM07_TC21
	Saltmarsh - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	19.00

	LCM07_TC23
	Suburban - % of total cell area (values of 0-100)
	CLAD
	Continuous
	2148
	0
	87.57

	BGS_CLAY
	Clay soil - % of total cell area (values of 0-100). Includes mixed soil types, e.g. clay, sand and silt.
	British Geological Survey
	Continuous
	2148
	0
	0.998

	BGS_SAND
	Sand soil - % of total cell area (values of 0-100). Includes mixed soil types, e.g. clay, sand and silt.
	British Geological Survey
	Continuous
	2148
	0
	1

	ELEV_Mean
	Mean elevation (metres above sea level) within the hexagon grid cell.
	MasterMap
	Continuous
	2148
	1.51
	540.60

	ASPECT_N
	% of total cell area (values of 0-100) facing North.
	MasterMap
	Continuous
	2148
	0
	0.57

	ASPECT_SE
	% of total cell area (values of 0-100) facing South-East.
	MasterMap
	Continuous
	2148
	0
	0.60

	ASPECT_E
	% of total cell area (values of 0-100) facing East.
	MasterMap
	Continuous
	2148
	0
	0.75

	FZ3
	Level 3 flood zone - % of total cell area (values of 0-100)
	Environment Agency
	Continuous
	2148
	0
	0.96

	XRiver1
	Boolean indicator as to whether the hexagon grid cell is crossed by a main river. Main rivers are identified by river type 1 in the Environment Agency’s digital river network.
	MasterMap
	Dichotomous
	2148
	0
	1

	LenRiver1
	Total length of main river within the hexagon grid cell.
	MasterMap
	Continuous
	2148
	0
	17166.29

	LenRd
	Total length of road within the hexagon grid cell (includes motorways and dual carriageways).
	Ordnance Survey MasterMap.
	Continuous
	2141
	31.04
	35474.07

	Frost_G
	Ground frost. Number of days per year when the grass minimum temperature is below 0 °C, over the 24 month time period TpS. Centred around mean.
	Met Office
	Continuous
	1868
	0
	129

	MinT_YrL
	Average of the daily lowest air temperatures from 0900-0900 (°C), over the whole year, during the colder of the 2 years running from Sep to Aug in the 24 month time period TpS. Centred around mean.
	Met Office
	Continuous
	1868
	0
	8.33

	RainFall
	Total precipitation (mm) during the 24 month time period TpS. Centred around the mean.
	Met Office
	Continuous
	1868
	0
	194.02

	Sunshine
	Duration of bright sunshine (hours per day). Average over the 24 month time period TpS. Centred around mean.
	Met Office
	Continuous
	1868
	0
	4.63


*Abbreviations: CTS = Cattle Tracing System, CLAD = Customer and Land Database, FERA = Food and Environment Research Agency, SAM = Animal and Plant Health Agency’s TB testing database.

S2. Description of the independent variables used in the thematic linear regression models
S2.1 Animal-level factors

Six animal-level factors were retained for consideration in the model. Five of these were measures of age describing the number of animals under 42 days of age, between 42 days and 15 months, between 15 months and 30 months, between 30 months and 60 months, and over 60 months. The sixth variable related to breed and was the number of black and white animals within the hexagon averaged across the time period at which spread occurred. Black and white included Holstein, Friesian and associated crosses. These breeds were grouped together because they are not consistently and reliably distinguished.  It was appreciated that the age profile or the proportion of black-and-white animals is likely to characterise farm enterprise type (e.g. beef rearer, beef finisher, beef suckler or dairy).
S2.2 Farm-level factors

Twenty variables relating to farm-level factors were considered. These included generic variables such as the number of farms within a hexagon, average herd size within a hexagon, and the distance from the centroid of the hexagon to coastline, as well as more specifically related farm-level factors. Movement data was comprised of the total number of cattle moved on to the farm, the number of cattle moved from farms that had a recent breakdown, the number of cattle sent to slaughter, and the number of cattle moved from farms in the core endemic area identified in Objective A1, all aggregated as an average per hexagon during the time period of spread. The average distance of all movements on to the farm during the time period of spread was also considered, as well as the distance to any common land which could be indicative of unregistered movements.

The number of markets from which cattle were sourced, and the throughput of the primary market were considered, as well as the distance from farms to their nearest markets. The number of sheep, goat and poultry holdings and new world camelids present in the hexagon or its neighbouring six hexagons was also considered.

Various measures of farm fragmentation were developed. These included the length of boundary of fragments of land shared with other land from a different farm and the number of fragments of permanent pasture belonging to a farm. Convex hulls (the smallest polygon containing all land parcels for a given farm) were produced for each farm, and the percentage of all land parcels or permanent pasture only within the convex hull that belonged to the farm was calculated as a measure of fragmentation or dispersal and aggregated by hexagon.
S2.3 bTB history and testing

Measures relating to disease history within a hexagon included the number of new OTF-W breakdowns in the time period of spread, and the number of new OTF-W or OTF-S breakdowns in the hexagon in the two year period prior to the time period of spread. The number of animals with visible lesions in the time period of spread, and the number of inconclusive reactors in the two year period prior to the time period of spread were considered, as well as the removal time of reactors during the time period of spread.

The days since last bTB test and the maximal testing interval for both the time period of spread and the two year period prior to the time period of spread were considered, as was the use of gamma interferon testing within the hexagon in both time periods.
S2.4 Landscape characteristics

Twenty-four landscape variables were retained for consideration, fourteen of which related to land type. These included measures of the proportion of a hexagon that was classed as coniferous woodland, arable and horticulture, improved grassland, rough grassland, neutral grassland, calcareous grassland, heather grassland, saltwater, supra-littoral rock, supra-littoral sediment, littoral rock, littoral sediment, saltmarsh and suburban land. The proportion of a hexagon that was made up of either clay soil or sandy soil was also considered. Elevation and aspect were considered, as was the total length of any roads within the hexagon. Water-based landscape variables included the proportion of a hexagon that was classed as flood zone 3 according to the Environment Agency (the Agency's best estimate of the areas of land with a 1% or greater chance of flooding each year from rivers, or with a 0.5% chance or greater of flooding each year from the sea), whether or not the hexagon was crossed by a main river, and the total length of main rivers within the hexagon.
S2.5 Wildlife

Wildlife variables considered for the model related to badgers and deer. The measure of badger density used was the main output from the model published by Etherington et al. (2009)
. Data on the presence or absence of deer within a hexagon and its neighbouring six hexagons was available for the six main species in Great Britain: fallow, muntjac, red, roe, Chinese water deer, and sika.
S2.6 Climate

The climate variables retained for consideration consisted of the average daily minimum air temperature, the number of days where there was air or ground frost, the number of days where there was snow falling or lying, the average number of hours per day of sunshine, the total rainfall and the average relative humidity, all across the time period of spread.
� Etherington, T. R., Ward, A. J., Smith, G. C., Pietravalle, S. &  Wilson, G. J. (2009) Using the Mahalanobis distance statistic with unplanned presence-only survey data for biogeographical models of species distribution and abundance: a case study of badger setts. Journal of Biogeography 36, 845-853








