[bookmark: _GoBack]Supplementary material to:
Bayesian spatial modelling for quasi-experimental designs: an interrupted time series study of the opening of Municipal Waste Incinerators in relation to infant mortality and sex ratio.
 
Table 1:  Equation (1) can be re-written as follows (for the sake of simplicity, we omit the random effect and confounders) for each combination of area and period.
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Table 2: Mean of the matching variable for exposed Municipal Waste Incinerators (MWI) and comparator areas within 10 km boundary.
	Incinerator
	Matching Variables
	MWI
	Comparator areas

	Allington 
	Livebirths
(n)
	2001
	3304.00
	3229.00

	
	
	2002
	3256.00
	3237.00

	
	
	2003
	3390.00
	3270.00

	
	
	2004
	3459.00
	3434.00

	
	
	2005
	3411.00
	3413.00

	
	
	2006
	3537.00
	3557.00

	
	Unemployment (%)
	6.06
	5.13

	
	No car (%)
	17.18
	18.74

	
	Overcrowding (%)
	1.39
	2.02

	
	Low class (%)
	22.07
	17.12

	
	Population density  
	3062.06
	3169.44

	
	Ethnicity (%)
	8.31
	19.28

	Crylmyn Burrows
	Livebirths
(n)
	1998
	2601.00
	2721.00

	
	
	1999
	2597.00
	2582.00

	
	
	2000
	2491.00
	2531.00

	
	
	2001
	2544.00
	2420.00

	
	
	2002
	2403.00
	2523.00

	
	
	2003
	2527.00
	2496.00

	
	Unemployment (%)
	8.33
	8.74

	
	No car (%)
	27.84
	26.05

	
	Overcrowding (%)
	1.01
	1.30

	
	Low class (%)
	31.57
	31.30

	
	Population density  
	2141.27
	2263.87

	
	Ethnicity (%)
	6.87
	7.65

	Chineham 
	Livebirths
(n)
	1998
	1950.00
	1822.00

	
	
	1999
	1949.00
	1956.00

	
	
	2000
	1803.00
	1748.00

	
	
	2001
	1681.00
	1714.00

	
	
	2002
	1765.00
	1685.00

	
	
	2003
	1794.00
	1769.00

	
	Unemployment (%)
	4.31
	4.60

	
	No car (%)
	15.15
	11.84

	
	Overcrowding (%)
	1.18
	1.33

	
	Low class (%)
	17.71
	13.45

	
	Population density  
	2231.85
	2214.06

	
	Ethnicity (%)
	8.69
	13.03

	Grundon 
(Lakeside)
	Livebirths
(n)
	2008
	10758.00
	9098.00

	
	
	2009
	10964.00
	9419.00

	
	
	2010
	11095.00
	9636.00

	
	Unemployment (%)
	6.42
	5.98

	
	No car (%)
	23.62
	28.20

	
	Overcrowding (%)
	6.63
	6.23

	
	Low class (%)
	24.92
	19.02

	
	Population density  
	4036.94
	5945.36

	
	Ethnicity (%)
	45.62
	49.01

	Isle of Wight 
	Livebirths
(n)
	2006
	648.00
	628.00

	
	
	2007
	572.00
	604.00

	
	
	2008
	617.00
	613.00

	
	
	2009
	585.00
	584.00

	
	Unemployment (%)
	6.25
	3.56

	
	No car (%)
	19.46
	10.78

	
	Overcrowding (%)
	0.93
	0.96

	
	Low class (%)
	23.99
	15.91

	
	Population density  
	876.98
	894.75

	
	Ethnicity (%)
	3.16
	4.88

	Newlincs
	Livebirths
(n)
	1999
	1643.00
	1861.00

	
	
	2000
	1593.00
	1736.00

	
	
	2001
	1493.00
	1678.00

	
	
	2002
	1511.00
	1622.00

	
	
	2003
	1577.00
	1753.00

	
	
	2004
	1737.00
	1898.00

	
	Unemployment (%)
	11.91
	13.03

	
	No car (%)
	33.70
	37.16

	
	Overcrowding (%)
	0.95
	1.41

	
	Low class (%)
	40.64
	37.26

	
	Population density  
	3593.16
	3271.50

	
	Ethnicity (%)
	2.86
	5.63

	Marchwood
	Livebirths
(n)
	1999
	4191.00
	4304.00

	
	
	2000
	4053.00
	4040.00

	
	
	2001
	4017.00
	3985.00

	
	
	2002
	4004.00
	3940.00

	
	
	2003
	4110.00
	4050.00

	
	
	2004
	4249.00
	4213.00

	
	Unemployment (%)
	6.07
	4.81

	
	No car (%)
	23.01
	16.71

	
	Overcrowding (%)
	2.02
	1.80

	
	Low class (%)
	25.19
	15.44

	
	Population density  
	3624.38
	2902.84

	
	Ethnicity (%)
	10.53
	17.57

	Portsmouth 
	Livebirths
(n)
	2000
	4670.00
	4040.00

	
	
	2001
	4464.00
	3985.00

	
	
	2002
	4469.00
	3940.00

	
	
	2003
	4652.00
	4050.00

	
	
	2004
	4801.00
	4213.00

	
	
	2005
	4704.00
	4177.00

	
	Unemployment (%)
	6.55
	4.81

	
	No car (%)
	25.76
	16.71

	
	Overcrowding (%)
	1.54
	1.80

	
	Low class (%)
	25.36
	15.44

	
	Population density  
	4784.06
	2902.84

	
	Ethnicity (%)
	7.46
	17.57


















Table 3: Municipal Waste Incinerators (MWI) characteristics for 4km and comparator areas.
	MWI
	Region
	Opening years
	MSOAs in 4km MWI boundary   
(n)
	MSOAs in 4km 
comparator areas boundary  (n)

	Allington
	South East
	2006
	7
	9

	Chineham
	South East
	2003
	4
	7

	Crymlyn Burrows
	Wales
	2003
	3
	3

	Grundon (Lakeside)
	London
	2010
	8
	11

	Isle of Wright
	South East
	2009
	1
	2

	Marchwood
	South East
	2004
	13
	12

	Newlincs (Grimsby)
	Yorkshire and the Humber
	2004
	2
	2

	Portsmouth
	South East
	2005
	21
	17
















Table 4: Descriptive statistics for 4 km exposed and comparator areas for each outcome at MSOA’s level, split in before and after MWI opening, for all spatial study domain. 
	
	Live births
	Infant Deaths
	Rates mean (IQR) x 1000
	Sex ratio mean (IQR)

	MWI   (exposed) before opening
	24623
	136
	5.4(10.2)
	0.96(0.25)

	MWI  (exposed) after opening
	35076
	166
	4.7(8.9)
	0.96(0.27)

	Comparator area before opening
	23226
	123
	5.0(9.9)
	0.97(0.29)

	Comparator area after opening
	31015
	144
	4.5(8.6)
	0.97(0.29)
























Table 5: Model estimates from the Bayesian Hierarchical model with structured spatial random effect, with credible interval of 95% in brackets, for infant mortality and sex ratio within 4 km. 
	Outcome
	Infant Mortality 
	Sex Ratio 

	
Summary Index  
	6 (-126,126)1 
	0.009(-0.03,0.07)

	Spatial mixing parameter (%) 
	27.8(1.5, 81.8)
	21.8(1.10,74.0)

	Intercept 
	-4.60(-5.43,-3.77)
	-50.69(-166.87,65.18)

	Exposed vs comparator 
	0.28(-0.16,0.73)
	-38.87(-107.27,29.48)

	Linear time trend overall 
	0.01(-0.04,0.06)
	-1.70(-9.52,6.10)

	Linear time trend after opening 
	-0.08(-0.19,0.02)
	2.10(-13.58,17.77)

	Linear time trend exposed areas 
	-0.05(-0.13,0.02)
	6.24(-5.49,17.97)

	Linear time trend exposed after opening 
	0.13(-0.02,0.28)
	-10.445(-33.63,12.73)

	Carstairs quintiles -Least deprived
	-
	-

	
	0.12(-0.31,0.57)
	13.27 (-41.85,68.18)

	
	0.21(-0.19,0.64)
	10.99(-41.53,63.30)

	
	0.37(-0.03,0.79)
	7.70(-45.63,60.97)

	Carstairs quintiles -Most deprived
	0.63(0.16,1.11)
	55.57(-11.04,121.95)

	Ethnicity (%) [0-12.1)
	-
	-

	(12.1-24.2]
	-0.03(-0.28,0.21)
	-11.95(-47.68,23.66)

	(24.2-100]
	0.59(0.20,0.98)
	-51.79(-115.14,11.70)

	Population density
	0(0,0)
	0(0,0)

	NO2
	-0.04(-0.07,-0.01)
	-0.43(-4.52,3.66)


1 Summary Index  (x 100,000)

























Table 6: Model estimates from the Bayesian Hierarchical model with structured spatial random effect, with credible interval of 95% in brackets, for infant mortality and sex ratio within 10 km restricted to the MWIs with five years before and after the opening.
	Outcome
	Infant Mortality 
	Sex Ratio 

	
Summary Index  
	-49(-121,16) 1
	0.001(-0.02,0.03)

	Spatial mixing parameter (%) 
	29.4(4.5,70.4)
	20.7(1.00, 68.80)

	Intercept 
	-5.21(-5.717,-4.713)
	-76.502(-146.95,-6.37)

	Exposed vs comparator  
	0.249(-0.008,0.508)
	4.194(-32.95,41.32)

	Linear time trend overall 
	0.01(-0.025,0.046)
	0.446(-4.89,5.78)

	Linear time trend after opening 
	-0.059(-0.125,0.007)
	-3.087(-13.17,6.99)

	Linear time trend exposed areas 
	-0.074(-0.126,-0.022)
	-3.945(-11.44,3.54)

	Linear time trend exposed after opening 
	0.123(0.026,0.22)
	8.468(-5.57,22.50)

	Carstairs quintiles -Least deprived
	-
	-

	
	0.08(-0.12,0.29)
	20.15(-4.46,44.76)

	
	0.18(-0.008,0.375)
	16.966(-6.65,40.64)

	
	0.34(0.15,0.532)
	1.971(-22.42,26.42)

	Carstairs quintiles -Most deprived
	0.45(0.26,0.65)
	23.048(-3.46,49.61)

	Ethnicity (%) [0-12.1]
	-
	-

	(12.1-24.2]
	0.15(-0.01,0.31)
	16.571(-5.65,38.67)

	(24.2-100]
	0.33(0.1,0.56)
	3.208(-28.52,34.89)

	Population density
	0(0,0)
	-0.003(-0.007,0.000)

	NO2
	-0.01(-0.03,0.001)
	0.812(-1.86,3.49)


1 Summary Index  (x 100,000)

























Table 7:  Model estimates from the Bayesian Hierarchical model with structured spatial random effect, with credible interval of 95% in brackets, for infant mortality and sex ratio within 4 km restricted to the MWIs with five years before and after the opening.
	Outcome
	Infant Mortality 
	Sex Ratio 

	
Summary Index  
	-57(-219,76)1
	-0.001(-0.04,0.07)

	Spatial mixing parameter (%) 
	32.8(1,88)
	18.8(9,66.6)

	Intercept 
	-4.70(-5.60,-3.826)
	-36.06(-171.2,99.46)

	Exposed vs comparator  
	0.42(-0.06,0.91)
	-12.92(-91.41,65.30)

	Linear time trend overall 
	0.02(-0.036,0.079)
	-1.17(-10,7.72)

	Linear time trend after opening 
	-0.08(-0.19,0.034)
	1.88(-15.774,19.51)

	Linear time trend exposed areas 
	-0.09(-0.19,-0.005)
	-0.15(-15.10,14.82)

	Linear time trend exposed after opening 
	0.179(0.001,0.358)
	-0.6(-28.9,27.64)

	Carstairs quintiles -Least deprived
	-
	-

	
	0.07(-0.38,0.54)
	8.07(-55.00,70.85)

	
	0.14(-0.27,0.57)
	14.61(-44.50,73.43)

	
	0.26(-0.147,0.7)
	4.15(-55.72,64.05)

	Carstairs quintiles -Most deprived
	0.51(0.034,1.01)
	63.25(-10.77,137.16)

	Ethnicity (%) [0-12.1]
	-
	-

	(12.1-24.2]
	-0.07(-0.34,0.18)
	-15.14(-55.49,25.03)

	(24.2-100]
	0.667(0.17,1.15)
	-86.78(-178.79,5.15)

	Population density
	0(0,0)
	0.002(-0.003,0.006)

	NO2
	-0.038(-0.069,-0.006)
	-1.10(-6.12,3.872)


1 Summary Index  (x 100,000)










Figure 1. Comparator area selection process for a generic Municipal Waste Incinerator located in a  generic Region.
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	A buffer of 10 km around the MWI  
	Inclusion of all the Middle Super Output Area (MSOA) whose centroid is within the boundary
	Exclusion of the MSOAs  from the Region
	Buffers of  10 km are drawn around the centroid of all MSOAS
	A comparator area is identified of 10 km and composed of MSOAs.



Appendix A
Spatial Random effects for disconnected graphs

Intrinsic conditional autoregressive (iCAR) models require a connected graph (one adjacency matrix) over the whole study region, i.e. each area should have at least one neighbour. However, given the case-control nature of our study, the spatial domain is defined by 16 adjacency matrices: 8 for MWI and 8 for controls. We scaled the precision matrix of the conditional distribution for the random effects by assuming an Intrinsic Gaussian Random Markov Fields (IGRMF) (Rue and Held (2005)) like the intrinsic Conditional Autoregressive model (CAR), appropriately modified for the peculiar spatial support of the study. Usually CAR models presuppose that the spatial unit are sharing a border: therefore creating a connected graph, here we explain how by scaling the precision matrix of the conditional distribution for the random effect we can accommodate a disconnected graph: like the one generated by the incinerator and control areas. First let define a generic zero-mean IGRMF of    order joint density, with an improper density:
                  (1)

where  is the number of spatial units,  is semi-definite positive with rank  and  the generalised determinant equal to the product of the  non- zero eigenvalues. The first-order IGRMF models a spatially structured effect on an irregular lattice and captures local deviation from an overall trend and the marginal standard deviation of the model gives a prior information on how
large the local deviations should be. To ensure that equation (1) has a proper joint density- definite marginal deviations -we need to impose a linear constraints of .  The joint density of the first order is then:



The precision matrix is structured as:




Where   denotes that  and  are neighbours nodes, and  indicates the total number of neighbours for each  spatial unit. The matrix can be , where κ is the precision parameter and  is the neighbourhood structure matrix ascertained from the graph. In the prospective to have a better understatement on how to assign hyper-priors, Sørbye et al. (Sørbye and Rue 2014)advocate for assigning hyperpriors to the scaled precision by multiplying    for a reference standard deviation. The reference is computed as the geometric mean of the marginal variances:



where  indicates the generalised inverse and the hyperprior is assigned to     .In our specific case  is a 16-blocks matrix, where each block represents the neighbour structure for each exposed and control area, therefore we compute  for each block and scaled accordingly.
The scaling facilitates the interpretation of assigned prior on hyper-parameter  because it allows to have priors with the same interpretation on different underlying graphs. Two different graphs structures will shows different generalised variance, even if the number of spatial units are the same, see (Freni-Sterrantino, Ventrucci, and Rue 2018) for more details on applications and implementations. With regard to the spatial structured generated by the incinerators and controls areas, but scaling the matrix we allow the units within each buffer to 'borrow strength' by assuming the parametrization proposed by Riebler et al.  (Riebler et al. 2016) where the spatial random effect is defined as the sum of  a spatially unstructured component and  a scaled spatially structured component:



with a variance-covariance matrix



Where  indicates the identity matrix and    the scaled generalised precision matrix. The total variance is expressed by a mixing parameter  that measures the proportion of marginal variance due to the structural spatial effect. If =0 the model is then based solely on over dispersion, whereas if =1 the model coincide with a Besag model: a pure structured spatial effect.
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