Spatio-temporal Patterns of diarrhoeal mortality in México
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Supplementary information

S1 STL decomposition

Diarrhoeal mortality data and climatic data were subjected to Seasonal-Trend with LOESS decomposition (STL) (Figure S1) (R. B. Cleveland et al. 1990). Iteratively a trend for the whole time series, and local polynomials for each month were fitted. At each iteration outliers, defined as data points >6 times the standard deviation for the time series were identified and replaced by fitted values. The advantages of STL are (1) a smoothed approximation of the time series through the iterative removal of outliers and (2) a non-linear trend that can be removed from the time series to produce a temporally stationary data set and (3) a description of regular seasonal oscillations.
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Figure S1: STL decomposition of diarrhoeal mortality in Mexico. The observed number of deaths (black) was subjected to seasonal decomposition by Loess (robust locally weighted regression) to extract the trend (blue) and seasonal (red) components leaving a residual (green). Fourier harmonics were fitted to the seasonal component (smoother and more stationary relative to the original time series) (cyan, with the seasonal component shown in red).

S2 Comparison of Seasonality

Though the STL decomposition results in a description of the seasonal oscillations, Fourier harmonics are advantageous because they reduce the dimensionality of the data from one observation every month to a combination of amplitudes and phases from, in this case, two harmonics. There is no formal test for differences between two time series, so in this case the amplitude and phase of the annual and biannual harmonics were exchanged between the early (1979-1988) and late (1995-2001) time periods. Under this scheme an approximation of an average year was constructed assuming all the parameters from the corresponding time period and then one parameter exchanged with the other time period. The time series for the year were then compared with a Kolmogorov-Smirnov test. 

Fourier harmonics are based on combinations of sinusoidal functions that are described with three parameters – the frequency (annual or biannual), amplitude (magnitude of the peaks/troughs) and phase (timing of the peak) (Miller & Strange 2007; Rogers et al. 1996). Exchanging the amplitude magnifies or diminishes the peak (assuming the same timing), and exchanging the phase shifts the timing of the peak. The annual harmonic has a single peak per year, whereas the biannual harmonic has two equal peaks each year (at a 6 month interval). The combination of the annual and biannual either magnifies the annual peak (summing the annual peak and one of the two biannual peaks) as is the case in the winter peak of the later period (bottom panel, Figure S2), or can broaden the annual peak if the two peaks are off-set as is the case with the broad and asymmetrical summer peak in the early period (top panel, Figure S2).
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Figure S2: Significance testing of the seasonal parameters, switching each parameter in turn between the two time periods. The original seasonal pattern (black) was re-fitted with parameters taken from the other time period and compared using a Kolmogorov-Smirnov test. Top panel, 1979-1988 was fitted with parameters from the later time period, and the reverse for the 1995-2001 period, bottom panel.

S3 Climate and mortality

The peaks and troughs in the climatic variables were compared to the peak of the diarrhoeal mortality (Table S1). Precipitation data (precipitation and vapour pressure) were transformed using the form log(x +1). 
Table S1: Correlations between the day of the peak diarrhoeal mortality and the timing of the maximum or minimum values of CRU variables

	
	Day of maximum
	Day of minimum

	Precipitation 
	-0.33
	0.86*

	Monthly average daily maximum temperature 
	0.58*
	0.10

	Monthly average daily minimum temperature
	0.34
	0.19

	Daily mean temperature
	0.62*
	0.42

	Vapour pressure 
	-0.36
	0.85*

	Wet day frequency 
	0.37
	0.32

	Diurnal temperature range 
	0.64*
	-0.37



*significant at p<0.05

Using the two climatic variables that were (i) most correlated to mortality and (ii) least correlated to one another, a spatially weighted panel regression was performed on the diarrhoeal mortality data to estimate the association between climate and diarrhoeal mortality. In the full model, temporal lags of 1 to 11 months were assessed to identify the most informative lags between climatic variables and mortality (Table S2). Neither an interaction term between temperature and precipitation (t0), nor quadratic terms for either (again, t0) proved significant.

For the purposes of a simple model, temporal lags were excluded from the final model if there did not prove significant (p>0.05). Significant lags for temperature and precipitation tended to cluster: around 3 months prior for temperature and 5 months for precipitation.
Table S2: Spatial panel model using mean temperature and precipitation with 0-5 month lags to predict diarrhoeal mortality in Mexican states (r2 0.781). Gray cells indicate p<0.05. 

	Variable
	Coefficient
	t
	p

	Temperature (t0)
	0.004
	0.439
	0.660

	Precipitation (t0)
	-0.009
	-0.532
	0.595

	Temperature^2 (t0)
	0
	-1.901
	0.057

	Precipitation^2 (t0)
	-0.001
	-0.520
	0.603

	Temperature*ln( Precipitation+1 ) (t0)
	0.001
	1.279
	0.201

	Temperature (t-1)
	-0.011
	-2.424
	0.015

	Temperature (t-2)
	0.012
	2.622
	0.009

	Temperature (t-3)
	0.013
	3.053
	0.002

	Temperature (t-4)
	0
	0.110
	0.912

	Temperature (t-5)
	-0.007
	-1.537
	0.124

	Temperature (t-6)
	-0.008
	-1.728
	0.084

	Temperature (t-7)
	-0.002
	-0.461
	0.645

	Temperature (t-8)
	0.001
	0.264
	0.792

	Temperature (t-9)
	0.001
	0.306
	0.760

	Temperature (t-10)
	-0.001
	-0.229
	0.819

	Temperature (t-11)
	-0.002
	-0.444
	0.657

	ln( Precipitation+1 ) (t-1)
	0.011
	2.395
	0.017

	ln( Precipitation+1 ) (t-2)
	0.015
	3.273
	0.001

	ln( Precipitation+1 ) (t-3)
	-0.011
	-2.296
	0.022

	ln( Precipitation+1 ) (t-4)
	-0.016
	-3.494
	<0.001

	ln( Precipitation+1 ) (t-5)
	-0.022
	-4.732
	<0.001

	ln( Precipitation+1 ) (t-6)
	-0.015
	-3.222
	0.001

	ln( Precipitation+1 ) (t-7)
	-0.004
	-0.836
	0.403

	ln( Precipitation+1 ) (t-8)
	-0.012
	-2.455
	0.014

	ln( Precipitation+1 ) (t-9)
	0.002
	0.351
	0.725

	ln( Precipitation+1 ) (t-10)
	0.005
	0.997
	0.319

	ln( Precipitation+1 ) (t-11)
	0.001
	0.180
	0.857

	Spatial Weight
	0.07
	34.134
	<0.001


S4 Spatial mortality pattern

Seasonal profiles for each of the 32 Mexican states showed a distinct spatial pattern. The timing of the peak diarrhoeal mortality incidence varied across Mexico, earliest around the Federal District and peaking later in states that are further away (to the north-west and south-east) (Figure S3).
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Figure S3: Seasonal profiles of diarrhoeal mortality in Mexican states. States are colour coded by the rank of the timing of peak mortality.

It is unlikely that ‘space’ is a real risk factor, so much as an indicator of underlying causal factors. Given the apparent continuous spatial pattern across the Mexican states it seems unlikely to be socio-economic factors that determining the timing of peak incidence. Both precipitation and temperature follow similar spatial patterns in terms of peaks/troughs in relation to the Federal district and elevation (Figure S4).
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Figure S4:  Peak diarrhoeal mortality (green), daily mean temperature (red) and minimum precipitation (blue) for each Mexican state in relation to the distance from the Federal District (left) and elevation (right).
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