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Addition information detailing the criteria used to define drought affected municipalities, the 

GWPR model selection, and the choice of datasets. 
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GWPR model summary, AICc values and percent of deviance explained. 

 

Supplementary Figures 

Additional information detailing a location map, rainfall and fire anomalies, drought affected 

areas, areas of deforestation, percent of deviance explained in drought affected 

municipalities, z values of local coefficients for the ENV model for the study area and for 

drought affected areas, and z values of local coefficients for the SOCIO model for the study 

area and for severely affected municipalities. 
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Supplementary Methods 

Defining Amazon Drought: Drought conditions in Amazonia are referred to as months with 

100 mm or less of rainfall because the forest enters into water deficit
1,2

. Critical areas of 

drought conditions within the basin were identified as municipalities with at least one 

anomalous pixel and ≤ 300 mm of cumulative rainfall per quarter to ensure drought 

conditions were experienced and it was not the normal climate for the municipality 

(Supplementary Fig. S3). This definition for drought was used for exploratory analysis, rather 

than included in the model. 

Geographically Weighted Poisson Regression (GWPR): We had a prior understanding 

of the droughts in the Legal Amazon and so a spatially explicit model for 2005 and 2010 

was carried out to understand the consequences of the drought events. Previous 

analysis of the mean values of each variable for the 2001 to 2010 period helps to show 

the impacts on children’s respiratory health during the droughts (Supplementary Fig. 

S5-6). The research question was to assess the impacts of drought conditions on respiratory 

diseases in children aged under-five. To address this, data has been analysed using the GWR4 

software
3
 with an adaptive kernel weighting, and golden section search for the optimal 

bandwidth size by minimising Akaike information criterion (AICc). The adaptive kernel was 

selected to account for the variation in municipality size. Better models have lower AICc 

values, with the general rule of a difference of at least three
4
, Table S1 shows the local model 

(GWPR) is performing better than the global model. A global model summaries data for a 

whole region, assuming stationary processes, and as such are location independent. Whereas 

a local model takes into account variations that occur within a region and thus produces 

different values in different locations within the region. The golden search procedure gave the 

optimal bandwidths of 60 for JAS05 social, and 77 for JAS10. 

Geographically Weighted Regression was used for three main reasons. It is based on the 

traditional regression framework which most people are familiar with so it is fairly easy to 

understand the basics of the model
4
. Also, it incorporates local level data rather than ‘global’ 

data which assume to represent the situation in every part of the study area. If the study 

region had little variation a global model would be acceptable, however the Legal Amazon is 

a vast area with varying land use, climate, population structure, and development. Moreover, 

incorporating the Poisson regression into the analysis (GWPR) it provides a more appropriate 

basis for analysing areal data where observed counts may include low count numbers, which 

can arise when working with health data 
5
. 



An important advantage of using GWPR other than those discussed above, is that it allows a 

combination of geographically varying and geographically constant parameters in the model 

6
. Although this function was not utilised in this analysis it provides the opportunity for future 

work to be carried out using the same method if both geographically varying and constant 

variables are needed to be included. Limitations of the method do exist, however these are 

related to units of observation. It can sometimes be difficult to predefine categories, and 

result in maps having little meaning 
6
, for overcoming this problem, z-values are mapped so 

comparisons can be made. 

Use of datasets: Count data of hospitalisations for all children aged under 5 years was used 

for the number of hospitalisations for respiratory diseases per month and per municipality
7
. 

Monthly rainfall (mm)
8
 (RAIN) data has been included because it provides information on 

where the droughts have occurred using the criteria discussed in Method S1. Deforestation 

rates (km
2
)

9
 (DEF) are used to identify possible locations of where fires may occur as well as 

locations where increased aerosol loads may be due to exposure soil and the particles released 

during the process. Active fire counts
10

 (FIRE) provide us with the opportunity to examine 

the relationship between drought events and fire occurrence as well as suggesting locations 

within the Legal Amazon where air pollution may be higher thus locations with greater risk 

to respiratory diseases. The final environmental variable,  aerosol optical depth
11

 (AOD) was 

used to assess actual levels of air pollution across the Legal Amazon as studies elsewhere 

(discussed in the main text) have found associations between air pollution and respiratory 

diseases. Including social factors, population density
12

 (POP) was used as studies have 

suggested variability in asthma prevalence could be due to population density
13

. Also it can 

be used as an urbanisation index which may account for some kinds of urban air pollution. 

HDI
14

 (HDI) was used as an indicator for socio-economic levels and development of each 

municipality as studies in Latin America on asthma have identified low socio-economic level 

being associated with the disease
15,16

. 

 

 

 

 

 

 



Tables 

Table S1| Summary of model results. 

 Model AICc Percent of Deviance explained  

2
0
0
5
 

Global Environmental 14975.33 0.01 

Local Environmental 6899.01 0.56 

Global Social 14248.12 0.056 

Local Social 5300.90 0.68 

2
0
1
0
 

Global Environmental 12554.14 0.08 

Local Environmental 6725.82 0.52 

Global Social 12214.44 0.11 

Local Social 5727.31 0.60 
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Figure S1| Location Map. Brazilian Legal Amazon boundary in darker shade of green and 

municipalities discussed within the text. The location map was generated in ArcGIS 10. 
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Figure S2 | Standardised seasonal anomalies as a departure from the 2001-2010 mean. a, 

rainfall anomalies for 2005, b rainfall anomalies for 2010. In both a and b red indicates 

areas of negative rainfall anomalies and blue areas indicating areas of positive rainfall 

anomalies. c, active fire anomalies for 2005, d, active fire anomalies for 2010.  Positive 

active fires anomalies for both c and d are indicated by red areas and blue areas 

indicating areas of negative active fire anomalies. Anomalies were generated using ENVI 

4.8 and ArcGIS 10. 

 

 

 



 

 

 

 

Figure S3| Drought affected areas. a, 2005 b, 2010 c, Severely hit municipalities in 2005 d, 

severely hit municipalities for 2010. Grey shaded areas illustrate the drought affected 

municipalities. These maps were produced using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

 

 

a) Drought affected municipalities 2005 b) Drought affected municipalities 2010 

c) Drought affected municipalities 2005 d) Drought affected municipalities 2010 



 

 

 

 

 

 

 

 

 

 

 

Figure S4| Location of deforestation. Land cover was produced using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5| Significant values with a confidence level greater than 95% for the MEAN 

ENV model for the whole Brazilian Legal Amazon. Non-significant are masked out.  a 

rainfall, b deforestation, c fire, d aerosol. Red shades show positive z values of local 

coefficients, while blue shades show negative z values of local coefficients - the darker the 

shade the stronger the relationship. Z values of local coefficients were generated in GWR4 

and mapped using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

c) MEAN ENV model - Fire d) MEAN ENV model - Aerosol 

a) MEAN ENV model - Rainfall b) MEAN ENV model - Deforestation 
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Figure S6| Significant values with a confidence level greater than 95% for the MEAN 

SOCIO model for the whole Brazilian Legal Amazon. Non-significant are masked out.  a 

rainfall, b deforestation, c fire, d aerosol, e population, f HDI. Red shades show positive z 

values of local coefficients, while blue shades show negative z values of local coefficients - 

the darker the shade the stronger the relationship. Z values of local coefficients were 

generated in GWR4 and mapped using ArcGIS 10. 

 

 

a) MEAN SOCIO model - Rainfall b) MEAN SOCIO model - Deforestation 

c) MEAN SOCIO model - Fire d) MEAN SOCIO model - Aerosol 

e) MEAN SOCIO model – Population f) MEAN SOCIO model - HDI 
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Figure S7| Percent of deviance explained in drought affected municipalities. a goodness-

of-fit for the ENV model 2005, b goodness-of-fit for the ENV model 2010, c goodness-of-fit 

for the SOCIO model 2005, d goodness-of-fit for the SOCIO model 2010. Red shades show 

an increase in the goodness-of-fit of the model. Percent of deviance was generated in 

GWR4 and mapped using ArcGIS 10. 
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a) 2005 PDE ENV model b) 2010 PDE ENV model 

c) 2005 PDE SOCIO model d) 2010 PDE SOCIO model 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8| Significant values with a confidence level greater than 95% for the ENV 

model for the whole Brazilian Legal Amazon. Non-significant are masked out.  a 2005 

rainfall, b 2005 deforestation, c 2005 fire, d 2005 aerosol, e 2010 rainfall, f 2010 

a) ENV model 2005 - Rainfall e) ENV model 2010 - Rainfall 

b) ENV model 2005 - Deforestation f) ENV model 2010 - Deforestation 

c) ENV model 2005 - Fire g) ENV model 2010 - Fire 

d) ENV model 2005 - Aerosol h) ENV model 2010 - Aerosol d) ENV model 2005 - Aerosol 
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deforestation, g 2010 fire, h 2010 aerosol. Red shades show positive z values of local 

coefficients, while blue shades show negative z values of local coefficients - the darker the 

shade the stronger the relationship. Z values of local coefficients were generated in GWR4 

and mapped using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S9| Significant values with a confidence level greater than 95% for the ENV 

model n drought affected municipalities. Non-significant municipalities and municipalities 

a) ENV model 2005 - Rainfall e) ENV model 2010 - Rainfall 

b) ENV model 2005 - Deforestation f) ENV model 2010 - Deforestation 

c) ENV model 2005 - Fire g) ENV model 2010 - Fire 

d) ENV model 2005 - Rainfall variable 
h) ENV model 2010 - Aerosol d) ENV model 2005 - Aerosol 
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that weren’t affected by the droughts are masked out.  a 2005 rainfall, b 2005 deforestation, c 

2005 fire, d 2005 aerosol, e 2010 rainfall, f 2010 deforestation, g 2010 fire, h 2010 aerosol. 

Red shades show positive z values of local coefficients, while blue shades show negative z 

values of local coefficients - the darker the shade the stronger the relationship. Z values of 

local coefficients were generated in GWR4 and mapped using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) SOCIO model 2005 - Rainfall g) SOCIO model 2010 - Rainfall 

b) SOCIO model 2005 - Deforestation h) SOCIO model 2010 - Deforestation 

c) SOCIO model 2005 - Fire i) SOCIO model 2010 - Fire 

j) SOCIO model 2010 - Aerosol d) SOCIO model 2005 - Aerosol 

e) SOCIO model 2005 - Population k) SOCIO model 2010 - Population 



 

 

 

 

 

 

 

 

 

 

Figure S10| Significant values with a confidence level greater than 95% for the SOCIO 

model for the whole Brazilian Legal Amazon. Non-significant municipalities and 

municipalities that were not affected by the droughts are masked out.  a 2005 rainfall, b 2005 

deforestation, c 2005 fire, d 2005 aerosol, e 2005 population density, f 2005 HDI, g 2010 

rainfall, h 2010 deforestation, i 2010 fire, j 2010 aerosol, k 2010 population density, l 2010 

HDI . Red shades show positive z values of local coefficients, while blue shades show 

negative z values of local coefficients - the darker the shade the stronger the relationship. Z 

values of local coefficients were generated in GWR4 and mapped using ArcGIS 10. 

 

 

 

 

 

 

 

 

 

 

 

f) SOCIO model 2005 - HDI l) SOCIO model 2010 - HDI 
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a) SOCIO model 2005 - Rainfall g) SOCIO model 2010 - Rainfall 

b) SOCIO model 2005 - Deforestation h) SOCIO model 2010 - Deforestation 

c) SOCIO model 2005 - Fire i) SOCIO model 2010 - Fire 

j) SOCIO model 2010 - Aerosol d) SOCIO model 2005 - Aerosol 

e) SOCIO model 2005 - Population k) SOCIO model 2010 - Population 



 

 

 

 

 

 

 

 

 

 

 

Figure S11| Significant values with a confidence level greater than 95% for the SOCIO 

model in severely affected (100mm rainfall & ≥ 2sd) drought municipalities. Non-

significant municipalities and municipalities that were not severely affected by the droughts 

are masked out.  a 2005 rainfall, b 2005 deforestation, c 2005 fire, d 2005 aerosol, e 2005 

population density, f 2005 HDI, g 2010 rainfall, h 2010 deforestation, i 2010 fire, j 2010 

aerosol, k 2010 population density, l 2010 HDI . Red shades show positive z values of local 

coefficients, while blue shades show negative z values of local coefficients - the darker the 

shade the stronger the relationship. Z values of local coefficients were generated in GWR4 

and mapped using ArcGIS 10. 

 

 

   

 

 

 
 
 
 
 

f) SOCIO model 2010 - HDI l) SOCIO model 2010 - HDI 
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