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Supplemental Material, Table S1. Existing climate change and health indicators due to temperature 

extremes 

Indicator Used By 
Excess daily all-cause mortality 
due to heat 
 
 

Armstrong et al. 2011; Baccini et al. 2009; Ballester et al. 2011; 
Barnett et al. 2012; Davis et al. 2003a; Davis et al. 2003b; Dessai 
2003; Doherty et al. 2009; Donaldson et al. 2003; Gosling et al. 2007; 
Green et al. 2012; Hoshiko et al. 2010; Kalkstein 1993; Kalkstein 
1991; Kalkstein and Greene 1997; Knowlton et al. 2007; Michelozzi 
et al. 2010; Robine et al. 2008; Dalbokova et al. 2009; WHO Regional 
Office for Europe 2011; English et al. 2009; California EPA 2009; 
Smoyer-Tomic and Rainham 2001 

Daily all-cause mortality 
 
 

Burkart et al. 2011; D’Ippoliti et al. 2010; Doyon et al. 2008; Fouillet 
et al. 2007; Gabriel and Endlicher 2011; Huynen et al. 2001; Iniguez 
et al. 2010; Kim et al. 2006; Laaidi et al. 2006; Langford and Bentham 
1995; Martens 1998; McMichael et al. 2008; O’Neill et al. 2005; 
Rocklov and Forsberg 2010; Williams et al. 2012; Yu et al. 2011; Yu 
et al. 2012 

Daily non-accidental mortality Kan et al. 2007; Martin et al. 2011; Montero et al. 2012; O’Neill et al. 
2003; Pengelly et al. 2007; Revich and Shaposhnikov 2010; Tong et 
al. 2010 

Daily cardiovascular mortality Burkart et al. 2011; Huynen et al. 2001; Kan et al. 2007; Martens 
1998; Revich and Shaposhnivok 2010; Tong et al. 2010; Yu et al. 
2011 

Daily respiratory mortality Huynen et al. 2001; Kan et al. 2007; Martens 1998 
Neoplasm mortality Huynen et al. 2001 
Myocardial infarction mortality Crawford et al. 2003 
Daily mortality = deaths due to 
cardiovascular disease + deaths 
due to respiratory disease + 
deaths due to all other diseases 

Curriero et al. 2002 

Heat deaths during summer 
months 

English et al. no date 

Deaths due to heat stroke or heat 
exhaustion 

National Environmental Public Health Tracking Program 2012 

Deaths due to heat McGeehin and Mirabelli 2001 
Hospital admissions (all) McGeehin and Mirabelli 2001 
Hsopital visits for cardiovascular 
diseases 

McGeehin and Mirabelli 2001 

Deaths due to cardiovascular and 
respiratory diseases 

McGeehin and Mirabelli 2001 

Hospital admission excess for 
electrolyte imbalance, acute renal 
failure, nephritis, and heat related 
illnesses 

Knowlton et al. 2011 

Excess morbidity due to heat 
(emergency room visits and 
hospitalizations during summer 
months) 

English et al. 2009; California EPA 2009 

Hospital admissions for renal 
diseases, acute renal failure, and 
dialysis 

Hansen et al. 2008 

Hospital admissions for 
cardiovascular, cerebrovascular, 

Michelozzi et al. 2009 
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and respiratory causes 
Fire dispatches for heat-related 
medical events 

Golden et al. 2008 

Ambulance calls for heat-related 
illness 

Bassil et al. 2011 
 

ED presentations (all) Williams et al. 2012; McGeehin and Mirabelli 2001; Knowlton et al. 
2011 
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Supplemental Material, Table S2. Existing climate change and health indicators due to air pollution 

Indicator Used By 
Avoidable deaths due to PM 
exposure 
 

Anonymous 1997  

Premature deaths due to air 
pollution (ozone and PM2.5) 

Tagaris et al. 2010; Tagaris et al. 2009 

COPD mortality among adult 
women 

Bailis et al. 2005 

Lower respiratory infection 
mortality among children <5 

Bailis et al. 2005 

Neonatal,  infant, and elder 
mortality 

Cifuentes et al. 2001 

Bronchitis: chronic and acute 
incidence and prevalence 

Cifuentes et al. 2001 

Asthma attack incidence and 
prevalence 

Cifuentes et al. 2001 

Lower & upper respiratory illness 
symptom incidence and prevalence 

Cifuentes et al. 2001 

Days of work lost Cifuentes et al. 2001 
Moderate or worse asthma status 
prevalence 

Cifuentes et al. 2001 

Days with restricted activity Cifuentes et al. 2001 
Mortality due to smoke inhalation Knowlton et al. 2011 
Asthma incidence Beggs and Bambrick 2005; D’Amato et al. 2010; Shea et al. 2008 
Asthma prevalence Beggs and Bambrick 2005; Shea et al. 2008; Weiland et al. 2004; 

McMichael et al. 2004 
Atopic Eczema prevalence Weiland et al. 2004 
Allergic respiratory disease 
incidence 

D’Amato et al. 2010 

Daily non-accidental mortality Chang et al. 2010; Johnston et al. 2011; Park et al. 2011 
Daily respiratory mortality Johnston et al. 2011; Park et al. 2011 
Daily cardiovascular mortality Johnston et al. 2011; Park et al. 2011 
Daily non-accidental + respiratory 
+ cardiovascular mortality 

Yi et al. 2010 

Hospital admissions for 
cardiovascular and respiratory 
diseases 

Yi et al. 2010; Cifuentes et al. 2001; Knowlton et al. 2011 

ER visits for asthma and wheeze Darrow et al. 2012; Sheffield et al. 2011; Cifuentes et al. 2001; 
Knowlton et al. 2011 

Daily mortality due to ozone Doherty et al. 2009; Knowlton et al. 2004; West et al. 2006; 
Knowlton et al. 2011 

Cardio-respiratory mortality WHO Regional Office for Europe 2011; McMichael et al. 2004 
Acute respiratory illnesses McMichael et al. 2004 
Lung CA McMichael et al. 2004 
Anti-allergy medication sales WHO Regional Office for Europe 2011 
All-cause mortality Kalkstein 1991 
Respiratory/allergic disease and 
mortality related to increased air 
pollution and pollens 

English et al. 2009 

 



	   5	  

Supplemental Material, Table S3. Existing climate change and health indicators due to extreme 

weather events 

Indicator Used By 
Disaster Mortality Seguin 2008; Greenough et al. 2001; Myung and Jang 2011; 

English et al. 2009 
Injuries and deaths due to extreme 
weather events 

English et al. no date 

Excess accidental and non-
accidental deaths 

Anderson and Bell 2012 

Mortality during cyclones Haque et al. 2012 
Hurricane related deaths Knowlton et al. 2011 
Mortality from flooding Knowlton et al. 2011 
ER visits  Knowlton et al. 2011 
Mortality due to wildfire or 
mudslides 

Knowlton et al. 2011 

Psychological Distress (>4 on 12 
item General Health Questionnaire 
(GHQ12)) 

Reacher et al. 2004 

Hospital admissions associated with 
diarrhea 

Chou et al. 2010 

Infectious and non-infectious 
diarrhea incidence 

Chou et al. 2010 
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Supplemental Material, Table S4. Existing climate change and health indicators due to food and 

water contamination 

Indicator Used By 
Cryptosporidiosis incidence Britton et al. 2010; Hu et al. 2010; WHO Regional Office for 

Europe 2011; Dalbokova et al. 2009 
Samonellosis incidence and 
seasonality 

WHO Regional Office for Europe 2011; Dalbokova et al. 2009 

Giardiasis incidence Britton et al. 2010 
Enteric protozoa infection 
surveillance 

Fletcher et al. 2012 

Gastroenteritis cases Hall et al. 2011 
Bacillary dysentery cases Zhang et al. 2007b; Zhang et al. 2008 
Cholera prevalence Reyburn et al. 2011 
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Supplemental Material, Table S5. Existing climate change and health indicators due to infectious 

diseases 

Indicator Used By 
Incidence of Japanese 
encephalitis 

Bi et al. 2007 

Tick-Borne Encephalitis 
incidence (in humans) 

Daniel et al. 2011 

West Nile Virus disease incidence 
(in humans) 

DeGroote et al. 2008; Wang et al. 2010; English et al. 2009; English et 
al. no date; Knowlton et al. 2011 

Hospital admission for viral 
pneumonia 

Ebi et al. 2001 

Dengue incidence Russell et al. 2009; English et al. no date 
Human cases of hantavirus English et al., no date 
Human cases of Valley fever English et al., no date 
Malaria Prevalence Martens 1995; Gething et al. 2010 
Incidence lyme borreliosis Odgen et al. 2008; WHO Regional Office for Europe 2011; 

Dalbokova et al. 2009; English et al. 2009; English et al. no date 
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Supplemental Material, Table S6. Existing climate change and health indicators due to stratospheric 

ozone depletion 

Indicator Used By 
Skin Cancer Incidence DARA 2012 
Pemphigus vulgaris incidence Kyriakis et al. 1995 
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Supplemental Material, Table S7. Other existing climate change and health indicators  

Indicator Used By 
Preventable deaths from climate 
change 

Cole 2009 

DALYs lost from climate change Costello et al. 2009; Zhang et al. 2007a 
Malnutrition, food insecurity Darnton-Hill and Cogill 2010 
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Supplemental Material, Table S8. Potential criteria for evaluating proposed climate change and 

health indicators  

Framework/Organization  Criteria 
Demographic & Health Indicators selected by 
Statistics Canada  
Peron and Strohmenger 1985 

Availability or feasibility 
Stability of sources and objectivity of calculation 
Intelligibility 

Association of Public Health Epidemiologists of 
Ontario, no date 
 

Applicable to outcomes from Ontario Public Health 
Standards 
Useful 
Meaningful 
Relevant to health status 
Applicable data available to all or most local public 
health units 
Core indicator important to public health 
Decisions by consensus 

Ontario District Health Councils, no date Validity 
Feasibility 
Understandable 
Relevance to planning 
Comparability over time and place 
Amenable to action 
Quality acceptable 

NHS Institute for Innovation and Improvement 
2008 

Important (measures important issue) 
Valid 
Feasible/possible 
Reliable 

National Collaborating Centre for Methods and 
Tools 2010 
 

Evaluation 
Validity 
Reliability 
Methodological rating 

United States Environmental Protection Agency 
2012 

Usefulness 
Objectivity 
Data quality 
Transparency 
Ability to show a meaningful trend 
Relevance to climate change 

National Research Council Board on Atmospheric 
Sciences and Climate 2010 
 

Direct 
Significant 
Dominant 
Measureable 
Historical  
Well-documented 

California EPA 2009 Availability  
English et al. No date Data quality/completeness 

Availability 
Temporality 
Sensitivity 
Overall-readiness reported from previous 4 
characteristics 

English et al. 2009 Availability 
Temporality 
Completeness 

Wardekker et al. 2012 Level of precision rated by experts on a variety of 
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climate change and health indicators for the 
Netherlands 

Hambling et al. 2012 
 
 

Credible 
Specific 
Actionable 
Sensitive to changes in climate and less sensitive to 
alternate explanations 
Relevant to an issue of policy 
Sustainable 
Consistent and comparable over time and space 
Scalable 
Robust 
Unbiased and representative 
Explicit 
Accurate 
Understandable, applicable, acceptable to 
stakeholders potential users 
Measurable 
Cost-effective 
Selective 
Available in a timely manner 
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