Electronic Supplementary Material (ESM) 1

A Systematic Review of the Effects of Temperature and Precipitation on Global Pollen Trends
Concentrations and Season Timing and Implications for Human Health

International Journal of Biometeorology
Authors: Schramm, P.J.**; Brown, C.L.»*; Saha, S.}; Conlon, K.C.%, Manangan, A.P.%; Bell, J.E.%; Hess, J.J.4

Climate and Health Program, Division of Environmental Health Science and Practice, National Center for Environmental Health, Centers for
Disease Control and Prevention, Atlanta, GA, United States

2Department of Public Health Sciences, School of Medicine, University of California Davis, Davis, California, United States

3Department of Environmental, Agricultural, and Occupational Health, College of Public Health, University of Nebraska Medical Center, Omaha,
Nebraska, United States

“Departments of Emergency Medicine, Environmental and Occupational Health Sciences, and Global Health, and the Center for Health and the
Global Environment, Schools of Medicine and Public Health, University of Washington

Correspondence should be sent to Paul Schramm, MS, MPH, Centers for Disease Control and Prevention, 4770 Buford Highway NE, S106-6,
Atlanta, GA 30341 (e-mail: pschramm@cdc.gov).

Contributors
*P.J. Schramm and C.L. Brown contributed equally to this work and should be considered co—first authors.

ESM 1: Table outlining characteristics of studies that were included for analysis.

Reference Continent  Country City Pollen Species Pollen First Year Last Year = Number Years
Category of Data of Data of Data

Aguilera et al. (2015) Africa Tunisia Zarzis Olea Tree 1993 2011 19
Europe Italy Perugia Olea Tree 1993 2011 19
Spain Jaen Olea Tree 1993 2011 19
Alcazar et al. (2011) Europe Spain Almeria Platanus Tree 1998 2010 13
Cadiz Platanus Tree 2000 2010 11
Cordoba Platanus Tree 1992 2010 19

Granada Platanus Tree 1992 2010 19




Huelva Platanus Tree 1993 2010 18
Jaen Platanus Tree 1993 2010 18
Malaga Platanus Tree 1992 2010 19
Seville Platanus Tree 1993 2010 18
Alcazar et al. (2009) Europe Poland Poznan Chenopodiaceae- Weed 1995 2005 11
Amaranthaceae
Plantago Weed 1995 2005 11
Rumex Weed 1995 2005 11
Urticaceae Weed 1995 2005 11
Spain Cordoba Chenopodiaceae- Weed 1995 2005 11
Amaranthaceae
Plantago Weed 1995 2005 11
Rumex Weed 1995 2005 11
Urticaceae Weed 1995 2005 11
Ariano et al. (2010) Europe France Bordighera Betula Tree 1981 2007 27
Cupressaceae Tree 1981 2007 27
Olea Tree 1981 2007 27
Urticaceae Weed 1981 2007 27
Poaceae Grass 1981 2007 27
Astray et al. (2016) Europe Spain Orense Castanea Tree 1993 2012 20
Bogawski et al. (2014) Europe Poland Poznan Artemisia Weed 1996 2011 16
Rumex Weed 1996 2011 16
Urticaceae Weed 1996 2011 16
Poaceae Grass 1996 2011 16
Bogdziewicz et al. (2017a) Europe Spain Barcelona Quercus Tree 1998 2009 12
Bellaterra Quercus Tree 1998 2009 12
Bogdziewicz et al. (2017b) Europe Poland 3 Sites Fagus Tree 1997 2015 19
Quercus Tree 1997 2015 19
Bonini et al. (2015) Europe Italy 3 Sites Ambrosia Weed 2000 2013 14
Legnano Cannabaceae Weed 2000 2013 14
Urticaceae Weed 2000 2013 14
Bortenschlager and Europe Austria 2 Sites Alnus Tree 1980 2001 22
Bortenschlager (2005) Betula Tree 1980 2001 22




Corylus Tree 1980 2001 22
Fraxinus Tree 1980 2001 22
Pinaceae Tree 1980 2001 22
Poaceae Grass 1980 2001 22
Breton et al. (2006) North Canada Montreal Ambrosia Weed 1994 2002 9
America
Bruffaerts et al. (2017) Europe Belgium Brussels Alnus Tree 1982 2015 34
Betula Tree 1982 2015 34
Carpinus Tree 1982 2015 34
Corylus Tree 1982 2015 34
Fagus Tree 1982 2015 34
Fraxinus Tree 1982 2015 34
Platanus Tree 1982 2015 34
Quercus Tree 1982 2015 34
Artemisia Weed 1982 2015 34
Urticaceae Weed 1982 2015 34
Poaceae Grass 1982 2015 34
Calderon-Ezquerro et al. North Mexico Mexico City Alnus Tree 2008 2013 6
(2016) America Cupressaceae Tree 2008 2013 6
Fraxinus Tree 2008 2013 6
Urticaceae Weed 2008 2013 6
Poaceae Grass 2008 2013 6
Camacho et al. (2015) Europe Portugal Funchal City = Poaceae Grass 2003 2012 10
Camacho et al. (2016) Europe Portugal Madiera Betula Tree 2003 2009 7
Island Olea Tree 2003 2009 7
Urticaceae Weed 2003 2009 7
Poaceae Grass 2003 2009 7
Carifianos et al. (2013) Europe Spain Sierra Artemisia Weed 1992 2011 20
Nevada
Carinanos et al. (2016) Europe Spain Granada Acer Tree 1992 2013 22
Corylus Tree 1992 2013 22
Cupressaceae Tree 1992 2013 22
Pinaceae Tree 1992 2013 22




Quercus Tree 1992 2013 22
Ulmus Tree 1992 2013 22
Carifianos et al. (2014) Europe Spain Cordoba Chenopodiaceae- Weed 1991 2011 21
Amaranthaceae
Cebrino et al. (2016) Europe Spain Cordoba Poaceae Grass 2000 2013 14
Clot (2001) Europe Switzerland  Neuchatel Betula Tree 1980 1997 18
Corden and Millington (1999) Europe United Derby Quercus Tree 1970 1997 28
Kingdom
Dabrowska et al. (2016) Europe Poland Lublin Tilia Tree 2001 2014 14
Damialis et al. (2007) Europe Greece Thessaloniki  Alnus Tree 1987 2005 19
Carpinus Tree 1987 2005 19
Corylus Tree 1987 2005 19
Cupressaceae Tree 1987 2005 19
Olea Tree 1987 2005 19
Pinaceae Tree 1987 2005 19
Platanus Tree 1987 2005 19
Populus Tree 1987 2005 19
Quercus Tree 1987 2005 19
Ambrosia Weed 1987 2005 19
Artemisia Weed 1987 2005 19
Chenopodiaceae- Weed 1987 2005 19
Amaranthaceae
Plantago Weed 1987 2005 19
Rumex Weed 1987 2005 19
Urticaceae Weed 1987 2005 19
Poaceae Grass 1987 2005 19
Dedk et al. (2013) Europe Hungary Szeged Betula Tree 1997 2007 11
Morus Tree 1997 2007 11
Populus Tree 1997 2007 11
Ambrosia Weed 1997 2007 11
Artemisia Weed 1997 2007 11
Chenopodiaceae- Weed 1997 2007 11

Amaranthaceae




Urticaceae Weed 1997 2007 11
Poaceae Grass 1997 2007 11
de la Cruz et al. (2015) Europe Spain Salamanca Cupressaceae Tree 2000 2007 8
de Ledn et al. (2015) Europe Spain Cordoba Poaceae Grass 1982 2012 31
Diaz de la Guardia et al. Europe Spain Cordoba Olea Tree 1992 2000 9
(2003) Granada Olea Tree 1992 2000 9
Jaen Olea Tree 1993 2000 8
Malaga Olea Tree 1992 2000
Dominguez et al. (1993) Europe Spain Cordoba Olea Tree 1982 1991 10
Donders et al. (2014) Europe Netherlands Helmond Alnus Tree 1975 2014 40
Betula Tree 1975 2014 40
Corylus Tree 1975 2014 40
Fraxinus Tree 1975 2014 40
Quercus Tree 1975 2014 40
Plantago Weed 1975 2014 40
Leiden Alnus Tree 1969 2014 46
Betula Tree 1969 2014 46
Corylus Tree 1969 2014 46
Fraxinus Tree 1969 2014 46
Quercus Tree 1969 2014 46
Plantago Weed 1969 2014 46
Emberlin et al. (2002) Europe Austria Vienna Betula Tree 1980 2000 21
Belgium Brussels Betula Tree 1982 2000 19
Finland Kevo Betula Tree 1980 2000 21
Turku Betula Tree 1982 2000 19
Switzerland  Zurich Betula Tree 1976 2000 25
United London Betula Tree 1970 2000 29
Kingdom
Emberlin et al. (1997) Europe United Cardiff Betula Tree 1954 1995 42
Kingdom Derby Betula Tree 1969 1995 27
London Betula Tree 1961 1995 31
Emberlin et al. (1993) Europe United London Poaceae Grass 1961 1990 30

Kingdom




Emberlin et al. (2007) Europe United Worcester Alnus Tree 1996 2005 10
Kingdom Corylus Tree 1996 2005 10
Fernandez-Rodriguez et al. Europe Spain Badajoz Poaceae Grass 1993 2015 23
(2016a)
Fernandez-Rodriguez et al. Europe Spain Badajoz Quercus Tree 1994 2013 20
(2016b)
Fernandez-Rodriguez et al. Europe Spain Badajoz Olea Tree 1994 2013 20
(2016c)
Frei (1998) Europe Switzerland  Basel Betula Tree 1969 1996 28
Corylus Tree 1969 1996 28
Poaceae Grass 1969 1996 28
Fuhrmann et al. (2016) North United Raleigh Multiple Tree 1999 2012 14
America States Multiple Weed 1999 2012 14
Poaceae Grass 1999 2012 14
Garcia-Mozo et al. (2010) Europe Spain Almeria Poaceae Grass 1998 2008 11
Cadiz Poaceae Grass 2001 2008 8
Cordoba Poaceae Grass 1982 2008 27
Granada Poaceae Grass 1992 2008 17
Huelva Poaceae Grass 1998 2008 11
Jaen Poaceae Grass 1993 2008 16
Malaga Poaceae Grass 1992 2008 17
Sevilla Poaceae Grass 1993 2008 16
Garcia-Mozo et al. (2006) Europe Spain Barcelona Quercus Tree 1994 2001 8
Cordoba Quercus Tree 1992 2001 10
Girona Quercus Tree 1996 2001 6
Granada Quercus Tree 1992 2001 10
Jaen Quercus Tree 1996 2001
Leon Quercus Tree 1994 2001
Lleida Quercus Tree 1996 2001
Madrid Quercus Tree 1993 2001
Malaga Quercus Tree 1992 2001 10
Ourense Quercus Tree 1993 2001 9
Priego Quercus Tree 1994 2001 8




Santiago Quercus Tree 1993 2001
Tarragona Quercus Tree 1996 2001
Vigo Quercus Tree 1995 2001
Garcia-Mozo et al. (2016) Europe Spain Cordoba Cupressaceae Tree 1996 2010 15
Morus Tree 1996 2010 15
Myrtaceae Tree 1996 2010 15
Olea Tree 1996 2010 15
Pinaceae Tree 1996 2010 15
Platanus Tree 1996 2010 15
Populus Tree 1996 2010 15
Quercus Tree 1996 2010 15
Amaranthaceae Weed 1996 2010 15
Asteraceae Weed 1996 2010 15
Parietaria Weed 1996 2010 15
Plantago Weed 1996 2010 15
Rumex Weed 1996 2010 15
Urticaceae Weed 1996 2010 15
Poaceae Grass 1996 2010 15
Garcia-Mozo et al. (2014) Europe Spain Cordoba Olea Tree 1982 2011 30
Ghosh et al. (2016) North United Texas Multiple Multiple 2002 2011 10
America States Panhandle
Gonzalez-Parrado et al. Europe Spain Leon Plantago Weed 1995 2011 17
(2014)
Grewling et al. (2014) Europe Poland Poznan Quercus Tree 1996 2011 16
Grewling et al. (2012) Europe Poland Poznan Betula Tree 1996 2010 15
Grundstrém et al. (2017) Europe Sweden Gothenburg  Betula Tree 2006 2012
Malmo Betula Tree 2006 2012
lanovici (2015) Europe Romania Timisoara Poaceae Grass 2000 2010 11
Jato et al. (2009) Europe Spain Lugo Poaceae Grass 1999 2007 9
Ourense Poaceae Grass 1993 2007 15
Santiago Poaceae Grass 1993 2007 15
Vigo Poaceae Grass 1995 2007 13
Jato et al. (2015) Europe Spain Lugo Quercus Tree 1999 2012 14




Ourense Quercus Tree 1993 2012 20
Santiago Quercus Tree 1993 2012 20
Vigo Quercus Tree 1995 2012 18
Kalinovych et al. (2016) Europe Ukraine Lviv Alnus Tree 2011 2015 5
Corylus Tree 2011 2015 5
Kasprzyk (2016) Europe Poland Rzeszow Betula Tree 2000 2015 16
Kaszewski et al. (2008) Europe Poland Lublin Alnus Tree 2001 2007 7
Rostocze Alnus Tree 1998 2007 10
Makra et al. (2011) Europe Hungary Szeged Alnus Tree 1997 2007 11
Betula Tree 1997 2007 11
Juglans Tree 1997 2007 11
Morus Tree 1997 2007 11
Pinaceae Tree 1997 2007 11
Platanus Tree 1997 2007 11
Populus Tree 1997 2007 11
Quercus Tree 1997 2007 11
Taxus Tree 1997 2007 11
Tilia Tree 1997 2007 11
Ulmus Tree 1997 2007 11
Ambrosia Weed 1997 2007 11
Artemisia Weed 1997 2007 11
Cannabaceae Weed 1997 2007 11
Chenopodiaceae- Weed 1997 2007 11
Amaranthaceae
Plantago Weed 1997 2007 11
Rumex Weed 1997 2007 11
Urticaceae Weed 1997 2007 11
Poaceae Grass 1997 2007 11
Malkiewicz et al. (2016) Europe Poland Wroclaw Alnus Tree 2003 2013 11
Betula Tree 2003 2013 11
Corylus Tree 2003 2013 11
Maya-Manzano et al. (2017) Europe Spain Badajoz Platanus Tree 1997 2015 19
Caceres Platanus Tree 1997 2001 5




Medek et al. (2016) Australia Australia 14 sites Poaceae Grass 1988 2012 17
and New
Zealand
Mercuri et al. (2013) Europe Italy Vignola Taxus Tree 1993 2002 6
Murray and Galan (2016) South Argentina Bahia Blanca  Olea Tree 2001 2011 11
America
Negrini et al. (2011) Europe Italy Genoa Betula Tree 1981 2010 30
Olea Tree 1981 2010 30
Urticaceae Weed 1981 2010 30
Graminaea Grass 1981 2010 30
Newnham et al. (2013) Europe United London Betula Tree 1995 2010 16
Kingdom Plymouth Betula Tree 1995 2010 16
Worcester Betula Tree 1995 2010 16
Novara et al. (2016) Europe Italy Turin Alnus Tree 1996 2014 19
Corylus Tree 1996 2014 19
Oikonen et al. (2005) Europe Finland Kevo Betula Tree 1977 2001 25
Orlandi et al. (2009) Europe Italy 16 sites Olea Tree 1999 2007 9
Piotrowska and Kubik-Komar  Europe Poland Lublin Betula Tree 2001 2010 10
(2012)
Puc et al. (2015) Europe Poland Krakow Betula Tree 2001 2014 14
Lodz Betula Tree 2003 2014 12
Lublin Betula Tree 2001 2014 14
Poznan Betula Tree 2001 2014 14
Rzeszow Betula Tree 2001 2013 13
Sosnowiec Betula Tree 2001 2014 14
Szczecin Betula Tree 2001 2014 14
Wroclaw Betula Tree 2003 2014 12
Puljak et al. (2016) Europe Croatia Split Carpinus Tree 2005 2013 9
Cupressaceae Tree 2005 2013 9
Olea Tree 2005 2013 9
Pinaceae Tree 2005 2013 9
Platanus Tree 2005 2013 9
Quercus Tree 2005 2013 9
Ambrosia Weed 2005 2013 9




Urticaceae Weed 2005 2013 9
Poaceae Grass 2005 2013 9
Recio et al. (2010) Europe Spain Malaga Poaceae Grass 1991 2007 17
Robichaud and Comtois North Canada Montreal Betula Tree 1996 2012 17
(2017) America
Rojo et al. (2016) Europe Spain Guadalajara Multiple Tree 2008 2013 6
Multiple Weed 2008 2013 6
Rojo et al. (2017) Europe Spain Toledo Poaceae Grass 2006 2014 9
Sabo et al. (2015) Europe Serbia Subotica Multiple Multiple 2009 2013 5
Sabo et al. (2016) Europe Serbia Subotica Urticaceae Weed 2009 2013 5
Sicard et al. (2012) Europe France Nice Olea Tree 1990 2009 20
Sikoparija et al. (2012) Europe Poland 13 sites Artemisia Weed 2000 2009 10
Silva-Palacios et al. (2016) Europe Spain Badajoz Cupressaceae Tree 1993 2013 21
Simoleit et al. (2016) Europe Germany Delmenhorst  Fagus Tree 1982 2014 33
Oberjoch Fagus Tree 1982 2014 33
Sofia et al. (2017) Europe Italy Perugia Poaceae Grass 1982 2014 33
Spieksma et al. (1995) Europe Austria Vienna Betula Tree 1976 1993 18
Netherlands Leiden Betula Tree 1969 1993 25
Sweden Stockholm Betula Tree 1973 1993 21
Switzerland  Basel Betula Tree 1969 1993 25
United London Betula Tree 1961 1993 30
Kingdom
Stach et al. (2007) Europe Poland Poznan Artemisia Weed 1995 2004 10
Ste, palska et al. (2008) Europe Poland Cracow Ambrosia Weed 1995 2006 12
Tedeschini et al. (2006) Europe Italy Perugia Platanus Tree 1982 2003 22
Torino Platanus Tree 1985 2003 19
Spain Santiago Platanus Tree 1992 2003 12
Vigo Platanus Tree 1994 2003 10
Teranishi et al. (2006) Asia Japan Toyama City  Cupressaceae Tree 1983 2003 21
Teranishi et al. (2000) Asia Japan Toyama City  Cupressaceae Tree 1983 1998 16
Tormo-Molina et al. (2010) Europe Spain Badajoz Cupressaceae Tree 1994 2008 15
Olea Tree 1994 2008 15
Platanus Tree 1994 2008 15
Quercus Tree 1994 2008 15




Chenopodiaceae- Weed 1994 2008 15
Amaranthaceae
Plantago Weed 1994 2008 15
Poaceae Grass 1994 2008 15

Toro et al. (2015) South Chile Santiago Multiple Tree 2009 2013 5

America Multiple Weed 2009 2013 5

Poaceae Grass 2009 2013

Ugolotti et al. (2015) Europe Italy Parma Alnus Tree 1994 2011 18
Betula Tree 1994 2011 18
Corylus Tree 1994 2011 18
Cupressaceae Tree 1994 2011 18
Platanus Tree 1994 2011 18
Ambrosia Weed 1994 2011 18
Artemisia Weed 1994 2011 18
Chenopodiaceae- Weed 1994 2011 18
Amaranthaceae
Plantago Weed 1994 2011 18
Urticaceae Weed 1994 2011 18
Poaceae Grass 1994 2011 18

Van Vliet et al. (2002) Europe Netherlands Leiden Betula Tree 1977 2000 24
Fraxinus Tree 1974 2000 27
Juniper Tree 1977 2000 24
Pinaceae Tree 1969 2000 32
Populus Tree 1969 2000 32
Quercus Tree 1969 2000 32
Salix Tree 1966 2000 33
Ulmus Tree 1977 2000 24
Adoxaceae Weed 1969 2000 30
Artemisia Weed 1969 1998 30
Chenopodiaceae- Weed 1969 1998 28
Amaranthaceae
Rumex Weed 1969 1998 30




Urticaceae Weed 1969 1998 30
Poaceae Grass 1969 2000 32
Vara et al. (2016) Europe Spain Ourense Fraxinus Tree 2009 2013 5
Zhang et al. (2014) North United Cherry Hill Betula Tree 1995 2010 13
America States Quercus Tree 1995 2010 13
College Betula Tree 2003 2010 6
Station Quercus Tree 1997 2010 10
Fargo Betula Tree 1997 2010 11
Quercus Tree 1996 2010 11
Newark Betula Tree 1994 2011 11
Quercus Tree 1994 2011 11
Omaha Betula Tree 1995 2010 5
Quercus Tree 1994 2010 10
Pleasanton Betula Tree 1997 2010 10
Quercus Tree 1994 2010 10
Zhang et al. (2015) North United 19 sites Betula Tree 1994 2010 15
America States 2 sites Artemisia Weed 1994 2010 15
20 sites Ambrosia Weed 1994 2010 15
26 sites Poaceae Grass 1994 2010 15
28 sites Quercus Tree 1994 2010 15
Ziello et al. (2012) Europe Multiple 97 sites Alnus Tree 1977 2009 28
Betula Tree 1977 2009 28
Carpinus Tree 1977 2009 28
Castanea Tree 1977 2009 28
Corylus Tree 1977 2009 28
Cupressaceae Tree 1977 2009 28
Fagus Tree 1977 2009 28
Fraxinus Tree 1977 2009 28
Olea Tree 1977 2009 28
Pinaceae Tree 1977 2009 28
Platanus Tree 1977 2009 28
Populus Tree 1977 2009 28




Quercus Tree 1977 2009 28
Salix Tree 1977 2009 28
Tilia Tree 1977 2009 28
Ulmus Tree 1977 2009 28
Ambrosia Weed 1977 2009 28
Artemisia Weed 1977 2009 28
Chenopodiaceae- Weed 1977 2009 28
Amaranthaceae
Plantago Weed 1977 2009 28
Rumex Weed 1977 2009 28
Urticaceae Weed 1977 2009 28
Poaceae Grass 1977 2009 28
Ziska et al. (2011) North Canada 1 Site Ambrosia Weed 1995 2009 15
America United 9 Sites Ambrosia Weed 1995 2009 15
States

ESM 2: Full search strategy used for systematic review

Database Strategy

Environmental | TI,AB(pollen N/3 (quantit* OR producti* OR increase* OR release* OR amount* OR

Science concentration* OR elevat®* OR measure* OR detection OR trend* OR count* OR

Collection change* OR variation* OR data OR "cubic meter*" OR "cubic metre*" OR scale OR

ProQuest level* OR index OR indices OR grains OR records OR total* OR emission)) AND
TI,AB(Season* OR Phenolog* OR Spring OR Autumn OR Fall OR flowering OR start OR

1967- peak OR onset OR temperature* OR climate OR aerobiolog* OR forecast* OR
pattern¥®)

Scopus TITLE-ABS((pollen) W/3 (quantit* OR producti* OR increase* OR release* OR amount*
OR concentration® OR elevat* OR measure* OR detection OR trend* OR count* OR

1996- change™ OR variation™ OR data OR "cubic meter*" OR "cubic metre*" OR scale OR

level* OR index OR indices OR grains OR records OR total* OR emission)) AND TITLE-
ABS(Season* OR Phenolog* OR Spring OR Autumn OR Fall OR flowering OR start OR




peak OR onset OR temperature* OR climate OR aerobiolog* OR forecast* OR
pattern*) AND ( LIMIT-TO ( EXACTKEYWORD, "Pollen" ))
CAB Abstracts | ((pollen OR aero-allerg* OR aeroallerg*) ADJ3 (quantit* OR producti* OR increase* OR

ovID release* OR amount* OR concentration* OR elevat* OR measure* OR detection OR
trend* OR count™ OR change™ OR variation* OR data OR cubic meter* OR cubic
1973- metre* OR scale OR level* OR index OR indices OR grains OR records)).ti,ab. AND

(Season* OR Phenolog* OR Spring OR Autumn OR Fall OR flowering OR start OR peak
OR onset OR temperature* OR climate OR aerobiolog* OR forecast* OR
pattern*).ti,ab.

ESM 3: Full list of studies included in the systematic review
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