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Abstract 37 

Pollen is a common allergen that causes significant health and financial impacts on up to a third 38 

of the population of the United States. Knowledge of the pollen season can improve diagnosis 39 

and treatment of allergic diseases. Our objective in this study is to provide clear, quantitative 40 

visualizations of pollen data and make information accessible to many disciplines, in particular 41 

to allergy sufferers and those in the health field. We used data from the 32 National Allergy 42 

Bureau (NAB) pollen stations in the continental United States and Canada from 2003-2017 to 43 

produce pollen calendars. We developed pollen season metrics relevant to health and described 44 

pollen season start and end dates, durations, and annual pollen integrals for specific pollen taxa. 45 

In most locations, a small number of taxa constitute the bulk of the total pollen concentration. 46 

Start dates for tree and grass pollen season depend strongly on latitude, with lower latitudes 47 

starting earlier. Season duration is correlated with the start dates, with a longer season when the 48 

start date is earlier. NAB pollen data have limited spatiotemporal coverage. Increased 49 

spatiotemporal monitoring will improve analysis and understanding of factors that govern 50 

airborne pollen concentrations. 51 

Key words: Allergy, aeroallergens, oak, start date, duration, latitude  52 
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 53 

1. Introduction 54 

 55 

Pollen allergies are widespread and associated with several chronic conditions, including allergic 56 

rhinitis, allergic conjunctivitis, and allergic asthma, with allergic rhinitis the most common 57 

(Pawankar et al. 2011). The Centers for Disease Control and Prevention’s 2016 National Health 58 

Interview Survey (Centers for Disease Control and Prevention, 2016) estimated allergic rhinitis 59 

prevalence in the United States (US) at 21.5 million (6.5% of adults and 7.5% of children), while 60 

other estimates using self-reported symptoms approach 30% (Wheatley and Togias 2015). 61 

Allergic rhinitis is a risk factor for asthma, and the two diseases are highly correlated, though 62 

allergic asthma is less prevalent (Bousquet et al. 2008). Altogether, allergic diseases impose a 63 

significant financial burden in the US, with direct cost of treatment and medications estimated at 64 

$11.2 billion in 2005 (Meltzer and Bukstein 2011), and substantial indirect costs from lower 65 

workplace productivity, adverse school performance, and reduced quality of life (Lamb et al. 66 

2006, Marcotte et al. 2015, Nathan 2007). This burden is a significant public health concern.  67 

 68 

Pollen allergy is a regionally variable disease driven by numerous environmental factors, 69 

including local flora, weather, climate, and air pollution. Prior pollen exposure drives disease 70 

sensitization while current pollen exposures drive exacerbations of disease among those 71 

sensitized (Kihlström et al. 2002, Jantunen et al. 2012). The temporal and spatial distributions of 72 

allergenic pollens are important to allergic disease epidemiology and in diagnosis and 73 

management of allergic diseases. Pollen calendars are useful for visualizing and understanding 74 

the distribution, timing, and concentration of different pollen taxa at given locations, and can 75 

help allergy sufferers and clinicians identify potential triggers, guide diagnostic testing, and 76 

initiate appropriate therapies (Katotomichelakis et al. 2015). Pollen calendars can also help 77 

public health officials assess exposure, develop early warning systems, improve guidance to limit 78 

exposure, and promote therapy in advance of high pollen loads. Although some pollens can be 79 

transported hundreds to thousands of kilometers in the atmosphere (Rogers and Levetin 1998; 80 

Campbell et al. 1999, Sofiev et al. 2006), local pollen emissions are the principal driver of pollen 81 

concentrations in a given area (Keynan et al. 1991, Ranta et al. 2008). Pollen calendars are thus 82 

location-specific, with pollen concentrations closely linked to the local distribution of flora, 83 

meteorology, and climate.  84 

 85 

To understand pollen concentrations on a continental scale, large scale coordinated studies are 86 

necessary. Summarizing pollen calendar research in Europe, D’Amato et al. (1998) concluded 87 

that a continent-wide understanding of pollen concentrations was not possible due to inconsistent 88 

methods across studies and regionally fragmented sampling. The continental US has a small 89 

number of single station pollen calendar studies (Kosisky et al. 2010, Levetin 1998, Fuhrmann et 90 

al. 2016). While there are larger scale studies of pollen season characteristics in the US, these 91 

studies have focused on changes over time rather than on regional pollen distributions (Zhang et 92 

al. 2014a). Our work seeks to fill this knowledge gap by describing the seasonal dynamics, 93 

timing, and regional variations of major allergenic pollen concentrations across the continental 94 

US.  95 

 96 

  97 
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2. Methods 98 

 99 

2.1 Pollen Data 100 

We obtained pollen data from the National Allergy Bureau (NAB), a section of the American 101 

Academy of Allergy Asthma and Immunology’s (AAAAI) Aeroallergen Network. The NAB 102 

aggregates and manages distribution of pollen data collected at the NAB stations. Pollen stations 103 

are run by AAAAI member volunteers and are self-funded.  104 

 105 

A station in the NAB network is required to collect pollen samples at a minimum of three days 106 

per week from an unobstructed rooftop at least one story above ground with no local pollen 107 

sources. Pollen counts are collected with a Burkard volumetric air sampler or a Rotorod rotation 108 

impact sampler. The Burkard collects higher counts than the Rotorod, particularly for smaller 109 

particles, and is more sensitive to wind speed (Frenz 1999, Crisp et al. 2013). Nonetheless, daily 110 

pollen counts using the two methods are positively and significantly correlated, and the absolute 111 

difference associated with the sampling instruments is small enough that it may not be 112 

meaningful from a clinical standpoint (Crisp et al. 2013).  We will use and compare pollen 113 

counts sampled from both devices. Daily pollen counts are reported as daily average pollen 114 

concentrations (grains/m3) which is the number of grains divided by the volume of the air 115 

sampled.  116 

 117 

The NAB provided data from 51 stations for 2003-2017: 50 stations in the continental US and 118 

one station (London, ON) in Canada. For simplicity, we will refer to the region covered by these 119 

stations as the continental US. For stations to be included in our study, we required at least two 120 

years of data and with an average of three or more days per week of data between March 1 and 121 

October 1 for all years sampled. We excluded individual years of station data for a given taxon if 122 

the annual sum of the pollen concentration was 10 grain-day/m3 or less, or if sampling began on 123 

or after June 1 of that year. Cumulative pollen concentrations are integrals of concentration over 124 

time, so are given in units of grain-day/m3.  125 

 126 

The NAB pollen data are grouped into 43 pollen categories: 38 for specific genera and families, 127 

and five other composite categories of “Total Pollen,” “Other Tree Pollen,” “Other Weed 128 

Pollen,” “Other Grass Pollen,” and “Unidentified Pollen.” 129 

 130 

2.2 Pollen Calendars 131 

We created pollen calendars by taking the daily average pollen concentrations for eligible years. 132 

Calendars include all pollen taxa reported by the station with an average annual sum 133 

concentration greater than 150 grain-day/m3, smaller concentrations are considered too low to 134 

trigger allergic symptoms.  135 

 136 

2.3 Pollen Season Indices 137 

Pollen season indices describe characteristics of the pollen season. We chose to develop pollen 138 

indices relevant to health: Annual Pollen Integral (API), season start and end dates, and season 139 

duration. API is correlated with allergy symptom severity among sensitized individuals (Bastl et 140 

al. 2016). Knowledge of start dates is important for initiating medical therapy because 141 

antihistamine and anti-inflammatory allergy medications can take 1-4 weeks to be fully effective. 142 

This information can also be used to modify immunotherapy: patients in immunotherapy are 143 
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exposed to increasing allergen doses and may be at risk of anaphylaxis if immunotherapy dosing 144 

is advanced when ambient pollen concentrations are increasing. Knowledge of end dates is 145 

useful for public health surveillance, and for deciding when medical therapy can be discontinued. 146 

 147 

2.3.1 Annual Pollen Integral (API):  148 

The API is the sum of the daily pollen concentration for a specific taxon over the pollen year. A 149 

pollen year is a year that includes one complete pollen season, beginning when the plant is 150 

dormant. In most regions of the US, the pollen year begins with the calendar year on January 1, 151 

but in warmer regions some pollen taxa are present in the atmosphere before January 1, in which 152 

case the pollen year begins earlier. Ragweed is a short-day plant and flowers when the duration 153 

of daylight begins to decrease, so its pollen year is defined to begin on the summer solstice, June 154 

21. For other taxa, we assessed pollen concentrations to determine their dormant periods. Using 155 

these criteria, we define the pollen years to be January 1 – December 31, except for stations in 156 

California, Texas, Georgia, and Oklahoma, where pollen years are September 1-August 31 for 157 

cypress, November 1 - October 31 for alder and ash, and December 1-November 30 for all other 158 

taxa.  159 

 160 

2.3.2 Start Date of the Pollen Season: 161 

A variety of approaches to defining start and end dates of the pollen season have been taken (Jato 162 

et al. 2006). A common approach is to define start dates as cumulative emissions over a 163 

threshold percentage of API for a given year. However, this approach has several disadvantages. 164 

First, it is necessarily retrospective, so the start date cannot be computed until the pollen year is 165 

over and the API is known. Second, because the threshold value is a percentage of the API, it 166 

varies year-to-year with fluctuating APIs. Third, it is location-specific and makes interpretation 167 

of start date over a large region difficult. We chose our metrics to minimize this variability and to 168 

allow for a priori calculation based on historical APIs. 169 

 170 

Studies have found that mild allergy symptoms are observed at relatively low concentrations of 171 

~10-20 grains/m3, moderate symptoms at ~50-90 grains/m3, and severe symptoms at ~80-90 172 

grains/m3 (Rapiejko et al. 2007, Negrini et al. 1992, Frenz, 2001, de Weger et al. 2013). For most 173 

taxa, we define the start date as the day when the cumulative sum over that pollen year reaches a 174 

threshold of 50 grain-day/m3: a threshold upon which allergic individuals may begin to 175 

experience moderate allergic symptoms. For taxa with API below 2000 grain-day/m3, we define 176 

the start date as the date on which cumulative sum reached a threshold of 2.5% of the historical 177 

mean API. The start date of the pollen season is computed for each pollen taxa at each station 178 

location for every year. 179 

 180 

To evaluate the interannual variability, the standard deviation of start date was calculated for 181 

each important allergenic pollen. This was done by (i) obtaining the anomalous start dates for 182 

each station by subtracting the climatological start date for that station, and then (ii) stringing 183 

together the anomalous start dates from all stations for which there were 10 or more years of 184 

unbiased start dates for each taxon at each station (which ensures a stable climatological value at 185 

each station).  186 

 187 

 188 

 189 
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2.3.3 End Date of the Pollen Season: 190 

The end date is calculated in a similar manner to the start date. For taxa with high API (> 2000 191 

grain-day/m3), the end date is defined as the date at which the cumulative sum from that date to 192 

the end of the pollen year is less than 50 grain-day/m3. If the climatological mean API is less 193 

2000 grain-day/m3, then the end date threshold is calculated as the date at which accumulated 194 

pollen concentration reaches 97.5% of the climatological mean API.  195 

 196 

2.3.4 Duration of the Pollen Season: 197 

Duration of the pollen season is the number of days between the start date and the end date of 198 

pollen season inclusive.  199 

 200 

  201 
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3. Results 202 

 203 
3.1 Pollen Data used in Analysis 204 

 205 

3.1.1 Pollen Sampling Characteristics 206 

Of the 51 stations received from the NAB, 32 stations met inclusion criteria (Fig. 1, Table 1).  207 

 208 
Location of Station Latitude 

(oN) 

Longitude 

(oW) 

Years Average 

first 

sampling 

date 

Average 

last 

sampling 

date 

Percentage of days 

sampled between 

average first and 

last sampling date 

Percentage of 

days sampled 

over calendar 

year 

Atlanta GA* 33.8 84.4 2003-2017 Jan 03 Dec 29 69.8 68.9 

Austin TX* 30.3 97.8 2003-2017 Jan 06 Dec 29 71.0 69.5 

Baltimore MD* 39.3 76.6 2003-2017 Mar 02 Oct 24 90.0 58.1 

Bellevue NE* 41.1 95.9 2003-2017 Feb 15 Dec 03 91.0 72.5 

Charlotte NC 35.2 80.8 2012-2017 Feb 15 Nov 10 30.4 22.3 

Coeur d’Alene ID 47.7 116.8 2011-2017 Mar 29 Sep 02 26.6 11.4 

College Station TX* 30.6 96.3 2003-2017 Jan 01 Dec 28 66.0 65.2 

Colorado Springs CO* 38.8 104.7 2006-2017 Feb 15 Nov 06 92.3 66.7 

Dayton OH* 39.7 84.2 2003-2017 Jan 08 Dec 23 66.2 63.4 

Draper UT* 40.5 111.9 2003-2017 Mar 08 Oct 16 61.2 37.1 

Erie PA* 42.1 80.1 2003-2017 Apr 08 Oct 16 62.8 32.8 

Eugene OR* 44.0 123.1 2003-2016 Jan 08 Dec 25 51.5 49.4 

Findlay OH 41.0 83.7 2014-2016 May 17 Jul 24 30.4 5.6 

Greenville SC* 34.9 82.4 2003-2017 Feb 04 Dec 09 61.1 51.6 

Houston TX* 29.8 95.4 2011-2017 Jan 03 Dec 29 67.6 66.7 

Kansas City MO* 39.1 94.5 2003-2017 Feb 28 Nov 04 67.5 46.1 

Knoxville TN 36.0 84 2003-2016 Mar 10 Oct 07 29.4 17.0 

La Crosse WI 43.9 91.2 2003-2016 Mar 25 Sep 28 48.3 24.7 

London ON* 43.0 81.2 2003-2017 Feb 09 Oct 28 95.1 68.1 

Louisville KY* 38.2 85.7 2003-2016 Jan 06 Dec 29 90.6 88.7 

Madison WI* 43.1 89.4 2003-2017 Mar 21 Oct 22 54.9 32.3 

Melrose Park IL* 41.9 87.8 2003-2017 Mar 25 Oct 16 69.1 38.6 

Midland TX 31.9 102.1 2014-2017 Jan 26 Dec 13 24.1 21.2 

Minneapolis MN* 45.0 93.4 2010-2017 Mar 19 Nov 02 76.1 47.4 

Mount Laurel NJ 40.0 74.9 2003-2016 Mar 09 Oct 30 44.7 28.7 

New Castle DE 39.6 75.6 2005-2017 Mar 10 Oct 25 36.3 22.8 

Oklahoma City1 OK* 35.5 97.5 2003-2017 Jan 04 Dec 21 67.1 64.5 

Oklahoma City2 OK* 35.5 97.5 2003-2017 Jan 12 Dec 21 54.2 50.9 

Oklahoma City3 OK 35.5 97.5 2015-2017 Apr 28 Dec 22 38.7 25.1 

Olean NY 42.1 78.4 2003-2017 Apr 01 Nov 05 39.8 23.7 

Philadelphia PA 40.0 75.1 2003-2017 Mar 14 Oct 21 46.7 28.2 
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Pleasanton CA 37.7 121.9 2003-2017 Jan 12 Dec 18 26.1 24.3 

Pueblo CO 38.2 104.6 2012-2016 Mar 13 Oct 19 42.2 25.3 

Rochester NY* 43.2 77.6 2003-2017 Mar 11 Oct 23 70.6 43.6 

Roseville CA 38.8 121.2 2007-2017 Jan 08 Dec 25 13.8 13.3 

Saint Louis MO* 38.6 90.3 2003-2016 Jan 07 Dec 29 68.9 67.3 

SanAntonio2 TX* 29.4 98.5 2010-2017 Jan 21 Dec 27 93.1 86.7 

SanAntonio3 TX 29.4 98.5 2014-2017 Jan 01 Dec 30 99.6 99.1 

San Jose CA* 37.2 121.7 2003-2017 Jan 09 Dec 22 82.6 78.5 

Seattle WA* 47.6 122.3 2003-2017 Jan 26 Aug 25 85.6 49.6 

Sparks NV 40.1 119.6 2003-2017 Feb 16 Oct 25 19.7 13.5 

Springfield MO* 37.2 93.3 2009-2017 Mar 28 Oct 30 69.2 40.9 

Sylvania OH 41.7 83.7 2014-2017 Mar 11 Nov 08 91.5 60.6 

Tampa FL 27.9 82.5 2003-2017 Jan 18 Nov 12 32.7 26.7 

Tulsa OK* 36.1 96.0 2003-2017 Jan 09 Dec 19 45.9 43.3 

Twin Falls ID* 42.4 114.6 2003-2017 Mar 13 Oct 17 47.9 28.6 

Waco TX* 31.6 97.2 2003-2017 Jan 06 Dec 29 65.7 64.3 

Washington DC* 38.9 77.0 2003-2016 Jan 07 Dec 27 56.8 55.1 

Waterbury CT* 41.4 73.0 2003-2017 Mar 31 Sep 29 69.2 34.2 

Waukesha WI 43.0 88.3 2003-2016 Mar 31 Oct 16 21.6 11.8 

York PA* 40.0 76.7 2003-2017 Mar 15 Oct 19 66.0 39.3 

 209 

Table 1: National Allergy Bureau (NAB) station locations, average sampling range over the 210 

calendar year and average percentage of days sampled. Star (*) indicates stations that meet 211 

inclusion criteria. 212 

 213 

 214 

Fig. 1 National Allergy Bureau (NAB) station locations that meet inclusion criteria. 215 

 216 

 217 

3.1.2 Important Allergenic Pollens  218 

We elected to focus on eleven important allergenic pollens in the continental US as determined 219 

by their abundance and allergenic potential based on the Ogren Plant Allergy Scale (OPAL) 220 

(Ogren, 2000) (Table 2). We will refer to pollen taxa by their common names; in cases where 221 

there is more than one common name for the taxa, we will use the first one listed in Table 2 (e.g., 222 

we will refer to Cupressaceae as cypress). 223 

 224 
Rank Scientific 

Name (taxon) 

Common 

Name 

Pollen 

Group 

OPAL 

score 

Percent 

Abundance  

Description 

1 Quercus 

(genus) 

Oak tree 8-9 19.1 Most oaks produce heavy pollen loads. 

Quercus genus has many species found 

all over the continental US. They are 

commonly found in residential areas, 

parks, and forests. 

2 Cupressaceae Cypress, tree 10 18.9 Most allergenic species in this family 
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(family) Juniper, 

Cedar 

are evergreen conifers, including the 

genera Cupressus (cypress) and 

Juniperus (juniper). All cypress shed 

profuse amounts of pollen. Reactions 

to cypress and juniper pollen are often 

severe.  

3 Ambrosia 

(genus) 

Ragweed weed 10 7.0 Ragweed grows in areas that have 

been disturbed and left bare (e.g., 

agricultural borders and river banks). 

Ragweed pollen is the primary cause 

of late summer, early fall allergic 

symptoms. Ragweed is found 

throughout the continental US; it is 

most common in the Midwest.  

4 Morus (genus) Mulberry tree 5-10 6.6 Allergenic reaction to mulberry pollen 

is often severe. Mulberry is found 

throughout the continental US. 

5 Ulmus (genus) Elm tree 8-10 4.5 All elms produce allergenic pollen and 

release significant amounts of pollen. 

Deciduous elms produce pollen in 

early spring. Chinese elms are 

evergreen in areas with warm winters 

and their pollen is very allergenic.  

6 Fraxinus 

(genus) 

Ash tree 4-10 3.7 Deciduous ash trees can produce 

copious amounts of potent pollen. Ash 

trees are widespread in the continental 

US. 

7 Betula (genus) Birch tree 7 3.7 Birch are usually smaller trees, so do 

not produce a large volume of pollen. 

They have a short pollen season as 

birch blooms for only a few days. 

Those allergic to alder, can become 

allergic to birch as they both belong to 

the Betulaceae family.  

8 Gramineae/ 

Poaceae 

(family) 

Grass grass 10 3.6 Grass lawns are found throughout the 

country and used for urban 

landscaping in gardens and parks. 

Popular lawn grasses include 

Bluegrass, Timothy Grass, Burmuda 

and Ryegrass. Grass pollen is highly 

allergenic. 

9 Acer (genus) Maple tree 5-10 3.6 Maples are deciduous trees with a 

large number of species. Many species 

cause allergies, but not all. Maples are 

popular for ornamental and street 

plantings.  

10 Populus 

(genus) 

Poplar, 

Aspen, 

Cottonwood 

tree 9 2.5 Poplars, aspens and cottonwoods are 

large, deciduous trees. They are found 

throughout the continental US. 

11 Alnus (genus) Alder tree 9 1.2 Alders are large, deciduous trees. They 

shed large amounts of highly 

allergenic pollen. Those allergic to 

alder, can become allergic to birch as 



 

 

 

10 

they both belong to the Betulaceae 

family.  

 225 

Table 2: Description and allergenic potential of 11 most important pollen taxa in the continental 226 

US ranked by percent abundance relative to the sum of all pollen taxa over 32 NAB stations that 227 

meet inclusion criteria, 2003-2017. The range in OPAL scores within a taxon is due to the 228 

different allergenic potential among species. 229 

 230 

3.1.3 Reliability of Pollen Season Start Date Calculation 231 

Our choice of start date metrics balances sensitivity to relatively low pollen concentrations, an 232 

important consideration from a health standpoint, with robustness to missing values, a significant 233 

consideration with this pollen dataset. Our start date definition is cumulative from the beginning 234 

of the pollen year (usually January 1) and days with missing data do not contribute. 235 

Unfortunately, it is not uncommon to have measurements begin in a calendar year after pollen is 236 

already present in the atmosphere. In these cases, the calculated start date is biased late. We 237 

illustrate this sampling problem with timeseries of start date for seven of the most abundant 238 

pollen taxa from London, ON (Fig. 2). The station began sampling pollen around January 1 in 239 

2003-2007 and in mid-March in 2008-2017. The start dates for cypress pollen in the period of 240 

2008-2017 almost immediately follow the date of the first sampling in those calendar years, and 241 

are much later than in the period 2003-2007, suggesting that data collection between 2008-2017 242 

began after the cypress pollen season had already started.  243 

 244 

Fig. 2 Start date of the pollen season at London, ON, for the taxa: cypress (brown), maple 245 

(green), poplar (blue), oak (purple), mulberry (red), grass (pink) and ragweed (orange). Grayed 246 

out areas are dates at which pollen was not sampled. 247 

 248 

Cypress is one of the earliest taxa to emit pollen, with observations as early as August in Waco, 249 

TX (see section 4.2.1). A station is considered to have unreliable start dates if more than a third 250 

of the years have start dates that occur within 7 sampled days of the first sampling dates. Over 251 

half of the NAB stations (17 out of 32) have unreliable start dates for cypress pollen (not shown). 252 

Although we present results for cypress start dates, care must be taken in drawing conclusions 253 

from these dates. In contrast, start dates can be determined with confidence for taxa that emit 254 

pollen later in the season, such as oak.  255 

 256 

3.2 Proportional Distribution of Allergenic Pollens 257 

The number of dominant pollen taxa varies among stations. For most stations in the continental 258 

US, 70% of the API at that location is composed of 5-6 pollen taxa (Fig. 3). Relative abundances 259 

of the important allergenic taxa (Table 2, radar charts in supplementary materials) show that oak 260 

and cypress are the most abundant pollen taxa in the continental US. 261 

 262 

Fig 3 Cumulative percentage of API by number of pollen taxa. Each thin line represents a 263 

station, color of line indicates latitude. Thick black line is the mean of the stations. 264 

 265 

3.3 Pollen Calendars 266 

The airborne pollen season varies in time and space depending on the pollen taxon. We selected 267 

four methods for describing the pollen season to present both the location perspective and the 268 

taxon perspective. We first present two types of pollen calendars. The first calendar type 269 
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describes the climatology of all allergenic pollens, using four locations as examples. These 270 

locations are chosen to highlight regional variability and on the basis of data completeness. 271 

Pollen calendars for other locations are available in supplementary materials. The second type of 272 

pollen calendar describes taxon-specific seasonal characteristics over the continental US. Again, 273 

we present a subset of available results, with complete results available in supplementary 274 

materials. Third, we show maps of the climatological average start dates and season duration for 275 

specific pollen types to demonstrate the spatial variability of the pollen season. Lastly, we 276 

present taxon-specific start dates for a station to show the year-to-year variability. 277 

 278 

3.3.1 Location-Specific Pollen Calendars 279 

We describe pollen calendars for four stations in different climate and ecological regions in the 280 

continental US: Seattle, Washington; San Jose, California; Waco, Texas; and London, Ontario.  281 

 282 

Fig. 4 Pollen calendar for (a) Seattle, Washington, (b) San Jose, California (c) London, Ontario, 283 

and (d) Waco, Texas. Daily mean climatology of pollen concentration by pollen taxa, 2003-284 

2017. Percent abundance is based on sum of API over all pollen taxa. Only pollen taxa with 285 

average API over 150 grain-day/m3 are shown. Missing data are shaded grey and denoted NaN in 286 

the colorbar. 287 

    288 



 

 

 

12 

 289 

Seattle, Washington is located in the Pacific Northwest with a cool, moist climate with dry 290 

summers and wet, generally snowless winters. Evergreen trees dominate the region. We see 291 

evidence of the large number of evergreens in the airborne pollen composition with cypress as 292 

the most abundant pollen at 37% (Fig. 4a). Trees dominate the sample, with grass constituting 293 

2.9% weeds 2.2%. The two most abundant taxa, cypress and alder, comprise about two-thirds of 294 

the total API. Cypress is the earliest pollen present; hence, the start of the Seattle pollen season is 295 

primarily governed by cypress pollen. Unlike most other stations, Seattle detects very little 296 

pollen after July, and thus has a relatively short pollen season. 297 

 298 
San Jose, California is located in central California with a warm, mild Mediterranean climate. 299 

The semi-arid region receives most of its rainfall in the wintertime. San Jose is an urbanized area 300 

within a region of chaparral shrubland mixed with grassland and oak woodlands. San Jose is one 301 

of the few NAB stations that samples year-round, which is necessary because pollen is present in 302 

the atmosphere throughout the year (Fig 4b). 303 

 304 

Tree pollen is dominant, contributing 94% of the total sample. No one tree pollen dominates; elm 305 

and olive are most abundant, at 14% each. The double peak in elm pollen concentration occurs 306 

because there are species that release pollen in the spring as well as in the late summer and early 307 

fall. Olive pollen is generally not observed outside of San Jose; however, it is significant for this 308 

area because olive pollen is a potent allergen (OPAL score of 10). Mulberry and pine pollens are 309 

the next most abundant pollen taxa at almost 12%. Pine pollen is only a mild allergen (OPAL 310 

score of 4); however, it may be considered an important pollen in San Jose because it is present 311 

throughout the year and it is a respiratory irritant that can exacerbate existing allergic symptoms. 312 

 313 
London, Ontario is located in the Great Lakes region with cold winters and humid summers. 314 

The land cover is characterized by a mix of agriculture, forest, wetlands, and glacial lakes. Of the 315 

total pollen sampled at the station (Fig. 4c), the pollen composition is 81% trees, 13% weeds, and 316 

6% grasses. London tree pollen is diverse, with 9 pollen taxa explaining 70% of the API. The 317 

most abundant is mulberry, at 22%. London’s main pollen season runs from March through 318 

September. The end of the tree pollen season overlaps with the beginning of the grass pollen 319 

season in late May. Ragweed is the most abundant weed pollen and has a distinct season from 320 

mid-August to mid-September. 321 

 322 

Waco, Texas is located in the south-central part of the Great Plains and has a humid subtropical 323 

climate with hot dry summers and rains in mid to late spring. Much of the region was originally 324 

grassland but is now crops and rangeland. Waco is similar to other stations located in warmer 325 

climates in that it has pollen present in the atmosphere throughout the year. Waco’s API for all 326 

pollen taxa is very high (Fig. 4d) compared to many stations in the US but is similar to other 327 

nearby stations (Austin and San Antonio, TX).  328 

 329 

Waco’s lowest pollen concentrations occur in July, in contrast to more northern stations where 330 

the lowest pollen concentrations occur in winter. There are three peaks in the pollen season in 331 

Waco. The earliest peak occurs in January when cypress, which is the second most abundant 332 
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pollen at 19%, emits pollen. The main peak occurs between late March and late April, when oak, 333 

the most abundant pollen at 20%, peaks along with hickory, maple and spring-pollinating elms. 334 

The third peak occurs from mid-September through October, when ragweed, the third most 335 

abundant pollen at 11%, fall-pollinating elm, and other weed pollens release pollen. 336 

 337 

3.3.2 Latitudinal Dependence of the Pollen Season 338 

To better understand large scale patterns of specific pollen taxa, we created taxon-specific pollen 339 

calendars with NAB stations ordered by latitude. We present pollen calendars for four of the 340 

important allergenic pollen taxa (Fig. 5). In general, stations at lower latitudes have an earlier 341 

start to the oak pollen season (Fig. 5a). In addition, the length of the oak pollen season is longer 342 

at lower latitudes. A similar latitudinal dependence on the start of pollen season is observed in all 343 

of the important allergenic pollens, with the exception of elm and ragweed. 344 

 345 

The pollen calendar for elm has a unique pattern, peaking twice annually at lower latitudes (Fig. 346 

5b). This is because some elm species release pollen in the spring and others in the late summer 347 

and early fall. The spring-pollinating species have a latitude dependence similar to other allergic 348 

tree pollens. The fall-pollinating elm species are present only at latitudes south of 39oN and do 349 

not have a clear latitude dependence.  350 

 351 

The ragweed pollen calendar (Fig. 5c) exhibits patterns distinct from allergenic trees. Ragweed is 352 

a short-day plant that begins flowering when days begin to shorten, and ragweed produces pollen 353 

in late summer and early fall.  At high latitudes, ragweed season start shows little latitudinal 354 

dependence, consistent with plant physiology and others’ findings (Sofiev and Bergmann, 2013; 355 

Deen et al. 1998). However, the end of the ragweed season, determined by date of the first frost 356 

(Ziska et al. 2011), ends later at lower latitudes.  357 

 358 

Grasses are generally known to be a summertime allergen. However, the pollen calendar for 359 

grass (Fig. 5d) shows that the grass season can range from March to November. The allergenic 360 

grass family is composed of many species and this can be seen by the various pollen patterns at 361 

different stations: Oklahoma City, OK, has one long season; Eugene, OR, has one short season; 362 

and Austin, TX, has two distinct seasons in a year. In general, longer duration grass seasons 363 

occur at lower latitudes, where the season starts earlier and ends later.   364 

 365 

 366 

Fig. 5 Pollen calendar for (a) oak, (b) elm, (c) ragweed and (d) grass, 2003-2017. NAB stations 367 

are ordered by latitude. Missing data are shaded grey and denoted NaN in the colorbar. 368 

  369 
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   370 

3.4 Regional Variability in the Climatological Mean Start Dates, End Dates and Season 371 

Duration  372 

 373 
A summary of the spatial variability of the climatological mean start date, end date and season 374 

duration for the eleven important allergenic pollens is shown in Fig. 6. The start dates of poplar 375 

and maple have a relatively narrow range among locations, whereas cypress, grass and alder are 376 

more variable. Unreliable start dates due to sampling issues from some stations may contribute to 377 

the wide range of start dates for cypress (section 3.1.3). The duration of the elm pollen season 378 

has two distinct groups corresponding to the presence or absence of fall-pollinating elms (section 379 

4.2.2). The duration of birch and mulberry pollen seasons are relatively similar across the 380 

continental US; and the duration of the grass season varies greatly. 381 

 382 

Fig. 6 Range of climatological mean pollen season start dates (red), end dates (blue) and duration 383 

(green) for important pollen taxa; each square represents a NAB station.  384 

 385 

 386 

3.4.1 Start Date of the Pollen Season: 387 

There are regional patterns in the mean start date of the pollen season in the continental US. The 388 

dominant pattern is a latitudinal dependence in which higher latitude stations have a later start 389 

date (e.g., Figs. 5a and 7a for oak pollen). Oak pollen is representative of other important allergic 390 

tree pollens in that they all show latitudinal dependence on the mean start date. The mean start 391 

dates for oak range from February 11, at Houston, TX, to May 2, at Rochester, NY. The almost 392 

3-month difference in the start date indicates that the regional differences in start date are large 393 

compared to the interannual variability and length of the season. Location is a very important 394 

factor in determining the start date of the season. Note that stations in the west coast (San Jose, 395 

CA, Eugene, OR, Seattle, WA) have an earlier start date than stations at the same latitude in the 396 

interior US.  397 

 398 

 399 

Fig. 7 Map of climatological (a) mean start date and (b) mean duration of the oak pollen season.  400 

 401 

3.4.2 Duration of the Pollen Season: 402 

The duration of the pollen season also exhibits regional variation. Average oak season duration 403 

ranges from 23 days in Seattle, WA, to 103 days in San Jose, CA (Fig. 7b). In general, the 404 

duration of the season is also longer at lower latitudes for other taxa (e.g., Figs. 5a, 7b, and 8 for 405 

oak). The start date and duration of the oak pollen season are significantly and negatively 406 

correlated at 99%, such that the higher latitude stations have a later start date and a shorter 407 

season (Fig. 8). Oak pollen is representative of the other allergenic tree pollens in that they all 408 

have start dates significantly and negatively correlated with the duration of the pollen season (not 409 

shown). 410 

 411 

Fig. 8 Scatter plot of start date of oak pollen season with duration of oak pollen season for all 412 

years for all NAB stations. Colors indicate station’s latitude. 413 

 414 

 415 
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3.5 Year-to-Year Variability in Start Date of the Pollen Season  416 

 417 

There is considerable interannual variability in pollen season start dates. Figure 2 illustrates that 418 

start dates for six of the seven taxa from London, Ontario can be assessed with reasonable 419 

reliability (see section 3.3 for a discussion of the influence of first sampling date on the 420 

calculation of pollen season start date). For these six taxa in London, standard deviation of start 421 

dates range from 3 to 13 days, with ragweed at the smallest and mulberry and maple at the 422 

largest. 423 

 424 

The standard deviation of start date was calculated for each important allergenic pollen taxon for 425 

stations in which there were 10 or more years of unbiased start dates. The standard deviation 426 

varies from 8.6 days for ragweed to 33 days for elm pollen (Table 3). Larger variability is 427 

indicative of taxa with physiology that depends on many climatic factors such as temperature, 428 

precipitation, humidity, length of daylight and soil moisture. Because the start of the ragweed 429 

season is dependent on length of daylight, which does not vary year-to-year, as well as 430 

temperature, which does, the start of ragweed pollen season has relatively low variability 431 

compare to other pollen taxa.  432 

 433 

 434 
           Taxa  Standard Deviation of Start Date (days)  Number of years included  

               Oak 11.9 365 

           Cypress 29.2 178 

           Ragweed 8.6 369 

          Mulberry 12.6 342 

               Elm 33.0 203 

               Ash 12.8 370 

             Birch 13.9 337 

            Poplar 12.7 285 

             Grass 15.8 325 

             Maple 18.0 217 

             Alder 18.0 184 

 435 

Table 3: Standard deviation of start dates for important allergenic pollen taxa. Only stations with 436 

10 or more years of unbiased start dates are included.  437 

  438 
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4. Discussion  439 

 440 

4.1 Limitations and Caveats 441 

We have presented pollen calendars and analyses of pollen start dates and season duration. Our 442 

analyses are limited by the number of NAB stations available to us and by missing data. Only 32 443 

of the 51 stations we received from NAB met our data inclusion criteria, thus limiting the spatial 444 

resolution of our analysis. Temporal limitations also limit our analyses: many stations do not 445 

sample pollen every day and most do not sample year-round. The temporal limitations influenced 446 

our choice of start date definition: we chose a definition that was less sensitive to missing data. 447 

We are not able to draw conclusions related to the cypress pollen start date because it is likely 448 

that half of the stations do not begin sampling until after cypress pollen is already present in the 449 

atmosphere. This is unfortunate, as cypress pollen is widespread and is the second most abundant 450 

allergenic pollen in the US. Cypress was the only taxon to be clearly adversely affected by late 451 

sampling in this study. However, a trend of earlier start dates for many allergenic pollen taxa has 452 

been observed in past decades (Vliet et al. 2002, Zhang et al. 2014b), and climate change is 453 

projected to continue to cause earlier start dates (Vliet et al. 2002, Ariano et al, 2010, Galan et al. 454 

2005, Garcia-Mozo et al. 2006). This trend in earlier start dates could potentially cause the 455 

sampling to begin too late to detect the start date of other allergenic taxa. Better monitoring and 456 

analysis of the pollen season would be achieved with daily pollen concentration data collected 457 

year-round. 458 

 459 

The NAB allows the use of two different pollen samplers, which sample pollen counts that are 460 

significantly correlated but not equal. Although the difference between the two is small and 461 

thought to have no clinical difference (Crisp et al. 2013), no quantitative comparison has been 462 

undertaken. In this study, we did use, with reservation, the pollen data regardless of sampling 463 

method. In addition, lack of important station metadata makes it difficult to assess factors that 464 

could affect data quality; e.g., the Seattle station moved location in Apr 2, 2012 (Northwest 465 

Asthma & Allergy Center website) and the Atlanta station moved in June 2010 (email 466 

communication with R. Panethere, Atlanta Allergy and Asthma Clinic, 14 June 2018), but these 467 

location changes are not noted in the NAB metadata. Local sources of pollen have a significant 468 

impact on sampled pollen, and a location change could produce different pollen concentrations 469 

(Sofiev et al. 2006).  470 

 471 

The geographic distribution of the NAB stations is relatively sparse in the western half of the 472 

continental US. This restricts our ability to analyze pollen characteristics on the continental 473 

scale. Pollen calendars are location dependent, so it is important to have enough stations to 474 

resolve the spatial variability of pollen. The general sparsity of western stations appears to have 475 

been worsened by a lower response rate to our data request among western stations. Requests for 476 

pollen data are brokered by the NAB but each station has its own criteria for granting access, 477 

leading to different data coverage across data requests and applications that likely affect 478 

generalizability of research findings.  479 

 480 

4.2 Conclusions and Recommendations 481 

 482 

We have presented pollen calendars for four stations in the continental US and created pollen 483 

calendars for the other 28 stations from the subset of the NAB data set that met our data 484 
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inclusion criteria (supplementary figures). Our focus is on documenting and characterizing the 485 

spatial and temporal structure of the pollen season for allergenic pollen taxa across the 486 

continental US. Our pollen calendars update and expand upon work done by Levetin (1998), 487 

Kosisky et al. (2010) and Zhang et al. (2014a). Pollen calendars are location dependent due to 488 

the regional nature of plant ecology and climate. A handful of allergenic taxa constitute the 489 

principal allergic pollen load in most regions studied. 490 

 491 

Despite the sparse spatial resolution of the NAB data, there is a clear latitudinal signal to the start 492 

date (e.g., for oak pollen, see Figs. 5a and 7a). Zhang et al. (2014b) observed the start dates in 493 

birch and oak to be earlier at lower latitudes. We have expanded their study to include other 494 

important allergenic pollens. The NAB stations show the same latitudinal dependence in all 495 

important allergenic tree pollens with the exception of fall-pollinating elms, which show no 496 

latitude dependence. Among the factors we considered, the dominant predictor of the spatial 497 

distribution in start date is latitude. However, the three stations on the west coast (San Jose, CA, 498 

Eugene, OR and Seattle, WA) feature earlier start dates for tree pollen than is observed at other 499 

stations at the same latitude in the interior US. This indicates that another factor, such as 500 

temperature, is influencing the start date. The west coast region is moderated by the transport of 501 

air from the Pacific Ocean and has a milder climate and warmer wintertime temperatures than 502 

the continental interior. Plant phenology, such as the time of pollen release, is highly dependent 503 

on temperature. Indeed, accumulated heat is used in many models that forecast pollen season 504 

characteristics (Zhang et al. 2015, Galan et al. 1998, Garcia- Mozo et al. 2008, Ritenberga et al, 505 

2018).  506 

 507 

The duration of the pollen season for important allergenic pollens is negatively correlated with 508 

the start date: hence, stations at lower latitudes with earlier start dates also have longer pollen 509 

seasons (e.g., see Figs. 5a, 7b and 8 for oak). The dependence of pollen season duration on 510 

latitude is less distinct than for start date, which suggests other environmental factors may 511 

contribute to the duration of the pollen season. Such factors could include weather prior to and 512 

during the pollen season: temperature, rain, wind and sun. Other factors such as atmospheric 513 

carbon dioxide (CO2) concentrations can affect the amount of pollen produced: ragweed has 514 

been observed to produce more pollen and more allergenic pollen under increased CO2 levels 515 

(Ziska et al. 2003, Ziska et al. 2000, Singer et al. 2005).  516 

 517 

It is often assumed that trees only release pollen in spring, grasses in summer, and weeds in fall. 518 

The pollen calendars for elm and grass (Figs. 5b and 5d) show that some species of elm release 519 

pollen in the late summer and early fall and that grass pollen is detected in the atmosphere from 520 

March through November. We can use these pollen calendars to help inform the allergy 521 

community to improve diagnosis and treatment. 522 

 523 

The NAB pollen dataset has non-trivial amounts of missing data, and the number of stations is 524 

small in the western half of the continental US. The limited spatiotemporal resolution of the 525 

pollen data affected the analyses we were able to conduct. Improvement in the spatiotemporal 526 

resolution of the data would lead to more complete analyses and a chance of better health 527 

outcomes for individuals with pollen allergies. We encourage the NAB to advocate for consistent 528 

year-round daily sampling of pollen concentrations and to increase the number of stations in the 529 

western US.  530 
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AAAAI certified pollen counting stations (professionals and clinics) 540 
 541 

Stanley M Fineman, MD MBA FAAAAI, Atlanta Allergy and Asthma Clinic, Marietta 542 

(Atlanta), GA 543 

Sheila Amar, MD, FAAAAI, FACAAI, Allergy & Asthma Center of Georgetown, Austin, TX 544 

Jonathon Matz, MD, FAAAAI, & David Golden, MD, FAAAAI, Baltimore, MD 545 

Linda Ford, MD, FAAAAI, The Asthma and Allergy Center, PC, Bellevue, NE 546 

David Weldon, MD, FAAAAI, FACAAI, Scott & White Clinic, College Station, TX 547 

Robert Nathan, MD, FAAAAI, & Daniel Soteres, MD, MPH, FAAAAI, Asthma and Allergy 548 

Associates, PC, Colorado Springs, CO 549 

Donald Pulver, MD, FAAAAI, Allergy, Asthma & Immunology of Rochester, Rochester, NY 550 

Andy Roth, RAPCA, Dayton, OH 551 

Duane Harris, MD, FAAAAI, Intermountain Allergy & Asthma Clinic, Draper, UT 552 

Philip Gallagher, MD, FAAAAI, Allergy & Asthma Associates of Northeastern Pennsylvania, 553 

Erie, PA 554 

Kraig Jacobson, MD, FAAAAI, Allergy & Asthma Research Group, Eugene, OR 555 

Neil Kao, MD, FAAAAI, Allergic Disease and Asthma Center, Greenville, SC 556 

Tony Huynh, City of Houston, Houston, TX 557 

Jay Portnoy, MD, FAAAAI, Children’s Mercy Hospital, Kansas City, MO 558 

James Anderson, MLT, OSHTECH, London, ON 559 

James Sublett, MD, FAAAAI, Family Allergy & Asthma, Louisville, KY 560 

Robert Bush, MD, FAAAAI, University of Wisconsin Medical School, Madison, WI 561 

Joseph Leija, MD, FAAAAI, Melrose Park, IL 562 

Harold Kaiser, MD, FAAAAI, Clinical Research Institute, Minneapolis, MN 563 

Warren Filley, MD, FAAAAI, OK Allergy Asthma Clinic, Inc., Oklahoma City, OK 564 

Martha Tarpay, MD, Allergy & Asthma Center, Oklahoma City, OK 565 

Donald W. Pulver, MD FAAAAI, Allergy, Asthma & Immunology of Rochester, Rochester, NY 566 

Wayne Wilhelm, Saint Louis County Health Department, St. Louis, MO 567 

Robert Gomez, Wiford Hall Ambulatory Surgical Center, San Antonio, TX 568 

Alan Goldsobel, MD, FAAAAI, & James Wolfe, MD, FAAAAI, Allergy and Asthma Associates 569 

of Northern California, San Jose, CA 570 

Frank Virant, MD, FAAAAI, Northwest Asthma & Allergy Center, Seattle, WA  571 

Rhizza Adams, Springfield-Greene County Health Department, Springfield, MO 572 

James Love, Jr., MD, PhD, FAAAAI, Allergy Clinic of Tulsa, Tulsa, OK 573 

Richard Henry, MD, Asthma & Allergy of Idaho, Twin Falls, ID 574 

Pramila K. Daftary, MD, FAAAAI, Allergy & Asthma Care of Waco, Waco, TX 575 

Susan E. Kosisky, MHA, US Army Garrison-Forest Glen, Silver Spring, MD (Washington D.C.)  576 

Christopher Randolf, MD, FAAAAI, Waterbury, CT 577 

Michael Nickels, MD, PhD, Allergy and Asthma Consultants, Inc., York, PA 578 
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