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Abstract
Twenty-three years of pollen data for Fairbanks have been analyzed and related to
meteorological data (temperature, wind, relative humidity and precipitation). The purpose
of this research is to develop quantitative statistical relationships between weather
parameters and the timing and magnitude of pollen release for four taxa native to the
Fairbanks area (birch, alder spruce and grass). During the spring and early summer in
Fairbanks, dry, sunny and breezy days are common. These conditions are ideal for
establishing an unstable boundary layer and its accompanying convective circulation,
which can loft large quantities of pollen into the atmosphere. The timing of pollen release
varies from season to season by as many as 24 days. Growing degree days based upon
daily maximum temperatures and daily minimum relative humidity are the parameters
which best define the timing of the onset of significant pollen release. The day-to-day
concentration of pollen and the seasonal totals of pollen released can vary by more than
an order of magnitude. Weather plays an important part in this because the release of
pollen is a result of a drying process accompanied by turbulent circulation, which

disperses the pollen.
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Chapter 1. Introduction

Between 10 and 20% of the population suffers from pollen allergies (Ronneberger et al.
2002; Cookson 1987; Mannino et al. 2002; Nathan et al. 1997). Pollen released from
various taxa native to the Fairbanks area cause allergic reactions which can range from
very minor problems to life threatening ones. The timing of the pollen release in the
Fairbanks area varies among the four taxa and from season to season (Anderson 1986).
For a given taxon, the concentration of pollen in the atmosphere during the period of
pollen release can vary by an order of magnitude from day to day. Similarly, the total
volume of pollen released in a season can vary by an order of magnitude from one year to
another (Anderson 1984b).

A large number of studies of the relation of meteorological parameters to pollen
release have been conducted in Europe, Australia, Japan and South America (Altinas et
al. 2004; Bartkova-Scevkova 2003; Celenk et al. 2009; de Morton et al. 2011; Fehér and
Jéarai-Komlodi 1998; Galéan et al. 1995; Herndndez-Ceballos et al. 2011; Hobday and
Stewart 1973; Peternel et al. 2006; Ribeiro et al. 2008; Spieksma et al. 1985; Stach et al.
2007, 2008). All of these studies found that temperature was the most important factor in
pollen release. The results of these studies differed with regard to other factors (humidity,
precipitation, wind and hours of sunshine).

Studies of pollen concentrations have taken varied approaches. Bartkova-
Séevkova (2003) analysed pollen concentrations for betlua, Poaceae and Ambrosia
artemisiifolia during their respective pollination seasons in Bratislava, Slovakia in 1995

and 1997. The correlation between average daily pollen concentration (grains/ms),



average daily temperature, average daily relative humidity and total rainfall in 24 hours
was calculated. Temperature was positively correlated (correlation coefficients between
0.37 and 0.67) and humidity was negatively correlated (correlation coefficients between
0.14 to -0.42). Rainfall was not significantly correlated.

Celenk et al. (2009) gathered daily pollen concentration data for 66 taxa in
northwest Turkey from 1 January 2003 to 31 December 2004. The concentration data was
plotted on a pollen calendar, a bar graph showing 10-day average pollen concentration
over the course of a year. The characteristics of the pollen seasons of the nine most
important taxa were calculated. The length of the pollen season was determined by
summing the number of days with pollen concentration above a significant allergenic
value. The relations between the daily pollen concentrations and average daily
temperature, relative humidity and wind speed and total daily precipitation were
examined for nine of the taxa (Pinus sp., Olea sp., Platanus sp., Cupressaceae/Taxaceae,
Quercus sp., Poaceae, Moraceae, Urticaceae and Castanea sp.) The correlations
between these four parameters and the nine taxa pollen concentrations varied. For all four
meteorological parameters, there were both positive and negative correlations with pollen
concentrations for the nine taxa. Relative humidity was negatively correlated with
Platanus sp., Poaceae, Urticaceae and Castanea sp., it was positively correlated with
Moraceae. For pollen grains of the Urticaceae family, there was a significant positive
correlation between pollen concentrations and mean temperature and wind speed. For
pollen grains of Castanea sp., there was a negative correlation with mean temperature,

wind speed and relative humidity. It was speculated that the differences in correlations



were due to distinct source regions associated with various air flow patterns, the ability of
the grains of certain taxa to remain aloft for longer periods than others and fluctuation of
pollen production due to biannual or triennial cycles.

De Morton et al. (2011) analyzed grass pollen concentrations in Melbourne,
Australia for 16 seasons. Days with high pollen concentrations occurred with offshore
continental flow. Onshore maritime flow suppressed pollen concentration. The length of
the pollen seasons varied from 47 days to 118 days. Land use in the area was an
important factor. Extensive clearing of land or the planting of grass taxa over large
pastures both increased pollen concentrations.

Fehér and Jarai-Komlddi (1998) examined the relation of Ambrosia daily pollen
concentration in Budapest, Hungary to various weather parameters. As have others, they
found that high temperature (~>20°C), low humidity (~<30%) and sunny weather
promote pollen release. These values of temperature and relative humidity are akin to
those used in forecasting wildfire behavior (Schroeder and Buck 1970). Fehér and Jarai-
Komladi (1998) did not develop specific thresholds for these parameters. Instead, they
developed equations based upon multiple regression analysis. Cyclonic weather and rain
suppressed pollen release. In addition, they found that the daily temperature range
(maximum temperature minus minimum temperature) was more important than any other
factor related to temperature.

Galan et al. (1995) demonstrated that two areas, London, UK and Cordoba, Spain,
with significantly different climates (mid latitude maritime and subtropical continental)

have differing relations between pollen concentrations and weather factors. In London,



maximum and average temperatures are the factors most strongly correlated with pollen
concentration. At Coérdoba, the positive correlation between temperature and pollen
concentration holds from the onset to the peak of the pollen season. After the peak, the
correlation becomes negative. At Cordoba, there is a strong negative correlation between
relative humidity and pollen concentration, whereas at London, the correlation is weakly
negative.

Hernandez-Ceballos et al. (2011) utilized a network of pollen measuring stations
in southwest Spain to analyze olive (Olea spp.) pollen transport dynamics. Particular
attention was directed to nine episodes of high pollen concentrations. Peak olive pollen
concentrations in these episodes ranged approximately from 500 to 7,700 grains/ms.
Synoptic surface maps and surface weather observations (temperature, relative humidity,
rainfall, wind direction and wind speed) were used in conjunction with the hybrid single
particle Lagrangian integrated trajectory model (HYSPLIT) to calculate kinematic
backward trajectories of pollen arriving at measuring stations (Draxler and Hess 1998;
Draxler et al. 2005). Due to the significant differences in the prevalent taxa between
distinct upwind areas, source regions were an important factor affecting the taxa and
quantities of pollen observed. The largest pollen influxes were from the south. The other
important source was to the west of the station network. Correlations between olive
pollen concentrations with temperature and rainfall were not particularly strong.
Correlation coefficients for all possible combinations of pollen concentration,

temperature and relative humidity were never more than 0.4.



The importance of differences between source regions was pointed out by Dingle
(1953). Three of the four taxa studied in this research — alder, birch and spruce — are
ubiquitous around Fairbanks. In comparison to these, grasses are the prevalent taxon over
relatively much smaller areas. The grass pollen concentrations, which are much smaller
than those of the other three taxa, reflect this.

Hobday and Stewart (1973) collected data on (1) hospital admissions of children
in Perth, Australia, (2) fungal and pollen counts and (3) local weather conditions. They
investigated interrelationships between these three factors. They found a significant
association between reduction of asthma attendance and (1) increased atmospheric
ionization three days before, (2) increased atmospheric pressure two days before and (3)
increased temperature one day before.

Peternel et al. (2006) examined Ambrosia pollen concentration at a network of
three inland measuring sites in northern Croatia during three seasons (2002-2003). There
was a positive relation between high temperatures in June and an early onset of the pollen
season.

Ribeiro et al. (2008) studied hourly distributions of allergenic airborne pollen in
the city of Porto, Portugal and found that the pollen concentration of some species
typically was at a maximum in the morning and for other species in the afternoon.
Specifically, they found that Urticaceae, Cupressaceae, Acer spp. and Plantago spp.
pollen concentrations were higher in the morning than at other times. Alnus spp. (alder)
and Betula spp. (birch) pollen was mostly present in the afternoon. The highest

concentration of Poceae (grasses) was observed in the evening. Olea europaea and



Platanus spp. pollen was present at similar concentrations at all hours of the day and
night.

All of the taxa in Ribeiro et al.’s (2008) study exhibited a rise of pollen
concentration in the morning, when humidity is decreasing and wind is increasing. Those
taxa having higher pollen concentrations in the morning have delicate pollen anthers
which quickly dry and release small grains that are readily dispersed. As evening
approaches, humidity typically rises and flow in the boundary layer becomes less
turbulent. The taxa with higher concentrations in the afternoons have pollen which
readily adapts to increased humidity, and become heavier as it absorbs moisture. The
lessening of turbulent mixing allows this pollen to settle into a smaller volume of air.

Spieksma et al. (1985) observed large and highly irregular variations in Poaceae
(grasses) pollen concentration in Leiden, The Netherlands from day to day and from hour
to hour. They developed a successful technique to prepare a daily forecast of pollen
concentrations in three broad categories, based mostly on daily forecasts of maximum
temperatures and to a lesser extent on expected daily rainfall. The total annual pollen
release in Leiden in the years 1977-1981 varied by less than a factor of two, but the
distribution of high pollen concentration days varies considerably from year to year.
Thus, Spieksma et al. (1985) concluded that long term prediction of the time of the start
of the grass pollen season and of the intensity and course of the season was not yet
possible.

Stach et al. (2007) examined episodes of high concentrations of Ambrosia pollen

at Poznan, Poland using backward trajectory analysis to establish the likely locations of



source regions. They found that Ambrosia pollen episodes reaching a maximum
concentration in the morning occurred when air flow was from the south. During those
episodes in which peak concentrations were in the afternoon the air mass arrived from an
easterly direction. Stach et al. (2007) surmised that the morning peak concentrations
resulted from long range transport over one or more days, followed by night time cooling
and settling. The average daily Ambrosia concentrations in the episodes analyzed were
similar for both easterly and southerly flow. Since there was loss of pollen due to evening
and night time settling in southerly events, the initial pollen load was much larger than in
easterly events. This behavior is to be expected because the areas south of Poznan have
large, established Ambrosia populations capable of releasing very large amounts of
pollen. The pollen in easterly events appears to have originated from areas relatively
close to Poznan.

Stach et al. (2008) found that Betula spp. (birch) pollen seasons in Poland and the
United Kingdom were related to phases of the North Atlantic Oscillation (NAO) as well
as meteorological conditions in both the year before pollinations and in the same year that
pollen is released. At Poznan, there are significant correlations between Betula season
severity and temperatures, rainfall and averages of the NAO in the year before
pollination. At Worchester, there were significant positive correlations between the
Betula season severity and temperatures and averages of the NAO in the winter and
spring before pollen release. At both Worchester and London, there were negative

correlations between Betula season severity with the same variables from the year before



Little work on pollen release has been done in Alaska. Durham (1941) gathered
samples on slides set in Juneau, Fairbanks and Nome during July, August and September
in 1939. He obtained pollen concentrations from five taxa: grasses, chenopod, pine, sedge
and sage. The largest concentrations were for grasses — which Durham (1941) noted had
a well-defined pollination season during the first two weeks of July at Juneau and
Fairbanks and during the last week of July and the first half of August at Nome. Durham
found the most pollen in Nome and the least in Fairbanks. Since the period in which
Durham acquired data was well after the usual pollen season in Fairbanks this result is
not surprising.

Anderson (1984a, 1984b, 1985, 1986) gathered pollen and spore concentration in
Anchorage, Fairbanks, Palmer, Juneau and Whitehorse. He developed pollen calendars,
which graphically display pollen concentration of several taxa vs. the calendar date.

Fathauer et al. (2004) developed similar pollen calendars for the four taxa
examined in this study. These calendars show that different taxa have distinct seasons.
Other investigators have developed similar pollen calendars for taxa other than those
investigated in this study (Mitakakis and Guest 2001; Docampo et al., 2007). Of the four
taxa for which Anderson gathered data in Fairbanks, birch is the first to release pollen,
followed by alder, spruce and grasses, respectively. The grasses release pollen weeks
after the other taxa, which all begin pollen generation in the year before release (Alden
1985). Grasses produce pollen in the same year as it is released. Since grasses must
complete the entire process of pollen generation in one season, rather than two, their

pollen is not ready for release until mid summer, rather than in May and early June.



Anderson (1986) first considered the process of green-up in Fairbanks, which is
the rapid transformation of Interior Alaska from the brown colored landscape at the end
of winter to spring green as the leaves of deciduous trees burst forth. Green-up of
deciduous taxa occurs close to the time of pollen release, and is a similar process because
the opening of leaf buds is similar to the opening of pollen buds. Anderson noted that
green-up is sudden enough to assign a single calendar data for its occurrence.

Thoman and Fathauer (1998) used green-up dates for Fairbanks for the years 1974
and 1976 through 1998 (J Anderson and R Elsner, 1998, personal communication), and
applied statistical correlation tests of the green-up dates vs. a number of temperature
indices calculated from meteorological data taken at Fairbanks International Airport
(1974-1998). The most successful results were obtained using a form of growing degree
day. A similar approach had been taken by Perry et al. (1987) to predict harvest dates of
apples. The growing degree day (GDD) was calculated by using the maximum
temperature (Tmax) for a day in°C for each calendar day, beginning on 1 March of each
year, for 24 years of data. If Tyax =< 0°C, then for that calendar date GDD = 0°C. The
sum of all calendar day growing degree days from 1 March through the date of green-up
for each year was calculated. The mean GDD total (XGDD) to green-up was 401°C, the
standard deviation (c) was 44°C and the coefficient of variance (CV = o/ZGDD) was
0.11.

This result suggested that thermal indices could be applied in the same manner to
determine the date of pollen release for various taxa. Indeed, similar thermal indices have

been used to calculate the day of pollen release (Anderson 1986), and to determine the
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effect of temperatures on annual shoot growth of white spruce (Picea abies) (Bergan
1983).

Fathauer et al. (2004) analyzed 23 years of daily pollen concentration data (in
grains/m3) for four taxa in Fairbanks. The spring and summer environment in Fairbanks
in particular, and in the sub-arctic in general, differs from that of the mid latitudes,
primarily due to the extended period of sunshine. During dry, relatively cloud-free
weather, pollen buds have many hours of drying time. During cloudy, rainy weather,
there is little if any drying of pollen buds. Some of the 23 years in this study had
extended periods of low concentrations and others had large concentrations released in a

few days, with a very large maximum concentration.
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Chapter 2. Materialsand Methods

Daily pollen and spore concentrations for 39 taxa were gathered by J Anderson at the
University of Alaska in 1978 and 1981-2002. The data for the years 1978 and 1981 were
gathered using a Durham gravimetric sampler. The data for the years 1982 through 2002
were gathered using a Burkard 7-day volumetric sampler, located on the roof of the
Arctic Health Research Building at the University of Alaska Fairbanks (Figure 1). The
sampler was located about 10 m above ground level. The Durham and Burkard samplers
were run side by side for eight years. The data from these samplers was highly correlated
(Anderson 1991). Daily pollen concentrations for the four locally most important taxa —
birch (Betula papyrifera, mostly, and B. glandulosa), alder (Alnus crispa), white spruce
(Picea glauca and P. mariana) and grasses (Gramineae, mostly, Calamagrostis
canadensis, Bromis inermis and Hordeum jubatum) were gathered for the pollen seasons
of 1978 and 1981 through 2002 — a total of 23 years. The present study analyzes the

pollen concentrations of these four taxa.
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Figure 1. The Burkard 7-day volumetric sampler. (Photo courtesy of J Anderson).

Burkhard samplers have been used for decades. The Burkhard sampler is a wind-
oriented, aspirated sampler which gathers airborne particulates on a coated slide. Pollen
counts are done manually using a microscope (Hirst 1952; Altinas et al. 2004). Pollen
concentration is calculated by dividing the number of pollen grains (the pollen count) by
the volume of air which passes through the sampler during the sampling period.
Anderson’s data was taken over a 24 hour sampling period. It therefore represents the
daily average concentration. It does not provide information regarding fluctuations of
pollen concentration over shorter periods of time, e.g., hourly. The total pollen release for
a season is the sum of all of the daily pollen concentrations for the season. Figure 2
shows images of birch and spruce pollen grains. Figure 3 shows images of grass and alder

pollen grains.
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L= wEm .

Figure 2. Birch pollen grains and spruce pollen grains. Birch pollen grains (top) are
approximately 0.025 mm in diameter. Spruce pollen grains (bottom) are about 0.11 mm

in length. Both are stained here. In nature both are yellow in color. (Pictures courtesy of J

Anderson).
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Figure 3. Grass pollen grain and alder pollen grain. Typical grass pollen grains (top) are
approximately 0.025 to 0.035 mm in diameter (Geisler 1945). Typical alder pollen grains
(bottom) are approximately 0.015 to 0.020 mm in diameter (Ronneberger et al. 2002).

(Pictures courtesy of J Anderson).

There was one period in Anderson’s data in which only one pollen count was
taken over several days: 15-27 May 1992. In this case, Anderson divided the total pollen
count by the number of days to yield an average daily concentration for the period. The
average daily concentration was entered for all days in the period. As a result, the onset
dates for both birch and alder, and the magnitude and date of the peak daily concentration

for birch, had to be estimated. The 1992 season release of alder was the fourth largest in
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the record, and the release for birch was the fifth smallest in Anderson’s record. The
estimated peak concentration for birch in 1992 was the fifth smallest in the record. The
total season release data for all four taxa was not effected.

Weather data from Fairbanks International Airport from the National Climatic
Data Center (NCDC 1977-2002) was used to evaluate the correlations between the timing
of significant pollen release, the magnitude of peak daily pollen concentration and the
cumulative pollen release for a season. Fairbanks International Airport is located at 64°
49" N 147° 51'W at an elevation of 133 m. The pollen sampling was performed on the
roof of the Arctic Health Research Building, located approximately 5 km north of
Fairbanks International Airport at an elevation approximately 50 m above the airport

(Figure 4).

Figure 4. Google map of the pollen sampling site and surrounding areas, and the

National Weather Service (NWS) station at Fairbanks International Airport.
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During the summer pollen season in Fairbanks, the air is typically well mixed
from 1 to 3 km above ground level during the afternoon hours (NCDC 1978-2002). Thus,
due to close proximity and the well mixed nature of the air mass during the warmest and
most windy part of the day, the weather data from Fairbanks International Airport can be
presumed to be closely representative of meteorological conditions at the pollen sampling
site.

Plotted daily values of pollen concentration, temperature, relative humidity, wind
speed and precipitation vs. Julian date were examined for each taxon for the 23 individual
seasons for which pollen data was available. Based on this examination and on the known
processes of pollen development, release and transport, the parameters which were
selected for investigation were daily high temperatures (Tmax>20°C), minimum relative
humidity (RHmin<30%), little or no precipitation (RR<1lmm) and peak wind gusts
(VVv>12m/s).

Plant health is considered important in this analysis. The great variation in pollen
release in Fairbanks from one season to the next reflects how sensitive plant health, and
therefore pollen release, is to external forces. As previously mentioned. birch, alder and
spruce, pollen generation begins in the summer of the year before its release while grass
pollen is released in the same summer that it is formed. The portion of the year when
active growth is in progress in Fairbanks extends from May through September.
Favorable temperature and precipitation during this period promote pollen development.
Thus, temperatures and precipitation from May through September were chosen to be

among the meteorological factors relevant to the health of the four taxa in this study.
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The period of plant dormancy in Fairbanks begins in late September and ends in
April as the temperatures are below and above freezing, respectively, for at least part of
the day. Winter temperature was assumed to be important to taxa such as spruce, birch
and alder which form pollen above the winter snow cover. Since grass pollen is formed
close to the ground, and grass is under the snow for most of the winter, temperature
during the winter months was assumed to be relatively unimportant to grass pollen
production.

Over-winter accumulated precipitation minus sublimation and evaporation
determines the amount of water available to plants in spring (Md&lders et al. 2003a,
2003b). In this study, sublimation is assumed to be small compared to the total
precipitation and is therefore neglected. This assumption is based upon National Weather
Service (NWS) precipitation and snow core measurements of the water content of the
snow pack at Fairbanks International Airport (NCDC 1978-2002). Although the amount
of precipitation water content lost by sublimation from the snow pack over winter varies
from one year to another, it is not considered significant in this study.

Following the transition from the winter season, when temperatures are
continuously below freezing, to spring, when snowmelt begins, the loss of the water
content from the snow pack is largely due to evaporation. This loss can be significant.
Eaton and Wendler (1982) calculated that the snowpack at Fairbanks in the spring of
1980 lost one third of its water content due to evaporation.

Computation of the water available from snowmelt in the spring in Fairbanks is

not a simple procedure. All meteorological factors being similar, the time required to
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melt a large snow pack is longer than for a smaller snow pack. Thus, it can be argued that
there is more evaporative moisture loss in large snow packs. Numerical studies (Mdlders
and Walsh 2004) show that snow-pack thickness affects soil temperature. Thus, the
variation in snow pack thickness may affect pollen production and release.

Further complicating the matter, birch, alder, spruce and grasses around Fairbanks
have differing zones of growth, primarily as a function of elevation (USGS 1979).
Finally, as is the case in much of the world, precipitation in the Fairbanks region is
augmented with increasing elevation.

Therefore, the over-winter precipitation measured at Fairbanks Airport in this
study is considered an index, not as a precise measure of the water from snowmelt which
will infiltrate the ground and be available for plant growth. Above normal over winter
precipitation is considered to provide more water for plant growth then below normal
over winter precipitation.

Once pollen has been formed, its release is initiated by drying — a rapid process
that can take place within only 1 to 2 hours. Thus, the time interval for examination of
meteorological parameters relevant to pollen release shifts from the months during which
pollen is formed to one day at a time at the beginning of the period of pollen release.

Lowering humidity and rising temperature are the principal meteorological
parameters involved in the pollen drying process. Humidity rises in conjunction with
precipitation. Wind serves to dislodge pollen grains and to transport them. The NCDC
climatological normals tables for Fairbanks International Airport show that May is the

windiest month of the year (Table 1).
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Figure 5 shows the average pollen count for each calendar day, based on the 23

years of pollen data available. Birch is the earliest and largest pollen release, followed by

successively later and smaller releases of alder, spruce and grass pollens. May is the

month when most of the pollens from birch, alder and spruce are released.

Table 1. Average monthly wind speed at Fairbanks Airport based on data 1952 — 2002

(51 years).

Month Monthly average wind speed (m/s)
January 13
February 1.7

March 24

April 3.0

May 3.4
June 3.2
July 3.0
August 2.7
September 2.7
October 24
November 1.7
December 1.3
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The release of grass pollen occurs much later than that of birch, alder and spruce,
namely from mid June through July. As previously mentioned, the entire process of grass
pollen generation is confined to only one season, rather than commencing the year
before, as is the case with birch, alder and spruce. Thus, it is not surprising that having a
late start of formation, grass pollen is released later than the other three taxa in this study.

Grass pollen buds are located much closer to the ground than those of the other
three taxa examined in this study, and are not exposed to the full force of the wind farther
up in the atmospheric boundary layer. Thus, wind speed was not expected to be as
important to the release of grass pollen as to the release of birch, alder and spruce pollen.

Another factor examined in this study is the occurrence of wildfires. Wildfires are
a disturbance in the environment. Alaska wildfire frequency and intensity, and area
burned have varied considerably in recent years (Molders and Kramm 2007), including
the years for which pollen data was available for this study.

If a large area is burned in a given year, it can be assumed that areas downwind
would have reduced pollen influx in the year of the fire (provided the fire burned before
the release of pollen would have occurred) and during several seasons in years after the
area is burned. There are complications in analyzing this aspect. First, wind flow changes
continually, so a given area could be downwind of a fire burned zone for part of the time,
but certainly not all of the time, during fire and pollen seasons. Second, the time required
for regeneration to the stage at which pollen production can resume would vary among
taxa. For some taxa, the time required could be several years (Alden 1985; Owens and

Molder 1979; Owens 1985).
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Statewide data for acres burned each year shows great variation from year to year.
For the years in this study, large areas (>5,000 km?) in Alaska were burned in: 1977,
1988, 1990, 1991, 1997 and 2002. The area burned in 1977 would not be producing
pollen in 1978, which is the first year of pollen data in this study. The cumulative pollen
release for all four taxa in the two years following large fire seasons ranged from less
than 5,000 (1999) to almost 25,000 (1989).

A good deal of work has been done to investigate pollen trajectories (Bacles et al.
2006; Belmonte et al. 2008; Chamecki et al. 2009; Fotiou et al. 2011; Gassmann and
Pérez 2006; Gassmann and Gardiol 2007; Izquierdo et al. 2011; Rousseau et al. 2004;
Sikopariga et al. 2009; Skjgth et al. 2009; Sofiev et al. 2006). These studies investigated
trajectories in scales ranging from mesoscale, as in sea-breeze circulations to large
synoptic scale transport from the mid latitudes in the northern hemisphere to the north
pole. There is one theme common to them all: while pollen grains can be transported over
very large distances, the fraction of grains, which remain in the air decreases rapidly with
time. Hence, the reduction of pollen flux from fire burned areas was not considered
relevant to this study.

Considerable damage can be done to plants by insects and diseases — both of
which recur periodically (Holsten et al. 2001). For example, the spruce budworm
(Choristoneura spp.) is a significant pest to Fairbanks area white spruce (Holsten et al.
1999). Its infestations can run from 2 to 5 years, and are followed by dramatic and rapid

population declines. Such infestations are difficult to factor into a biometeorological
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study. Their occurrence appears related to natural limits to their duration rather than to
meteorological factors.

Data on insect infestations statewide (U. S. Forest Service 1977-2002) shows
great variation in various insect pests from year to year during the years covered by this
study. Large infestations destroyed more than 1,200 km? of spruce in 14 of the 23 years
of this study. The total spruce pollen release measured at Anderson’s sampler in the year
following each of these infestations ranged from 607 to 7,446 grains/m3. The mean
season release for spruce pollen during Anderson’s study was 2,938 grains/ms.
Infestations of birch, alder and aspen destroying more than 400 km? occurred in 4 years
of the study (1980, 1986, 1987 and 1991). The season releases in the following year
(1981, 1987, 1988 and 1992) ranged from 2,755 to 26,717 grains/m3 of birch pollen and
from 1,664 to 4,599 grains/m3 of alder pollen. The mean season release of birch pollen
measured by Anderson was 10,155 grains/m3, and 2,965 grains/m3 for alder.

Werner (2010) set insect traps at the Bonanza Creek Long Term Ecological
Research Area (LTER), which is located 24 km southwest of the location of Anderson’s
pollen sampler at the University of Alaska Fairbanks. Werner (2010) counted the number
of three pest species: the spruce beetle, the Ips beetle and the larch beetle. His data covers
the years 1975-2007 and 2010 — which include all of the years investigated in this study.
The spruce beetle (Dendroctonus rufipennis) and Ips beetle (Ips spp.) infest white spruce.
The larch beetle does not infest any of the taxa in the study. Werner did not gather data
on insects, which infest birch or alder. While Werner’s data only includes two pests of

one of the taxa in this study, its obvious advantage is that it was gathered at a site close to
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Anderson’s sampler, so it is presumed to be representative of insect populations that
would affect white spruce in Fairbanks. Werner counted large numbers (>1,800) of the
combined spruce and Ips beetles in 1984, 1985 and 1986. If these infestations had an
impact, the spruce pollen would have been reduced in the following seasons — i.e. 1985,
1986 and 1987. Surprisingly, there was not a large decrease in spruce pollen collected at
Anderson’s sampler in these years. In the three years following infestations at LTER, the
combined spruce pollen releases measured by Anderson were 1,438, 307 and 7,446
grains/m3, respectively. The mean season spruce pollen release during Anderson’s study
was 2,938 grains/m3. If the infestations of spruce in 1984, 1985 and 1986 had really
caused a large decrease in spruce pollen, the release should have decreased substantially
by 1987, after three consecutive years of infestation. In fact, the spruce pollen release in
1987 had increased to more than twice the mean spruce pollen concentration in the 23
years in which data was collected. In conclusion, it appears that neither statewide nor the
nearby LTER insect infestations would correlate using standard analysis of variance
(Wilks 2006) to any consistent effects on the pollen that Anderson collected at the
University of Alaska. The infestations of spruce pests were followed by years with very

large ranges of spruce pollen releases.
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Chapter 3. Resultsand Discussion

The dates of green-up in Fairbanks vary considerably. Figure | illustrates green-up dates
in Fairbanks for 1978 and 1981-2002 — the same years of the pollen data used in this
study. The green-up dates in the 23 years of data range from April 29 through May 25 - a
range of 27 days. The length of this time is surprising. Fairbanks summers are short and
intense, and flowering plants have little time to lose. Nonetheless, the four taxa in this
study exhibit a similar tolerance for a large range of dates on which pollen release can
begin. This tolerance is not exhibited in some other taxa in Fairbanks. For instance, the
Siberian crab apple (Malus baccata) flowers very briefly, in the first 10 days of June

(author’s personal observation 1983-2012).

Fairbanks, Alaska
Green-Up Dates
1978, 1981-2002

Day of Manth

1 | | B ol ; |
2 B B B B BN i | i B 8 N

Date of Green-up

Figure 6. Green-up dates in Fairbanks in 1978 and 1981-2002.
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Significant pollen release is defined in this study as pollen concentration at or

above a level generally accepted to pose a risk to people with pollen allergies (Hobday

and Stewart 1973; Nathan et al. 1997). The thresholds for significant pollen concentration

used in this study are listed in Table 2.

Table 2. Thresholds for significant pollen concentration (grains/md).

Birch 50
Alder 30
Spruce 20
Grass 4.0

The first day on which pollen concentration of a taxon reaches its threshold is

defined in this study as the date of the onset of pollen release of that taxon. Table 3 lists

the earliest and latest dates of the onset of pollen release of the four taxa.

Table 3. Earliest and latest dates of the onset of significant pollen release.

Taxon Earliest release date Latest release date
Birch April 30 May 23
Alder May 2 May 24
Spruce May 15 June 6
Grass June 14 July 6
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Plots of total pollen release by year of individual taxa are shown in Figures 7 to
10. These plots reveal great differences from one year to another, as well as large ranges
over the 23 years for which data was available. The ranges are (in grains/m3): grass: 25-
260; spruce: 607-7,446; alder: 1,252-5,719; birch: 1,366-26,717. Further, in some years,
there appeared to be only a weak linkage or none at all, between various taxa. This
finding suggests that statistical regressions for different taxa differ considerably. For
example, as shown in Table 4, the 2001 grass pollen release was at a medium level (171
grains/m? total release for the season compared to a mean season release of 161
grains/m3), while alder, spruce and birch were decidedly low (1,451, 929 and 2,565
grains/mé3, respectively). The total season pollen releases for all four taxa combined are

shown in Figure 11.

Table 4. Total 2001 season pollen release vs. mean season pollen release (grains/md).

Taxon 2001 Season Release Mean Season Release
Grass 171 161

Alder 1,451 2,965

Spruce 929 2,938

Birch 2,565 10,155
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The average timing of pollen seasons of the four taxa in this study is evident in
Figure 6. Plots of daily pollen counts for individual years show a range of the onset of
pollen release, peak concentration and cumulative seasonal pollen counts. The alder data
shows two distinct periods of pollen release, the first and smaller one is presumed to be
the release of a subspecies, Alnus tenuifolia (P Holloway 2011, personal communication).
Anderson dubbed this taxon early alder. Early alder pollen release is not evident in some
years; in Anderson’s data, there was no discernible early alder pollen release in 1978 and
1982. In calculating total season release for alder pollen, the releases from both taxa
(Alnus crispa and Alnus tenuifolia — alder and early alder) were included, due to the
difficulty of separating the releases of the two taxa.

Figures 12 through 15 illustrate examples of low and high pollen release years for
each of the four taxa. In Figure 12, the release of alder becomes significant when daily
maximum temperatures begin reaching 15°C and the daily minimum relative humidity
drops to a range of roughly 20% to 25%. The drop in relative humidity is particularly

noticeable for alder.
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In Figure 13, the release of grass pollen does not become significant until the
daily maximum temperatures reach 20C and the daily minimum relative humidity drops
to a range of 20% to 35%. Both the rise in temperature and drop in humidity are well

marked before the onset of significant grass pollen release.
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Figure 14, for spruce, shows a great contrast between a year of low release (1986)
and a year with a large release (2000). The threshold for daily maximum temperature is
close to 20°C, and the threshold for minimum relative humidity is in a range from 20% to
30%. The very low spruce pollen release in 1986 is difficult to understand. The 1985
summer (May — September) temperature was 0.2C below normal and the precipitation
was 112% of normal. The over-winter (October, 1985 — April, 1986) temperature for
1986 was 0.1°C above normal and the precipitation was 70% of normal. The April 1986
temperature was 3.7C below normal and the May 1986 temperature was only 0.1°C
cooler than normal. The spruce pollen release for 1986 was 307 grains/m3 compared to a
mean release of 2,938 grains/m2. In summary: aside from cooler than normal weather in
April, weather conditions in the year prior to the 1986 season were not at all unusual, but

led up to a very low spruce pollen release.
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Figure 15 illustrates examples of low and high pollen releases for birch. Birch is
the first of the four taxa to be released. This fact is reflected in a threshold daily
maximum temperature around 15C and minimum relative h umidity from 20% to 25%,
typical weather conditions in spring in Fairbanks. The taxa having later releases do so in
weather that is usually warmer and less dry than during the period in which birch pollen

is released.
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Figure 15. Birch pollen, temperatures and relative humidity in 1986 and 1987. 1986 was

a low pollen release year. 1987 was a high pollen release year.
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There were high releases for spruce, birch and alder were in 2002. Hot, dry
weather (temperatures up to 27°C and no precipitation for 10 to 14 days before release).
The grass pollen release in 2002 was 138 grains/m3 compared to a mean of 161 grains/m3.
The 2002 season followed distinctly low releases in the 2001 season. May, 2001 was
2.3°C cooler than normal.

For all four taxa, wind speeds during the onset of significant pollen release almost
always fell between 4m/s and 8 m/s.

By far the largest 24 hour grass pollen release was in 1992, when the peak pollen
concentration reached 33.6 grains/mé on July 14. A thunderstorm was observed at
Fairbanks that evening. The storm could have produced strong, gusty downburst winds
which shook the pollen from the grass and lofted it. This event, with respect to pollen
release, was an unusual case. The 1992 grass pollen season was one of the three latest in
Anderson’s data; the grass pollen seasons of 1978, 1992 and 2002 all began on July 6.
The common factor in these three years was the very slow rise in pollen concentration
before the onset of significant release.

The data for highest and lowest pollen release and weather data are presented in
Table 5. For birch, alder and spruce, years with high pollen release have earlier onsets;
those with lower releases begin later. Grass pollen release is larger for later onsets. If the
precipitation during the previous summer (May through September) is high, the releases
are generally lower for all four taxa. The mean over-winter (October through April)
temperature seems to have no discernible effect on pollen release in the spring. If the

over-winter precipitation is high, the pollen release in the spring tends to be high. Warm



42

Aprils (mean temperature >3C above normal) lead to higher pollen release for the
season, except for grasses. Warm Mays (mean temperatures >2°C above normal) tend to

lead to larger pollen releases for birch and alder.
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Table 5. Highest and lowest season releases and corresponding weather data.

Temperatures are mean temperatures.

Birch | Birch Alder | Alder | Spruce | Spruce Grass Grass
Max Min max min | Max Min Max Min
Year 1987 | 1986 1997 | 1984 | 2000 1986 1985 1999
Concentration
grains/m?3 26,717 | 1,367 5,719 | 1,139 | 7,914 307 260 25
Onset day 5/8 5/23 5/11 5/19 | 5/30 6/6 6/5 5/11
Temp. prev.
summer (°C) | 12.7 11.8 11.9 124 | 12.6 11.8 12.3 12.3
Precip. prev.
summer 166 198 169 169 188 198 152 240
(mm)
Over-winter
temp. (°C) -11.0 | -13.9 -15.0 |-129 | -13.9 -13.9 -13.0 -13.9
Over-winter
precip. (mm) | 87 68 78 126 | 109 68 136 43
April  temp.
CO) 1.7 -4.4 1.9 -09 |-01 -4.4 -6.2 0.4
May temp.
CO) 10.5 8.8 94 8.4 6.9 8.8 8.2 8.3
June  temp.
) 16.6 17.0 17.3 164 | 164 17.0 14.3 16.3
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Based upon what parameters seemed most promising, scatter plots and best fit
lines were prepared for the total season release of all four taxa vs. the average
temperature of the summer (May through September) of the previous year and the over-
winter (October through April) precipitation. These best fits are presented in Figures 16
through 19. Figures 20 through 23 show scatter plots of spring weather to the total season

pollen release.
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Figure 19. Grass and spruce pollen vs. over-winter precipitation.
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Figure 20. Alder and birch pollen vs. mean April temperature.
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Total Spruce Pollen Release vs. April Average
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Figure 21. Spruce pollen vs. mean temperature for April and May.
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Figure 22. Grass pollen vs. mean temperature for April and May.
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Total Grass Pollen Release vs. June Average
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Figure 23. Grass pollen vs. mean June temperature and precipitation in May.
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The plots for the total season pollen release vs. the previous summer’s average
temperature (Figures 16, 17) are consistent among birch, alder and spruce: warmer
summers lead to more pollen release. Grass pollen displays a weak negative correlation to
summer temperature.

Over-winter precipitation (the sum of liquid precipitation and the water content of
snowfall) has a positive correlation with total season pollen release for all four taxa
(Figures 18, 19). There is one point on these charts, which appears to be an outlier: the
winter of 1990-91, in which the total precipitation was 212 mm. This winter had the
largest amount of snowfall in 98 years of continuous records, and a very late melting of
the snow pack. If the data point for this over-winter precipitation is excluded from the
database used in this study, the correlation between above normal over-winter
precipitation and larger than normal pollen release would be much improved for all four
taxa.

The correlation between April average temperature and birch, alder and spruce
total season pollen release (Figures 20, 21) is somewhat better than that for the previous
summer’s average temperature. This behavior seems reasonable because April is the
month before the onset of significant pollen release for those three taxa. The correlation
between May average temperature and the total season pollen release for spruce (Figure
21) is similar to April’s correlation for this taxon.

This result is consistent with the findings of Fehér and Jarai-Komlodi (1998), that
the daily temperature range gives the best correlation between temperature and pollen

release. Spring and summer days in Fairbanks with higher than normal maximum
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temperatures can be expected to have more of a range between daily high and low
temperatures than cool days which are prone to have less of a range.

The charts of the total season release of grass pollen (Figures 22, 23) go in the
opposite direction: the correlations with April, May and June average temperatures and
for May precipitation are all negative. The only parameter with which grass has a
correlation similar to those for the other taxa is over-winter precipitation. Clearly, grass
pollen release responds to weather in a manner considerably different from the way in
which birch, alder and spruce respond. This behavior could be expected. Both the pollen
generation season and the growing environment of grass are quite different from those of
the other three taxa.

The response of the grass pollen release to weather seems counter intuitive. The
plots indicate that cool, dry weather in the two months leading into the release season of
late June through July favor more pollen release than warmer weather with more
precipitation. Indeed, dry summer weather in Fairbanks tends to be warm, while rainy
summer weather tends to be cool.

Pollen release can be viewed on several time scales. The first part of this study
has emphasized the seasonal scale (roughly one year in advance of pollen release). This
scale emphasizes the magnitude of the seasonal pollen release. The monthly or weekly
time scale emphasizes the timing of the onset of significant pollen release (Kasprzyk
2008, 2009). In this study, the approach of Thoman and Fathauer (1998) was used to
develop GDD, base 0°C, for the onset dates of significant pollen release for the four taxa

in this investigation. In addition, the values of GDD for green-up date in Fairbanks were
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calculated for the same 23 years as those for which pollen data was available. The values
obtained are in Table 6. Note how close the green-up data obtained in this study are to the
values obtained by Thoman and Fathauer (1998). The years in the respective studies
overlap. In this study, the years 1978 and 1981-2002 (23 years) were used. In Thoman
and Fathauer (1998), the years 1974 and 1976-1998 were used (24 years, 19 in common
with this study). Both studies used the same approach employing the GDD (growing

degree day, base 0°C).

Table 6. Growing degree days vs. pollen onset dates and green-up dates, based on pollen

data from 1978 and 1981-2002 and on green-up data from 1974 and 1976-1998.

Taxon Mean GDD total Standard deviation | Coefficient of
GDD (°C) o (°C) Variance (GDD/o)
Alder 471 72 0.15
Birch 403 47 0.12
Grass 1,319 251 0.19
Spruce 643 60 0.09
Green-up 401 42 0.10
Green-up — Thoman 401 44 0.11
and Fathauer (1998)

Following this, the mean Julian (JDmesn) dates for: (1) the onset of significant
pollen release for each of the four taxa and for (2) green-up were calculated. The mean

maximum daily temperatures matching each of these Julian dates (Tmaxja) Were tabulated.
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The number of growing degree days (GDDmaxja) corresponding to each Tpmaxja Were
calculated. Since the base of each GDDimaxja IS 0°C, GDDimaxja = Tmaxjd- Each standard
deviation was divided by its corresponding GDDymaxjq to yield the number of days (D)
within a range of one standard deviation of each Julian date. This calculation is intended
to provide a measure of predictability of the dates of the onset of significant pollen

release of each of the four taxa and of green-up. These statistics are tabulated in Table 7.

Table 7. Predictability of pollen onset dates and green-up dates.

Taxon Mean day of Corresponding Days within one standard
event growing degree days deviation
(JDmean) (GDDimaxja) (°C) (Dio)

Alder May 15 16.1 4
Birch May 11 15.0 3
Grass June 26 23.3 11
Spruce May 25 18.3 3
Green-up May 11 15.0 3

Examination of pollen and weather data for each taxon and each season revealed
that the threshold daily maximum temperature values for the onset of significant pollen
release are lower for the earlier releasing taxa, (birch and alder), near 15°C, and close to
20°C for the later releasing taxa (spruce and grass). The threshold values of daily
minimum relative humidity are quite low for birch and alder (typically 20% to 25%),

typically from 20% to 30% for spruce and 20% to 35% grass. The average minimum
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relative humidity on the day of the onset of significant pollen release is 25% for birch,
alder and spruce and 33% for grass. Since grass pollen must begin generation in the same
year as it is released, it requires more time before significant grass pollen to begin. July
weather in Fairbanks has the highest monthly normal temperature of the year and has
more precipitation (55 mm) and thus a larger mean humidity (71%), than May (54%) and
June (56%). The normal monthly temperature and precipitation data for Fairbanks are

shown in Table 8. Strong winds (>10 m/s) are not required for significant pollen release.

Table 8. Average monthly temperature and precipitation in Fairbanks May - July.

Month Average monthly temperature ("C) | Average monthly precipitation (mm)
May 8.9 17
June 15.2 35
July 16.3 48

Proceeding from the effect of weather on pollen release on seasonal and monthly
time scales, the weather during days with very high pollen releases was considered.
Individual days of very high releases were selected, and the afternoon Fairbanks
soundings for those days were examined. These soundings are shown in Figures 24

through 27.
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Figure 24. Skew-T chart for Fairbanks at 00 UTC 11 May 1993. There is a mixed layer

approximately 2,000 m deep. The high temperature that day was 16. The minimum

relative humidity for the day was 27%. The average birch pollen concentration on that

day was 969 grains/m3. There was no alder, spruce or grass pollen present. The

concentration of birch pollen on the evening of 10 May 1993 rose to a potentially lethal

level (author’s personal observation, 1993).
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Figure 25. Skew-T chart for Fairbanks at 00 UTC 21 May 2002. There is a mixed layer
approximately 2,000 m deep. The temperature inversion just above the mixed layer
would limit further upward mixing. The air mass was very dry. The high temperature that
day was 27C. The minimum relative humidity for the day was 18%. The birch pollen
count on that day was 9,299 grains/m3 the highest pollen count for any taxon in the 23

years of Anderson’s data.
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Figure 26. Skew-T chart for Fairbanks at 00 UTC 27 May 2002. There is a mixed layer
approximately 4,000 m deep with a thin, more stable layer on top. The air mass was quite
dry. The high temperature that day was 27C. The minimum relative humidity for the day
was 18%. The alder pollen count on that day was 623 grains/ms3. The spruce pollen count
on that day was 2,880 grains/m3, the highest count for spruce in Anderson’s 23 years of

data.
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Figure 27. Skew-T chart for Fairbanks at 00 UTC 10 July 1982. There is a shallow

mixed layer approximately 500 m deep. The air mass was moist. The high temperature

that day was 2. The minimum relative humidity for the day was 57%. The high

temperatures on the three preceding days were: 28, 31°C and 30°C. The grass pollen

count on that day was 24.3 grains/m3.

On the high release days, daily maximum temperatures above 25°C on those days,

or on several days before, were common factors. So was relative humidity below 30%.

The high release of birch pollen on 10 May 1993 came during a period of daily high

temperatures of 12C to 18°C. The total rainfall for 6-10 May was 9 mm. The deciding
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factor in that case appears to have been rapid drying and a deep unstable, surface based
layer.

An important process, which can take place several times during the pollen
seasons, is removal of pollen from the air by rainfall. The rainfall required to significantly
reduce pollen concentrations is small — typically 1 mm to 5 mm for birch and alder, 3 mm
to 6 mm for spruce, and 5 mm to 20 mm for grass. The higher rainfall rate required for
spruce, compared to birch and alder is due to the larger size of the spruce pollen grains.
Since grass releases its pollen at a time of year when precipitation is more than twice of
what it is in May, its pollen must be able to release and to remain airborne during weather
with higher humidity and rainfall than the weather in which birch, alder and spruce
release and remain airborne. Recovery of pollen concentrations following removal by
rain can be rapid — only a day or two free of rainfall are required for this recovery.
However, rain free weather following a decrease in pollen concentration does not assure a
significant recovery of the amount of pollen in the air. Removal of nearly all of the pollen
in the air is not possible until the time that the end of the pollen season is near. In most
seasons, a small amount of pollen lingers for days or for as long as two to three weeks
after pollen concentration drops below levels of clinical concern.

There are changes in pollen concentration that occur in a time scale of hours
(Barnes et al., 2001; K&pyla 1984; Ribeiro et al. 2008). The patterns of these changes
vary from one taxon to another. Study of changes in an hourly time scale requires hourly
pollen and weather data. Anderson (1986) gathered Fairbanks birch pollen concentration

data for ten days in 1983 (May 12-17 and May 20, 25, 30 and-31) on a 2 hour interval.
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There were very large circadian changes in birch pollen concentration, some as large as
an order of magnitude within 24 hours. The maximum daily concentrations occurred
mostly at mid-day or early evening, particularly for days with high maxima. Such large
fluctuations in pollen concentration are clinically significant. Anderson’s data showed
that such large circadian fluctuations are more likely on hot and breezy days than on cool,
calm days.

Sassen (2008) used a different technique to observe variations in pollen
concentration. Polarization (0.694 pm) lidar observations indicated large variance of
pollen concentrations over periods of minutes, particularly within a turbulent boundary
layer. The magnitude of these variations was much greater than changes in pollen
concentrations averaged over 24 hours. Thus, as in the case of the evening of 11 May
1993 (Figure 24), local pollen concentrations can be much larger than conventional time-
averaged samples.

Beyond the hourly, daily, monthly or seasonal scales are longer term, decadal
responses of pollen release to changes in weather (Anderson 1986; Emberlin et al. 1997,
2002). These responses are outside of the scope of this study and they are important to
investigate for the purpose of foreseeing the impacts of a changing climate to the
environment. Figures 28 and 29 display a trend toward greater pollen release in birch,
alder and spruce that Anderson (1991) noted in the shift to more pollen production after
1986, as is also shown in Figure 11. A number of investigators (Emberlin et al. 1997;
Emberlin et al. 2002; Frei and Gassner 2008; Hartman and Wendler 2005; Jé&ger et al.

1996; Jato et al. 2009; Ziska et al. 2009) have observed a trend toward higher
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temperatures leading to more pollen production. The trend in grass pollen release is
toward less pollen release. As this study has repeatedly found, grass pollen release differs

from that of the other taxa.
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Figure 28. Scatter plots and trend lines for alder and birch pollen.

65



Grass y =-3.767x + 7660.6
R*=0.1347
300
"
£ 250 ¢+ s . *
+ *
€150 . & ¢ -
o T
S 100 . R
2 *
© 950 L 4 L
B L
0
1575 1980 1985 1990 1995 2000 2005
Year
& Grass ——Linear (Grass)
Spruce y = 138.22x - 272252
R®=0.1473
10000
T 2000
=
= 6000
g
S 4000
3
= 2000
&
0
1975 1980 1985 1990 1995 2000 2005
Year
# Spruce ——Linear (Spruce)

Figure 29. Scatter plots and trend lines for grass and spruce pollen.

66



67

Chapter 4. Conclusions

Examination of graphical plots and statistical analysis of daily pollen concentration and
weather data were employed to identify weather parameters, which appeared likely to
correlate with the time of the onset of pollen release and the magnitude of the total season
pollen release for four taxa in Fairbanks. The selected meteorological parameters (mean,
maximum and minimum temperatures, precipitation, relative humidity and wind) were
tested for statistical correlation with pollen onset and the magnitude of total season
release.

The results for developing statistical relations between weather parameters and
the timing of pollen onset were successful for three of the taxa, and less successful for
grass (Table 7). The Julian day on which the onset of significant pollen release occurs can
be estimated within three days (+1c) for birch and alder, and within four days for spruce.
The onset of significant grass pollen release is less tractable, and can be estimated within
11 days (x10). Green-up can be estimated within three days (£10).

The statistical correlations between weather parameters and the magnitude of the
total pollen release for a season, which were developed, were weak (R = .074 to .396).
The best results were obtained using over-winter (October through April) precipitation,
and could be improved by removing the data from the winter of 1990-91, which was an
outlier winter with record heavy snowfall (374 cm). Among the four taxa, statistical
analysis of grass pollen was the most difficult because of the small magnitude of its
pollen release, which blurs the definition of the times of onset and of peak concentration

Its growth pattern and environment differ considerably from those of the other three taxa.
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The plots of total pollen release by year of individual taxa show great differences
from one year to another and among taxa. In some years, there is little if any linkage
between taxa. The diverse response to weather of the four taxa in this study strongly
suggests that statistical correlations between pollen and weather for each taxon will be
quite different from the correlations for the other three.

For all four taxa, there appears to be a number of important biological processes
at work, which occur over varying time periods — from seasons down to hours — which
are too difficult to account with weather parameters covering weeks, months or seasons.

Plots of daily pollen concentration and weather data for a year with high pollen
release and for a year with low pollen release were prepared for each of the four taxa in
order to identify the weather characteristic of such years, particularly for years with high
pollen release likely to be of clinical concern. Thresholds of temperature and relative
humidity leading to significant pollen release were identified by inspection of plots for
each of the 23 seasons of pollen concentration, minimum relative humidity, and
maximum temperature for each taxon.

Four days with very large pollen concentrations were chosen for analysis using
weather data for the selected day and several days prior to it. In addition, the skew-T
charts for Fairbanks on the afternoon of the days with very large pollen concentrations
were examined to identify air mass structure found on such days. Pollen concentration
might be expected to be diluted in very deep (more than 3 km) mixing layers, but this

dilution did not appear to be an important factor. The depth of the mixing layer on
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summer days in Fairbanks varies by a factor of roughly three. The pollen concentrations
can vary by more than one order of magnitude.

Yearly statewide data for acres burned in wildfires and for acres of land destroyed
by insect infestations were examined. In addition, insect data obtained at the Bonanza
Creek Long Term Ecological Research (LTER) area near Fairbanks were examined. It
appears that neither the statewide and nearby LTER insect infestations, nor the acreage
burned in wildfires correlated to any consistent effects on the pollen collected at
Fairbanks. It was concluded that the precipitation of pollen is rapid enough, and wind
flow is sufficiently changing, such that the impact of wildfires and insect infestations
would be significant only if these events occurred within a distance of less than
approximately 20 km of a pollen sampling site.

Examination of pollen concentration and precipitation revealed that the amount of
precipitation needed to remove a significant portion of pollen in the air is not large —
typically from 1 mm to 6 mm for birch, alder and spruce, and 5 mm to 20 mm for grass.
Recovery of pollen concentration after rainfall can occur in a day or two.

The trends in the magnitude of seasonal pollen releases were examined for all
four taxa over the 23 years for which pollen data were available. The trend toward
increasing pollen release of birch, alder and spruce over recent years is consistent with
the findings of Anderson (1986) and others. Seasonal grass pollen release has trended
downward during the same 23 years for which data were available. As was the case with
the correlation with weather over seasonal or monthly time scales, grass pollen release

differs markedly from the patterns exhibited by birch, alder and spruce.
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The weather during the pollen season in Fairbanks differs from that in the mid
latitudes primarily because of the long hours of sunlight during the spring and summer in
Fairbanks. Based on limited data of 2-hourly pollen concentrations, the diurnal pattern of
pollen concentration in Fairbanks appears to be most affected by temperature and relative
humidity, and typically reaches its maximum level in the afternoon or early evening.

The diurnal patterns of pollen concentration in various mid latitude and
subtropical areas elsewhere in the world vary considerably among different taxa, as noted
by Ribeiro et al. (2008). This appears to be related to plant adaptation to warm, dry
continental climates, for instance, Spain. Some taxa have diurnal cycles of concentration
similar to those in Fairbanks. Others appear to be less tolerant to the heat of afternoons
and thus do not release pollen until the onset of relatively cooler weather in the evening.

In dry, warm climates such as Spain, Croatia and Turkey, for instance, pollen
seasons vary considerably among taxa. Pollen release in such regions can occur from
January through October. In Croatia, for example, alder releases pollen from January
through March, birch from March through May, grasses from April through August and
ragweed from August through October (Peternal et al. 2006).

Total pollen releases in these areas is similar to those in Fairbanks. In Croatia,
Peternal et al. (2006) measured total season release of ragweed pollen ranging from
approximately 1,000 grains/m3 to 25,000 grains/m3. In Fairbanks, Anderson measured
total season release of birch pollen from 1,367 grains/m? to 26,717 grains/ma.

The diversity of taxa in sub-arctic areas such as those around Fairbanks is less

than it is in lower latitudes. If pollen concentration data for more taxa in the region
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around Fairbanks were gathered, differing diurnal patterns might be found. Diurnal
patterns in pollen concentration can be significant during large release days. Pollen
fluctuations within a span of one day can be of considerable clinical concern. Due to the
rigor of winters in Fairbanks, annual pollen seasons are confined to April through mid
August.

The 23 years of Fairbanks pollen data are clearly not sufficient to develop a
forecasting system. The standard requirement for such work is 30 years (Kutner et al.
2005; Panovsky and Brier 1965; Wilks 2006). A credible model for forecasting pollen
release would need 20 or more years of data for training and another 10 years or more for
validation. Anderson (1986) found some correlation between temperatures in the weeks
following floral bud initiation and the amount of birch pollen released in Anchorage and
Fairbanks in the following spring. His analysis was based on three years of data. The
temperature parameter was a choice of (1) the temperature in the two weeks following
floral bud initiation, (2) the following two weeks, or (3) the month following initiation.

Clearly more data are needed, and indeed, there are. Pollen data has been gathered
at the Tanana Valley Clinic starting in the year 2000 (Harry 2000-2012). The taxa for
which the clinic gathers pollen include all four investigated in this study plus willow,
poplar/aspen, weeds and mold.

The two sampling sites differ. The clinic is in an urban environment 7 km
southeast of Anderson’s site, which is in a rural to suburban area on the University of

Alaska campus. The elevation of Anderson’s sampler site is about 50 m above the
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elevation of the clinic. Anderson’s sampler was about 10 m above above ground level.
The sampler at the clinic is approximately 25 m above ground level.

Anderson used Durham and Burkhard samplers. Most of Anderson’s data (21 of
23 years) was taken from the Burkhard sampler. At the clinic, a Rotorod sampler has
been used. A comparison of the data from the Burkhard and Rotorod samplers (Heffer et
al. 2005) found that the Burkhard pollen counts were up to 2 times higher than counts
obtained using the Rotorod. Inspection of Anderson’s data for birch pollen concentration
for the years 2000 through 2002 and the data from the Rotorod at the clinic in the same

years somewhat agrees with this conclusion (Table 9).

Table 9. Total birch pollen measurements of the Burkhard and Rotorod samplers for

2000 through 2002.

Year Burkhard sampler Rotorod sampler
2000 12,264 10,353

2001 2.492 2,388

2002 25,752 12,132

The results in Table 9 suggest that the differences in sampling locations and
sampling instruments are large enough to require recalculation of statistical relations for
the data from the clinic. At the same time, inspection of the three years of data from
Anderson and the clinic shows that the two sets of data are in good agreement on the

onset and the end of large pollen releases. Anderson consistently took readings at 8 AM.
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Readings at the clinic are taken later in the morning or at mid day (S Harry 2012,
personal communication). Thus, Anderson’s data, taken before the diurnal increase of
pollen begins, represent the pollen concentration from the day before. The clinic data are
often offset several hours from Anderson’s data, thus mixing the pollen concentration
from the day before with pollen concentration of the day on which the reading is taken.
This difference plays a role in the day to day series of readings, but has no effect on the
total pollen release for a season.

Other investigators (Davies and Smith 1973; Marakra et al. 2011; Smith and
Emberlin 2005; Stark et al. 1997; Subiza et al. 1992; Taira 2000) have endeavored to
develop pollen forecasting systems. All of these have faced limits on the length of the
pollen data record. One of the most useful tools that could be used in future pollen
modeling and forecasting development would be a longer period of a consistently
recorded data — a need common to many of the natural sciences.

As noted by DellaValle et al. (2012), Estrella et al. (2006) and Herzmann et al.
(2008), pollen data needs to be gathered in a well designed spatial network for serious
modeling to be accomplished. The network must be randomly designed to support sound
climatology studies (PaiMazumder and Mdlders 2009). Such a network is a need
common to many of the natural sciences.

Pollen calendars for several Fairbanks taxa have been developed, and can be of
benefit to people with pollen allergies to plan their activities in spring and early summer.
Further improvement in understanding correlations between weather and pollen release

can very likely be advanced through the use of multivariate statistical analysis. Consistent
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data gathered over a reasonably long period of time would surely support this. Work to
improve forecasts of pollen over the time scales of several weeks, several days and

several hours would yield great clinical benefits to society.
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