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Summary

Background Three sites in the UK have daily records of pollen spanning several decades,
giving the longest data sets worldwide. Previous research on London data revealed
decreasing severity of grass pollen seasons. This is often taken as a model for the whole
country but comparisons with Derby and Cardiff, in different regions of local climate and
land-use, emphasize the need for regional studies.

Objective The grass pollen seasons were analysed for three contrasting long-term sites to
provide regional insight into the changing incidence of hay fever.

Methods Pollen was monitored by volumetric instruments using standard techniques. Data
have been taken from 1961 to 1993 to examine variation in grass pollen seasons in relation
to land-use changes, cumulative temperatures and rainfall. Models were developed to
predict total seasonal catches.

Results At Cardiff the annual counts and severity increased in the 1960s, declined in the
1970s and rose again in the 1980s. At Derby and London the annual counts and severity
declined but at different rates. Start dates have tended to become earlier at Cardiff and
Derby, but later at London. Trends in annual counts and severity are similar to changes in
grassland areas but they cannot be accounted for entirely by these. Weather in spring and
early summer has tended to become warmer but there are no sustained patterns in June and
July. No trends are apparent in the rainfall records for these months. The maximum
explanation > = 95%) in forecast models was obtained using 10-day aggregates of
weather.

Conclusion The contrasting patterns both in the pollen records and land-use changes
between the three sites emphasize the need for regional data. The predictive models
achieved a high degree of explanation enabling pollen season severity to be forecast with
high confidence shortly before the start date.
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monitoring exist over this duration anywhere in the world

and the UK is the only country to have three such sites.
Three sites in the United Kingdom have daily averageVolumetric spore traps have been used to monitor daily
records of grass pollen concentrations spanning severalverage concentrations of airborne pollen at Cardiff since
decades, giving the longest continuous pollen data sets954, at Derby since 1969 and at London since 1961. The
worldwide. Very few continuous records of pollen data sets provide an interesting opportunity to examine
long-term trends in the pollen records in contrasting regions

Introduction

Correspondence: J. Emberlin, Pollen Research Unit, University Collegé)f one country. ) .
Worcester, Henwick Grove, Worcester WR2 6AJ, UK. Numerous papers have been published during the last
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decade concerning changes in the prevalence of seasorallculated as grains per cubic metre of air sampled. Grass
allergic rhinitis in the UK. Most evidence indicates that pollen is not differentiated to species level for routine pollen
notable increases have occurred [1-4] but the results frommounts performed by light microscopy as the grains from
some research projects have shown no clear trends [e.g. Sjearly all species are virtually identical morphologically.
Little attention has been given to trends in regional varia-Due to this, the grass pollen counts are an amalgam of
tions either for epidemiological aspects or aeroallergens. Ipollen from many types of grass. In the UK there are about
an analysis of the long-term grass pollen data set for th&50 grass species of which about 12 contribute most pollen
London area [1,6] records showed that grass pollen conto the airborne catch. This is partly because of their wide-
centrations have declined progressively since the 1960spread distributions and partly because they release com-
This posed a paradox, as the decreasing severity of pollgparatively large amounts of pollen per plant. It is important
seasons occurred during a period when the prevalence ¢ note that the species spectrum of grasses in the vegetation
seasonal allergic rhinitis apparently increased. Moreoveris likely to differ between regions. The species exhibit
there has been a tendency to assume that this pattern differences in phenology as well as in tolerance to environ-
change in the aeroallergen load has occurred throughout theental factors. In particular, some species respond to long
whole of the UK [e.g. 7]. Considerable debate has beermphotoperiods and so require the longer days of late spring to
generated on the role of air pollutants in this scenarianitiate flowering, whereas other species are day neutral and
including possible interactions between aeroallergens andill initiate flowering in response to warmth irrespective of
pollutants [8]. day length.

This paper presents a more detailed analysis of the
London record together with further evidence available_. .

. : Site descriptions

from the analysis of long-term pollen data sets in Derby
and Cardiff, situated in regions of different local climate andThe three sites are located in different regions of local
land-use history than those in south east England. Recorddimate within the broad mid-latitude temperate western
for daily grass pollen concentrations at the three sites haveargin type [10]. Although the sites are urban they differ in
been examined to compare several aspects; namely thke size of the surrounding built up areas and the land-use of
long-term trends in the total seasonal cumulative countsthe rural environs.
the severity of the seasons in terms of the number of days Cardiff, (51° 29N. 3° 10 W) on the coastal plain of
with high counts and the start dates of the seasons. Thesomuth Wales, is subject to a strong maritime influence.
aspects have been analysed in relation to changes in lanBfrom 1962 to 1993 the pollen trap was situated on the roof
use and weather, particularly temperature and rainfall. Thef the University of Wales, in the centre of Cardiff 13m
results show contrasting patterns both in the pollen recordabove ground level, 3.5km from the Bristol Channel and
and land-use changes in the three regions and provide son2es km from the nearest rural area. The local climate here is
insight into the changing incidence of seasonal allergiowvetter with milder winters, cooler summers and less
rhinitis in the UK. The different patterns highlight the sunshine than at the other two sites. Meteorological data
importance of considering regional data in any analysis ofor the analysis was obtained from Cardiff airport, at
environmental factors. In addition, empirical statistical Rhoose, 14.5km SW of the pollen monitoring site. The
models to forecast the severity of the seasons have be&0 year rainfall records show an annual average total of
constructed from an analysis of the pollen data in relation td.065 mm, with 180 days per annum having more than
weather variables. 0.25 mm. At Derby, situated in central England {55 N
1° 28 W) the location of the pollen monitoring station
altered twice within the city centre during the period
1969-1993, with a change in height from 9 to 10m
above ground level. Statistical analysis (analysis of var-
iance) of the data set showed that the results could be
Pollen concentrations in the air were monitored usingtreated as one population. The meteorological data were
standard Volumetric Spore Traps of the Hirst design orobtained from weather stations situated between 0.5km
roofs between 9 and 29 m above ground level in the cityand 2.2 km from the sites used for pollen sampling. The
centres of Cardiff, Derby and London. The data collection atDerby pollen monitoring sites are approximately 2.3 km
the three sites employed standardized techniques nofom the surrounding rural areas. Derby has a drier climate
adopted by the British Aerobiology Federation for use bythan Cardiff with a 30 year annual average rainfall of
the National Pollen Network [9]. Data for this study were 764 mm and 178 days per annum receiving over 0.25mm
taken from 1961 onwards to facilitate inter-site compari-rain. The inland location produces a larger range of tem-
sons. Daily average concentrations of grass pollen werperatures, with colder winters and warmer summers than at

Methods

Pollen monitoring
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Cardiff, although the differences in monthly averagethe summation of daily average pollen concentrations.
temperatures between the two sites are only a few degreeshese were then smoothed by expressing them as 5 year
In London (50 42N, 0°18W) the pollen trap was located running means. The severity of the season was assessed as
on the roof of St Mary’s Hospital, Paddington in central the number of days on which the daily average grass pollen
London from 1961 to 1990, 29 m above ground level andconcentrations exceeded subjective thresholds of 50 grains/
15km from the nearest rural area. Meteorological data fom®, 100 grains/mand 150 grains/f The start of the grass
the study was obtained from St James’ Park within centrapollen season was determined as the date on the which the
London and also from sites outside the conurbation (Heaeumulative daily grass pollen concentration reached a figure
throw 21 km to the west and Rothamsted, near Harpendeaof 75 grains. A delimited start is necessary because typically
39km to the north) as these give a better representation @ period of very low concentrations occurs in late spring due
conditions in the grass pollen source areas and are especially early flowering species before the main pollination time,
useful in statistical models to predict the start dates obeginning in late May or June [14,15]. Analysis of grass
seasons [6]. Central London experiences a drier climat@ollen seasons in many locations of the UK [16] has shown
than the other two sites, with 30 year annual average rainfathat the cumulative count 75 threshold can be taken as a
of 593 mm, and 153 days per annum having more thamood indicator of the time when the main pollen season is
0.25mm rain. There is a tendency for summer rain to beébeginning. These features of the pollen records were ana-
heavier than that in winter. Temperature profiles are similatysed in relation to cumulative temperatures above®.5
to those at Derby but are modified by the effects of the urbarompiled from daily averages, precipitation and changes in
climate. This is especially noticeable in summer whengrass land areas.
monthly averages tend to be a few degrees above those
for the other two sites [12].
Results
Land use Total seasonal cumulative counts and severity of the
The most pertinent aspect of rural land-use is the extent cdeasons
gra_ssland areas around the sites during the 30 year .S.tu%/ardiff. The cumulative annual grass pollen catch has
period. Information about grassland trends in the vicinities . ) ;
. . . o differed markedly, ranging from a maximum of 12407
of the sites was obtained from the Agricultural Statistics for_ =~ - o
o .~ grains in 1971 to a minimum of 2190 grains in 1976. Totals
England and Wales June returns [13] for land within a radiu : . i
. ) o or June exceed those for July except in 6 years in which
of approximately 40km around sites, (giving catchment

zones of a diameter of 80 km). This information is included‘]une temperatures were below the long-term averages
as illustrative of the main differences occurring and is not(namely 1962, 1972, 1979, 1985, 1990 and 1991). Running

. . o : means for annual totals (Fig. 1) show a cyclic fluctuation
intended to define quantitative changes in source strengths. )

o o . : over the three decades. In the 1960s there was an increase
This is partly because it is not possible to determine th

Gallowed by a decline in the 1970s and another rise again
exact extent of the catchment zones for each of the traps as ; . .
S . . uring the 1980s. Since then the annual totals have remained
this differs with prevailing weather. Also the grassland

category is not limited to flowering grass nor does not
include cereal crops. No information is available for Cardiff
annual percentages of grassland areas flowering in each -3
. . L >
region although figures for hay production in the UK =<

@©
showed a fall of 54% between 1969 and 1989.The areag 124

under cereal crops was not considered to be as important agé
the area under grassland because pollen from cereals tengg=
to be larger than that from ordinary grasses, and has a morg ¢
limited dispersal pattern. In the case of the Cardiff site, dataE 3
from the across the Bristol Channel was included as thed ©
prevailing wind direction is from the south west and grass %
pollen from the area across the estuary could contribute tq_ 5

the catch under certain weather conditions.

L Derby

- London

O = NWPHIAOOILO N OO
]

1966

1986~

1990

@©

1962

1964 -
1982 -
1984 -
1988 -

Data analysis Years

Three main aspects of the pollen records were examined &jg. 1. Five year running means of cumulative yearly grass pollen
each site. Annual cumulative counts were calculated frontounts.
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Table 1. Change in the area of grassland around Cardiff 1961-1991 (total area of grassland in acres).

% change % change
Region 1961 1970 1977 1991 1970-1991 1961-1991
Glamorgan, (Mid, West and South) 298552 222267 246701 238426 +7 -20
Gwent 260019 162248 176965 174778 +7 -32
Somerset N/A 353828 465 687 519448 +47 N/A
Devon N/A 898483 977 307 1017296 +19 N/A
TOTAL N/A 1637826 1866 660 1949948 +19 N/A
relatively constant. This follows the broad changes in
(a) Cardiff grassland amounts (Table 1). The severity of the seasons
180_— B — reflects the total count trend (Fig. 2a). The 1960s had 129
140+ days with counts-150, the 1970s had 99 days witth50 and
g the 1980s had 147 days with counts50.
100
60; Derby. At Derby the annual cumulative daily average
a pollen counts show a general decline over the 24 year
20 period (Fig. 1) but the decrease was not as smooth as in the
0 ' ' ' ' ' case of London. In Derby the grass pollen counts increased
1962-66 67-71 72-76 77-81 82-86 87-91 during the period 1969 to 1976 but then declined from
Years 1976 onwards. The range of differences in totals extends
" (b) Derby from 9515 in 1976 to 2818 in 1990. Totals for July
> 200 _ exceeded those for June in 9 years, more than for London
o 160 - ] and Cardiff (namely 1971, 1972, 1974, 1977, 1980, 1981,
° 1983, 1985 and 1991). Apart from 1983 when June
2 120 e temperatures were near normal, the July maxima years
€ 80 L 7 were ones in which the June temperatures were below the
2 long-term average. The severity of the seasons (Fig. 2b)
T 40 4 2. has declined from 147 daysl50 grains/m in the 1970s ,
2 0 ! ! ! ! to 96 days in the 1980s. Land use records show that around
1969-73 74-78 79-83 84-88 89-93 Derby grassland acreage increased from 1970 to 1980 but
Years decreased by 1990, representing a fall in acreage of 7%
over this decade (Table 2). The 5 year running means for
160 (c) London [1>50 grass pollen totals increased during the 1970s but thereafter
- T 71 >100  continued to fall.
120+ m ] Il -150
- London The London record shows a distinct trend for a
80 | M decrease in the annual cumulative totals over the period,
s with a range from 8210 in 1964 to 940 in 1981. The decline
40 is most distinct in the 60s but is sustained through the 1970s
r and 1980s (Fig. 1). Totals for June exceed those for July
01961—65I 66—70I 71_75' 76—80| 81—85I 86-90 except in years with cool June weather (1972, 1974, 1977,

Years

1979, 1983 and 1995). The severity of the season has
followed the decline in total pollen counts (Fig. 2¢) . In the

Fig. 2. Severity of grass pollen seasons shown as the number dfecade of the 1960s there were 81 days with couf&0

days when average concentrations were above threshold@ains/mi, in the 1970s there were 59 day$50 grains/rf,
expressed as grains per cubic metre of air.

and in the 1980s only 29150 grains/m.
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Table 2. Change in the area of grassland around Derby 1961-1990 (total area of grassland in acres).

Region 1969 1980 1990 % change 1980-90 % change 1969-90
Derbyshire 358273 365076 350268 -4 -2
Nottinghamshire 97 405 108 685 84578 -22 -13
Staffordshire 293289 339008 333205 -1 +12
Leicestershire 193009 246190 214165 -13 +10
Total 941976 1058959 982216 -7 +4
Start of the grass pollen season the surrounding regions over the 30 years (Table 1). In the

counties around Cardiff grassland acreage had decreased by

Cardiff. The range of differences in start days during the . .
period 1962 to 1993 was 37 days with the mean start dat%970 but showed a marked increase by 1977 which was

. : Sustained through into 1991 by which time the acreage
occurring at 139 days from 1 January (i.e. 19 May). The o i . .
years which had the earliest starts (1963, 1974, 1976, 198 nder grassland was 19% higher than it had been in 1970.

. . N comparison, the 5 year running means for grass pollen
1984, 1991, 1993) all had relatively warm springs, and Yealytals at Cardiff showed a similar fall during the 1970s and

VOVSZr;?Itechtrirtiss (;h\?vrs;lt(e?rztr']%algwgarlgsCg:rll’ie?ritasgr:g;then rose again during the 1980s to reach higher levels than
Pad been recorded during the 1960s. Although the trends in

(Fig. 3). cumulative grass pollen counts and severity of seasons show

Derby. The range in the difference in start dates from 19695°Me similarity to those for the grassland areas they cannot

t0 1992 was 25 days with the mean start date at 148 day%e accounted for entirely by these land-use changes. The

. ; area under cereals around Cardiff fell by 10 % between 1970
from 1 January (i.e. 28 May). Earlier start dates were
: 7 . nd 1990, however the area under cereals was only 18% of
associated with higher temperatures in the early months . ;
: . : at under grass in 1970 and 14% of that under grass in 1990
the year. There is a trend towards earlier start dates (Fig. 3]

London Start dates between 1961 and 1990 differed by 39 Al perby the main trends in seasonal cat_ches.and the
. . severity of the season show a general relationship to the

days with the mean start date at 151 days from 1 January (|.eh . | h : ion th
31 May). There is a trend towards later start dates (Fig 3)C anging grass ano_l acreages. In_t e surrounding region the
' " “area of grassland increased until the late 1970s and then
decreased (Table 2). The area under cereals rose by 3.5%

Grassland areas between 1970 and 1990 but remained at a constant level

The broad trends in total pollen catches at Cardiff reflectVith respect to grassland at 55% [13]. Similarly in London

some of the general changes in the amounts of grassland tRe decline in total grass pollen catches matches the general
trends in grassland areas of the region (Table 3) in which

there was an overall decline of 35 % with the greatest rate of

= 160 London change occurring in the 1960s. The area under cereals
2 155 around London was higher than at either of the other two
> 150 sites and was 154% of the area under grass in 1970 and
o S 163% in 1990, but showed a fall of 9.4% between 1970 and
C 145 1990 [13]. However, both in the cases of Derby and London
T . . .
= 140 the decline in grass pollen catch is greater than the decrease
3 g 135 Cardiff in grassland area. This is especially notable at Derby where
NS ! O/ vi . .
< 1301 there has been a 4% rise in the grassland area overall during
" i
> 125|- the study period.
3120HHHHH\HHHHHHHHH ) .
NS LXOoONIT VNI NITOR Trends in weather variables
A L Previous research has shown that the most important cli-
Years matic variables influencing the broad features of grass
Fig. 3. Five year running means of start dates for the grass pollePollen seasons are temperatures and precipitation [11].
season. The effects of other factors such as sunshine hours, relative
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Table 3. Change in the area of grassland around London 1961-1990 (total area of grassland in acres).

% change % change
Region 1961 1970 1980 1990 1970-90 1961-90
North West (Bucks and 1 Herts) 231406 187928 159094 148284 21 —36
North East (Essex and 1 Herts) 202294 137516 117024 101442 -26 -50
South West (Hamps and Surrey) 324761 223559 216658 227033 +1 —-30
South East (Kent) 239732 203160 181278 167 758 -17 -30
TOTAL 998193 752163 674054 644517 —14 -35

humidity, atmospheric stability and wind speed are impor-example, at Cardiff cumulative temperatures in May have
tant for daily variations in pollen counts but they are autotended to be higher since 1988 than in the preceding years of
correlated with the two main variables and are less sigthe data set. All the Mays since 1988 have had cumulative
nificant on an annual basis. The effects of temperature anttmperatures above the long-term mean and the three
precipitation on grass pollen seasons can be exerted fromarmest Mays of the data set have occurred in this period. In
mid winter onwards. For example, soil temperatures in latecontrast, the cumulative temperatures for the months of June
winter and early spring will influence the start of grassand July show a lot of fluctuations but no clear patterns.
growth. Temperature and rainfall profiles through the springSimilarly, in the rainfall records for June and July there are
and early summer will influence net productivity and henceno clear trends. At Derby, 5 year running means of
pollen production, then subsequently heading timescumulative temperatures show distinct trends towards
anthesis and pollen dispersal. increases in the months of May since 1984, and to a much
weaker level also in July but not in June. In the case of
London, cumulative temperatures in May indicate a trend
towards warming since 1985, following a general cooling
Analysis of cumulative temperatures over the 30 year periogince 1969. No patterns feature in the records for June
shows a trend towards notable warming over the last decadmonths. In contrast several cycles of warmer and cooler
especially in the months of February and March at all threeJulys occur over 7—8 year periods in the data set since 1961.
sites. Considerable fluctuations featured in the rainfallThe latest of these is a tendency to warming since 1984.
records for these months but there were no sustaine@ihere are no discernible patterns in rainfall over recent
trends [18]. Similarly no trends were discernible for tem- years that relate to the observed trends in pollen seasons.
peratures in April but at Derby the rainfall 5 year running
means show a trend to drier weather in recent years.
Warmer weather in early months of the year would
encourage grass growth, with early maturation of flowersTrends in the cumulative catches of grass pollen over the
in thermal response species. This would generate a long4—30 year period differ between the three sites. At Derby
period of low counts at the beginning of the season befor@and London there has been a general decline in the totals but
the onset of the main grass flowering period. This pattern ishe rates of decrease differ, whereas at Cardiff the record is
evident in the cumulative curves of pollen counts in yearsmore varied and shows a fluctuation leading to a recent
with warm weather early in the year and is likely to becomeincrease that is not entirely explained by increases in the
more frequent if the trend towards warming is sustainedamount of local sources. The differences between the
[19,11] patterns in the Cardiff pollen record and the trends in
grassland amounts could result from several factors. For
Weather at the start and through the seasoiffempera- example, grass pollen may be transported across the Bristol
tures and rainfall during April and May are important in channel from Cornwall, Somerset and Devon by south
influencing heading times of flowers and the start ofwesterly winds, augmenting the local catch. Long distance
anthesis. The over-riding influence of these variabledransport of pollen has been reported previously for several
continues through June and July for the release of polletocations , for example in Sweden [20].
and its dispersal from the plants. In the weather records at The trends in pollen count decline at Derby and London
the three sites some recent changes are clearly evident féwllow the main trends in grassland amounts round the sites,
the months of April and May but not for June and July. Forbut the annual cumulative grass pollen catches declined

Preseason weather

Discussion
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more than the areas of grassland during the 1980s. The. 14 _ — Actual
possible reasons for this are well documented elsewhereZ . Predicted
[11] but in summary, include changes in agricultural prac- — 12
tice from hay making to silage which resulted in a 54% T 10
decrease in production of hay between 1969 and 1989,
change in seed mix fronbactylis glomeratato Lolium
perenne the introduction of ‘set-aside’, which in the years
from 1990 to 1995 increased in the UK from 72 000 hectares
to 633000 ha [13], the growth of the urban areas so that
pollen sources are further from the traps and increases o
pollution exerting more stress on plants resulting in
decreased pollen production.

Analysis of the daily temperature and rainfall records for
the months of January through to the end of July at the three Years
sites shows relationships between weather and annual var- ) )
iations in start dates and severity but reveals no patterns thig: 4- Séasonal cumulative grass pollen catches at Cardiff; actual
would account for the observed sustained trends in poIIerr1eSUItS against predicted values.

seasons. Regional trends in total grass pollen appear to d initation. Variabl iled ret tivel
relate primarily to changes in agricultural practice rather2NC Precipitation. variables were compiled retrospectively

than trends in weather conditions. The large diﬁerencegrom 31 July to 1 January. Most grass pollen is dispersed in

apparent between the patterns in the pollen count data at Uj%:lne ?fndtJulytﬁo ;’_V%l‘theil from theTsr'][ar;_ Oft ?ugustthexe;ts
three different sites around the country highlight the need t the ettect on the ninal pofien sum. The first £ montns o

consider regional aeroallergen data in epidemiological sty&ach year include the key times that influence the growth of

dies. Extrapolation of the results from one monitoring site isthe grasses after the winter, the initiation of flower!ng and
valid only within that biogeographical and land use area. production of pqllen, and the pollen release and dispersal,
Annual cumulative grass pollen counts were square rooted
in order to create a normal distribution for multiple stepwise
Predicting the annual cumulative totals of grass pollen  regression analysis. The models were constructed with the
intention of using long range weather forecasts for the June
Iand July aggregate variables so that the cumulative totals for
the season could be predicted before or near the start date.
gdividual models were developed for each of the three sites

é’s

cumulativ
catch (thousands

o N A~ O

1962
1964 -

Total”

1992 -

Statistical approach Accurate predictive models of
pollen season characteristics are useful not only fo
allergists, and for physicians conducting clinical trials but
alzgltfr? rC(;trheelri dsuus,ct:]y ?;%‘Z:g;%zugﬁgl sigg]k?r? g Iﬁzyafr:/;:jor the data sets up to 1993 then tested on data for the years
treatments. Various approaches have been used includin'lg994 and 1996 as examples.

empirical regression, indicator species and phenologica&ardiff_

. . . Preliminary analysis (analysis of variance) of the
relationships to environmental factors [e.g. 21-23]. In the y ysis (analy )

ority of th dicti £ h dels h iigrass pollen data set from Cardiff confirmed that it could be
majority of cases the prediclive power ot the Models Nagyo41aq as one population. A multiple regression model was
been limited by the short data sets available and th

. . %ieveloped to achieve a level of 96.6% explanation using the
consequently small number of observations. Previous Worz

. : ariables as shown in eq. 1. The most significant variables
0
on thg Lolndon datla set [Il%[] acthlte\lled a 6260 explananzn O%re rainfall in June and accumulated temperatures in May;
variation in annual cumulative totals over 20 years workingy, <o two variables on their own give 53% of the

W'th monthly a_ggregates_ of tempera_ture and prec'r_"_tat'orlaxplanation. In comparison with the other two sites, rainfall
variables built into a multiple regression model. Additional

. . S ) is more important at Cardiff. This is probably a function of
variables such as wind speed and direction, sunshine hou P P y

d relative humidity did not add sianificantly to th {Re coastal location that gives rise to more equable
and relative humidity did not -add signiticantly to etemperatures than at the inland sites. Actual annual counts

explaln?tlgn iﬁh'tehvedk probat_J h{)I becafus:[e they tare au(i%r the study period are compared to those predicted from
correfated wi € Key variables ol temperalureé anGye nodel on Fig. 4. The average erroris 11.53% reducing to

precipitation. g 5.6% if 1962 and 1963 are excluded.
In the current analyses empirical models were develope _
Square root of cumulative catch for the season

using multiple regression [24]. Various approaches were

tried including 5, 10 and 30 day aggregates of weather — 41 997+ 0.434a+ 0.267b— 1.68c— 0.151d+ 0.638e
variables. The greatest accuracy was achieved using ten day

aggregates of cumulative daily temperatures abovéCcs.5  +0.348f+ 0.157g+ 0.3290h— 0.35] + 0.18k D
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_ a= cum temp 14-23 March

London The data from the 1960s was excluded from the
modelling as the pollen counts were notably higher in this

T - Actua b=total rainfall 3—-12 May

o_ 51 ~ Predicted c = total rainfall 24 March—2 April

©-8 d=cum temp 13-22 April

28 4 .

0w & e= cum temp 3-12 April

EE f =cum temp 23 Jan-1 Feb.

&2 r?=98%

SE o P=<0.001

Ec

5 O

Om

C_B (&)

B | | | | | | \ \ | \

2 S I R e 223 I Q8 8 3 degade and not reIevant_to the current.situation. Analysis of
© 2 2 2 2 o 9 9 2 9 9  varance showed that this data was different to that of the

Years 1970s and 1980s and therefore the data could not be treated
) _ as one population. A 91.5 % level of explanation was
Fig. 5. Seasonal cumulative grass pollen catches at Derby; actua]ohieved using a regression with the actual start date
results against predicted values. (sum75), cumulated temperatures and total rainfall at
Heathrow for the periods shown in Eq (3). Weather data

a= total rainfall June 2-11 from Heathrow gave significantly more explanation than
b= cum temp 13-22 May data from Rothamsted or St James’ Park. Heathrow is closer
¢ =cum temp 22 Feb.—3 March to the pollen monitoring site than Rothamsted and is likely
d = total rainfall 4—13 March to share weather features with Paddington as it lies to the
e= actual start date (sum 75) south west, the prevailing wind direction. These aspects are
f=cum temp 23 April-2 May important in predicting the cumulative catches but would be
g = total rainfall 23 April-2 May less relevant to models of the start dates.

h= cum temp 3-12 May In London variations in temperatures during the dispersal
j = total rainfall 13—22 Jan period were a greater influence on total catch than differences
k = total rainfall 12—21 Feb. in rainfall. It was found that temperatures in late spring and in
r’=96.6 the third week of June were critical. The actual start date is
P=<0.001 important, as seasons that start late tend to have lower total

catchesi(=0.639 P <0.01). The average erroris 13.3% but
Derby. Inthe case of Derby cumulative temperatures werehis is inflated by large percentage errors that occurred in the
more important than rainfall. The model developed topredictions for 1970 and 1972, probably arising from the
predict total seasonal catch achieved 98% level ofbnormal weather patternsin June of these years.
explanation using the variables shown in Eq 2. Predictions
could not be made for 1969, 1970 and 1971 due to a lack of
temperature data. The average error is 10.2% with the main = 246413— 1.266a— 0.372b— 0.204c— 0.152d
differences occurring in 1981 and 1988 following a 3)
particularly wet period at the end of March in both of
these years (Fig. 5).

Square root of Cumulative catch for the season

a—= actual start date (sum 75)
b= cum temp 24 March—-2 April

Square root of cumulative catch for season c= Total rainfall 2—11 Feb.
— 83582 0.48a+ 0.642b— 0.733c+ 0.371d d= cum. temp 12-21 June
r<=91.5%
—0.35e— 0.503f (20 P=<0.001

Table 4. Summary of grassland changes

Region 1961 1970 1980 1990 % change 1970—9@round Cardiff, Derby and London.
Cardiff 1637826 1866660 1949948 +19
Derby 942076 1058959 982216 +4
London 998183 752163 674054 664517 —-14
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Table 5. Actual and predicted cumulative grass pollen catches at 10 —
Cardiff, Derby and London for 1994 and 1996. = ol . Actual
5 8 — Predicted
9~
1994 1996 8§ 7
05 6
Site Actual Predicted Actual Predicted >35> 1§
52 4
Cardiff 4940 5581 4926 5665 s 3
Derby 5367 5873 3816 a288 Eg
London 1559 1720 1359 1514 <_-’ § f B
~§ 3 A
= D = MO N - MWL N O —
O SN IN IS IS IS 00 0 0 00 0 o
Testing the models 222222222222
Years

The models were tested on data for the 1994 and 1996 )
seasons as examples. The results gave predicted sums withil9: 6. Sea;onal cumulatlve grass pollen catches at London; actual
15% of the actual amounts for Derby and Cardiff and withinreSUItS against predicted values.
10% for London (Table 5). The predictions can be made
during May if forecast weather variables are entered into th&limatic shifts continue the models can be modified by
model. In this way the cumulative grass pollen sum for theincluding data from more recent years and omitting that
season may be forecast shortly before the start date to givefgom the earlier ones. In this way the biological response can
useful indication of the severity in comparison with other be tracked through empirical modelling.
years.
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