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Forecasting Models for Sugi
(Cryptomeria japonica D. Don) Pollen
Count Showing an Alternate Dispersal
Rhythm
Yukiko Ito1, Reiko Hattori1, Hiroki Mase2, Masako Watanabe2 and Itaru Shiotani3

ABSTRACT
Background: Pollen information is indispensable for allergic individuals and clinicians. This study aimed to
develop forecasting models for the total annual count of airborne pollen grains based on data monitored over
the last 20 years at the Mie Chuo Medical Center, Tsu, Mie, Japan.
Methods: Airborne pollen grains were collected using a Durham sampler. Total annual pollen count and pollen
count from October to December (OD pollen count) of the previous year were transformed to logarithms. Re-
gression analysis of the total pollen count was performed using variables such as the OD pollen count and the
maximum temperature for mid-July of the previous year.
Results: Time series analysis revealed an alternate rhythm of the series of total pollen count. The alternate
rhythm consisted of a cyclic alternation of an “on” year (high pollen count) and an “off” year (low pollen count).
This rhythm was used as a dummy variable in regression equations. Of the three models involving the OD pol-
len count, a multiple regression equation that included the alternate rhythm variable and the interaction of this
rhythm with OD pollen count showed a high coefficient of determination (0.844). Of the three models involving
the maximum temperature for mid-July, those including the alternate rhythm variable and the interaction of this
rhythm with maximum temperature had the highest coefficient of determination (0.925).
Conclusions: An alternate pollen dispersal rhythm represented by a dummy variable in the multiple regres-
sion analysis plays a key role in improving forecasting models for the total annual sugi pollen count.
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INTRODUCTION
Pollinosis caused by pollen of the sugi tree (Cryp-
tomeria japonica D. Don) is the most significant aller-
gic disease occurring in the spring. In an epidemi-
ological study in 2003, Okuda1 estimated that at least
13% of the Japanese population suffered from sugi al-
lergy. Based on surveys conducted throughout the
country, Kaneko et al.2 reported that the prevalence
was 25% in urban areas in 2004.

Series of annual pollen counts generally show a
sharp fluctuation with occasional severe dispersals.
Information on numerical forecasts of sugi pollen

grains is therefore essential for both allergic individu-
als and clinicians. Forecasts based on weather vari-
ables during the summer season,3-9 the number of
male flowers on trees,10,11 and pollen count in autumn
and winter12 have been documented at various loca-
tions during the last three decades.

Since 1987, pollen monitoring has been carried out
at the Chuo Medical Center, Tsu, Mie, and forecasts
have been made based on the maximum temperature
in mid-July of the previous year or by counting small
airborne pollen from October to December (OD pol-
len count) of the previous year. However, these fore-
casts are potentially imprecise.
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The periodicity of the pollen dispersal pattern has
often received attention. Recently, Saito13 pointed out
that severe dispersals tend to occur periodically, cit-
ing the 31 year pollen count (1965―1995) recorded by
Shida et al.14 at the National Sagamihara Hospital.
However, periodicity has never been considered in
any scheme for forecasting pollen counts.

To make a reliable forecast, it is important to con-
sider the regional characteristics of the pollen disper-
sal pattern. We noticed an alternate rhythm in the dis-
persal pattern and therefore addressed the subject of
periodicity in this study. Furthermore, we incorpo-
rated the periodicity indicated by a time series analy-
sis into a forecasting formula. This is the first study in
which periodicity has been used to develop a fore-
casting model. In addition, we discuss topics such as
the limited utility of the forecasting model, the nature
of the alternate rhythm of pollen dispersal, and the
rhythm shift.

METHODS
POLLEN MONITORING DATA
Airborne pollen grains were collected with a Durham
sampler15 from the roofs of the former Tsu National
Hospital (1987―1998) and the Mie Chuo Medical Cen-
ter (2 kilometers west of the former hospital), the lat-
ter at a height of 30 meters. Slides were changed
every day between 12:00 and 13:00 from February to
May and twice a week during the rest of the year.
Pollen grains on the slides (18 × 18 millimeters) were
identified and counted after staining with Phöbus
Blackly. The total annual pollen count and the OD
pollen count in the previous year were expressed as
count per centimeter squared. In all years, identifica-
tion and counting were performed by one of the
authors (Ito).

METEOROLOGICAL DATA
Mean daily maximum temperature (X), mean tem-
perature, number of hours of sunlight, rainfall, and
relative humidity (%) for the first, middle, and last 10
days of the month from June to August were obtained
from the weather observation data on the website of
the Tsu Local Meteorological Observatory.16 To find
a meteorological parameter for forecasting the total
pollen count (Y), the correlation matrix of the total
pollen count with the weather variables was com-
puted.

STATISTICAL ANALYSIS
The autocorrelation function was computed for a se-
ries of total pollen counts or OD pollen counts using
the series program SYSTAT (version 5.2) for Macin-
tosh.17

The “on” and “off” years in the alternate dispersal
rhythmic pattern were identified as a general rule by
the percent change value between the count data of
two successive years, according to the following

equation:
Percent change (%) = [(count − previous year’s

count)�previous year’s count] × 100.
Any year with a change greater than 20% was desig-
nated as an on year and any year with a change below
−20% as an off year. Any year within a percent change
of ±20% was considered to have the same rhythmic
state as that of the previous year.

SYSTAT (version 10.2) for Windows was used in
single and multiple regression analyses. To derive a
linear relation between pollen count and weather
data, pollen count data were transformed to common
logarithms. The logarithm of the total pollen count
was represented by Y and that of the OD pollen count
by Xw2. The alternate rhythm was used as the dummy
or indicator variable Z, with on year = 1 and off year =
0. Performance of the regression analysis was evalu-
ated with the coefficient of determination (R2), the ad-
justed coefficient of determination (adjusted R2), and
the standard error (SE) of the estimate. Diagnosis of
the residuals was performed using the Durbin-
Watson D value (DW) and the first-order autocorrela-
tion coefficient (FOACC). The difference between the
predicted and observed values was expressed as the
relative error (%) by calculating the ratio of the differ-
ence to the observed value, using the following equa-
tion:

Relative error (%) = [(predicted − observed)�ob-
served] × 100.
The relative errors were taken as a standard for the
practical use of the forecasting model.

RESULTS
TIME SERIES ANALYSIS OF SUGI POLLEN
COUNT
Table 1-A shows the total sugi pollen counts for the
period 1987―2006 and for August 31, 2007. The auto-
correlation function of the total pollen count (Y, log
units) computed by the time series analysis indicated
the first-order autocorrelation coefficient of −0.570 at
time lag 1, which is significant at the 5% level. The
significant negative coefficient implies an alternate
rhythmic pattern of the annual pollen count series.
The time series analysis for the OD pollen count
(XW2, log units) of the previous year again revealed
the alternate rhythmic pattern with the significant au-
tocorrelation coefficient of −0.516 at time lag 1. The
total pollen count series and the OD pollen count of
the previous year series exactly synchronized with
each other, including the year of shifted rhythm as
described later. Consequently, the cross-correlation
function between the two sets of time series showed
a highly significant coefficient of 0.870 at time lag −1.
The OD pollen count of the previous year was there-
fore considered a useful preceding indicator of the to-
tal pollen count.
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Table 1-A Total sugi pollen count and the pollen count in October―December (OD pollen count) of the previous year

OD Pollen
Count/cm2

Total Pollen 
Count/cm2YearOD Pollen 

Count/cm2
Total Pollen 
Count/cm2Year

5.221851998NC15641987

15.3 2350199927.464981988

4.811512000 1.5 4831989

47.0 7809200116.855801990

7.63012200210.510075 1991

12.5 57562003 2.419471992

2.1 392200414.362111993

98.0 81122005 3.0 6301994

11.5 28162006141.3 18202 1995

33.9  4421†2007 7.925251996

15.056591997

NC denotes Not counted.
†A total pollen count as of August 31, 2007.

Table 1-B Statistics of the sugi pollen count data

OD Pollen Count/cm2§Total Pollen Count/cm2

Off yearOn yearAll yearsOff yearOn yearAll years

 5.1 39.8 23.4 1671 7625 4648Mean
 1.5 10.5 1.5 392 2350 392Minimum
 11.5 141.3 141.3 3012 18202 18202Maximum
 3.33  44.59 36.28 977.05 4226.66 4271.48SD†

 65.2 112.0 155.2 58.5 55.4 91.9CV(%)‡

†Standard deviation. ‡coefficient of variation ＝ (SD/Mean) ×100.
§ Pollen count in October―December of the previous year.

CYCLIC CHANGE OF ON AND OFF YEARS
The rhythmic state on or off years in the total pollen
count series was determined by the percent change
(Fig. 1). For the 10 on years, the percent changes
ranged from 7.6% to 2789%, and for the 9 off years the
percent changes ranged from −51% to −93%.

The year 1999, with a change of 7.6%, should be re-
garded as having the same rhythmic state as 1998 (an
off year) according to the rules described above. Nev-
ertheless, this year was determined to be an on year
based on the OD pollen count (15.3 per centimeter
squared) of the previous year. The OD pollen count
of 10 per centimeter squared is the threshold be-
tween the rhythmic state of on and off for the coming
year. The rhythmic state of the first year of the series,
1987, was not determined because there were no data
for 1986; it was simply designated an off year on the
basis of the greater pollen count of 1988.

The alternate rhythm was a regular cyclic change
between on and off years. There was one exception in
1991, which was expected to be an off year according

to the regular rhythmic order; however, this was a
year of exceptionally large pollen dispersal. The OD
pollen count of 10.5 per centimeter squared of the
previous year was also exceptional in this dispersal
pattern. We describe 1991 as a “shifted year”―a year
in which there was a rhythm shift from the state of an
off year to an on year.

ANNUAL FLUCTUATIONS AND THE ALTER-
NATE RHYTHM
The total pollen count exhibited a large annual fluc-
tuation, as shown by a coefficient of variation (CV)
greater than 90% (Table 1-B). The overall mean count
was 4648; the mean of 10 on years was 7625 and that
of 10 off years was 1671, about a fifth of the on year
mean. The OD pollen count also showed great fluc-
tuation, with a CV of more than 150%. The overall
mean was 23.4; the mean of 10 on years was 39.8 and
that of the 9 off years was 5.1, about an eighth of the
on year mean.
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Fig. 1 Percent changes in the total sugi pollen count series for the period of 1987―2006. 
Percent changes (%) were used to designate on or off years in a series of the total pollen 
count. The relative change is a ratio of the difference between the pollen counts of two suc�
cessive years and the preceding year’ s count. The year with a relative change value larger 
than 20% was designated as an on year; the year with a value less than－20% as an off 
year; the year with a value within ±20% was in the same rhythmic state as that of the pre�
vious year.
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CORRELATION COEFFICIENTS WITH THE PRE-
VIOUS YEAR’S SUMMER WEATHER DATA
In the matrix of the 35 correlation coefficients (Table
2), significant coefficients greater than 0.7 were re-
stricted to the correlations with temperature factors
for mid-July or late July. The highest correlation coef-
ficient was 0.805, with the maximum temperature, fol-
lowed by 0.781, with the mean temperature for mid-
July. The maximum temperature for mid-July X was
selected as a variable available for forecast regression
models.

REGRESSION ANALYSIS FOR TOTAL SUGI
POLLEN COUNT
Single or multiple regression analysis for total pollen
count Y was performed using three models involving
the variable of OD pollen count Xw2 and another
three models including the variable of maximum tem-
perature for mid-July (X). The results of these analy-
ses and the diagnostic statistics of the residuals are
summarized in Table 3-A and 3-B.

(1) Models Involving the Variable OD Pollen
Count Xw2 of the Previous Year
Model 1 was the single regression equation relating
the total pollen count Y to the independent variable of
OD pollen count Xw2. The coefficient of determination
(R2) was 0.757. When the alternate rhythm Z and the

interaction in the form of a product ZXw2 were in-
cluded as additional variables, the resulting multiple
regression equation (model 3) had a coefficient of de-
termination of 0.844. There was also a slight increase
in the adjusted coefficient of determination (adjusted
R2), from 0.742 to 0.813. In model 3, the partial re-
gression coefficient of OD pollen count Xw2 was sig-
nificant at the 1% level by the t-test, and the partial re-
gression coefficients of alternate rhythm Z and the in-
teraction ZXw2 were significant at the 5% level. The
standard error of the estimate in model 3 was 0.199,
slightly smaller than the value of 0.233 in model 1.
However, based on the diagnostic values, the DW
value of 1.544 and the first-order autocorrelation coef-
ficient of 0.220 suggest that some periodicity is main-
tained in the variation of the residuals.

Figure 2-A is a scatter diagram in which the total
pollen count Y is plotted against the OD pollen count
Xw2. The two regression lines, one for on years and
the other for off years, appear to differ in the slope.
The significance of the interaction ZXw2, as men-
tioned above, indicates that their slopes differ statisti-
cally.

(2) Models Involving the Variable Maximum Tem-
perature for Mid-July X of the Previous Year
Model 4 was a single regression equation relating the
total pollen count Y to the independent variable of
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Table 2 Correlation coefficient matrix of total sugi pollen count (log unit) with previous year’ s summer weather data†(1987―
2006) 

Relative HumidityRainfallSunlight HoursMean
Temperature

Maximum
TemperaturePeriod

－0.364  －0.627＊＊0.2830.0620.124June21―30 
－0.158－0.2640.2570.3820.357July1―10 
 －0.526＊  －0.555＊   0.661＊＊  0.781＊＊  0.805＊＊July11―20 
 －0.510＊ －0.386  0.682＊＊  0.777＊＊  0.637＊＊July21―31 
－0.402 －0.540＊ 0.428 0.470＊   0.517＊ Aug.1―10 
 －0.467＊ －0.412  0.695＊＊ 0.539＊   0.540＊ Aug.11―20 
 0.234   0.200－0.208 －0.116 －0.216 Aug.21―31 

＊p＜0.05, ＊＊p＜0.01.
†Cited from the data of Tsu Local Meteorological Observatory.

Table 3-A Results and diagnosis of the regression analysis, data: n ＝ 19 (1988―2006) 

Predictive Formula (probability of t-test)FOACCDWSE of
EstimateAdjust. R2R2 Model

Y＝ 2.715 ＋ 0.752 XW20.3461.3040.2330.7420.7571
(0.000)

Y＝ 2.779 ＋ 0.551 XW2 ＋ 0.273 Z0.2101.5700.2200.7700.7952
(0.002) (0.101)

Y＝ 2.523 ＋ 0.964 XW2 ＋ 0.826 Z － 0.623 Z XW20.2201.5440.1990.8130.8443
(0.001) (0.013) (0.048)

R2 denotes the coefficient of determination; Adjust. R2 denotes the adjusted coefficient of determination; SE of estimate denotes 

the standard error of estimate; DW denotes the Durbin-Watson, D value; FOACC denotes the 1st order autocorrelation coefficient of 

the residual.

Abbreviation of the variables used are follows:

Dependent variable: Y ＝ Total sugi pollen count, log units.
Independent variables: XW2 ＝ OD pollen count in the previous year, log units.

Z＝Alternate rhythm; on year ＝ 1, off year＝ 0.
ZXW2＝Interaction between the alternate rhythm and the OD pollen count in the previous year.

Table 3-B Results and diagnosis of the regression analysis, data: n ＝ 20 (1987―2006) 

Predictive Formula (probability of t-test)FOACCDWSE of
EstimateAdjust. R2R2 Model

Y＝－1.897＋0.178 X－0.3452.6630.2760.6280.6474
(0.000)

Y＝－0.432＋0.122 X＋0.468 Z－0.1662.2950.1760.8490.8655
(0.000) (0.000)

Y＝－2.934＋0.208 X＋4.372 Z－0.131 ZX 0.003 1.9800.1350.9110.9256
(0.001) (0.001) (0.002)

R2 denotes the coefficient of determination; Adjust. R2 denotes the adjusted coefficient of determination; SE of estimate denotes the 

standard error of estimate; DW denotes the Durbin-Watson, D value; FOACC denotes the 1st order autocorrelation coefficient of the 

residual.

Abbreviation of the variables used are follows: 

Dependent variable: Y＝ Total sugi pollen count, log units.
Independent variables: X ＝  Maximum temperature for mid-July of the previous year.

Z＝ Alternate rhythm; on year ＝ 1, off year＝  0.
ZX＝  Interaction between the alternate rhythm and the maximum temperature in the previous year.
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Fig. 2-A Scatter diagram plotting total pollen count (Y) 
against OD pollen count (XW2) of the previous year. The 
slopes of the regression lines for on and off years differ 
slightly. The difference in slope is significant at the 5% level, 
as shown by the t-test for interaction (ZXW2) in the multiple 
regression analysis of model 3.
○ denotes on year; ▲ denotes off year.
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Fig. 2-B Scatter diagram plotting total pollen count (Y) 
against maximum temperature for mid-July (X) of the previ-
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obtained using the multiple regression equation of model 6, based on pollen count data for 
the period 1987―2006. The difference between the predicted and observed values is 
shown as the relative error (%), that is the ratio of their difference to the observed value. 
The relative errors for the 20 year interval ranged between －41% and 85% with a median 
of 3%, wherein: 19 years were within ±50%; 14 years within ±21%; and one year (1999) 
had a large value of 85%. Shaded years denote on year; unshaded years denote off year. 
Solid circles denote observed value; open diamonds denote predicted value.
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maximum temperature for mid-July (X), and had a co-
efficient of determination (R2) of 0.647. The multiple
regression formula of model 5, which included the
mid-July maximum temperature X and the alternate
rhythm Z, had a higher coefficient of determination
(0.865). There was a further increase in the coeffi-
cient of determination to 0.925 in model 6, in which
one more variable was included―the interaction ZX.
Similar steady increases were seen from model 4 to
model 6 in the adjusted coefficient of determination.
The partial regression coefficients of the three vari-
ables in model 6 were all significant at the 1% level by
the t-test. Furthermore, the DW value of 1.980 and
the first-order autocorrelation coefficient of 0.003 in
this model imply that no periodicity remained in the
residuals.

There was a clear decrease from 0.276 to 0.135 in
the standard error of the estimate from model 4 to
model 6. Thus, model 6 was chosen as the best fore-
casting model among those considered in this study.

A scatter diagram plotting the total pollen count Y
against the maximum temperature for mid-July X
showed two regression lines, one for on years and
the other for off years, which differed in the slope
(Fig. 2-B). The slope difference was confirmed, as de-
scribed above, by the significance of the interaction
ZX at the 1% level in the t-test.

(3) Relative Error of the Prediction
The observed data were compared with the values
predicted by model 6 based on data for the period
1987―2006 (Fig. 3). The relative error values for the
20 years ranged between −41% and 85% with a median
of 3%, and are summarized as follows: 19 years were
within ±50%, 14 of the 19 years were within ±21%, and
one year (1999) had a large relative error of 85%.

(4) Forecasting of Total Pollen Count for the
Years 2006 and 2007
Using model 6 (Table 3-B), based on the data for the
period 1987―2005, prediction of the total pollen count
for 2006 was tested. As the year 2006 was an off year,
substituting Z = 0 and X = 30.8℃ for the maximum
temperature for mid-July in 2005 in the equation (not
shown), the predicted value for Y was equal to 3.469.
The predicted total pollen count was 2994, which was
the inverse logarithm of 3.469. The observed value in
2006 was 2816 and the prediction had a relative error
of 6.3%. This was a fair forecast.

Similarly, the total pollen count for 2007 was pre-
dicted by model 6. As 2007 was an on year, we substi-
tuted Z = 1 and X = 30.4℃ for the maximum tempera-
ture for mid-July in 2006 in the equation. The pre-
dicted total pollen count was 5985. The observed
value was 4421 as of August 31, 2007 (Table 1-A). The
relative error was 35.4%, i.e., the forecast value over-
estimated the observed value by 35.4%.

DISCUSSION
POLLEN SAMPLING METHOD
The pollen counting data of the present study were
obtained by the gravity method with a Durham sam-
pler, which has been widely used throughout Japan
since the 1970s. It is useful for allergy clinics as a rou-
tine means of counting a large number of pollen
grains in a short time. On the other hand, volumetric
pollen sampling with a Burkard sampler is common
in Europe and the USA. A statistically significant cor-
relation between count data obtained with the Dur-
ham and Burkard samplers was reported by
Kishikawa et al.18 Furthermore, Imai et al.19 found a
high correlation between count data obtained with a
Durham sampler and with a newly developed auto-
matic pollen counter.

Concerning the general assessment of the Durham
sampler data, its correlations with the prevalence, day
of onset, and medical costs of sugi pollinosis have
been reported.1,20,21 Therefore, the Durham data are
regarded as reasonable indicators and a critical warn-
ing sign for health-care policy.

ALTERNATE DISPERSAL RHYTHM
In a pioneering ecological study, Saito22 examined
male flower production of sugi forest stands by the lit-
ter trap method, and found regular alternation be-
tween a productive year (on year) and an unproduc-
tive year (off year) of male flowers during the period
1983―1994, except 1991. The alternate rhythm and
the exceptional year of 1991 reported in that study co-
incide with the pollen count data of the present study.
Saito’s opinion about the cause of the rhythm shift in
1991 will be discussed later.

Taira et al. reported the relationship of the amount
of atmospheric pollen to the male flower index23 and
the preseason pollen count24 (referred to as the OD
pollen count in this study), and they used these as pa-
rameters in developing forecasting models.

The number of male flowers in autumn and the
number of preseason airborne pollen grains are both
biological factors that show an inter-annual fluctua-
tion in rhythm with pollen dispersal in the period of
full bloom in the next spring. From a broader view-
point, the alternate pollen dispersal rhythm can be re-
garded as an autonomous biorhythm of sugi trees.
Taira et al.25 also attributed the annual change in air-
borne pollen count basically to physiological changes
occurring in sugi trees.

According to our recent study, the alternate
rhythm was synchronized during the past 10―25
years at 12 sites in eight medical facilities in Mie,
Gifu, Aichi, and Shizuoka prefectures on the Pacific
slope of the Tokai regional zone.26 Similar alternate
rhythms were also recognized in the monitoring data
reported in studies in the prefectures of Toyama,12

Kagawa,7 and Oita.27 There is a possibility that the
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rhythm occurs widely in western Japan.
In the present report, the term “alternate rhythm”

is used in a broad sense, and includes cases in which
cycles of 3 years or more occur in a regular biennial
sequence (i.e., a 2-year cycle). The alternate rhythm
should consist of pairs of consecutive years compris-
ing an on year followed by an off year or an off year
followed by an on year; however, it sometimes con-
tains irregular pairs such as consecutive on or off
years. A change from an on year to an off year or vice
versa is called a rhythm shift.

The alternate rhythm is well known in fruit trees in
their fruiting behavior, where it is generally termed
“alternate bearing.” For example, olive trees display
alternate bearing and produce allergenic pollen
grains. Monitoring of airborne olive pollen grains has
been carried out,28 and pollen count data are used by
agronomists as a parameter for forecasting fruit
yields in olive plantations in Andalusia in southern
Spain.29 In the two studies cited here, years of high
pollen count correspond well with those of high olive
production in the area concerned.

The alternate dispersal rhythm of airborne pollen
in sugi trees appears to be a phenomenon similar to
the alternate changes found in fruit trees. The trigger
of the biorhythm and the factors generating the alter-
nate rhythm in fruit-bearing trees have been dis-
cussed in an extensive review by Monselise and
Goldschmidt.30 Although the complex mechanism of
the biorhythm has not yet been resolved, they as-
sumed that it is an adaptive trait against climatic fac-
tors unfavorable to the reproductive growth, and that
carbohydrate stress plays an important role in the
rhythmic behavior during all the years of the tree’s
lifetime.

LIMITED UTILITY OF THE FORECAST FORMULA
General forecasts of sugi pollen count for 2007 pre-
dicted a count of only 20―40% of the mean pollen
count owing to the relatively low number of hours of
sunlight in July 2006. According to the data moni-
tored at our hospital, the mean for the last 20 years
was 4648 (Table 1-B). Thus, the percentage value
provided by the general forecasts corresponds to
1000―2000 pollen grains per centimeter squared. Any
periodicity of yearly pollen dispersal was not consid-
ered in making the general forecast.

Our predicted value, based on the formula of
model 6, involving periodicity (Table 3-B), exceeded
the observed value by 35%, as mentioned above; how-
ever, our predicted value seems to be more realistic
than the general forecast, particularly with regard to
disease prevention.

Differences between the observed and predicted
values exhibited yearly variation (Fig. 3). Although
the relative errors in most cases were within ±50%,
there was a 1 in 20 years possibility of making a
wrong forecast.

HOW TO FORESEE WHETHER THE COMING
YEAR WILL BE AN ON OR OFF YEAR
A marked feature of the forecasting models reported
in this study is the use of a variable description of the
alternate rhythm. However, this can also be a disad-
vantage of the models, because the value of the vari-
able (0 or 1 according to whether it is an on or an off
year) should be known and is applied in the equa-
tions when making a prediction. Therefore, it is es-
sential to know whether the coming year is an on or
an off year before computation of the equations.

For this purpose, we are anticipating the rhythmic
state for the coming year by means of the two crite-
ria, the regular biennial order in the total pollen count
and the size of OD pollen count. A threshold of the
OD pollen count between on and off years is about 10
per centimeter squared (Table 1-B), although their
ranges overlap a little.

To provide a useful forecasting method, we con-
ducted discriminant analysis with the following four
variables: total sugi pollen count, OD pollen count,
Hinoki family (Cupressaceae) pollen count, and maxi-
mum mid-July temperature. The outlook for the
method is favorable. The next step is an extension of
the forecasting method to predict years of rhythm
shift.

CLIMATE FACTORS AFFECTING THE BIO-
RHYTHM
There was a rhythm shift in 1991, the cause of which
may have been related to the weather conditions of
1990; this shift had been predicted from the preced-
ing indicator, the OD pollen count of the previous
year. Saito22 suggested that the cause of the rhythmic
change in male flower production was the hot, dry
weather of late June and July in 1990.

To find a clue to the nature of the biological
rhythm, it seems important to investigate the climate
factors that caused the rhythm shift of 1991. Usually,
a hot summer has an effect on sugi trees, promoting
flower bud development and increasing pollen pro-
duction, while the effect of a cool summer is the re-
verse. The summers of 1988 and 1989 were cool, and
there was intense heat in the summer of 1990. At pre-
sent we consider that the drastic temperature change
in summer, particularly in July, caused the shift in the
pollen dispersal rhythm in 1991.

In the last 20 years there have been four years of
hot summers with 1―3℃ higher than normal, and
four years of cool summers with an average July tem-
perature of 1―2℃ lower than normal. Was the abnor-
mal weather in these years due to climate changes as-
sociated with global warming? With continued global
warming, rhythm shifts are expected to become more
frequent. To maintain reliable forecasting in the face
of the uncertainties in the near future, advanced fore-
casting technology based on basic studies of bio-
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rhythms will be required.
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