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Predicting Cherry Flowering Date Using a Plant Phenology Model
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ABSTRACT

An accurate prediction of blooming date is crucial for many authorities to schedule and organize
successful spring flower festivals in Korea. The Korea Meteorological Administration (KMA) has
been using regression models combined with a subjective correction by forecasters to issue blooming
date forecasts for major cities. Using mean monthly temperature data for February (observed) and
March (predicted), they issue blooming date forecasts in late February to early March each year. The
method has been proved accurate enough for the purpose of scheduling spring festivals in the relevant
cities, but cannot be used in areas where no official climate and phenology data are available. We
suggest a thermal time-based two-step phenological model for predicting the blooming dates of spring
flowers, which can be applied to any geographic location regardless of data availability. The model
consists of two sequential periods: the rest period described by chilling requirement and the forcing
period described by heating requirement. It requires daily maximum and minimum temperature as
an input and calculates daily chill units until a pre-determined chilling requirement for rest release.
After the projected rest release date, it accumulates daily heat units (growing degree days) until a pre-
determined heating requirement for flowering. Model parameters were derived from the observed
bud-burst and flowering dates of cherry tree (Prunus serrulata var. spontanea) at KMA Seoul station
along with daily temperature data for 1923-1950. The model was applied to the 1955-2004 daily
temperature data te estimate the cherry blooming dates and the deviations from the observed dates
were compared with those predicted by the KMA method. Our model performed better than the
KMA method in predicting the cherry blooming dates during the last 50 years (MAE = 2.31 vs. 1.58,
RMSE = 2.96 vs. 2.09), showing a strong feasibility of operational application.
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Fig. 1. Concept of the two step phenological model for predicting flowering date in temperate zone deciduous trees. Floral
buds must be exposed sequentially to long enough periods of chilling temperature (R;) and heating temperature (Ry,) for

spring flowering,.
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Table 1. Equations to calculate Chill Days for the five cases that relate daily maximum (T,) and minimum (T,) temperature
to the threshold temperature (T,) and 0°C, where T, is the mean daily temperature (Cesaraccio et al., 2004).

Number Temperature Chill Days Anti-Chill Days
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T,— T T.—-T.
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=3
< = _1x iz =
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Fig. 2. Comparison of the model predicted dates for chetry blossom with the observed flowering dates in Seoul during 1955-
2004. Official forecast dates (KMA) are also shown for comparison.
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Table 2. Projection of the cherry blooming date for Seoul in 2005, based on the phenology model driven by daily maximum
and minimum temperature data. The original forecast date (April 17) came from the model run by daily temperature normals,
while the final forecast date (April 14) was determined by the measured data input to the model. The observed blooming was
on April 12 in this year, according to the KMA official announcement.

Normal Thermal Time 2005 Thermal Time
Tnax, °C Tmin, °C GDD ARy, Tnax, °C Tanin, °C GDD ARy
March 30 13.6 43 33 -76.8 12.1 22 2.6 -77.6
31 13.0 3.6 3.0 -73.8 15.5 3.5 43 - <733
April 1 13.0 33 3.0 -70.8 16.1 6.3 4.6 -68.8
2 12.8 33 2.9 -67.9 15.8 6.5 44 -64.4
3 13.6 3.7 33 -64.6 . 14.5 5.6 3.8 -60.6
4 15.5 4.6 43 -60.4 14.3 4.1 3.7 -57.0
5 15.8 5.4 44 -56.0 19.0 7.3 6.2 -50.8
6 16.3 5.6 4.7 -51.3 17.7 9.6 6.7 -44.2
7 16.4 6.2 4.7 -46.6 16.1 10.5 6.3 -37.9
8 16.5 7.0 4.8 -41.9 22.5 7.5 8.0 -29.9
9 17.2 6.9 5.1 -36.8 - 158 11.3 6.6 <233
10 16.5 6.4 43 -32.0 17.1 9.1 6.1 -17.2
11 17.1 6.0 5.1 -27.0 18.2 10.1 7.2 -10.1
12 17.5 6.7 53 217 14.6 7.8 42 -5.9
13 17.0 6.6 5.0 -16.7 15.8 6.4 44 -1.5
14 17.5 7.1 5.3 -11.4 14.3 6.3 3.7 2.2
15 17.6 73 54 -6.0 15.3 4.6 4.2
16 16.1 7.4 4.8 -1.2 15.8 5.5
17 17.2 7.1 5.1 39 19.2 7.5

ARy, : the remaining thermal time (heating requirement) that must be filled for flowering.
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Table 3. Projection of the cherry blooming date for Jinhae
in 2005, based on the phenology model driven by daily
maximum and minimum temperature data. Observed cherry
blooming was on April 5, while the projected date was April
6. Measured temperature data at Masan, the nearest KMA
station, were used to drive the model.

Tiaxs °C Thin, °C GDD ARy,

15 11.2 25 21 812
16 14.2 31 36 -77.6
17 13.8 6.5 34 742
18 12.5 43 28  -714
19 113 20 22 -693
20 16.0 5.1 45 -64.8
21 13.1 5.0 3.1 -61.7
22 13.0 6.8 3.0 -587
March 23 12.2 7.3 28  -56.0
24 8.8 1.3 09 551
25 11.6 -0.6 23 =528
26 15.0 34 4.0 4838
27 10.1 6.4 1.6 -472
28 20.8 7.6 72  -40.0
29 14.3 4.2 3.7 -364
30 16.2 1.7 46 -31.8
31 19.3 5.8 62 256
1 17.9 8.0 59  -197
2 183 7.9 6.1 -13.6
April 3 11.7 4.6 24 -112
4 17.4 3.0 52 -6.0
S 18.7 6.3 5.9 -0.2
6 17.2 83 58 5.6

ARy :the remaining thermal time (heating requirement) that
must be filled for flowering.
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