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A climatological study on flowering of Hydrangea macrophylla in Japan
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In this paper, flowering dates of the Japanese Hydrangea macrophylla were examined to clarify temporal
and spatial variations from 1987 to 2016 on climatological approach, including effects of warming from
winter to spring in recent years and in winter. By linear regression analysis of the flowering dates against the
year, phenological trend from 1987 to 2016 on average at 54 stations was shown to be negative, i.e.,
advancing flowering. Many stations showed earlier flowering in north-eastern Japan, however, the flowering
dates were delayed at 13 stations mainly in south-western Japan, located in warm areas, showing spatial
variation. Trends in flowering dates indicated to be slightly delayed in both 1987-1996 and 1997-2006, and to
be earlier in 2007-2016. Results of correlation analysis from 1987 to 2016 at 54 stations indicated that there
were significant relationships between advancing flowering and spring warming. On the other hand, delayed
flowering in phenological trend from 1997 to 2006 at 13 stations was dependent more on spring temperature
than warming in winter. With respect to the spatial variations, trend in flowering dates from 1987 to 2016
indicated to be negative, i.e., advancing flowering for all 5 areas in Japan, showing the earliest in Hokkaido
area and the least early in Kyushu area.

Key words: Hydrangea macrophylla, flowering date, spatial variation, long-term trend.
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Fig.1 Regional map for seasonal forecasts (Japan

Meteorological Agency).
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Table 1. Mean flowering dates for 30 years (Fwm), trends of flowering dates for 30 years (7F, p<0.05) and three periods (7F1, TF2,

Tr3,p<0.05), mean differences between Fms and subintervals (Fmi and Fimz, p<0.05).

Weather Fu Tr T Tr Tr3 Mean differences between F 3 &
Station (DOY) dy" @dyh dyh @dyhH Ja Fyao
Wakkanai 225 -0.42 -0.08 p -020 p -026 p -3.90 -3.20
Asahikawa 202 000 p 0.10 -0.07 0.31 -0.40 0.30
Abashiri 219 -0.47 -0.16 p -0.12  p -0.39 -7.37 -2.42
Sapporo 198 -023  p -0.13 0.24 -0.14 =519 p -1.30
Muroran 219 -0.32 0.05 P -0.04  p -0.18 -7.00  p -7.00  p
Hakodate 200 -0.34 -0.09 p 0.31 0.03 -870 p -3.44
Aomori 196 -0.32 017 p -0.38 -0.11 -7.40 =727 p
Akita 184 -0.50 -0.32 0.19 -0.16 -10.10 p -3.30
Morioka 188 -0.07  p -0.07 0.66 -0.54 -0.90 1.80
Yamagata 184 0.04 p -0.04 -0.01 -0.02 2.30 5.80
Sendai 181 0.01 P -0.03 0.22 p -0.26 -0.20 0.10
Fukushima 178 -0.08 p 0.16 0.10 -021 p -1.30 3.40
Wajima 179 -0.14  p 0.55 -0.20 0.37 -1.70 3.50
Niigata 175 -020 p 0.19 0.30 -0.30 -5.10 0.50
Kanazawa 167 -0.17 p -0.28 0.26 -0.36 -3.60 2.50
Toyama 170 -021 p -0.03 0.22 -0.48 -3.80 -2.60
Nagano 183 -0.55 -0.14 -0.53 -0.26 -11.50 p -0.07
Utshunomiya 173 -0.22 0.23 P 0.01 P -0.32 -5.70 -0.70
Fukui 167 -0.16 p -0.03 0.25 -0.71 -3.40 2.70
Macebashi 168 -033  p -0.04 0.12 -0.37 -6.78 p 0.58
Kumagaya 168 0.05 P -0.11 -0.09 -021  p 2.00 4.56
Mito 172 -037 p 0.12 0.29 -0.35 -7.80 p -2.30
Gifu 161 -0.15 p 0.23 0.28 -0.42 -4.20 -0.10
Nagoya 161 0.23 P -0.10 0.03 -0.06 498 p 940 p
Kofu 174 0.16 0.13 008 p -0.02 p 2.67 2.00
Choshi 165 0.35 0.23 030 p -0.13 530 p 4.30
Tsu 160 -0.17  p 0.20 0.15 0.02 -4.60 p -2.30
Shizuoka 164 -004 p 0.10 0.29 -0.40 -1.60 2.70
Tokyo 156 -0.43 0.38 -0.28 -0.19 p -850 p -3.50
Yokohama 163 010 p 0.40 -0.05 0.32 1.20 2.90
Matsue 171 009 p 0.32 0.34 -0.14 1.60 390 p
Tottori 168 -0.09 p 0.46 0.22 -0.42 -3.00 4.10
Maizuru 173 -023  p -0.16 -0.12 -0.38 =330 p 0.40
Kyoto 165 -021 p 0.50 0.11 0.08 -475 p 1.10
Hikone 171 -005 p 0.07 0.21 0.01 -1.90 -0.40
Shimonoseki 164 -0.16 p 0.20 0.13 P 0.16 -490 p 0.20
Hiroshima 162 -0.14  p 0.11 0.10 -0.55 -3.00 0.10
Okayama 163 014 p 0.31 0.02 006 p 2.92 732 p
Kobe 161 -0.17 -0.17  p 016 p 0.41 -4.20 2.20
Osaka 159 -004 p -0.29 002 p -0.31 -0.40 1.10
Wakayama 159 010 p 0.17 0.13 p -0.10 175 p 2.80
Nara 165 -0.08 p 0.32 017 p -0.44 -2.53 1.30
Fukuoka 157 -0.19 p 0.10 0.07 -0.53 -4.30 0.10
Saga 157 -0.33 -0.17 0.16 p -0.82 -6.70 p 5.30
Oita 160 -026  p 0.63 -0.14 -0.28 -590 p 0.30
Nagasaki 157 -0.12  p 0.44 -0.13 -0.01 -2.80 -2.20
Kumamoto 154 -0.35 -0.12 -0.10 0.26 -7.59 p 4.11
Kagoshima 151 040 p 0.46 0.18 0.17 720 p 940 p
Miyazaki 151 0.47 0.37 0.23 P 0.18 730 p 6.50
Matsuyama 161 -0.32 -0.10 -0.10  p -021  p -5.10 -470 p
Takamatsu 161 -024  p -0.01 0.03 -0.55 -5.00 p 0.40
Kochi 155 0.07 p 0.13 0.37 0.04 1.10 6.00 p
Tokushima 163 -005 p -0.49 0.21 -1.04 -0.70 510 p
Naze 149 -0.08 027 p -0.02  p 0.08 p -4.10 -3.31
Average 171 -0.13 0.09 0.08 -0.19 -2.79 1.09

SD 17.35 0.22 0.24 0.21 0.30 4.21 3.66
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EA%E 0.92, AEKES% R TCHE CTH-T-.
FRIZHEE &R IIA B AKE 1%RE CTHRE Th-
7.

Hg6l,$W%fH&ﬁW@ﬁﬁﬂ%f¢
SEEIBRTE A &R & O HEIFR S HT ORI
i,%%ﬁ%@ﬁ&r%t@@tiﬁgiﬁio
HCholz REREIE0.90). HEIEA (1999)
XL, BRAE R, L OMBENRS, B
1Ak E92 85 5.4 HEL Zeoe (RERBUT
0.843). E7oAEEE & A PHRIR & OBAERIE, f#

Table 2. Mean trends of temperature (7r : 1987-2016 at 54 stations, T2 : 1997-2006 at 13 stations and 40 stations, 773 :

2007-2016 at 13 stations and 40 stations), mean of the correlation coefficients between flowering dates and temperature

(r :1987-2016 at 54 stations, 1997-2006 at 13 stations and 40 stations, 2007-2016 at 13 stations and 40 stations), number

of the stations (Ns ) that showed statistical significance (p<0.05, #-test for the correlation analysis).Note: 13 stations and

40 stations were the stations showing delayed flowering and early flowering respectively from 1987 to 2016.

Temperature Tr(°C decade‘l) r Ng [T1,(°C decade‘l) r  Tp(°C decade‘l) r|Trs(°C decade'l) r Tr3(°C decade'l) r
( 13 stations ) (40 stations ) ( 13 stations ) (40 stations )
Yearly mean temp. 0.22 -0.50 49 -0.36 -0.45 -0.18 -0.42 0.20 -0.36 0.20 -0.31
Mean temp. (May) 0.45 -047 44 -1.13 -0.45 -0.82 -0.41 1.53 -0.39 1.68 -0.56
Mean temp. (April) 0.10 -0.50 47 -0.94 -0.58 -0.94 -0.57 1.46 -0.29 1.37 -0.48
Mean temp. (March) 0.25 -0.38 44 -1.63 -0.41 -1.19 -0.38 0.59 -0.25 0.65 -0.44
Mean temp. (February) 0.07 -0.29 30 0.31 -0.46 0.23 -0.51 -1.02 -0.26 -0.93 -0.08
Mean temp. (January) -0.24 005 7 -0.72 0.11 -0.58 0.06 -0.50 -0.40 -0.52 -0.20
Mean temp. (April - May) 0.28 -0.57 48 -1.04 -0.61 -0.88 -0.60 1.49 -0.36 1.53 -0.55
Mean temp. (March - May) 0.27 -0.59 50 -1.24 -0.64 -0.99 -0.61 1.19 -0.38 1.24 -0.57
Mean temp. (February - May) 0.06 -0.31 37 -0.27 -0.41 -0.26 -0.45 -0.26 -0.31 -0.31 -0.22
Min. temp. (May) 0.41 -0.46 45 -0.79 -0.41 -0.54 -0.42 1.09 -0.36 1.19 -0.45
Min. temp. (April) 0.15 -0.48 47 -1.43 -0.54 -1.28 -0.48 1.54 -0.29 1.40 -0.44
Min. temp. (March) 0.15 -0.30 30 -1.60 -0.39 -0.92 -0.35 0.68 -0.28 0.57 -0.39
Min. temp. (February) 0.09 -0.27 26 0.59 -0.36 0.48 -0.47 -0.65 -0.26 -0.40 -0.10
Min. temp. (January) -0.18 002 7 -0.54 0.10 -0.45 0.02 -0.68 -0.44 -0.53 -0.20
Min. temp. (December) 0.04 -0.12 9 -0.54 -0.25 -0.84 -0.22 -1.18 -0.13 -0.90 0.01
Min. temp. (November) 0.49 -022 22 -0.54 -0.02 0.56 -0.08 0.78 -0.24 0.98 -0.11
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Fig. 5. Average flowering date of H. macrophylla from
1987 to 2016.
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and latitudes ().

Table 4 (2, HUEHI0D> 30 FER-NZIIT HEIAE A 28
b (Tr), KRR (Tr) B L ORIR &R
H & OMBIFREL () 2R3 BB ofE
DFHETH D). KiRE, 1300 FHKE 3
HA~5H)) 2R L. £ofE, BIfERZ L
B (Tr) 1L, ETOHMIRTREWLERLTZD, 0
ey, dedEE (0.30dy!) THR<, Ju (-0.07
dy') THE»-oTz. —F, 30AFHKIEOEL
2 (Tr) 1%, WHA (0.31°C decade!) TV ME
AL, SBIC, 3AEHKIERERIER D
AOFB () IIRBARLEAARTHELS, 2FEF
¥) (-0.59) OffaxtE %A Elal>7- GRAA  -0.65 78
AA -0.64).
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Table 3. Partial regression coefficients (p<0.05) related to
latitude (@), longitude (), altitude (/) using
average flowering date (Fmi, Fmz, Fms) as

objective variable under multiple regression

analysis.
Explanatory Partial regression coefficients
variable (F w1 (Fm) (F'm3)
o 6.11 p 5.98 P 5.44 2
2 117 p 09 p 082 p

H 003 p 0.02 002 p
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Fig. 7. Yearly variation of flowering date and spring mean temperature (March - May) in five areas of Japan.
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IR TOHMETIEDEEZ R LT, TIZBWTE
EALOEB AR L FEBICHET D (54 His
DINIALER Try 1 1.22 °C decade™). F£72, T
TIIBEHIC 31T D28 03 & bl L ¢, ZHc 1T
D WELER (B 20X, #8555 Trs:2.05 °C decade™)

DR LT,

FHOHEN, MEE, =BT, 304FMICk
HBEAER & 3 A FHRIE GH~5H)&@W
B &l LC, 11 AD THEARSKIRD A SEEfE )
EDOFRWADOFHBENED bz, Bz, EMT
i, 3 200 IR (3 A ~5 A) & OFHBIfR%5-0.42
LT, 11 AD THERESIEO A ELHE] &
OFRWAEOFEES (r:-0.63, Tr: 0.38 °C decade™)
oo LTz, ZBHIZ 31 2 BH4E B O RHKIZA4 DK
RO ERNEEL KFTZ ENHERIESND 2D
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Table 4. Mean trends of flowering dates (7¥.) and of
spring mean temperature from March to May
(Tra) for 5 areas, mean of the correlation
coefficients () between flowering dates and
spring mean temperature (March -May, April -

June) for 5 areas.

Area T, Tra r r
(d y']) (°C decade'l) (March - May)  (April - June)
Hokkaido -0.30 0.15 -0.41 -0.54
Tohoku -0.15 0.22 -0.57 -0.62
Higashi-Nihon -0.13 0.28 -0.65 -
Nishi-Nihon -0.08 0.31 -0.64
Kyushu -0.07 0.29 -0.52
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Table 5. Trends of spring mean temperature (March — May) for 30 years (7, p<0.05) and three periods (71, Tr2, T3,
p<0.05), trends of mean daily minimum temperature in November for 30 years (7tn, p<0.05), the correlation
coefficients between flowering dates and temperature for 30 years (7, p<0.05: spring mean temperature (March —

May) and mean of the daily minimum temperature in November).

Weather Tr Tty Ty Trs TN r r
Station (°C decade™) (°C decade™) (°C decade™) (°C decade™) (C decade™) (Spring mean temp.) (Min.temp.(Nov.))
Wakkanai 0.08 P 0.01 P 0.13 P 1.31 V4 0.48 V4 -0.18 -0.32 P
Asahikawa 0.09 P -0.24 P -0.66 P 1.08 P 0.18 P -0.43 D -0.23
Abashiri 0.18 )4 -0.98 )4 -0.04 )4 1.52 P 0.56 )4 -0.06 -0.47 )4
Sapporo 0.22 P -0.21 P -0.55 P 1.06 P 0.46 P -0.72 p -0.10
Muroran 0.13 P -0.46 P -0.58 P 1.15 P 0.38 P -0.42 P -0.63 p
Hakodate 0.19 V4 -0.53 V4 -0.45 V4 1.20 V4 0.52 V4 -0.63 )4 -0.41 P
Aomori 0.08 P -0.23 P -1.29 P 1.28 P 0.50 P -0.42 P -0.18
Akita 0.27 p -0.38 p -1.05 p 1.19 P 0.48 P -0.68 p -0.39 p
Morioka 0.22 P -0.71 P -1.31 P 1.83 V4 0.42 P -0.66 p -0.31 P
Yamagata 0.18 P -0.62 P -1.43 P 1.68 P 0.49 2 -0.32 p -0.08
Sendai 0.29 p -0.42 p -1.37 p 1.75 p 0.48 p -0.51 p -0.14
Fukushima 0.28 P -0.49 P -1.24 P 2.05 P 0.44 P -0.80 P -0.16
Wajima 0.18 P -0.31 P -1.25 P 0.92 P 0.54 P -0.69 P -0.20
Niigata 0.16 4 -0.33 V4 -1.23 V4 0.85 P 0.36 V4 -0.74 )4 -0.18
Kanazawa 0.24 P -0.43 P -0.93 P 1.51 p 0.50 p -0.82 P -0.23
Toyama 0.39 P -0.24 P -0.90 P 1.20 p 0.64 p -0.66 p -0.28 p
Nagano 0.28 V4 -0.45 V4 -1.24 P 1.80 p 0.40 p -0.59 P -0.33 P
Utshunomiya 0.41 D -0.50 D -1.06 2 1.42 2 0.78 p -0.73 P -0.40 P
Fukui 0.24 p -0.27 p -1.18 p 1.58 p 0.56 p -0.81 p -0.21
Maebashi 0.32 P -0.49 P -1.32 P 1.66 P 0.50 P -0.68 P -0.45 P
Kumagaya 0.39 D -0.32 D -1.02 p 1.29 p 0.51 p -0.43 P -0.41 P
Mito 0.29 P -0.65 P -1.32 P 1.46 P 0.59 P -0.77 )4 -0.48 )4
Gifu 0.28 P -0.44 P -1.29 P 1.27 P 0.49 )4 -0.78 P -0.34 P
Nagoya 0.31 P -0.59 P -1.37 P 1.10 P 0.47 P -0.46 P -0.08
Kofu 0.32 )4 -0.22 V4 -0.94 V4 1.51 V4 0.36 )4 -0.50 P -0.17
Choshi 0.14 P -0.95 P -1.98 P 0.90 P 0.33 P -0.48 P 0.03
Tsu 0.27 p -0.57 p -1.34 p 1.04 p 0.51 p -0.61 p -0.37 P
Shizuoka 0.28 )4 -0.59 )4 -0.94 )4 0.84 )4 0.43 P -0.78 P -0.28 P
Tokyo 0.26 P -0.45 P -1.16 P 0.97 P 0.38 P -0.65 p 0.00
Yokohama 0.36 P -0.42 P -0.94 P 1.35 P 0.53 V4 -0.41 P 0.13
Matsue 0.29 P -0.05 P -1.09 P 1.20 P 0.53 P -0.52 p -0.11
Tottori 0.26 p -0.16 p -1.01 p 1.53 p 0.49 p -0.77 p -0.27 p
Maizuru 0.33 P -0.41 P -0.81 P 1.12 P 0.51 P -0.65 )4 -0.09
Kyoto 0.26 P -0.31 P -1.48 P 1.80 P 0.55 P -0.82 p -0.41 P
Hikone 0.25 P -0.43 P -1.22 P 1.24 P 0.62 P -0.60 P -0.12
Shimonoseki 0.36 P -0.15 P -0.72 P 0.71 P 0.30 P -0.45 p -0.18
Hiroshima 0.25 P 0.23 P -1.53 P 1.22 P 0.43 P -0.67 )4 -0.23
Okayama 0.27 V4 -0.25 4 -1.00 V4 0.51 V4 0.49 V4 -0.50 )4 -0.13
Kobe 0.54 P -0.07 P -0.49 P 1.23 P 1.02 P -0.58 p -0.07
Osaka 0.22 p 0.01 p -1.04 p 1.12 p 0.48 p -0.59 p -0.36 p
Wakayama 0.28 V4 -0.10 V4 -1.38 P 1.29 V4 0.44 P -0.71 P -0.35 P
Nara 0.24 P -0.30 P -1.40 P 1.67 P 0.43 2 -0.65 p -0.20
Fukuoka 0.41 P -0.22 p -0.80 p 1.16 P 0.53 P -0.77 ¥4 -0.20
Saga 0.35 P -0.40 P -1.03 P 1.57 p 0.46 p -0.69 P -0.04
Oita 0.45 P -0.18 P -0.44 p 0.69 p 0.63 p -0.85 P -0.29 P
Nagasaki 0.25 P -0.47 P -1.11 P 0.81 P 0.17 P -0.51 P -0.34 2
Kumamoto 0.34 p -0.41 p -0.70 2 0.87 p 0.67 p -0.78 P -0.12
Kagoshima 0.32 p -0.59 p -1.11 p 0.86 p 0.77 p -0.29 p 0.24
Miyazaki 0.11 p -0.28 p -1.64 p 1.12 p 0.45 P -0.24 0.06
Matsuyama 0.35 D -0.13 2 -1.07 2 0.89 p 0.39 p -0.48 P -0.24
Takamatsu 0.41 p 0.34 p -1.08 p 0.91 p 0.78 p -0.82 p -0.51 p
Kochi 0.36 P -0.21 P -0.89 P 0.88 P 0.69 P -0.45 P -0.26
Tokushima 0.26 p 0.23 p -1.05 2 0.74 p 0.34 p -0.70 P -0.08
Naze 0.01 p -1.24 )4 -0.96 )4 1.02 )4 0.26 )4 -0.07 0.05
Average 0.27 -0.35 -1.04 1.22 0.49 -0.59 -0.22

SD 0.10 0.28 0.37 0.34 0.14 0.19 0.17
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