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Abstract: The rapid advance of technology has accelerated global warming. As 50.4 percent of

South Korea’s population is concentrated in the Seoul Metropolitan Area, which has become a

considerable emitter of greenhouse gases, the city’s average temperature is expected to increase more

rapidly than in other areas in the country. A rise in the average temperature would affect everyday

life and urban ecology; thus, appropriate measures to cope with the forthcoming disaster are in need.
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This study analyzed the changes in plant phenological phases from the past to the present based on

temperatures (average temperature of Feb, Mar, April) observed in seven different weather stations

near the Seoul Metropolitan Area (Ganghwa, Seoul, Suwon, Yangpyeong, Icheon, Incheon, and Paju)

and the first flowering dates of Plum tree (Prunus mume), Korean forsythia (Forsythia koreana), Korean

rosebay (Rhododendron mucronulatum), Cherry tree (Prunus serrulate), Peach tree (Prunus persica), and

Pear tree (Pyrus serotina). Then, RCP (Representative Concentration Pathways) 2.6 and 8.5 scenarios

were used to predict the future temperature in the Seoul Metropolitan Area and how it will affect

plant phenological phases. Furthermore, the study examined the differences in the flowering dates

depending on various strategies to mitigate greenhouse gases. The result showed that the rate of plant

phenological change had been accelerated since the 1900s. If emission levels remain unchanged, plants

will flower from 18 to 29 earlier than they do now in the Seoul Metropolitan Area, which would be

faster than in other areas in the country. This is because the FFD (First Flowering Date), is highly

related to temperature changes. The Seoul Metropolitan Area, which has been urbanized more rapidly

than any other areas, is predicted to become a temperature warming, forcing the FEDs of the area to

occur faster than in the rest of the country. Changes in phenology can lead to ecosystem disruption

by causing mismatches in species interacting with each other in an ecosystem. Therefore, it is necessary

to establish strategies against temperature warming and FFD change due to urbanization.

Keywords: First Flowering Date, RCP scenarios, Seoul metropolitan areas, Phenological events,

Food chains
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Figure 1. Research areas, plant phenological phases in those areas and the locations of weather stations
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Table 1. Flowering dates of research species (Lee et al. 2020)

Species . . . .
— First Flowering Date Observation Period

Common Name Scientific Name

Cherry tree Prunus yedoensis early March - late April
Korean forsythia Forsythia koreana late February - mid May
Korean rosebay Rhododendron mucronulatum early March - late April

Peach tree Prunus persica Mid-March - early May

Pear tree Pyrus communis late March - mid May
Plum tree Prunus mume late January - mid May

YRS} 9lck(Ministry of Land, Infrastructure and
Transport 2022).
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(c) Korean rosebay (Rhododendron mucronulatum)

Figure 2-1. The prediction of flowering dates of (a) Plum tree, (b) Korean forsythia and (c) Korean rosebay in the
Seoul Metropolitan Area by using RCP scenarios: the FFD in 2019 (left), the future FFD in the 2100s
predicted by using RCP 2.6 scenario (middle), and the future FFD in the 2100s predicted by using
RCP 8.5 scenario (right)



al, RCP 8,5 uleff Aluz| 2ofjAl= 4] FFD7} 7} HUHE O] FFD= 94-103¥0]9, FFD7} 714 wh-&
3 whE A0 2 e thFigure 2-2d). 202 e 2100 o] 9| FFDx 44 22 4
RCP 2.6 7le} Alvte] o= #4913 21009 =4 ZE|SiTh RCP 8.5 vle Alvte] &2 243 21009

2019 RCP 2.6 RCP 8.5

Logend
Cherry ree_2019
% D
| —CCNN
-

EEECDEEEE T T T EEECDERRE

(d) Cherry tree (Prunus yedoensis )

RCP 2.6 RCP 8.5

Logond
Logena —
— Peach tree 2100
Logend Poach troa_2100 0
- 70
0 % 5 =
| — L) | S—TN = g e iometers =

pEDUDEEEE (TTERETTT T pEDUDEERE

(e) Peach tree (Prunus persica)

2019 RCP 2.6

Logend D

& s i -
" IKiometers 10 " Kiometers NI

(TTIETT] T (LR ] ] ([ERRTTT i

(f) Pear tree (Pyrus communis)

Figure 2-2. The prediction of flowering dates of (d) Cherry tree, (e) Peach tree and (f) Pear tree in the Seoul
Metropolitan Area by using RCP scenarios: the FFD in 2019 (left), the future FFD in the 2100s predicted
by using RCP 2.6 scenario (middle), and the future FFD in the 2100s predicted by using RCP 8.5
scenario (right)



56 SBIYFE} M3R2A M=

SEY WU Y| FFDE= 73-86Y0|H, ojuf] 4= &
U9l FFDE 3¥ F+7HA] wehd A0 R oAty
AL, o e Ao Wb FFDE20Y A%
MFAE AR A ZE|9rt,

5. 8&0LI2(Prunus persica)

20194 & g9 o} FFDE 102-110Y
olm], AW thu] 73t 49, o1 29, AL 1Y
a4 AglstAch RCP 2.6, RCP 8.5 vl Alua] 2
£ ol§dto] S ol FFDE ¢ 53 4
o FFD7} 714 whE 2] 2> RCP 2.6 v|ef Alvhe] 2
o A= %3, RCP 8.5 uld] AJug] oA g2
UEbsttHFigure 2—2e).

RCP 2.6 "l Alve] & A8 210049 s=H
Haole] FFDE 979-106%0]H, 21004 oFH
o] BolbE FRDE 49 22 o 3 E it RCP
8.5 mlg Ajuhele2 B4 2100 $EY E4of
UL FFDE 67-87%0]H, 21009 m}50] Eaol)

.
1l 1]
scenario

I I

60- (c) |

scenario
110- .
L 1
)
100 - ﬁl
0 gop-
T 90
w
5 =
70- (€)
L]
' ) '
1l 1]
scenario

FFD

5 FFDE 39 2744 #ebd Ao oSHt, of
@R|] FRDRT} 439 o4 Mol A0 7
Sohbro] FFD7} S The x|ofuct o) w7
A R02 =gt

6. HiLFS(Pyrus communis)

20199 4% W] HjUE FFDE 102-110 0],
A ojn] 7t 59, oFF 3Y U™ Tskst A,
A& 59 =A 7igtsteitt, RCP 2.6, RCP 8.5 1]
AU L5 o] &3t Fd Haoh o] FFD
£ dI53t A% FFD7} 71 Wk 2192 RCP 2.6 1|
Z Ayl 2o A& AL, RCP 8.5 v]a Alue] Qo)
A TR Uebtth(Figure 2-2f),

RCP 2.6 v|g Alvhe] &2 A% 21009 +~=¢
HUE FFD2] W 9% 100-106€ 0], RCP 2.6 Al
el o7t of| =3t 2100 vl A&<] v FFD=
49 249 S0 2 YElTh E3FRCP 8,5 1|
Aygleg BAe 2100d +=d vjuE FFD&

95+

— ==

85- l T

-
- ==

(b) t
55= ! f V
1l 1]

scenario

- B
0 -

| Il 1]
scenario

80-

110- .

]

100+ =]
90-

- ===
70- ()

'
| I 11
scenario

Figure 3. The change in the FFD of research species in the Seoul Metropolitan Area predicted by using RCP scenarios
(I. 2019 as of now; Il. RCP future scenario 2.6; Ill. RCP future scenario 8.5): (a) Prunus mume, (b) Forsythia
koreana, (c) Rhododendron mucronulatum, (d) Prunus yedoensis, (€) Prunus persica, and (f) Pyrus communis.
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7 FFDE 201930 ]3] 10-1520] g7 AR o
2 o A= 9lcH(Lee et al, 2020), FHH 2 AL Ay}
oAl RCP 2.6 AlUe| L& o 53 w3t FFD=
20199 $==d AA| Bt FFD the] 1293 = o]
£ A& AT 4= A%, ol 201999 A,
9, elxe] FFD7} AddiH] 16, 23, 1742 F4
SHA ek 7] wigol s, 2t 219 9] 3A Bt FFD
o} H|WF-S © ROP2.6 AlUte] .2 o =3t nj3}e]
FFD&= WekA] = A gl 4= qloit,

2 AT AnE 58 = U FFDE A=12] FFD
2o} o w2A FFARE A AT £ 9l
o 0|9} -2 Ank= MYATE 5 6H*1E e =
At S uEte] (AL, F
T, UA, AL )= 11@‘011 Hloﬂ % 74]
A A 715809 Wt FE Ao (Lee
2017), Eo|et 5, F=r2 cheFet A Ao A EA]
E}H oA Bl Astsh= AlEe] EAIS} A o

A ut ASHA 77} o wE e et
(Ne11 & Wu 2006). ]2} Zo] FFDE 9457|= &3
2 Aol Ylo R A 243t dA 9 A&t
o]2 Ho| ®A| g4 "It glon, o]Z gl o]2
BAH9| 7] Aol FSletA Ueral Bt sk o

o] W2 A=52f 7Ng} Uol o wWEA FFARAL QL
THLu et al. 2006; Neil & Wu 2006).

Azt FF oz Q3| HAYsHs 2AVFAE
it 22 teAfoA] o wol wiEE T glon, o
23 A7 A 2uste) 7hak 2 €9l F ek
ot} E3F =AY EAS= A B 0
A BA] Fito] FOJEAL FAEQL ofATE,
AR 9 AR Q8| d o] FUkete] =
AHog o Ao Wzl 9 2571 F7teke 9l
% 3luo|th(Lee et al, 2020), 12 & FAj o]
AR +Ed ZAS7 Al AYEctd EA o
A HABHs 247k B9 F7tske] 21009
+ FFDo| 93 w2l e AL E 59| 7] s}
7t AgET o 2 A0R oHT B ARH &
W32 Qlelf oF7| == FFDY Atol= A& 49
Aol 48k nmA 4= 9) o v (Miller—Rushing and

1
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Primack 2008), 41&2] FFD ¢} 72 A4 42| ¥
Sh= AEiAN A M= o285l & =
of7|5ka 1 Ayt Ae|ehA AlZ AR o] LRy LB
Ao g wyE 4 Qoh(Fitter et al. 1995; Chen
2011), 1B B BAE HaAs BATRE
I8l oF7| &= 7] F7Het o] 2 Qlel 'WAsH= FFD
3}l it o2 mpedo] & asirt,

V.2E

2 Ate podet SRS gos B o
A&

4% 639 FFDSL &% A& olgstel 3R
A S L5 Wste] BE A48 FFD
WISHE BASHL, RCP v]e) Aute 98 $o) Su7
of vle} 7158 cAE3k 7| FHs 12 AEAH
o] FFDS W3S o 53to] B4,

1 231900958 20193704 AlEAlE L oF

AR I 9o, AFT TE 2ATA9] HiE o] o]
22 Ao Zry B3 g7 A2 FFDE: AR =k

20-269Y rFAAIL M=t H4to] FFDET} tf et
A AL BRI 4= 9loltt, ojeh 22 A EA A
HSh= A A A A2 AJsAgehe $59 2Y4
S op7|ato] AejAe] w2 oojd 4= glon R A
A S $laAls mAISIE Qlgh 7] 7kt o]
2 918} WAYsl= FFD Hato] ojst g2 npglo] &
asitt 2EE B Ay vl Ry 715}
2 Q3| op7|EE =A| AEA L WEke] 72w E
AsFchs HolA & ojul7} qlct,

Y 2 A7 B NS Y nixe
U T 25 15t AFE HeYste] of
o #8744 HeE uesiA] Edcks Mol SHAI7t
° 3 v g A& st
gjet 7k HeYEchy Hop gadst =
. _

lo

]
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AR}

H A3l g2 AT (KRF-2021R1A2C101

1213), A-&5A34 2 LA E (SGEC-2022) E &=t
374+ 7149 (MOE—2021003360002, 2020002
990006, and 2022003640003)2] A Yo 2 AT
AU,
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