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Abstract

This study analyzes the spatiotemporal characteristics of the seasonal onset dates and durations in
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Dongtai City from 1953 to 2024, exploring its response to global warming. Results indicate that the
average onset dates of spring, summer, autumn and winter in the past 72 years were March 28, June
1, September 23 and November 21, with corresponding durations of 65, 114, 59 and 127 days.
Spring and summer onset advanced progressively, while autumn and winter onset delayed; Spring
advanced most notably (2.5 d/10a). Spring and summer durations increased, whereas autumn and
winter durations shortened, with the most prominent changes in summer (3.2 d/10a) and winter
(-3.5 d/10a). Abnormalities in seasonal durations were significantly more pronounced than those
in seasonal onset timing.
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R FIET R E T 1953~2024 F35 72 F KR H PSR gk, KA ES SR/ RA7 Wb+
iz “ I HE PR R IUZE, RKRak R e iSRG H SRR ENERTH. il
e T WAL REE R RIES G, EREAREeEE 12 FE. B K LSRG
HH SR KRS, FF RS ERIE, RN EE AR AR Mg b X S i A U PR S 4.
2. BINEFE
2.1. ZERISRIR

R 6 E FZ EEARS R WM 1953 4~2024 FIL 72 FEREIZEHTH)SIE, SAEE R 1991~2020 i
30 FERIEHE ST TS
2.2. OFHERFZEITFMIERR

ZHAPESIRR CURFETR) (GB/T 42074-2022), LLHFHSIRA 5 K SIRAE RS ETAT
BRI 23 3 o 2T e R R o 2 e R 224 A SR U (1 A R X 25 41 (D, D) FI8 (U Z5 %120 ) (GB/T
42074-2022) 15 53N 7T AN, WAk 1.

Table 1. Classification of onset timing and duration grades for climatic seasons

# 1. SEFDRERRKEFRXID R

5 e B350
1 D<-25 SRR S
2 -25<D<-15 W Al /) 2 AR
3 -15<D<-5 5/
4 -5<D<5 1w
5 5<D<15 RS
6 15<D<25 B 2 {6/ B S22
7 D>25 S R S

3. ERESH
3.1. UZEFia BRI E 97

MELT a5, FERFGITFHEHN3 A28 H, &5 2 28 H, &M 4 H 12 H, MHE 4 K.
FEUG IR ) B E SR AT RS, P9 10 EEAT 2.5 K. ERFHERTHHE N6 A 1 H, &% 5 A 15
H, s 6 H 20 H, 2% 36 K. FFUEHIN [ EERATHESE, PR 10 55250 1.7 K. KEFHEM
SPHHMAO H 23 H, &9 A7 H, &2 10 A 13 H, %35 K. MR REZHERKES,
SEEIER 10 SEHEIR 1.5 K. KM TFHHS N 11 A 21 H, &5 11 A6 H, &2 12 H7H, HE
31 Ko FRUARES ) B E RS, PR 10 4R 1.0 K. PUZEGH MEKEIRE, HEREIEK,
HUOEE . . 4.

3.2. HEKEHIE B LA

GilRY, REAFMEREK, FKRERRE, 702 127 K. 114 R, 65 K. 59 Ko XZF= V%
SRR AR 2.2 £ o
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Figure 1. Seasonal onset dates and linear trends in Dongtai City (1953~2024)
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Figure 2. Seasonal duration and linear trends in Dongtai City (1953~2024)
2. AT 1953~2024 F U ZFHERTE) K 2 14 #a

M 2 w750, HRFFEEN ARG, RERE 46 K, RKEE] 95 K. HFERREEN A M55
s, PR 10 5N 0.8 K. HREHEURKEHBINES, & 85 K, mKIH 140 K, 1
10 454800 3.2 Ko BKFH BRI ] 29 K, fKBE 86 K, HMIS N, PR 10 4l 0.5
Ko ZZEHECH W BRI, BB 156 K, BRI 92 K, P4 10 49 3.5 K. WEKHE
WK E, AFEshmA, HRER. K. F.

3.3. MFEBMFREMIFESTH

PL 1991~2020 45 AFZ=0 46 H Bt XZ =06 AG H A 500 R ] KA 45 AT R4y
BRI 20 & 3 /R, 1953 4:~2024 FFHF R W0 AT EE 4.2%, 1992 4581 2007 4F. HARZET
T E . AFREHSMBONES, T EWSFLAMR R, G 52.8%. HEWKEXRE, &
. ME AFSHUREmRE. BEREES. £FBRERERRE G, G 6.9%, HREEZE, §
EE 5.6%.
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Table 2. Frequency statistics (%) of earliness/lateness grades for climatic seasons

2. SEFVREBRFRIARSGT(%)

B H7E k= ==
1953~2024 1991~2020 1953~2024 1991~2020 1953~2024 1991~2020 1953~2024 1991~2020
7 A 42 6.7 0.0 0.0 0.0 0.0 0.0 0.0
B 2 g - 8.3 13.3 1.4 3.3 6.9 3.3 0.0 0.0
Tl - 19.4 26.7 20.8 333 333 233 26.4 13.3
EH 38.9 40.0 41.7 36.7 50.0 63.3 52.8 56.7
g 29.2 13.3 30.6 20.0 6.9 6.7 19.4 26.7
B S5l 0.0 0.0 5.6 6.7 2.8 33 1.4 33
7l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 3. Frequency statistics (%) of duration length grades for climatic seasons

3. SBETHRITSMAEG (%)
s nE i .

1953~2024 1991~2020 1953~2024 1991~2020 1953~2024 1991~2020 1953~2024 1991~2020

7 W i L 0.0 0.0 5.6 33 1.4 33 6.9 10.0
A 2 i R 8.3 6.7 11.1 6.7 1.4 0.0 8.3 13.3
Tk 34.7 26.7 36.1 30.0 19.4 10.0 16.7 30.0
EH 333 36.7 20.8 20.0 34.7 433 29.2 333
i 19.4 26.7 13.9 20.0 29.2 16.7 29.2 13.3
UIRZITRN 2.8 33 9.7 16.7 12.5 0.0 8.3 0.0
SIS 1.4 0.0 2.8 33 1.4 0.0 1.4 0.0
4. 4ig

(1) REBEEWEI IR T RIIERTES, HAETEFFUAR I R15E 5T 5 R, K& PG (A
BEIRES, KEBNHE.

Q) REMAEHEERSZ, HIREEE, KEHHRD . FFRANE R HHBEN N 2IE KB, 55
B, ARG 3.2d/10 45 FKEEAIAZRBEI (] 20 B8, AFEONIHE, b Z
N 3.5d/10 4.

(3) MHELT 1991~2020 4F, 1953~2024 FH 2=, H Al - B 5w e (A2 5 TS AE, KR &3
i - B S g 5 AR e TS

(4) DYZEFFLIT A) S0 5 0 BA S s T 20 LM AE g, AL T 1991~2020 4F, B 2= 57 M AR = TS
E, FHEmKEA TR, X5 LAY,
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