£ 5055 441 [ v
Vol. 50 No. 4 k’b éﬂk 'f

Jul. 2026 Chinese Journal of Atmospheric Sciences

KITR, ZEWE, R, 55.2026. £ T DETR A ) R KRR A U045 A 30 IR B WAL (7], KSR, 50(4): 1295-1308.  SONG
Danfeng, QIN Yujing, WANG Jiachen, et al. 2026. Automatic Identification of Cold and Warm Fronts in Extratropical Cyclones over the Eurasian
Continent Based on the DETR Model [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 50(4): 1295-1308. doi:10.3878/j.issn.1006-
9895.2510.25091

E T DETR #=REgJRRE K bR o SUiE
A EEE B IR AR

= K 1,2 >~ 1,2 = 3 e 1,2 1,2
KA R FH FEER XFE T\
1 M5 B TR KSR RGN 5 AR 0 % 4 [ 2 SE U6 52/ B R 30 3 36 SE 6 5 /R 5 ok 55 Tl 1004 5 YAk By [0 €1 39
HRLty, BT 210044
2 MRS B TR KSR =R, Mt 210044
3 MR A GERM A O, F 3 210019

W E ORWRERFEEMXBENRRRE, MK LB R GHEEN ., B RGLE SRR
AR, HREMEIRBIN T RE RS TR ES T S0 E R, TRAER, RE S IR AR H SR 5 A
BRI, SRTTEE X BRI KR R m s iR i b, e B 24 T e m R I, Seailid- 2 g4 1 [F) 25117
5 5 R RIFAE R R A . R ASCIR Y T — Rl & T DETR (DEtection TRansformer) % [ 74 % ¢ 7] 25 1R 5]
7797 DETR-FRO (DETR-FRONT). %A AR H#-FIIA & 850 hPa FR P IR KAIXMHEE SR G
¥igk RGB #HE MG, JH&a N TAMBBFRS 4% DETR 8, 2l 7ABE A FEH RS 542, DETR-
FRO B3t 7 JR DETR HE8Y (M@, 5IAZS AN AL EWE RGB FH1E G DR AR ERIARE ), (E154
BRI BUF AR IR . 2 4IRS BE, %7680 [R5 R BRI KRS e A igse, JF L RAH
B E AR E I . 7R USRI AN N T b, DETR-FRO KR REA8 v AfIE IR A B . MBS R HOs A 72, H
WHILERSF) ). MO ERIGERAFOILE, DR T ZE MR SRR R . X—But AR
S TRRAR T ST TR T BB SRR, kb, T DETR-FRO M) 1995~2024 4FALH 6] /7 41 B T 4L
PEEE, MAMERERZR T BRI K R SR BB N Z T AR AE, A R T IR s S B B SRR A

FIEEAR o
KHEIR EAAE O BEIRRA RES¥S] DETR 54
XERE  1006-9895(2026)04-1295-14 hESHS P44l XHAFRIRTE A

doi:10.3878/j.issn.1006-9895.2510.25091

Automatic Identification of Cold and Warm Fronts in Extratropical
Cyclones over the Eurasian Continent Based on the DETR Model

SONG Danfengl’z, QIN Yujingl’2, WANG Jiachen’, LIU Qianl’z, and WANG Xiangl’2

1 State Key Laboratory of Climate System Prediction and Risk Management/Key Laboratory of Meteorological Disaster, Ministry of
Education/Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science

and Technology, Nanjing 210044

WS EE 2025-05-26; MLEFALARARA 2026-03-21

fEE®EN KPR, 2o, WAL, FEAFEATERSSKNH A . E-mail: 2720769486@qq.com

BIEE REM, &, B, FENIRmRIE. NLERSREMA . KRR W &I Bk T 5 . E-mail:
qinyujing@nuist.edu.cn

BB VLI E TP TR ATIE 5 oA O HOR T H BE2022161

Funded by Jiangsu Provincial Key R&D Program (Grant BE2022161)


https://doi.org/10.3878/j.issn.1006-9895.2510.25091
https://doi.org/10.3878/j.issn.1006-9895.2510.25091
https://doi.org/10.3878/j.issn.1006-9895.2510.25091
https://doi.org/10.3878/j.issn.1006-9895.2510.25091
https://doi.org/10.3878/j.issn.1006-9895.2510.25091
https://doi.org/10.3878/j.issn.1006-9895.2510.25091
mailto:2720769486@qq.com
mailto:qinyujing@nuist.edu.cn

1296 Chinese Journal of Atmospheric Sciences

b7 N T - 50 %

2 School of Atmospheric Sciences, Nanjing University of Information Science and Technology, Nanjing 210044
3 Nanjing Meteorological Observation Center, Nanjing 210019

Abstract An extratropical cyclone is an important weather system in mid-latitude regions and has a profound impact on
global weather and climate. The frontal system is a key component of the cyclone, and its accurate identification is crucial
for improving the accuracy of weather forecasts. In recent years, deep learning methods have been applied to automatic
frontal recognition, but research on frontal identification over the Eurasian continent has been limited, with a focus on
detecting single-type fronts. Achieving simultaneous recognition and classification of cold and warm fronts remains a
major challenge. Therefore, this paper proposes a method for the synchronous recognition of cold and warm fronts based
on the Detection Transformer (DETR) model called DETR-FRONT (DETR-FRO). This method constructs RGB feature
images using meteorological variables, such as sea level pressure, temperature advection, temperature, and relative
humidity at 850 hPa. The DETR model is trained using an artificially created cold and warm front label set, enabling
automatic synchronous recognition and classification of both types of fronts. DETR-FRO improves the original DETR
model by enhancing its transmission channel and incorporating multiple meteorological variables to construct RGB
feature images. This modification strengthens the ability of the model to capture and express frontal features, leading to
improved recognition performance for cold and warm fronts. Multidimensional validation results show that DETR-FRO
can simultaneously identify cold and warm fronts in extratropical cyclones over the Eurasian continent with high accuracy
and stability. In a typical snowstorm case study, the DETR-FRO model accurately reconstructs the cold and warm fronts
and their evolution processes. The recognition results are consistent with dynamic and thermodynamic fields, further
confirming the model’s generalization ability and meteorological interpretability. This improvement provides new
technical support for weather forecasting and the study of extratropical cyclones. In addition, the long-term frontal dataset
created using DETR-FRO, covering the period from 1995 to 2024, reveals the seasonal distribution characteristics of cold
and warm front frequencies in extratropical cyclones over the Eurasian continent at the climate scale. This information

contributes to a deeper understanding of the climatic characteristics of cold and warm fronts in extratropical cyclones.
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Fig. 1 Workflow of the DETR-FRO model for the simultaneous identification of cold and warm fronts involves several steps. The purple dashed box

outlines the process of constructing the cold and warm front label set and the RGB feature image training set. The black dashed box represents the

simplified network structure of the DETR model. The red dashed box indicates the input examples from the cold and warm front dataset, whereas the

blue dashed box shows the output recognition results.
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Fig. 2 (a) Manual analysis of cold and warm fronts at 1200 UTC on
August 25, 2008; corresponding binary label for the (b) cold front and
(c) warm front. In Fig. (a), 850 hPa temperature advection (shading,
units: 10°* K sfl), temperature (red contours, units: °C), sea level

pressure (black contours, units: hPa), and the 10 m wind field.
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Fig. 3 Schematic of the generation of training images from meteorological variables at 1200 UTC on August 25, 2008. (a—d) Fields of 850 hPa

temperature advection (units: 10* K sfl), 850 hPa temperature (units: °C), sea level pressure (units: hPa), and 850 hPa relative humidity; (e—g)

assignment of the four variables to the R, G, and B channels; (h) resulting RGB feature image.
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Fig. 4 Segmentation results directly identified from feature images by the DETR-FRO model at (a) 1200 UTC on August 25, 2008 and (b) 0000 UTC

on October 6, 2014. In both panels, 850 hPa temperature advection (shading,

winds are overlaid.
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Table 2 Comparison of cold and warm fronts identified by
the DETR-FRO model and manual cold and warm fronts in

2015 for each season

W W
OA MR 0OA MR
s 0.76 0.21 0.77 0.23
K7 0.75 0.25% 0.76 027"
= 0.79" 0.24 0.76 0.24
FES 0.72" 0.20 0.74" 0.22
o 0.77 0.18" 0.81" 0.20"

VE: NAAE R, #8 A RUIME

K3 IMRKEZAEAN 2015 EABEINNERSAT
B ERELLE

Table3 Comparison of cold and warm front identification
results in 2015 using three meteorological element

combinations with manual cold and warm front data

W MR
0A MR OA MR
advt-Tyso-RH 0.71% 0.28° 0.75 0.30°
advt-Tgso-SLP 0.72 027 0.72" 0.27
advt-Tgso-SLP-RH 0.76" 0.217 0.77" 0.23

7 RHOA SMRAE I A201 5452 12/ 4 4E T 3941 s T+ 1R
Kebri KA, #NB/ME
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Fig. 5 DETR-FRO identification results of cold and warm fronts at (a—c) 0000 UTC on August 5, 2024 and (d—f) 0000 UTC on September 5, 2024
under three combinations of input variables: (a, d) The advt-T3so-RH combination; (b, e) the advt-Tgso-SLP combination; (c, f) the advt-Tgso-SLP-RH

combination. In each panel, 850 hPa temperature advection (shading, units: 10* K s™), sea level pressure (black contours, units: hPa), and 10 m winds

are overlaid.
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Fig. 6 Surface cold (blue lines) and warm fronts (red lines) from 0000 UTC on September 10 to 0000 UTC on September 11, 2023: (a—c) Sea level

pressure field (black contours, units: hPa) and NOAA longwave infrared brightness temperature field (shading, units: K); (d—f) 850 hPa temperature

advection field (shading, units: 10K sﬁl), temperature field (red contours, units: °C), horizontal wind field (vectors), and geopotential height field

(black contours, units: dagpm).
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Fig. 7 Evolution of meteorological variables at 12-h intervals from 1200 UTC on November 7 to 1200 UTC on November 8, 2021: (a—c) distributions

of surface meteorological variables, including 12-h accumulated precipitation (shading, units: mm), sea level pressure (black contours, units: hPa),

surface winds (vectors), and surface cold (blue lines) and warm fronts (red lines), snowfall is indicated by black dots, with dot sizes proportional to

snowfall intensity; (d—f) 850 hPa fields showing temperature advection (shading, units: 10*K sfl), temperature (red contours, units: °C), and surface

fronts, green dots mark regions with relative humidity greater than 90%.
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Fig. 8 NOAA longwave infrared satellite images at 12 h intervals from 1200 UTC on November 7 to 1200 UTC on November 8, 2021, and vertical
cross sections of meteorological variables at the corresponding cold and warm front locations: (a—c) NOAA longwave infrared brightness temperature
(shading, units: K), overlaid with surface fronts (cold front: blue solid line; warm front: red solid line); (d—f) meridional—vertical cross sections along
120°E showing potential temperature (brown contours, units: K) and horizontal winds (barbs), with the latitude of the cold front indicated by blue
dashed lines; (g—i) meridional-vertical cross sections along 126°E, 129°E, and 136°E showing specific humidity (shading, units: g kg '), potential

temperature (brown contours, units: K), and horizontal wind (barbs), with the latitude of the warm front indicated by red dashed lines.
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Fig. 9 Proportion of extratropical cyclone cold fronts from March 1995 to March 2024 in (a) winter, (b) spring, (c) summer, and (d) autumn (shaded)

and sea level pressure field (contours, units: hPa)
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Fig. 10 Proportion of extratropical cyclone warm fronts from March 1995 to March 2024 in (a) winter, (b) spring, (c) summer, and (d) autumn

(shaded) and sea level pressure field (contours, units: hPa).
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