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Analysis on the Formation Mechanism of a Serious Disaster
Process Caused by Wire Icing in Yuanqu, Shanxi Province
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Abstract: In mid-December 2023, Shanxi Province experienced a weather event of low temperature,
rain, snow and icing. On 13 December, wire icing occurred in Yuanqu County located in southern
Shanxi, significantly disrupting people's lives and production activities. Using conventional
meteorological observations, Doppler weather radar data and the ERA5 reanalysis datasets, this paper
investigates the formation mechanism of this severe disaster-causing wire icing event. The results show
that this wire icing event in Yuanqu was of the mixed rime and glaze type, which was caused by the
combined effects of short-duration freezing rain in the early stage and prolonged freezing fog in the
subsequent period. Freezing fog played a more significant role than freezing rain. In the north frontal
zone at 500 hPa, the horizontal trough in front of the high pressure ridge near the Ural Mountains and a
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deep cold vortex near the Sea of Okhotsk both remained stable with less movement. The short-wave
trough ahead of the bottom of the horizontal trough moved rapidly eastward into Shanxi, while in the
south frontal zone, the southwest jet stream at 700 hPa was strong. The cold temperature trough in the
northeast-southwest direction at 850 hPa was located over North China, and the surface inverted-trough
in Hetao area developed violently, interacting with the return-flow weather pattern. Besides, the
southwest warm-humid airflow ascended along the low-level cold air cushion, providing a favorable
large-scale circulation background for the formation of freezing rain and freezing fog in Yuanqu. The
temperature advection configuration of "upper warming and lower cooling" in vertical direction led to a
cold-warm-cold temperature structure in Yuanqu from low to high levels, with the mid-level temperature
above 0°C and the lower-level temperature below 0°C. The short-term freezing rain in Yuanqu, triggered
by the short-wave trough, was attributed to the melting mechanism. The vertical humidity advection
configuration of "wet above and dry at bottom", coupled with sinking motion together made the lower
atmosphere highly saturated. Additionally, temperature inversion continued in the lower atmosphere.
These conditions collectively facilitated the long-term persistence of freezing fog in Yuanqu. Abundant
supercooled water droplets that had two phases of rapid growth continuously impinged on the wire
surfaces, causing ice accretion to become thickened progressively. Southeasterly airflow ascended along
the windward slopes of the horn-shaped terrain, and also played a certain role in promoting the
thickening of accretion on wires.

Key words: wire icing, mixed rime and glaze, temperature inversion, melting, cold air cushion
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Fig.1 Terrain height (shaded) around the location of disaster caused by wire icing in Yuanqu County
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Fig.2 Radar composite reflectivity factor (unit: dBz) at (a) 01:18 and (b) 02:30BT and 1 h quantitative
precipitation estimation (unit: m) during (c) 01:00 BT—02:00 BT and (d) 02:00 BT—03:00 BT 13 December
2023
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Fig.3 Variation of meteorological elements at Yuanqu Station from 20:00 BT 12 to 20:00 BT 13 December
2023
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Fig.4 Circulation pattern at 20:00 BT 12 December 2023
(a) 500 hPa geopotential height (contour, unit: dagpm) and 500 hPa wind (barb),

(b) sea level pressure (contour, unit: hPa),
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(c) temperature (contour, unit: ‘C) and wind (barb) at 700 hPa,
(d) temperature advection (contour, unit: X10'K+s ) and wind (barb) at 850 hPa
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Fig.5 Relative humidity(green shaded, unit:%) and vertical velocity(contour, unit: Pa+s ') at (a, b, ¢) 700



203

204

205

206

207

208

209

210
211

212
213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

hPa and (d, e, f) 900 hPa at (a, d) 02:00 BT, (b, e) 08:00 BT and (c, f) 14:00 BT 13 December 2023

TR S R RS (K1 6) R, 2023 4E 12 H 12 H 20 I, MRS 0.1°C, iHhE 938~920
hPa fA7E IR )2, JEREACN 150 m, R JZ TR Z Y 1.6°C, b 824~777 hPa i A7 /£ W] & Hix
JERIE R, EEIAT] 549 m, WEZETRE AN 6.2°C; 794 hPa DL iR E#E M 278 2C AN, K5
PR BUA R, SR XGE AN 41 m st 13 H 08 I}, 824~777 hPa iR 2 R A ATt =, k%)
622 m, Wik ETREREE 3.4°C, WRETNRRCT 0°C, Mk EN-1.9C; [FRf,
JEIRFEEWA AR, [ E AR 613 hPa, T KGEA 4.7 m - st BT, KAREERHEHFIT
TR VR TR 7 ) R e o

(a) (b)

400 400

L
SEPa

a0 0

700 0

800 800

.&%@L\!&QK TP RPERER

-50 40 -10 -0 10 [ 10 -50 -3 =1 -0 -0 0 10 £l 0

VE: ScHUMIREIR, RN L.
6 2023 12 H (a) 12 H 20 B A1 (b) 13 H 08 K imf 5g /5 [RUGHERT
Fig. 6 Sounding plot at Lushi Station in Henan Province at (a) 20:00 BT 12 and (b) 08:00 BT 13 December
2023
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Fig. 7 Temporal-height evolution of horizontal wind (barb), temperature (contour, unit: C) and temperature

advection (colored, unit: X10°'K+s') near the location of disaster caused by wire icing in Yuanqu County
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PRIFYBL: 2023 4F 12 H 12 H 20 I J5, 700~600 hPa i Fimtluisitiag, HEEER MR, &
PIRURAE L IR 13 H 00 I, ARl L R EE A 775~750 hPa; 01—03 i, JH il MM 2 =
TR “WB-T-18" ZEEE MG, R EEHEEA 90% LA |, Har sk BIMANRE, %
NUtiEshER], 800 hPa ML AEAET =, AHXHEEELE 80%LA R, 700 hPa FfiT Sz Hif A5 it 520,
FEXTIREEIL 90% LA b, [FIBS A LSRG, SRE X RARN HIL, Hii T LAz, =2EE
TR, DR, BRSNS .

BB 12 H 13 H 04 W) 5, WFIEm/E i 700 hPa iZ#f N F4 4 750 hPa, H. 700 hPa i
EFHEEEE N NS, SRR KL MR, S, B 800 hPa PRHIE i
%, 750 hPa LA FIAHX M BEHik 900 LA ., JEHL 825~750 hPa ik 95%LA E, A AT RS, X
FE BT R B SR e 4R 2 18 1.

Zi L, 12 F 13 HIEM mRBUKECR AT, ek B A ER, BRCAE S ETEs), #Es
HWFERERUKIFE I 25, PRERSHEEEUARIEAIRE, HIES, R HKE AN
EHZ FURGS . )R .
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b E ATE H, WAER) EE (825~750 hPa [ffir) Jyif T AHiE-F-, Wi S EELR g,
HAE 775 hPa Bt I KAE X CIEINE D, A7 T35 D072 SRR AR, T i~ I 2 A AR 0 38 2 AR
BRI, RN T R AE T, WAZER R E (825 hPa LU T) Jyt+-FmAve-Fik, +F
A SRR RS, TP S EOREEREIS, M nAERE, 54h, B2 “ k
KN WA (RS , MUlsshB i R ie i, AH 72k smm, Bk, %
JE RN 3 B VAP LI 0 1) Sk A G [ BT e
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Fig.8 Temporal-height evolutions of (a) relative humidity (green shaded, unit:%), vertical velocity (red
contour, unit: Pa+s '), and temperature (black contour, unit: ‘C), and (b) horizontal wind (barb) and specific
humidity advection (colored, unit: X10'gkg'+s') near the location of disaster caused by wire icing in
Yuanqu County during 12 — 13 December 2023

3.3.3 MAmsEAFIE

BMEER— RARGHW T, WRAFEGHN X EERIEARE, B2 =M g i A E%E
5 (M3, 2012) , Bk, A2 ZZIE R T BEREAE BEAT B S BT, 330 7 PR N B ARG R
MR AURTE L o 9 i il v 2R AR UK o 5 S B 30 S [ K B -2 ARG B 1) s - I )
HITH . P LAE Hi:

GRIF B 12 H 12 H 20—21 i, 38 IR A&k & & 7E 875~850 hPa tHELRAA Hty, BRFEIR
24X102 g « kg, [N, EEIFEARESK GEAEIK)  WOKMEKILE H 28 n#Es, 13 H
00 I, 25K A B etk BN M 16 X102 g « kgt HEILE 600 hPa; 1 h &, VKK &EAER—
R B oy, SREEAN 2X 107 g » kg, B, FEFCIE TR 700~650 hPa I K & Al
L, SRAFIA 4X107%g - kg, 4L 1~2 h; 02 I, 850~750 hPa Fi/K & & HoMEik 1X10%g « kg™
SIS 7 o 4 L R X IR K 03 I, FRZK S B b OB gk K& 1.2X10% g - kg, H 1
X107 g kg™ SEE L i, I ARE T FR A% LGRS ML Xt H TR A K, 355 R 40 A (0 P K I TR 4
A SRR A 1R T 84% 11 X I8E SN = TH (WG 4255, 2011) , 84 = T B E-8°C /e A (18] 8a)
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Fig.9 Vertical cross—sections of (a) rain water content (purple contour, unit: XlO’Zg . kgfl), snow water

content (colored, unit: X107°g * kg Hand the temperature (black contour, unit: ‘C), and (b)ice water content (red
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unit: ‘C) near the location of disaster caused by wire icing in Yuanqu County during 12 — 13 December
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4 FLEARVKIE B A A Y

MARRTIR /T, 45T 2023 4F 12 1 13 38 ™ 5 505 o 2 R UK I Rt o % RO RIAR 35 T AT L £
MESHR (18110) , 500 hPa S HE X b 5 4 2R 1 i 8 R R A SR Ve i I IR IR VA A e 20
&y, AR TR A PO AR RS ML TG, g SCEEX T 700 hPa G R S A AN T 1 L P S R
S, 850 hPa A AR AL— Vi rg AR EEAE AL TARAL X, T BT B XA AR, SRS
SRR, v A A TR IR A0 X, PR RIS REA T RIEH, K
SR %% R BEBUKI IR 7RI RS UERR T 5t T Z R PR, AR T
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IR AR B YERE, IEHIRT . R % SR 2R ARUK IR H I S A 17 b S )i P R S 5 4
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Fig. 10 Diagram of conceptual model for the formation mechanism of (a) freezing rain and (b)

freezing fog near the location of disaster caused by wire icing in Yuanqu County
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