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Abstract

Based on EC 0.25° x 0.25° reanalysis data, a total of 2 588 inversion-layer records were extracted
for winter-half years from January 2021 to December 2025, covering 509 observation days at
15:00~02:00 UTC. Samples were classified into three groups according to weather phenomena: all
cases, precipitation cases (RA/SN), and high-humidity cases (BR/FG, excluding RA/SN). Temporal
variations of inversion layers and their correspondence with prevailing visibility were analyzed. The
results show that: (1) The frequency of winter-half-year inversions presents a bimodal pattern in De-
cember-January and double-valley pattern in October and March, with 576 and 588 hourly occur-
rences in December and January respectively, accounting for 45.0 % in total. 41.2 % of inversions
occur in the near-surface layer (below 950 hPa), and inversions in the mid-lower level (775~875 hPa)
have the largest mean thickness (772 m). (2) For precipitation samples (n = 118), inversions are the
thickest (672.0 m), with the weakest lapse-rate gradient (0.126°C/100 m) and the highest base height
(1244 m). No significant correlations are found between visibility and inversion thickness, gradient
or base height (|Spearman p| < 0.10, p > 0.28), indicating that visibility under precipitation condi-
tions is mainly governed by precipitation processes rather than inversion-layer structure. (3) In high-
humidity samples (n = 714), prevailing visibility is significantly negatively correlated with inversion
thickness (Spearmanp = -0.168, p < 0.001), weakly negatively correlated with base height (p =
-0.103, p < 0.01), and weakly positively correlated with gradient (p = +0.077, p < 0.05). Dense fog
with visibility < 0.5 km corresponds to “thick and low-base” inversion structures (thickness 767 m,
base height 751 m). For FG samples, the median visibility is merely 350 m with an inversion thick-
ness of 755.0 m. (4) Distinct inversion-layer structures exist for the two low-visibility weather types:
precipitation cases feature “thick, weak-gradient and high-base” inversions, whereas high-humidity
cases show relatively “low and thin” inversions, with visibility decreasing as inversion thickness in-
creases. Weather backgrounds should be differentiated in diagnostic work for aeronautical meteor-
ological low-visibility forecasting.
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ICRE W BE 2 NI IS AT Z 2 AL IR 2R FERIGHR R —. YEFRENESHENEIKT
IBATARAERS, MIPHAE R TIRAE R BN IR &RE, ST AR MRS MR B ELTTHK[1]. EiERIL
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P FERIRE R B, IR S R R SRR A2 2 A5 VI G . R [S)HET L kB i kR
2 BORN T PR T AR A IR AL, RILEIRZ M . B KRG AR B ARAE RIEFRT N G R 5K
JREE[6]0F 2013 4F 12 H PG %2 — IR E 5 Y R Wik — bR 0, BRBgtii oh, 3 Z AN R & A7 T
BRI, R Z A SR AT G B AR e IR G I R .

Piae b e th, JbREEAbE R . MIRZRIE Lk, HE R ORI A, FRR RS KPS TR
BB s, REREE. HRRMERXZ—[6][7]. S8R i bH E briln & miE s
PRGBS R R TR I, Z X R B R AR EER, MAE H i 25 R R,
HUVNRG S E R G 5% BN W EE TR VAT &, IS DUSAE 1R R A SCRe M &= L%
FF R XA KRG WL BE R SRR AR Z2 DAG[9)5: T Hh I 5k g B BAbHLIA Z 34T T 22480t
Bifa g . B RO AEIL SSRGSk, W R AR 0
(ECMWF) 5 FARFE 2 HT 2R ERAS LL 0.25° x 0.25° (/KT #EZ/NF FEEL A BR K A0IRES, A= s
AHBAR A Bl SR T S, YA B SIS R10], AR E SR 11 AP 2 X 23 <05
PSR IE[12]55 TAE R R BN F 5156

SR, DA P8 e L3710 RE I E HAOMF 78 22 35 1 i U 0 sk sl 7R A8, iy i/ 1) R P20 AT 0 i &6
AR WR R EE K S SRS UL XS Bk R I RGNS M. TH 2R [ BRLIA &R 4E(10 H~IREE 3
JDORERWIR . 55 SERERZET, WRMYLISAT 2R IR 52 m 55 535 I B . 9k, ASCRIA EC 0.25°
X 025 kL, DIHLIAAR A SR AL 2021~2025 SEARAEZRINE Zic3t, SE5EIRIILES KRR
BB, 3Bk, BKBRA/SN)AEIREZE(BRFG, NERHAK)ZREAR, St iR ZEm A .
FE SRR ARAE, UAAFERSESR FTHRZESHE R SRR LERINRKR, DHN 24
CEARAE DL T A TR IS AT USRI R i B % .

2. RS

ARSCAE F W 31K S TR A0 (ECMWF) 0.25° x 0.25° FE A %k, EH 34.5°N. 108.75°E % &ifE
NV 2 B H B BRIz AR ale R ERE UL IR, A SRR BORHN B 2021 42 1 A 1 H~2025 4F 12
H 31 H, EEENEREEFENH—— 10 H. 11 H. 12 AXKKELH. 2 H. 3 HERS 5%
The FEULERA b, $RI FIR AR AR AR S 15 I~ 02 (BRI 23 I~ H 10 3L 12 MR
WO E A, IR 509 NI . 2588 K Z il .

K FH B B br e KA A2 h = 44330 x [1 = (p/1013.25)20.1903] (m), iFEUEZESESEhmEE. #
WORE SRR N IEHE(>950 hPa). fiK)/Z(875~950 hPa). HH1KJZ(775~875 hPa). H1Z K UL I
(<775 hPa).

FERAIMBEFERIP NZ=RTF i (1) SRS 48 2588 kidsk, HT- 20 Hridiif = (i [a] A2
WHHIE: (2) Bk RAIRE RA S SN HOREA, JE 118 % (3) Mk RUMAH FG 2 BR,
HAR% RA FI SN HIREA, 3L 714 2%, XEFE DG ESRRLESYEZER. BKEE. UEMNE
MIARDEIE R, AR WL S5 IR S50 M AL IR X6t Ll o A2 R A Spearman (57 /R 20) B AH A6 o

3.1. FEESH

KAPAETR EREATL 2588 7], B E AT RN “BEA . ERRT RHMEE D, 12 51 AN
mR M, B 576 F1 588 NEFIR, At AT EEAR 45.0%; 11 H(432)F1 2 H(448)Ik2, 10 H(263)
A3 HESD I . X 52X AT KRS AT, WimEsh e Esk . BAEES ST R
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Figure 1. Monthly distribution of inversion layers at Xi’an Airport in winter-half year
E 1. ARIGEFFEREAES S
Table 1. Mean characteristic quantities of inversion layers in each month
F 1. RAYRE TS
At RAH 44915 (m) FHBEBECC/100m) BT B (m)
10 H 263 690 0.10 1258
11 H 432 575 0.20 788
12 A 576 624 0.20 870
1 H 588 588 0.20 920
2 H 448 660 0.20 1052
3H 281 531 0.20 964

MABRZALE G 1), 10 H IR 2T 5 K690 m). P32 8 & e (1258 m), SRR
MR WS RS S OO ETE S SRR AR A 11 AP R R SRR A 788 m, IRBUESTA A
F MR S E B BEA 12 A~2 AR EEEERFE 590~660 m [X (7], 2K E 870~1050 m, 14
DL 2 5 R 2 R A R e 454 3 AR R RE 2 531 m,  [BI BRI Hh [ S5, AR S 5
FERIE .

3.2. BEERERS

HuiR Z R S gt (4 2), i EE I 1065 51, 15 41.2%; {KZ000E 834 61, 15 32.2%; K
JZR 689 B, 1 26.6%. A HBUEEALT 2000 m PLERIFEA, $IH TG 22 & 2 0E 00 2 3 ARG TR
BETR#2km UL
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Figure 2. Distribution of heights (pressure levels) of inversion layers
2 EREESERER DT
Table 2. Mean characteristic quantities of inversion layers at different heights
* 2. TRIBEEERNTIHEE
R FEAH =]=4 P34 B E (m) 34855 ('C/100 m) B T4 75 FE (m)
1T HLZ (2950 hPa) 1065 41.2% 468 0.21 323
{%JZ(875~950 hPa) 834 32.2% 658 0.15 902
H{KJZ(775~875 hPa) 689 26.6% 772 0.14 1973

2 Af L, R EFEE SRR EE R AR, BB, BRZ8RE. 28R B8R R
%, {HVYEEH/N468 m), FLEREEHK(0.21°C/100 m), RV AI MR EsRESTE, £ HHTRRK
M yA 51 AR )Z 05 T3 JERERTIA 772 my JE L 2000 m, 8 R A R R R IR D10 B T
WR, Z5HTE)E. BREEEES.
3.3. BRORS T

MG 15 B R UH 02 IO RCARR 23 B ~H 10 BHFBER (K 3)E, WHRZFFALE 22
UTC (06 BIT)HH B 327 I AiI&E, 23 UTC (07 BIT)279 . 21 UTC (05 BJT) 247 #ilik2; 15UTC (23 BIT)
/b, AN 98 7], 15~21 UTC (23~05 BIT)FEARII 98 L F+% 247, 22 UTC Ja/ME#sh, 02 UTC (10 BIT)
1153k 139 4.

BB E R R S R A3 AR . 22~02 UTC (06~10 BIT, /R % L4)E 2 T4 R i
641 m W E 784 m, FRTHIEEH 1036 m HAFHE 1431 m; 1fj 15~21 UTC (23~05 BIT, &l - /=)
IS FE 543~602 m. JiC /1 800~900 m, I M SR IR AFAE o 3 2 BH R[] (14 W b Sl i A8 ) e S e i
IIRA A R B R)Z s IR, SR, ReEia T, RAPEER S REMK R FZE
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Figure 3. Temporal distribution of inversion-layer occurrences (UTC; Beijing Time in parentheses)
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Figure 4. Monthly-hourly heatmap of inversion-layer frequency (all cases, unit: occurrences)

4. WIRRSURA - FERRANE(2F, B FR)

HE 4 B - kSRS AT, 22 UTC (06 BITIESIE 12 A~2 A% AMEiEGE, 12 A 22
UTC S FEAR R = 11 A5 1 A4 18~22 UTC HARERE SR, 15 UTC (23 BITEAMS S AR
WG A H AR R KR, FFEURBEERITED @, i REENEL .

4. BEKERA/SN)FEBESE FEENERNITRN X R
4.1. AR EZB 3%
RAIMEE RA 8L SN K REEASL 118 6, & RMK 4.6%. HrP& RA IFEA 88 1(74.6%), &
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Figure 5. Comparison of monthly distributions of inversion samples for precipitation and high-humidity cases

5. Bk EEERERERHARER XL

K5 BoR, BEAKKREATE 10 HHIRZ @4 B, 12 52 A0 6. 6 Bil): mileE2see A4
RAE 12 83 AT 11 H(154 B1), 1 HED 81 ). PIZRFEARPIZE TG . FRKSREF TIRFK (10
JVFIMIEG H), MERERER FREA, T R KRR 558 5 55 i FE AR AN [F) 2277 AR AR 6 25 2 1

4.2. FRIEENEFR THRRERHE

696

= 0.20
LD 0.200
0.175 1
01501
S 0.13
S 0.125 - 0.12 0.12
1 0.100 -
#®
g
3 0.075
iy
B
0.050 4
0.025 1
0.000 -
43k 35" o0 W 410\ 43 35 W 10 ¥ L0k
ESHNEEFR ESHNESR

Figure 6. Mean inversion-layer thickness and gradient under different visibility grades for precipitation cases
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Table 3. Inversion-layer parameters for precipitation cases at various visibility grades

3. KA ERNEFRNERRESH

AL HA% P35 BB (m) FI56 8 ('C/100m) J2 T34 6 B (m)
1~3 km 35 696 0.12 1349
3~5km 32 651 0.13 1062
5~10 km 42 684 0.12 1360
>10 km 9 589 0.20 939

Kl 6 25 HIBEKRFEARTEA A 2 588 W E S5 R WP R 2 R SR . a) . FR/K R RE L 45
125 JE FEAE 589~696 m 2 18], AFMEA K 1~3 km 505 B e K (696 m), >10 km Z52% )5 i e /N(589
m) (% 3). “FRIFREAE 0.12~0.20°C/100 m Z [8)([&] 6), FFEZERE DN 55 XEREIME, BAKAR
RE L FE S5 20 2 RN iR S 4002 AN, T B/ 2% 1R 3 SR 0P B8 2 B T B /KR L T/ 5 A X
I R, 30U 2 45 P D B R 2 5 S T R 2 S v BE P il B 1 o

4.3. BXDHT

Table 4. Correlation coefficients between prevailing visibility and inversion-layer characteristic quantities for precipitation
cases

F 4 BKXEFRNESERERIFIEENEXRY

¥ Spearman p (p)
JE JEE (m) —0.038 (0.7)
BB ("C/100 m) +0.056 (0.56)
J2 R 1R P (m) —0.085 (0.38)
S i P (m) —0.094 (0.33)

T4 T RKRE SR SR R RS RS AL BEKCREEAY, ERRENESE
[T, B RIREE. B E A G R AN 0.11, H p (HIRT 0.28, HoRiE 0.05 &
FMARRL . XULHIE RA/SN RAUE 5N, W2 G5 000] fe WL IO BLREREMAIR 95, AE W2 2 22 [ /KRL 1
A SR AR F o

4.4. FEFTEE

Table 5. Visibility statistics under binned inversion-layer thickness for precipitation cases

5. BokRERREESTE THEERES

JEBE X [6] (m) A 788 . BE (m) Hh oz B I BE (m)
300~500 m 59 4574 3500
500~700 m 13 5385 5000
700~900 m 22 5091 6000

900~1200 m 12 5083 4500

1200~1600 m 11 2518 1600
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S T RRKRISIEZEE R NN ES . AT FRKCERREA TR R 300~500 m T 146
DN 4574 m; JEFEWZE 500~900 m I A8 W 4EHFAE 5000~5400 m; {H 24 EFF#EE 1200 m i, ~FIAE W
PEIRREZE 2518 m, HHALAE WAL 1600 mo X FERNIRE R BE KM Z AR = B TH R GEAMGE K, i@t
TRJE R Z I HmRR Y 8, ERE WL A
5. BIEEXBR/FG, T8 RASNEEESFSHENLENIRXR
5.1. AR SEZEB 5%

KM E BR 8 FG. HAE RA fll SN FIE BRI 714 1, 584K 27.6%. HH S BR K
FEAS 683 111(95.7%), & FG WIFEA 34 151(4.8%). %35 T FHEWEVEHEIN 150~5000 m, 7% 4000 m;
TR R ERE 591.0m. FHERE 0.171°C/100m. P ZEEE 918 m. = E 04 b, 2 5 39.1%,
RE 15 38.5%, HKZE M 22.4%, AL

BH A E(E 5), SBERREA 12 HR2A83 #)), 11 Hikz (154 #1), 1 ABEHED @81 #1), 10
H. 3 A48 112, 68 fil. 12 A~1 A akisE sy s, HERERE 1 A BB, "RE S A
R K /b o HE ST 55 B AR RS T ¥4 A S ) BT R B Ra S A ok .

5.2. AEIEENEFRTHISLEERFIE
P 7 o5 H R S R AR TE AN TR e WL S50 N BT Y R 5 R0
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Figure 7. Mean inversion-layer thickness and gradient under different visibility grades for high-humidity cases
7. SREETEREIEFATHIERREESHE
Table 6. Inversion-layer parameters for high-humidity cases at various visibility grades
Fo. BEELRENEFRNEREESH
B MBS FEARE P35 BE (m) 586 ('C/100m) JB P4 B (m)
<0.5 km 25 767 0.15 751
0.5~1 km 11 749 0.12 777
1~3 km 134 569 0.13 1108
3~5km 383 594 0.19 879
5~10 km 161 564 0.17 886
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HIE 7 5% 6 n[%&1: @O <0.5km (Z)FEAFIEIRZEE 767 m. JZIKEE 751 m, EFTE S50+ i
EH&HE, 2 “BEmk” HfREdEh; @ 0.5~1 km EHERE 749 m. K& 777 m, 5<0.5 km $#iL; ©
1~3 km+3~5 km. 5~10 km 252 {17 1) J5 B % 22 564~594 m, Hordt 3~5 km 25 40380 9086 5 5 K(0.19°C/100m),
ORISR RRIE. ST BEERE, WREE R E R T A L A A R A
(s S

5.3. X4

Table 7. Correlation coefficients between prevailing visibility and inversion-layer characteristic quantities for high-humidity
cases

F7. SEEXEISENESYEERERFIENEXRY

e 24 Spearman p (p)
JE % (m) —0.168 (6.4¢—06)**

B (°C/100 m) +0.077 (0.039)*
JZ R = (m) -0.103 (0.0059)**
2 = (m) -0.110 (0.0032)**

VE: "FR p<0.05, “EFp<0.01.

T T R ERE SR ILE SR Z R R A R nTL: mRE AT © EFEEL
J 5 2 R 5L B35 47U 9 (Spearman p = —0.168, p < 0.001), JEREEHOGHA R TIRAE WE 4R, @ 5
FEEE . B R A% =-0.103. —0.110,p<0.01), HHE 2%, LKA Gl
MR BEWEEEE; O HWEAREE RS IEH K (p =+0.077, p <0.05), X5 9AH IR AR T IR 2 A BE
W25, AKIRAS A G, T 9560 BE (IR ST IR B8 5 R R 55 o AR ¢ KRB HE I T 0.2, WHE MK
BOESZIKIA S FaT KIAE 2 R R L FE S

5.4. SFEXTEE

Table 8. Visibility statistics under binned inversion-layer thickness for high-humidity cases

=8 BEEXYEEREENTE THRELES T

JEBEIX F] (m) a4 P34 A6 JLJE (m) Hh AL RE LB (m)
300~500 m 487 3671 4000
500~700 m 28 3636 4000
700~900 m 120 3529 4000

900~1200 m 43 3078 3500

1200~1600 m 30 3503 4000

Table 9. Visibility statistics under binned inversion-layer gradient and base height for high-humidity cases

F9. BREEXEERHESERSESH THEERERT

BB X I8 n P68 L (m) IR R X 8] n T35 88 JJ% (m)
0.0°C~0.1C/100 m 309 3526 200~400 m 279 3842
0.1'C~0.2°C/100 m 168 3460 700~1000 m 199 3334
0.2°C~0.3C/100 m 115 3782 1000~1600 m 76 3258
0.3°C~0.4°C/100 m 50 3681 1600~3200 m 160 3681
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e QAT UL, IR S R AR B I I JE R B L R % 300~500 m BT EEE LI 3671
m, 900~1200 m EEZE 3078 m, FEIEZ 16%. HFE O W7 W, BB 0.1°C~0.2°C/100 m [X [ FHIRE
WL B IK(3460 m), 0.6°C~1.5°C/100 m 5iAH FE X 8] g W FE e (4156 m),  FRRENE “JE8500R - (KR8 WA
SRR - BeR AR ULRE Y 5 BT . 2R AL T 700~1600 m X AP35 fig WL RS £ (16(3258~3334
m), T <400m 5 > 1600 m BEAETLBEHIAAC R, WA BT, XEIFIREIR M 57, i T
P2 A 7 TR R O 3 AR

5.5.BR 5 FG RO®IEL

Table 10. Comparison of inversion-layer parameters between BR and FG subsamples

% 10. BR 5 FG FHREEES#xItE

RSHZ FEAH FAREREmM)  CPEEm)  CPBBECC/100m)  PIREHE (m)
BR 683 4000 584 0.173 924

FG 34 350 755 0.148 797

% 10 Af W: FG TREISIR S (755 m)# BR (584 m) K 29%, JZJE = (797 m)%: BR (924 m)fk, {H
BiEE(0.148°C/100 m)f& /T BR (0.173°C/100 m) o 3X 5 “ 55565 LR JTE AR E 10U 5 55 5%oF 7 A i o s 43 300 3t
B AREE—8.

6. = HRIBSLRISTELITiE
RONCRT B Mok G iR = B A AR

Table 11. Comparison of sample characteristics among all cases, precipitation cases and high-humidity cases

FT AL B BRKEEERE R ARFHENEL
IR PIBHE FRHREE PAERE  ESUREE

A FAs (m) (*C/100 m) JE(m) (m) 15
JERLN 2588 610 0.172 949 5000 i) 41.2%
F% 7K J5(RA/SN) 118 672 0.126 1244 4000 HEJZ 46.6%
EEE 2R (BR/FG) 714 591 0.171 918 4000 IEHLE 39.1%

HHEE 11 A, R IR S MR 2R AR IR & /E(672 m). £¢55(0.126°C/100 m).
(1244 m), 200 NN EZR 2 FEAGEFE , B8 I RE 32 B2 PRk oRLFTH s, 5 IR 2400 B3 A5G
VR B 2SI R ARG BT (591 m) . AR EELIR(0.171°C/100 m). JEIEEARO18 m), FEWE SRR, B EE
RERAI, SRR IR F /RS AT Z N SRR TP 2 0], 52 0 25 i S 10 I 1 < i g i
FEARMRE. BRIk, TEVE LA AR EE WA A TR, A Ae il 5 IRl — Bl B HI W pr s RS
5, NMELEXGREEAERK, BaRiEl BRIFG SREMRMIITHK KR,

7. &hig

(1) 3£F EC 0.25° x 025 H Rl 34.5°N. 108.75°E #% 4, T8 %ML 2021~2025 FE &AL LAE(10
H~RAE 3 AR )2 B R “12 H~1 HXE. 10 B 5 3 BUA” FIZET 040 &1 L LT HZ(>950
hPa, 41.2%) A3, {EHRE(775~875 hPa)idiili 12 B FE it K (772 m).
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(2) MR RIS EAR R R TA) G b S R - B R AN SRR R 7 (A H AR RRAE: 02
UTC(10 BIT) FH) R Ef K (784 m). 2K H (1431 m), XN H H A5 B a5, 24 FEFEKF I
53 B P O B o

(3) FEAKEFEARM=118)TRLAEWRIN “JF. 55, =7, RRAESTRERE. #E. ZE&EERH
FNESAN 25, Ul BH B /K PRI R L JE 32 B2 B /KB B 4% s (HJERE > 1200 m I ~F35) R LR BRF% 22 2518
m, VRJEWEXS PR KRN RRRE WA — e 4EFrEH .

4) FHREREARM=714", FRENESTRZEEEERZEAME, S5REEEMMEE, SHE
S9IEAHOG . WREX (R <0.5km)R “JEMR” WiR(EE 767m. K& 751 m), K2 700~1600 m
EBUIRER S YA ANE- B &

(5) FRBAETL NI 2GR W TRk Sig A7 ki, B 5a X4 Bk 5t X BRIFG TER KR,
H O 12 H~1 H 22~02 UTC (06~10 BIT) K2 HELH B R (EE > 700 m. B < 0.15°C/100 m),
g6 MR P S 0 b R G PR I R P SR B A 55 B R AR S RFSE; X RA/SN /KRS, T 32 AR 4 B K 2K
TG am R e WLRE, [R5 R T > 1200 m f 37 5380 5 6] i L2 30E — 25 PR 1 B 280N

(6) HEILEE AR SZ R b TR JE R FE 4040« 3 56 2% At B ey 23 18] 43 AT 5 22 Fh R L[| i 29 . A
SCAN e B IR 2 ) 5 S 5 R EERFAEREAT IR 20 b, MR RGN LR ERIE R, 2 Hr 450 R A
A Btk RS0 5 N R i A RO 5 R SR IR R A A 2 Il & Bh it ale
BN 5 2] T VAR 1 22 B Al I e I B2 TR AL, DA T T () s e 5 12
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