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Abstract

For studying meteorological condition and air pollution of fog in Langfang, based on the meteoro-
logical observational data and environmental monitoring data in Langfang, temporal and spatial
feature, day variational law, variation of meteorological factors in fog days, and air pollution in fog
days are analyzed by using correlation analysis and mathematical statistics methods. Results show
that single-station fog is most accounting for 34.2%, fog days of three north stations are less than
of six central-south stations. Annual fog days for 9 stations show downward trend. The season of
multi-fog is in autumn and winter. Single-day fog exceeding 71% in each station is most. Frequen-
cy that fog occurs is the highest at 5:00 accounting for 20.8%, and frequency that fog dissipate is
the highest at 8:00 accounting for 17.3%. The short-term fog within 3 hours occurs easily ac-
counting for 42.6%. Frequency that fog occur is much higher accounting for 82% - 89.7% when
wind speed is from 0 m/s to 2 m/s. Frequency that fog occur is less than 3.5% when wind speed
exceed 4 m/s. Frequency that fog occur is the highest at 8:00 and 14:00 and 20:00 when wind
speed is 0 m/s. When relative humidity is accounting for 80% - 90% and pressure is accounting
for 1000 hPa - 1030 hPa frequency that fog occur is the highest. Inversion layer is thicker and
stronger in main pollution seasons generally, in addition to May inversion frequency of fog in oth-
er month is more than 70%; above 3 grade air pollution often appears in fog days for main pollu-
tion seasons.
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Figure 1. Distribution of annual fog days in Langfang from 1964 to 2015 (units: d)
1. 1964~2015 F X EFIHE BRI HERL: d)

3.2. BFNBRELFHE

Mo H KR E AR E, =5 K 2%, Rk 2P0 &, AR, &M
Wi T 0.05 KR EEA, B HA AR E, MY 2.24 d/10a, $HM 2.78 d/10a. N5 HHI
M2 FEN KA, BT R SCZ5 K B HILE 2014 4. 1976 4. 1964 41, HApu%E HREE
#HHILLE 1990 4,

FibsE HAN 1d, HIEFR2010 ), FxE5%HN78d, HIMAER] (2014 ). HE 1 AFF
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DHA, 1985~1991 N, 1 1991 ELUE 5 H MR 2 4 5/ E 2 B HIL, (HTBE&EHEHE,
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Table 1. Distribution of annual fog days for different period in Langfang from 1964 to 2015 (unit: d)
= 1. 1964~2015 FERTHIX A EFERFEHNZ A HENM: d)

AR 1964~1969 1970~1979 1980~1989 1990~1999 2000~2015
=] 9.5 11.9 13.6 19.6 13.3
NI 14.7 15.4 12.1 13.8 20.8
it 16.3 15.4 14.2 17.0 13.4
[ 22 29.5 24.8 25.7 25.0 25.9
JER 45 T 19.8 28.9 25.2 24.4 17.1
IKTE 20.2 30.9 25.8 26.5 25.1
M 27.7 33.1 32.7 28.2 20.1
S 142 29.1 17.7 20.1 16.9
K, 21.7 28.3 18.1 17.8 23.5
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Figure 2. Departure variety of fog days in Langfang from 1964 to 2015 (units: d)
B 2. 1964 £~2015 FREYHXE HBEFER(BLL: d)
Table 2. Monthly frequency of fog for 9 stations in Langfang from 1964 to 2015 (unit: %)
7= 2. 1964~2015 FEEHNE R HISARERL: %)
Ay = PN A [ %2 JERYi 7KiH F &3 KIK
1 H 10.7 9.4 10.3 10.8 10.7 12.4 13.2 15.3 16.2
2 H 8.5 8.8 7.7 7.6 8.1 8.0 9.0 9.6 9.5
3 H 33 4.0 4.5 44 3.7 4.0 3.9 35 43
4 1 3.6 4.1 3.6 3.1 2.7 2.4 2.7 1.6 2.7
5H 2.8 22 2.1 2.2 2.5 1.9 2.5 1.2 2.0
6 H 4.0 3.1 2.4 2.5 3.0 2.4 2.3 2.1 1.6
7H 54 6.6 4.9 53 7.0 5.6 5.0 39 5.0
8 H 9.3 9.5 10.0 10.3 10.6 8.2 8.3 5.8 5.8
9H 8.3 9.7 9.6 10.9 9.1 10.2 7.8 7.4 6.5
10 H 12.8 144 12.7 13.2 12.7 12.9 11.6 10.8 10.4
11 A 16.5 15.6 18.0 14.9 14.5 15.2 15.5 18.3 16.0
12 H 14.7 12.8 14.2 14.8 15.3 16.8 18.3 20.6 20.0
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H I ZE =N 12.3%, 5 ARIKAA 2.1%, 3~6 A HIURREAIE 4%0L T . Sk E, RAZE
9 AR 2 AR E M2 kY, SHIUER S 74.5%, MHEEZFHENHZmD.

34. ERSEERR

1964~2015 fEILH I 3005 MF R, A RS, RubHIEANA 1028 4, 15 34.2%:
2 D ulifE S I 511 AN, SRR 17.0%;: 3 5 ERFHILAME) 352 4, 5 11.7%; 4 56 & DL E TR H
BB, 4 3k 5 36, 6 Bl 7 3h. 8 uli5 9 uh[RIIN AL 73 N 9.8%. 7.3%- 6.6%- 4.5%- 4.0%
5 5.0%, BIAE 10%. 1 W ERYHIX 1) 55 B A 1R 50 1 J B M R AE

OHTEBL, SuhY R HE RS RS, Fb EIITE 71%0L by ek 2 RINERSIRE, HBNEHE
N 14.8%~18.3%; HFek 5 KR EMZERSRD, WHITE 2%LL T, JEYIHTX A 0.9%; RS FEFRSE
1E 8 REUL ERRADFH5 0.1%;: K5 RS RERREE 9 K, HILER %, BHEA 1978 4F 12 H 20
H~28 H. Y XK 5 RS 7 K, HPE 1994 42 A 14 H~20 H.

3.5. KEMHTHHE

KIS CHFEA Y, 2012 SELARTIE T 24 AN (EBFSG, TORHELRESEEE) 1964~2011 48 J I ) K
FHAEWR R K E R B, KBTI 45 A ] 20 b i B st 1]

3.5.1. KEFEATEI LA E

2IEE—HWRAENKE, LKA RE AR, #CA—xKREH, LIRS KRG
— KA A5 5 RIFIERHEAH ), & N —R K% H. K5 HEIRERE R AR T 525, K2R
SRR RS HEGIAT Y, 58] RAEEN PR H L. B-FR 5 B0 BBk LA 24 N %) 2007
B RE HE, BAKEALE 24 DAFEI 2500 A (0 3(a). SRRE K554 I W AE IS 8] B 7E
W b 20 SUGEIRHRR 8 s8], 7E 24 NMZIN, BR S MRS AENIRR S, 15 20.8%, 6 mIKE
15.9%, 9 piE| 19 SZEKFRAENBRME. XS5EEE - RNHBUAERAXR, BICUEAED
DERR 4. 5 & R TREMIRE N, AR T E KRB T RS .

3.5.2. ABERAEHTHIE
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Figure 3. Frequency in different time of fog starting and fog ending from 1964 to 2011 (unit: %)
B 3. FEIM 1964~2011 SR EFFIGRT(E) (a) S L5 RET 8] (b) A FIRTRIL AR (B %)
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RZ W REERI [HERAG,  J B IR 9 T B RGmRER oK,  TR AT 0 B IR OK 55 0 R IR R 2 I TR BEAT VE 4 53
Hre SR T3 RS WL AT 70 9, 55 %l B R S5 4 S (B I . ) B AE— RN H
PUHIRZs, Joie th AR B I (B (RT R, $988 —ORZ e, 3L 0 LA K 55 4[] (Bl R AE 4 /)
BFCANEE, & XCR—IR KRS, KREREENRIZEE N 0~3 hy 3~6 hy 6~12 hy >12 h. HiMui K% %%
FRSEIN )BT o5 20 L3 AR A, 3 h LIRS B £ 1 42.6%, 3~6 h (IR Z BRI & i 29.0%, 6~12
h KB 18.3%, 1> 12 h {RZF &R H b 10.2%.

4. EHFESREZFHIE
4.1. ZHKERERE

KT T N SRS G B E S R T Gt % H L XGE B ARFIE (R 3). Sk 553802
KGE 1.0~2.0 m/s BT &7 ELfl B i, 78 40% LA E, KU 5.0~6.0 m/s BT A7 LU R A, A2 2%; XGE 0.0~3.0 m/s
FU PTG B, SRR T 82%LL b, HA[E 2 B & E R s S 89.7%: KU 1.0~6.0 m/s ik
()55 It o LA 357 Bt A 38 KT FRAES, Rl 2 2 RO K T 4 m/s B, &0l 25 o U AN 2 3.5%, AT X
5791 1N < T 1 NG <10/ N 17 SR 11 2 9N 0 0l 1 e = ST B S O A s R A D15
BRI B 5 AL/ s A 24 U3 K 45T 6.0 mi/s I 25 (0 B A — /SR, A et B 28 kT XUE 3.0~4.0
m/s IR ELA,  IX AT RE T 55 R AR HIE R XK IR 2 B/, %5 5 KA BE R — RER KK R,

Table 3. Frequency of fog in Langfang for different wind speed levels from 1964 to 2015 (unit: %)
% 3. 1964~2015 F R X E B3t AR RIRF RS S ELHI(RLL: %)

R 0.0~1.0 1.0~2.0 2.0~3.0 3.0~4.0 4.0~5.0 5.0~6.0 >6.0
=] 29.0 44.0 15.3 6.4 1.9 0.8 25
K™ 24.5 43.5 17.3 7.4 3.0 1.7 2.6
A 30.7 425 14.9 49 32 0.1 3.7
@ 31.7 413 16.6 4.1 1.5 0.3 4.5
Li873) 253 40.0 18.9 7.6 23 0.7 52
K 27.4 41.2 16.3 53 2.6 1.0 6.2
FM 20.1 46.3 23.0 6.9 1.9 0.8 1.1
X%z 18.7 48.5 21.8 6.4 2.3 0.3 2.0
Kk 13.0 42.7 26.3 9.8 3.0 1.0 4.2

ST R R I A B BT R AR AE . 08 ISF SRt R I, &% i 15 A2 5 KU T o befgil e e, Y97E
23%UL L, FIEXE S LR EIA 47.2%, KIEEA 23.4%; 14 B AT 5 L) B R AE, 250k
N mE BT EE K. 20 B % b 252 e XU 5 BT o B9 5

4.2. EHHEEE

et %5 HAHGHEEE I ATRFIE(R 4) o Z b33 FHXTRE 80%~90% 55 BT 7 L5l £t i » 7E 33.9%~41.2%
Z I8 AHRHREEAR T 60%HS 25 fr 5 ELBIARAR, BR 7Y i X% 5 7.8%%k, HARWIIMET 6%: AHXRE
60%~70%%5 FT 15 ELBIZE 10% 7545 AIXHEE 70%~80%. >90%55 T 15 LU 2 7E 20%~30% 2 1] . AH X
KT 60%H %3k (1) 55 j (5 HLISAE 92% LA b, SREIBCK AR A R T E AR ERE, FIT 51
eSS K .

DOI: 10.12677/ccrl.2018.76045 421 SR AR


https://doi.org/10.12677/ccrl.2018.76045

i

I

%\

%

Table 4. Frequency of fog in Langfang for different relative huminity from 1964 to 2015 (unit: %)

2 4. 1964~2015 X E B3 AR EER LI AL: %)

FHRTE <10 10~20 20~30 30~40 40~50 50~60 60~70 70~80 80~90 >90
=3 0.0 0.0 0.0 0.4 1.4 3.5 9.7 22.5 40.3 22.2
K~ 0.0 0.0 0.0 0.7 1.7 3.6 8.5 20.5 39.3 25.7
i 0.0 0.0 0.0 0.1 0.9 2.6 99 20.4 41.2 249
[&] 2z 0.0 0.1 0.0 0.1 0.4 5.1 9.8 19.9 38.6 259
JiR 5 0.0 0.1 03 0.3 2.0 4.9 9.4 24.7 38.5 19.9
IKiE 0.0 0.1 0.1 0.6 1.0 3.5 10.0 209 36.6 273
B 0.0 0.1 0.1 0.2 1.2 4.0 11.8 23.6 34.7 243
g 0.0 0.0 0.1 0.2 1.2 33 9.5 23.1 339 28.7
Kk 0.0 0.0 0.1 0.0 0.2 1.7 10.4 209 34.1 32.7

43. EHSE

it % AR M A REE (B ) . 55 H 24 R SELE 1000 hPa~1030 hPa B}, %355 55 BT (4 LuAg 34718 ) 89%
PLE, BJE <1000 hPa i %35 % AT b5 ELBIAS & 5.5%, A& > 1030 hPa I, T 3% A &5 L BlAS 2 10%,
DRI 55 HB B ) B B & 1000 hPa~1030 hPa, < e I A ES A A T 1 R A .

4.4. EAEE

FasE R

ELE=N
H =X

N ARJEEE R M AN G & R TR e s 2L, KIS A S Y

B MR ZEERR, WRERE R, SRS S . B 08 B 20 BN AR A BRI A
YT AU, T ERYT B R AR, 2011~2015 4F 1500 KL R HI5E — R 2 B0 .
MRKE, 20 B ITE(E 4(a), FEFEH 1-3 A, 11~12 Ak EARER S S5y HEE,

RIZEEFE, SBEHR, SYEEN 10 AR, TR 5EE ERIRHE, FURmERE. 08 i
WK 4(b)), 1~3 HHFHEH R Z K S5 TS G, 10~12 3 b Him 2R & S5 s ik, (2 1~3
H. 10~12 AXJIANEZSRA MR GERZEEHEE., BEEE. R 5 AAARAZHSK
08 I 15 20 I Hy B A IE 70% LA

=4 = T = H 0B A%
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Figure 4. Analysis for inverse temperature of fog days at 20:00 (a) and 08:00 (b) from 2011 to 2015, (unit: bottom height,
top height, thickness m, strength “C-m ', frequency for inverse temperature of fog days %)

4.2011~2015 FEEHEHLHX 20 Bi(a), 08 BIO)BBSHT, (BL: &S, TS, EEm; BECm'; EHE
SRR %)
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5. BSR4

ST 2013~2016 RV T X % H 2 SR ERGLE 5)e MBHESSRERE: 1~3 AHIAE RS
ISR 3 HL L 4~5 BEAZHEH; 6 A 4 ZHHlE 100%; 7 H 2. 3 518 50%;
8 H 2. 595t HN 66.7%. 33.3%; 9 H 1 &4 H¥nlRERAE, 2 H b EE AN 50.0%, M RH
AN 16.7%; 10 AZESFREHRIN 1 H 2 . 4 % S %, 2 BBIE KN 45.5%, 5 HEELIRE N
27.3%: 11 H7Z 38 3 % 5% 6 &, 3 RILBIE KN 50.0%, 5 9. 6 % ditlsr N 33.3%. 16.7%:
12 1% 6 BINA I, 6 LB AN 52.6%, 5 FbHREN 21.1%.

ADEH, EEEEREFEN 1~3 H. 10~12 H, B 17 10 A5 R EA R B4, HAR 5 A HH
WKZE RS —MReA 3 REREIT R L BRI R e

Table 5. Monthly frequency for different air quality grade in fog days (unit: %)
=5 BEREFRZSREBFRA TR %)

TR R 1% 2 %% 3% 4 %% 5% 6 %
1A 0.0 0.0 22.2 11.1 11.1 55.6
2 H 0.0 0.0 20.0 0.0 40.0 40.0
3H 0.0 0.0 100.0 0.0 0.0 0.0
4 f 0.0 0.0 0.0 0.0 0.0 0.0
5H 0.0 0.0 0.0 0.0 0.0 0.0
6 H 0.0 0.0 0.0 100.0 0.0 0.0
71 0.0 50.0 50.0 0.0 0.0 0.0
8 H 0.0 66.7 0.0 0.0 333 0.0
9 H 16.7 50.0 16.7 16.7 0.0 0.0
10 A 9.1 45.5 0.0 18.2 27.3 0.0
11 A 0.0 0.0 50.0 0.0 333 16.7
124 53 53 53 10.5 21.1 52.6
6. /&5

1) Y IX s %, 1 4 5Pl B ERAD . HEBA RN REREE, Jt=35% H 2K
T Sl

2) 9 WNAEX S HECR D HE, A BB ERPRRHE, 1972 SR 2D 1], 1972~1980 42
iz, 1981~1984 FF A4/ DI, 1985~1991 W2 1, T 1991 - LLE 5 H it 2 48 5 (/D 458 & tH
B

3) MK AFREYIMZEET, Wik EENFNHERD; BHERI&E, Bl ERYE 71%
PLE, ¥ s REULEMZERSBAD, £2%UTF; 8RS HAREREMMERE, X 208%, 6 MK
15.9%, 9 miE| 19 S22 ZERAERFRIRM, FHAEZENFBRIERR S MBI 12 52, 3 h b
PN R IN 25 R A AR i e 7 42.6% 6

4) MIE 0~2.0 m/s Z5 KA IR, 9 Sl BT A2 i XU H 3055 PR A %6 At 1 o

5) HIXHEE 80%~90%M 55 KA I, KT 60%H 25 1 Rk AMMERIE. % H IS B A2
1000 hPa~1030 hPa.

6) 1E 1~3 H. 10~12 A FEy5 =y, WRZEE —MREE, wmE—RE®, kS ASHARAEH

DOI: 10.12677/ccrl.2018.76045 423 SR AR


https://doi.org/10.12677/ccrl.2018.76045

=
p=cy
pe

¢ %

Rt LR IITE 70%BA 1, LK B R A — R BRI TS R DL b 1 s R
EETH

JAEY5 <R 8 5 H (No. 201601, No. 201807).

SE

(1]
(2]
(3]
[4]
(5]
(6]

WYRTR, R, RER, . 1961~2005 FH E S RAARRHED]. SRFEHE, 2008, 36(5): 556-560.

BLH, B5td. BICFRFERKAERSTREMT]. AR, 2006, 32(1): 78-83.

XN, GREREL, ZRPREE, 25 REZ M SREE X BB RRET]. MAHS S 23, 2005, 16(2): 220-229.
MRoZEk, ZHH, 8HZ, & REBIXFZRUFRE X TR[T]. R, 2009, 35(12): 126-132.

MEWE, 25, LA, & MR LHIRE K ZE RO ERFIESE S T[], TR 2], 2007, 23(5): 424-434.

R, MEG, BIZR, & IR KB L mE A BIKE R Z 450 5 68 IR 7], KR, 2007, 65(3):
406-414.

REE, JUAL, #RSCHE, 552004 AEAZRAEILTP IR RS S R 2 T[], AR, 2005, 31(12): 51-56.
TH, BEY, LU, & FERE—SREMNEZ 2B o8I R, 2009, 35(9): 84-90.

fAISEE, MR, BTA, B0 — RS R R R 40T [0]. #5541k, 2006, 22(4): 340-350.
BT, LB, FHFE. AUTE 3 RS8R S I R RVRHE SRR T [T]. SR, 2015, 41(4): 427-437.

A, AR, JbET 20092013 AEHAMRIFERS R Z A28 I B G5 S ER RIRI[T]. RSB, 2016, 402):
296-310.

LK, 82T, Msis, S BRI E IR M KR OHEB L], AR S IREERTTE, 2007, 12(6):
795-803.

FRAE, M0, THM, & HEiEihX 5 RS0 B LR TE]. AR, 2017, 43(1): 46-55.

eI, TREENE, SKIEAE. 2013 4F 12 A4R4b% . RSAFERAEX LA HTI]. AR, 2015, 41(9): 1141-1151.
RSP, RS, VLN, & RS KSR 2 SN IE 2 Wi T[], <R, 2016, 40(6): 715-722.
ZHM. FEHEREXIEIE 50 FERAAMEBWRHE]. BAIFRELRY, 2004, 20(3): 1-4.

JABEy, 2N, ARERE, F. WALE S RERHME B AR ]. R, 2011, 37(4): 462-467.

Hans iXlth

KPR B PR T s

1. FTHF%nM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFFRAEESE: [ISSN], FAHIT) ISSN: 2168-5711, BIATEif]
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

hmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: cerl@hanspub.org

DOI: 10.12677/ccrl.2018.76045 424 SR AR


https://doi.org/10.12677/ccrl.2018.76045
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ccrl@hanspub.org

	Meteorological Condition and Air Pollution Characteristic of Fog in Langfang of Hebei Province
	Abstract
	Keywords
	河北廊坊雾天气气象条件与空气污染特征
	摘  要
	关键词
	1. 引言
	2. 资料及说明
	3. 雾的气候变化特征
	3.1. 雾的地理分布
	3.2. 雾年代际变化特征
	3.3. 雾的月、季变化
	3.4. 雾天气过程特点
	3.5. 大雾的日变化特征
	3.5.1. 大雾开始时间的变化规律
	3.5.2. 大雾结束时间的变化规律
	3.5.3. 大雾持续时间的变化


	4. 雾日主要气象要素特征
	4.1. 雾日地面风向风速
	4.2. 雾日相对湿度
	4.3. 雾日气压
	4.4. 雾日逆温

	5. 雾与空气污染
	6. 小结
	基金项目
	参考文献

