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Abstract This study analyzed the temperature data in the course of 29 mixed fog, haze weather in 2015 from L-band
sounding radar at the Zhangqiu sounding station and temperature data from the German 14-channel RPG-HATPRO-G3
microwave radiometer located at the Shandong Meteorological Bureau. The quality analysis of these observation data
was performed to determine their accuracy and reliability. In particularly, the macro physical characteristics and diurnal

variation of the physical parameters in haze weather were analyzed. The changes of PM, 5, PM,,, SO,, NO,, O, CO in the
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atmosphere were analyzed for each case of fog, haze, and haze . The changes of relative humidity, liquid water path, and

water vapor content were analyzed. The results indicate that data from the two observation instruments have good

consistency, with a goodness of fit higher than 0.97 under fog and haze conditions. There are seasonal variations in the

surface inversion layer and some differences in the physical parameters of the overhanging inversion layer. The changes

in the temperature inversion layer and pollution parameters are closely related to the formation of fog and haze. Different

weather backgrounds are determined to have considerable influence on the physical atmospheric parameters, with

obvious fluctuations in the PM,,, AQI (air quality index), and CO values, which peak during the same time period. The

CO peak in fog and haze weather is particularly obvious, CO peak with a gradual increase from the morning to night. The

CO peak of the fog and haze days is smaller, and fog and haze weathers are obviously larger than the fog or haze.

Keywords Data quality control, Diurnal variation, Atmospheric physical parameters
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Table 1 Basic information of the 29 haze weather processes in Jinan area in 2015
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Table 2 Statistical characteristics of parameters in ground inversion layer in the haze weather process in 2015

H 3 R i /m JELBE /m HRE/C (100 m)! E2E/°C
1H9H 5 400 400 1.125 4.5
1H10H 5 900 900 0.444 4.0
1H13H 5 100 100 1.2 1.2
1A15H 5 100 140 1.32 1.32
1H25H % 200 200 1.0 2.0
2H3H 5 160 160 1.56 2.5
2H15H % 100 100 1.8 1.8
34130 i 600 600 0.43 26
10H20H 5 160 160 1.375 2.2
1A10H % 160 160 1.25 2.0
1MANH 5 190 190 1.37 2.6
1HA12H 5 180 180 1.5 2.7
11A13H % 100 100 1.1 1.1
11H14H % 100 100 0.9 0.9
11H16H % 125 125 1.2 1.5
11 H29H £ 160 160 175 2.8
11H30H % 130 130 1.23 1.6
12H9H = 100 100 1.0 1.0
127 10H & 100 100 0.7 0.7
12H14H 5 130 130 1.54 2.0
12H19H 5 160 160 1.375 22
12H20H 5 170 170 1.29 2.2
12H21H 5 130 130 123 1.6
12H22H 5 /58 130 130 0.23 1.6
12H23H 5 /58 190 190 0.95 1.8
12H24H 5 /55 190 190 1.32 2.5
12H25H % 190 190 1.42 2.7
12H30H 5 130 130 1.77 23
12731H 5 130 130 131 1.7

3 WI5EE., EREUENEESRSERITIHE

Table 3 Statistical characteristics of parameters in untouched inversion in the haze weather process in 2015

fSSITBUINY
H i KA T &5 /m K &/m B /m TR 5R % /°C (100 m)™! i I 72 /°C
1H25H % 1500 700 800 0.156 1.25
2H15H % 1400 200 1200 0.23 2.8
1MAI12H H 1600 200 1400 0.17 2.4
11HI13H % 1400 210 1190 0.19 22
12H9H % 1400 1000 400 0.125 0.5

W EW St S5, B E L 1400~ HEKZER, BKEEN1400m, HNEEHN
1600 m; WiREREDMAALE, BERAKMZER, 400 m; FEFRER/N, £0.125~0.19°C (100 m)™';
JE S B A 1000 m, H/MYA200 ms WHEZEERE R ERE Z &R KN 2.8°C, H/hN0.5°C, Y
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Table 4  Statistical characteristics of fog, haze, and
inversion layer in 2015
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Fig. 3 Diurnal variations of atmospheric physics parameters [O,, NO,, SO,, PM,,, PM,, concentrations, AQI (air quality index)] during (a) fog

weather, (b) haze weather, and (c) fog and haze weather in 2015. (d) CO concentration variations in fog weather, haze weather, and fog and haze

weather in 2015
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Table 5 Statistical characteristics of environmental parameters in different weather conditions
ESN R R
ZH 06 fif 21220 03 fif 12/15 i} 218 03 i 121 17/21 i
PM, i 5 /ug m™ 206.69 239.43 289.14 295.86 267.52 506.32 47431 461.68
PM, i J¥/pg m™ 158.22 195.44 194.6
SO, #J& /g m™ 134.47 83.2
AQI 165.43 208.57 255.59 255.12 236.65 399.3 396.71 426.23
CO % /ug m? 2.95 2.58 2.96 4.47 5.23 5.62

JEE AT AQI 23 B 7E 06 IF o 22 i HY B AN AR, 29 )
H206.69 pg m>. 165.43 f11239.43 pg m™>. 208.57;
PM, WK BERH I (8] A PR %%, U AE H ILAE 00 B,
BB N 158.22 pg m™; A BB B2 I A I S 1)
ARk, HAEEN, HTETS ugm LR, K 3b
ST SR B RN H AR, AT AT AT, PM K
JEE R AQI 43 SIAE 03 15y 12 I8 21 IF = ANk 2] Hy 3R
AR, U AR 43 ) 9 289.14 pg m™. 295.86 pg m™.
267.52 ug m> M 255.59, 255.12. 236.65, WEAH K
INEBE BRI SO, PM, WK EIEEEN, 4
i BELE 12 IR 21 B S B I, W AE 2 A
134.47 pg m>. 83.2 pg m> M1 195.44 pg m>. 194.6
pgm>. ME3cF T RIS ERME a0,
PM,, ¥ &£ AT AQI I 5 58 R X A — 3, J3 sl £E
03 Ff o 12 S A1 21 ) = /NI 1) B AR, Ui 4 1)
9506.32 pg m>. 47431 ug m>. 461.68 pg m> Al
399.3. 396.71. 426.23, W KT 5 K. E3d A=
PR AL FE COMRBEBLARFAE, AT, 55 RS
COWRIEH B A AN L), Wik AR ] &,
SYAIFE LTS 12004 B HHEL = ANEAE, WA 5531
N5.62mgm>. 523 mgm>f4.47mgm>; FKCO
WEEBERS A1 B, E IS, &
KN295mgm™; 5 RAWNIEME, 734 2.58
mgm>, 296 mgm~, WHEEK, HRE/D.

AfOL, =R RA R, PM K E . AQIAH
CO ¥ JZ S5 75 A R i 1) B Hh IR0, A B 2 i) e
R COMWRPEAEZS 5 R HPIC NI, FERE I A
HIZHTE R, ZRMFE RIGERD, 5K E
KT ZEREFEK .

6 NI HT
EEGF R X 2015 FEHILZE . 38 N5 5 KR

g

MG 3N RAERE, 3N RALEHEI T A
ARG T B R FAE A SN . 1 H
23~25 HAN— RN KHH %, FHRALRE; 25
HAKZERSSRE; 1H1R2HE—REERINK
i 12 H 23 HASSEIRAG RIS

6.1 EXHM

K44 T 2015481 H 25 HF s X KB
& (0,. NO,. SO,. PM,.. PM,. CO) & & .
AQI Y HARLAFAE . COWREE L AL S BEIREEHK,
FAEER ERZER, SO, NO,M O, WK EL# /N,
7E10~50 ug m> G W PM, . PM,, i & F1 AQI
A BRI, fERF R TREX, K%
(B, W 2R ETE, PM, ATPM, 04K e Kl ik
140 ygm=,

BISYEH T 2015481 H25 HF S R KER
AR AR S S = H AR . AR
(K 5a) aTLLEH, KEHI A1) NZAK
o MHBFR 2 2 km & BEAHRHB L 3 A3 5), 2B
A RIS 506k, U ROAEARAS, AXHBEE A
100%, 2 km /= 5 Ab AH X V8 B P 22 52%; K55 ) B,
FERE AR LE BRI R, LT A By C=AA
FIAZAIX 38, Ay B XU BE A 20484k, 1K
EREITRER, &m22P00E FTE%s, CIXiE
N T 380) 75 2 ARG AR 208 T B IR O, b TR AR G
TBE % 22 95%, 2 km 5 % 5 40%. €] 5b /2 2015
1 H 25 HBr e R G KFRTIASKEL (i
AT TFERI B A2 b T A K & 2D H
BAAEL, SHATE, 2o KRR KERIER,
WA K EEARA B R T %, WS /K %A% e KA
620 gm? F[£%E 40 gm?. K 5cHE20154E1 H 25 H
Grea P G KRE RS KIS R TR
M4 B A AR KR RS /K S 'R B



4 1 FEHERAE: 2015 R 5T B X 55 38 R UL R B ERHE AT D 0 i
No. 4 CUI Yagqin et al. Preliminary Analysis of Atmospheric Physical Quantity Characteristics during Haze Weather in ... 713

220 — . . . . . —— . . . 1.9
200 1.8
180 17
160 16
140 - 1.5—-
E 120 £ ]
2 J 9 1.4-
Q3 100+ 3 13
80'_ 1.2
60 - 1
| 1.1
40 1
| 1.0
20 | "~.
—1 * I * I * 1 & I & 1 L * 1 & [ T [ T I 09— T T T T T T T T
0000 0400 0800 1200 1600 2000 0000 0400 0800 1200 1600 2000
Time (BJT) Time (BJT)

B4 201541 H25 HFFFEHIX (a) 0,0 NO,. SO, PM,.. PM, K. AQI, (b) CO WKL HAZ LKL
Fig. 4 Diurnal variations of (a) O,, NO,, SO,, PM, ,, PM,, concentrations, AQI (air quality index), (b) CO concentration in Jinan on 25 January 2015

LWP/g m2

Height/km
o =~ N W M 00O N 00 ©

0200 0700 1200 1700 2200 0200 0700 120 1700 2200
Time (BJT) Time (BJT)

M T 000 e |
11.4% 22.4% 33.5% 44.6% 55.7% 66.8% 77.8% 88.9% 100%

15.0 ot s R =
(©: i : ; : 9
8
E 10.0 !
2" E 6
S =
s 2>
g £ 4
5.0
B 3
2
1
ol—i i ; : ; [ , ' : .
0200 0700 1200 1700 2200 0200 0700 1200 1700 2200
Time (BJT) Time (BJT)

218.1 2251 2321 239.2 246.2 253.3 260.3 267.3 2744K
Bl5 2015451 H 25 HF R M Ja K55 R AU IR A o h I (o) AXHREE . (b) MEAKEEE. (o LZEAEKKREE. (D WL
AR RFAE
Fig. 5 Evolutions of (a) relative humidity, (b) liquid water path (LWP), (c¢) comprehensive water vapor (CWYV) content, (d) temperature profile

obtained from ground microwave radiometer in fog weather after snow in Jinan on 25 January 2015

G, il s, 2B REGAEKESEZEZN ST, ZRRETEL R Z S BRI I
AR, oA teEE . ESsdgh 7201551 H 25 (IA54k, ZIERCET, 76200 m 5 LA S 0, e
H 55 i B I J5 K 55 R0 S50 26 T I ] e AR AR A B2, EHERKFHENR, MR, &2



K A B %

714 Chinese Journal of Atmospheric Sciences

43 %
Vol. 43

UG IR R 2, 0 5 R R E,  BE 2S (1)
TH B, TG Hb 2 R o e 1 I 2 el 55 Y 2
62 FEXHM

Eloghth 1720154 11 H 12 HEFE i X K4
¥ & (0,. NO,» SO,. PM,,. PM,. CO) ¥KJE.
AQII HARAERIE, 3Hral A, COWIERIR, HIH
fhZ BRI LB AFE R 2] NO, A O, ik &
Eb e/, #E25~100 pg m™ Y8 N 284k ;. PM, .«
PM,, ¥ FE AT AQI A LR AR Ak, Rl 55 (1 HY IR,
W 2R LT, ARKAEN, PM, HAIPM, iR K
Tk 450 pgm,

Bl 725 H 7 20154F 11 H 12 H %8 RS FE
ORI 2 & H AR . AR E (B
7a) ATULEH, ORSAMIEER AN, £2kmE
FELI R 65%, SR I, (£ 07 B, AHXS I
FEGEIRIE R, AR E R TE Y 2 90% LA . 4B ] 7b
LA, 12 S KR AR A2, 16 B TR
W, 16 B G A KR AR BRER A E K, &K
92000 g m™, YiBHHTE B BRI FE, ER B
WILZ ZMBER R . A 7e vl %1, 20 AT,
CREKIREEN M LEIYE]), 1E20 gm? At 20
mfE, HEL T BkERASE I, MKW T70 gm?, E
PR nEMBEWN R . Bl 7d4H T 2015
SR 11 H 12 H5 R 58 R A AR I JE 2 1) B[] 5 AR
FHAE, A ATal WL, 58 % ORI o 12 572 i B 30 4 R AE
AUREARN, FERRAT, 7£200 m&E LT HIL
BB UL = P £ 2 Vet 0 DA A 119 = B U e SR
559, iR TAA LR R, 0 5 A R
o, FHEERTHEL R R TR AV I

S0 +———F——F——T 7T T T T T T T
{(a L
450-() e o .
{d = = PMZ,S 17 4
400 -~ — . pM;, /'I/ /(1) ‘Q ; /_(2‘):* 1
a0 7O PN I |3
i N02 / ‘//\ Pz vl_ Mk £ S
» 3004 — SO, / /‘), ~ '\-1'\ i
€ 250-——AQI // FogN g e i e
o ] ! o - i
s B
< 200
150 -
100 -
50 -
0 — T T T T T T T T T T T T 1
0000 0400 0800 1200 1600 2000
Time (BJT)

EENE RN
63 ZEEXSMH

BI845H 120154 12 H 23 HIF R HLIX K54
¥ (0;. NO,. SO,. PM,,. PM,. CO) WJF.
AQI ) H AL HFAE . NO, 1O, ¥k & H A8 {k b 5 1
2%, BUEBUN, O FEMEZIN252 pgm™, NO,
WA N81.6 ugm™, SO IKRFEM 60.5 ug mHE 1
F150 ugm™, FFAT G HIEE X . PM,,« PM,,
WEF AQI = A~ Z & H A2 Ak B I 8] A ek /)N e 35
W 45 H LN B — B8, WA 4y ) AL 8 R R R
T fE o PMy, W FE W AE 43 1 O 680.2 pg m™ Al
601.5 pg m™; PM, iR FEIEAE 733l 9 564.2 ug m™ Al
468.6 pg m”;  AQI 5 HUEEH 24 500, CO W H
WA E], ARG I, =N 5 ) 3
TR R, HAo o CoOWwMER RN
6.34 mg m~, TRIKZNS551 mgm™, 505N
94.02 mg m>, HARJFERE T — BT,

BIO4 T 2015412 A 23 H & 5 KRS0 FEHL
B iRt =8 HAR . mAENEE (B
9a) AILLE H, ZRIRAMAZ LW, FHERKA
AERT I BE I 25 3 A AN 38 50, B IS [A) A8 A0 A 1 K&
B, Z M BE WAUIR A, H B AN A T
FEEE R (AR, mE B3 MO
Xo 04T 9b nl A1, WA KBS MRS,
11 AT EH /N, 11 IS 7K B A% R AR ik R =0
K, HIL—NEUNEE, &K H45gm?, 15K
NHPESE I, BT RE, EEHRKN 115 gm?,
5 R 00 B S B A SRR, SRR N AR

e, WEREZEFERAGIRE. W B 9cH]

1 & L * I * T % T % L ¥ T X T 71 = ¥ T 1
697 (b) e — o ]
5.5

5.0
4.5

4.0 -

plug m3

3.5 1
3.0

2.5 1

2.0+ B

T T T F v 1 L | L
1200 1600 2000

Time (BJT)

T —— ——
0000 0400 0800

6 2015411 H 12 HBFBEHIX (2) 0,2 NO,« SO,» PM, v PM, iK%, AQI, (b) COE M HA I
Fig. 6 Diurnal variations of (a) O,, NO,, SO,, PM, 5, PM,, concentrations, AQI, (b) CO concentration in Jinan on 12 November 2015



4 1 FEHERAE: 2015 R 5T B X 55 38 R UL R B ERHE AT D 0 i
No. 4 CUI Yagqin et al. Preliminary Analysis of Atmospheric Physical Quantity Characteristics during Haze Weather in... 715

M, GAEKREESMSHENREMAYE, HI R —TZ LR, Bod4H T 2015412 H 23
PSR, 12 U845 9 14.5 kg m™, 21 I I&4E K H 55 55 5 58 K A0 R 15 B8 BT 2% 11 1) [a) 6 A8 R AE
13.6kgm?, WHZGKASERETRESRE K P TI, $EE TG0 52 R 5 R 1EH i

10 1800
9 1600
8 1400
7 1200
€ o
s 6 € 1000
5 ° T 800
£ 4 3
5 600
9 400
] 200
0 . : 0 : : g : :
0300 0800 1300 1800 2300 0300 0800 1300 1800 2300
Time (BJT) Time (BJT)
24.5% 33.9% 43.3% 52.8% 62.2% 71.7% 81.1% 90.6% 100%
5 10
9
60 8
'g 50 7
g E 6
40 2
I} £ 5
£ =3
S 30 £ 4
% 20 3
2
10 i
; : ; : ; 0
0300 0800 1300 1800 2300 0300 0800 1300 1800 2300
Time (BJT) Time (BJT)

2225 231.0 239.4 2479 256.4 2649 2734 281.8 290.3K

K7 20154 11 H 12 HEF R 5 R SRR TN (@) AR (b) WaA/KEE. (o) ZEKREE. (O iR EFLHEARHE
Fig. 7 Evolutions of (a) relative humidity, (b) liquid water path (LWP), (c¢) comprehensive water vapor (CWV) content, (d) temperature profile

obtained from ground microwave radiometer in haze weather in Jinan on 12 November 2015

700

j 6.5
650 ]
600 6.0
550 1-
500 - 55
- .
£ p E ]
o 3501 o 4.5
=5 1 =9
S 300 3 1
250 - 4 4.0+
200 - a5 1
150 | 7
100 ] 3.0
50 - ]
o—F———7—7—F——7——7T 1T 77 254+——F—+—7—+—T1T—T "7 T T T T T
0000 0400 0800 1200 1600 2000 0000 0400 0800 1200 1600 2000
Time (BJT) Time (BJT)

8 2015412 H23 H¥FfEhIX (a) O, NO,v SO,» PM,,. PM, iJE. AQI, (b) CORJE I HALERE
Fig. 8 Diurnal variations of (a) O, NO,, SO,, PM, 5, PM,, concentrations, AQI, (b) CO concentration in Jinan on 12 November 2015



X A B % 43 %
716 Chinese Journal of Atmospheric Sciences Vol. 43
10 ; ; : :
b i H ! ;
9 100.0 ® pressmssnssoonen S I e TR
8 80.0 | | |
7 ' i : :
E 6 (R V| boooeeaneneneea SRRt SRR -
2 5 2 : : |
(=) o : : : ]
2 S 400 oo Y
3 : : : :
20,0} -------o-- boorenoeennen S [EOSEE SR | (ESRES A SEEE
29 : : : :
1 0.0 pemas- :
0 ; ; ; ;
0400 0900 1400 1900 0400 0900 1400 1900
Time (BJT) Time (BJT)
59% 17.7% 29.4% 41.2% 53.0% 64.7% 76.5% 88.2% 100%
20.0 10
(c) 9
8
£ 7
g £ s
S =
s 2>
g 2 4
3
O B frmmmmmmm e e
2
1
0.0 : u . T 0 T T T T
0400 0900 1400 1900 0400 0900 1400 1900
Time (BJT) Time (BJT)

K9 201545 12 H 23 HEF RS R EERRIAR ST ) AIXHRIEZ. (b) WAKERE. (o) ZRAKINEE.

217.2 2269 234.0 2411 2482 2554 2625 269.6 276.7 K

(d) I FZ R i AR AL

Fig.9 Evolutions of (a) relative humidity, (b) liquid water path (LWP), (c¢) comprehensive water vapor (CWV) content, (d) temperature profile

obtained from ground microwave radiometer in haze weather on 23 December 2015

WA, g Y AT, fE 1 km B BT B
Wb IR =, U W3R R X 2 g UK (AR R AT —
SE M EAE I

7 Zig

ShA T o L BOER 25 14 38 18 Hb 2 00 4% 5
TR FE BORMEAT IR, 00 1 e e ot
1555 58 RS AR BT R E . AHRHREE . 474G
KRB B ASKES R ERRE, 20T

(1) ZF5HRARE, MG 48 T 0 5
AR5 L BR 2 i0 BE s — B AR i, A A
y=ax +b &R BHTVE, BEMNEH XK
F0.97.

(2) MR SR VERIAE 0.43~1.77°C (100 m) ',
HAomBA —ENFENESR, SKFEYIRBER
K, BEHTRASFURE NS, WREER; 4

ZE R R R A LR, B KRR 2 A
4.5°C,

(3) =IEWRE T oA iy 5), Ba
7£1400 m £ 1600 m; iR 2K =M A, A
BRIIZER, JREHEN 1000 m, H/MUA200 m;
MR EEAR KM ZEDN, &K EE N 1400 m,
/N R BN 400 ms 3R 5RO RN, 8 LA
0.125~0.19°C (100 m)™'; iR 2R E ZH 5% %
PR, R N2.8°C, f/NN0.5°C, F%52°C.

(4 FiIFEMANREROR, 55 I FRARE B3R
AN, BIEERE S RS AR EIR A S A AR K
KFZ, MM R EE K, By EEE, GH
TEHFEEE, RZ, BRZEHK, W%EHETER
THHL

(5) =fRAE~S, PM,,. COWEEF AQI
ILE AR E I R B R A, A B AEAR: COK
FEAE 5 50 RS EI [RE TG R, 55 R AN IR FEAL



4 1 BEMERFSE: 2015 E5F ML IX 55 5 R R K S BB AE T D
No. 4 CUI Yagqin et al. Preliminary Analysis of Atmospheric Physical Quantity Characteristics during Haze Weather in... 717

AN, BERSIREHE KT Z REGE K.
Sk (References)

FERESE, SR, SRR, 2. 2016, Hr PRI AS FERH/E JE I 5 B /K ot
Fe b g R AT [J]. R B, 44(6): 857-881.
Dianguo, Gong Dianli, et al. 2016. Application of new detecting

Cui Yaqin, Zhang

instrument data in short-time heavy rainfall [J]. Meteorological
Science and Technology (in Chinese), 44(6): 857-881. doi:10.3969/].
issn.1671-6345.2016.06.004

TR IR, BEEM, O . 2002, HiGE RIGE X F 22 poK %
P 3o B ). RS, 21(6): 622-627.

Yanbin, Li Lunge. 2002. Analyses on potential air water resources

De Ligeer, Huang

over northeast Qinghai in spring [J]. Plateau Meteorology (in
Chinese), 21(6): 622-627. doi:10.3321/j.issn:1000-0534.2002.06.014
Dominique R, Nash J, Jeannet P, et al. 2006. The COST 720
temperature, humidity, and cloud profiling campaign: TUC [J].
Meteor. Z., 15(1): 5-10. doi:10.1127/0941-2948/2006/0095
AL, BT, ) —Fh, 5. 2013, — KR MR RS e R S
FEAE 20 #7 (0] 2 W 9T, 32(2): 97-104.

Suqin, Liu Yiwei, et al. 2013. Characteristic analysis on the

Dong Gaohong, Han

mesoscale vortex system of an excessive heavy rain event [J].
Torrential Rain and Disasters (in Chinese), 32(2): 97-104. doi: 10.
3969/j.issn.1004-9045.2013.02.001

JURR S, HRE, BV, 45 2015 HEG B RRBOR X B i i S S 2 11
TR IE [J]. B EA R, 34(5): 1465-1473.
Hui, Li Feng, et al. 2015. Study on X-band radar reflectivity

Fan Genchang, Xiao

attenuation correction using combined remote sensing technology

[J]. Plateau Meteorology (in Chinese), 35(4): 1465-1473. doi: 10.
7522/j.issn.1000-0534.2014.00125

SRENF, ¥R . 2016. 165 2009~2013 4 R FE SR 55 (AL

SER BB R [3]. KAREY, 40(2): 296-310.

Guo Xueliang. 2016. The type, vertical structure and physical

Guo Lijun,

formation mechanism of persistent heavy fog events during 2009-
2013 in the Beijing region [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 40(2): 296-310. doi:10.3878/j.issn.1006-9895.
1505.14275

TR, 025 W, XU RS, 45 2009. 65— K 55 R AL F 2 S H AT
J AT R BRI S A BT AT (3] K AUREEE, 33(6): 1174
1186. He Hui, Guo Xueliang, Liu Jianzhong, et al. 2009.
Observation and simulation study of the boundary layer structure
and the formation, dispersal mechanism of a heavy fog event in
Beijing area [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 33(6): 1174-1186. doi: 10.3878 /j. issn. 1006-9895.2009.
06.05

TR 5, B AL, 55 2015, RUSSER T AL M SE SR Am A T E
VKR R DN B R (9], R, 34(1): 269-278.
Zhiyong, Zhou Zhimin, Xu Guirong, et al. 2015. Monitoring

Huang

application of hailstorm event with the observation of wind profile
radar and ground-based microwave radiometer [J]. Plateau
Meteorology (in Chinese), 34(1): 269-278. doi: 10.7522/j.issn. 1000-

0534.2013.00130

TN, BUEE, PhAECR, 55 2001, F 4R TR DU BE R K PR =
K] RS R F R, 12(S1): 73-79.

Shen Zhilai, et al. 2001. Microwave radiometric measurement on

Lei Hengchi, Wei Cong,

water vapor and cloud liquid water before rainfall [J]. Quarterly
Journal of Applied Meteorology (in Chinese), 12(S1): 73-79. doi: 10.
3969/j.issn.1001-7313.2001.z1.010

F 70, ik, WATH, 55 . 2016, FH O SR S TF X R 2013 4 12
JI 8 RORARAR S5 R RN 20 BT (7], SR S AR R AT, 21(1): 8-
16. Li Li, Zhang Pengbo, Dai Zhujun, et al. 2016. Using
microwave radiometer data to detect and analyze the atmospheric
temperature and moisture structure of the haze weather of Nanjing in
December 2013 [J]. Climatic and Environmental Research (in
Chinese), 21(1): 8-16. doi:10.3878/1.issn.1006-9585.2015.15002

XA, 4528, XN, . 2010, i HER DL AR 5 B OB 21
BP # £ X 48 BT VERE TS [T]. AR, 29(6): 1514-1523. Liu
Yaya, Mao Jietai, Liu Jun, et al. 2010. Research of BP neural
network for microwave radiometer remote sensing retrieval of
temperature, relative humidity, cloud liquid water profiles [J].
Plateau Meteorology (in Chinese), 29(6): 1514-1523.

XSGR, HRBE, 2R, S 2007, 5 GRS IR A R AR IR 4
B [9]. T 5 X Hs 5, 30(3): 351-356.

Yuping, Li Jinglin, et al. 2007. Temperature inversion characteristics

Liu Zenggiang, Zheng

of low-air atmosphere of Urumqi City [J]. Arid Land Geography (in
Chinese), 30(3): 351-356. doi:10.3321/j.issn:1000-6060.2007.03.005

Olivero J J. 1984. Microwave radiometric studies of composition and
structure, ground-based techniques[M]//Vincent R A. Middle
Atmosphere Program Handbook for MAP. Europe: ICSU, 43-55.

Wei C, Leighton H G, Rogers R R. 1989. A comparison of several
radiometric methods of deducing path-integrated cloud liquid water
[J]. J. Atmos. Oceanic Technol., 6(6): 1001-1012. doi:10.1175/1520-
0426(1989)006<1001:ACOSRM>2.0.CO;2

FPME, Wik, FEZR . 2014, b HTHE X — P R 2 25 O R I e X R
b2 Mt ] RS, 33(2): 539-547.
Wang Guorong. 2014. Analysis of the frontal characteristics of the

Wu Qingmei, Yang Bo,

backflow snowstorm process in Beijing area [J]. Plateau
Meteorology (in Chinese), 33(2): 539-547. doi: 10.7522/j.issn.1000-
0534.2012.00194

FRM, TRMEZE, R, 4F 2015, JEH— O g MO AR I 4 R
E 3 K AEH D] R TR 34(6): 1690-1698.
Zhang Shengjun, Liu Zhuo, et al. 2015. Activities of cold-dry air and

Wu Qingmei,

its impact on convective heavy rain process in Beijing [J]. Plateau
Meteorology (in Chinese), 34(6): 1690-1698. doi: 10.7522/]. issn.
1000-0534.2014.00081

Mr'E #e, dkT, RETT, 552016, F T O S A ROBER S E I
SETRA 2 TR T 7). B R RE, 35(4): 1102-1111. Yang
Fuyan, Zhang Ning, Zhu Lianfang, et al. 2016. Comparison of the
mixing layer height determination methods using lidar and
microwave radiometer [J]. Plateau Meteorology, 35(4): 1102-1111.
doi:10.17522/;.issn.1000-0534.2015.00045

A, Tk, AR, 452017, ILARGFREHEIX 2015 (R RIL TR
HEAHFAE [J]. TR %, 35(1): 43-50.  Zhang Dianguo, Wang Hong,



KA B

¥ 43 %

718 Chinese Journal of Atmospheric Sciences Vol. 43

Cui Yaqin, et al. 2017. Analysis of atmospheric boundary layer
inversion characteristics based on microwave radiometer
observations in Jinan in 2015 [J]. Journal of Arid Meteorology (in
Chinese), 35(1): 43-50. doi: 10.11755/j. issn. 1006-7639(2017) -01-
0043

FRAKR, FEMFL, 187 . 2017. RPG-HATPRO-G3 3 S A0 45 4 i
S 7 VR A (3], 98 SR AR, 37(1): 104-110. Zhang
Qiuchen, Gong Dianli, Feng Junjie. 2017. Analysis and evaluation of
retrieval products of RPG-HATPRO-G3 ground-based microwave
radiometers [J]. Journal of Marine Meteorology (in Chinese), 37(1):
104-110. doi:10.19513/j.cnki.issn2096-3599.2017.01.012

TRELL, BEE. 2010, — KBRS AR 2 WA 7RI B K AR R AIE 1Y) 256
A WA B 9. R %, 36(3): 83-89. Zhang Zhihong, Zhou
Yuquan. 2010. Analyses of composite observations of cloud liquid

water and precipitation on the evolution features [J]. Meteorological

Monthly (in Chinese), 36(3): 83-89. doi: 10.7519/j.issn. 1000-0526.
2010.3.012

XML, BRAGIR, REZR, 5. 1991 SHZ KRB /K et 2L e

P PRI [T]. BSR4, 2(2): 201-207.  Zhao Conglong, Cai
Huaqing, Song Yudong, et al. 1991. Measurement of water vapor
and cloud liquid water content in the troposphere by ground-based
microwave remote sensing [J]. Quarterly Journal of Applied
Meteorology (in Chinese), 2(2): 201-207.

FHERR, TR, RO, 5. 2015, Hh 0k 4 5 T S 0 A54is 1

CEA R R H S R a0 (0] KRR, 35(5): 621-628. Zhu
Yayu, Wang Zhenhui, Chu Yanli, et al. 2015. Comprehensive quality
control and efficiency analysis on brightness temperature data by
ground-based microwave radiometer [J]. Journal of the
Meteorological Sciences (in Chinese), 35(5): 621-628. doi: 10.3969/
2014jms.0031



