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The ‘forecast skill horizon’
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Advances in Fog Research in China

Niu Shengjie', Lu Chunsong', LiiJingjing', Xu Feng®, Zhao Lijuan®, Liu Duanyang’,
Yue Yanyu®, Zhou Yue®, Yu Huaying', Wang Tianshu'
(1 Nanjing University of Information Science and Technology, Nanjing 210044
2 Guangdong Ocean University, Zhanjiang 524088 3 Xiamen Environmental Monitoring Central Station, Xiamen 361000
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Abstract: Fog is a severe phenomenon affecting the transport, human health, the quality of agricultural products, and so on. Thus,
a good comprehensive understanding of fog processes is quite important and valuable to the early warning and forecast of fog, to
human health and economy. In this study, recent progresses in fog studies in China are reviewed in terms including the climatic
characteristics, macro characteristics, micro characteristics of fog, the interactions between fog and turbulence, fog chemistry, fog
remote sensing, fog numerical simulations and the fog dispersal . Some further studies on fog processes are also suggested.

Keywords: fog, observations, numerical simulations, remote sensing
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A Brief Overview of the Sea Fog Study in China

Fu Gang, Li Pengyuan, Zhang Suping, Gao Shanhong
(College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100)

Abstract: Sea fog is one kind of severe weather phenomenon that exerts important influence on many aspects of social life, such
as marine transportation, fishing, port operations, as well as the high-way transportation and the electric power transportation
in coastal areas. Previous researches indicated that the financial and human losses related to fogs and low visibility became
comparable to the losses resulted from other weather events, e.g., tornadoes or even hurricanes, in some situations. In this paper,
some important progresses were reviewed on the sea fog study in China in recent 30 years. Also the authors paid much attention
to discuss the following important issues on sea fog researches, i.e., the microphysics of sea fog, the relationship between sea fog
and stratus, the sea fog occurrence frequency over the Northern Pacific and Northern Atlantic, the numerical simulation of sea fog,
the data assimilation and ensemble forecasting of sea fog. This paper may provide useful information for those who want to know
the latest progress of sea fog study in China.

Keywords: sea fog, China seas, microphysical characteristics of sea fog, climatology of sea fog, numerical modeling, ensemble
prediction of sea fog
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RIVHIRBEN E

Aviation Weather and Model-Based Operational
Forecasts of Low Visibility and Fog

Zhou Binbin*?, Jiang Le *, Du Jun 2
(1 I. M. Systems Group, Inc. U.S.A. 2 Environmental Modeling Center, NCEP/NWS/NOAA, U.S.A.)

Abstract: This article introduces the operational predictions of hazardous weather elements to aviation both en-route and in
TAF. Two visibility algorithms and three fog diagnostic schemes used at NCEP are discussed in particular. The first visibility
algorithm is Stoelinga and Warner method. This method requires outputs of four hydrometeors from a model to estimate optical
extinction coefficient and calculate visibility. The second visibility method is an upgrade to the first one by adding more species
of hydrometeor. This method can also estimate visibility in high humidity and haze conditions without knowing hydrometers as
well as considering the differences between daytime and nighttime. The concept of airport Runway Visibility Range (RVR) is
introduced and the relationship between the RVR and horizontal visibility range (HVR) is given. The fog diagnosis includes the
UPS method, multi-rule method and physical-process balanced method. The UPS method uses surface-layer stability index. The
multi-rule method uses a combination of visibility, cloud, surface humidity and wind speed to diagnose fog occurrence. These
two methods do not predict fog intensity. The third method can diagnose both fog occurrence and intensity. It is based on the
turbulence condition for fog formation and persistence as well as the explicit formulation of fog liquid water content suggested by
a fog’s physical balance theory. Both multi-rule and physical-process balance methods have been implemented operationally in the
NCEP’s regional ensemble forecast systems and showed encouraging results. However, the current skill of low visibility and fog
forecasts directly derived from a numerical weather prediction model is generally low comparing to the forecasts of other weather
elements such as precipitation. The difficulties are discussed and the ways of improvement are also suggested.

Keywords: aviation weather, numerical weather prediction, model post diagnosis, visibility, fog
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(i LR, NCEPI X dk 42 & Tk R 48 SREFHI
NARRE-TLH I &5 oK Pl 4l st 7 R 07 53— F
JE K HINCARK JE MBI Z 8 (Fuzzy-Logic) T /s
P VR S SRR ORI . . R
RES KT RV EAHER R, MMudiih e, &R
T OL R IR 25 vknT BETE A 25 VKGR RS . AWCIE 2 AR 4R 55 —
Pl 7 s NRAPHE 3 A2 A /NI () 45 UK Tidfl (Forecast
Icing Product, FIP) FHIAI FIBORIIZ S0 b 75 ik [m] 3 Fi
RAT AR AE RN S TS5 UK 53 BT (Current Icing
Product, CIP) . NCEPZZICAOZFLAE 4Bk [ TR
(World Area Forecast, WAF) BTl i1 4 BR 45 vk Fidi
SR = Ao R,

WIS G AREM “HUEE” o Bk bRz
(BT 0 CAL AT T ™ B e, A ATB b S TR
() TR % WU - AR AR 2, & W
()2 F X B D) AR A AR T 5 S I I X - Cclear
air turbulence, CAT) Jr/ =4[] . NCEP1)4x3%
I S PSS X TR RN A U 4R A TR F 1K /2 Ellrod 7
P BEEA %R (UK Met Office) ZICAOZRLTE
WAF H (1) 4 B B 5 45 R T 1)t 2 Ellrod 77 ¥, %
T3 V238 1L T 5 A7 16 D) AR RN AR T oK 12 W B 11 5
ORI = B . B RIS T VR W AR
F6 (100km) #ECR A JER, Hrh i 2 S80S 7
W A A A R 1, 18 BT A AR R, X X
SR AT, R T CAT, &%, &Ml
A P A . NCARBRIT R JE T —Fhig &
M [ i #8512 W 7792 (Graphical Turbulence Guidance,
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H/NT50%0, EMEH =, UAKERESE, Eh
AR, SRR Y s /N T 50%E),  KAT AT LLE
OR3P T S W N L I T AN 75 P o 1
R ER AU R IE A . I, SR
i B 2 W T R AL T s IR AR = 2 . X)
nk, AEBEXew kS ERFEIRES
5, FLrp K2 W 2 B0 b (B R 08 2ok 5 K ) S Rk
AR E B A LE A AT e 1. B, fENCEPIH)
NAM H BT IRRA W = R = & K& GROH+EK
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FEA ) IR A 583

IR 2% R AR 44 5 [R IS U T g SO RAU2
A% 2000ft" Py SR 6 f5 0 AR A R0, g m) DU R A
T R 7K P 28 o) R ) KGR S e TE LA 3, dn SRAE
X2000ftm N, AR IE B O T20757, R & e
AT SR XD AZ o RAT LU 73 SR FT s 2 38 SO il
B, EHKOTRE IR 2 i i B A O, TR
T AT Ao A D8 R B2 G o AR A R R R BT
AR & 77 B AUE B AR R E . JEALIFR (Low
Instrument Flight Rules) . IFR CInstrument Flight
Rules) . MVFR (Marginal Visual Flight Rules) Al
VFR (Visual Flight Rules) 425452, Hrh, 7ELIFR
ANFRZEN N, RAT D20 b AR RIS (AT Bl il
KFEE EVFRZENR, ASLVF AT AT AT 0 B
o SR AL, FEARHAL RATRU R, A 2R R
KL M de N AR A /b2 CHEAEm] B RATIN ) 1
n—fE e B, DL S WL T80 i gy AT %
Ao RATLIA I SR HAR ST 7 vk % [ a] BEAT AN R 1
g, HZENAK. VUK CATL A 2800 A W 1
PR o

R1 MWEITARS LR

Table 1 Definition of the four flight restriction categories

KR =R B/t BE L FE /mile
LIFR <500 FAVE <1

IFR 500~1000 Fi/ag, 1~3
MVFR 1000~3000 FAVE 3~5
VFR >3000 bl >5

G FY 25 45 XA 2 JeS e B R K 1 e AL BE (1) 12 T
TR, RAT 29 A R )R] 4 A A M2 W k. H AT
NCEP & F] H RAPAR 2 X} 42 552000 % ML #4745 /)N
I ST IR CAT LR AT R . 1 R NAMAEE L,
FRE H DY IR A TEHE S AT LR 2K i, 16 i
YATAR G RMNSHE . UandBAa R E N ITY
AP ETR, T AN 23 CAOTE 4 3K 8 [ 4R WAR
JL 2 TR P 1A N RAT L R4 2R TR

2 R EMENTHR A E

0] 3T 4 Sk NCEP (R AIG fig L 22 S8 211 X 3 Tt
G0, JLRAE TR GE 10 A M RE VR4
(Equitable Threat Score, ETS) e fig W& B
(<<1000m) FIZ 4N, HA5% Aiti, KARACT
IFil B S 1 B K AR VT 4> (~35%) (LKL o wf
W, 2w G B8 L5 ) FIROE AT AR K 3R T2 R (B4

@ 1ft~0.3m, FId.
@ 19i~0.5m/ls, K[,
@ 1mile~1.6km, FIdl,

ERIRE, ELUESFEATME A, 4K, NCEPIEE
D PR G 5 E0RT, B8 ILE (R TR A B AT A Y
fe R A RUCHE A 48T RAP T 4K,
FACF PR BATAL, AFARRE WL TR IETS I 234
109% LA EPH. A RE L RE 2 25 AE BT i1 vl PR P AR AL
MR 2, BR T Z SRR H AN 25 AL T
AL AN, i T AT B b 45 R A e
AR R PURAT B, FTHT 5 AT RIS L
J5 SR N AR 2= AN AR HEAT TR AR IR o X 3
1%, HA S ERIR D SRARAT R Z 50T
(RIS SR AR i S 1 2 g A
W TR RER O, AN 5 AT RIS T . T KA
[l R 52 Wi 1 730 PR T B3 AN A 55 T2 TR R S 10 A% o
B SRS SR S WA FrLE S
M550, M2 KRR R AL 2 X b 35 2K 2 AT AR
W, EEWmESEAT FZNEKE. b F
ARG I T Z W BRSNS, R SRR T
BB AL A B i T2 BRI, 254 2
Kz e B LSS (R B T A AR B 1) Jo e AT S
MIWIE AL SR A CELFRHIER AT IvERA M 2SRk
o XS I H AT ARASR AR, Brbh s s E
P o 4R 3 PR I P IE AN R BR T RE L
NCEP [ (357 T Ak S, 5 BUAE I A2 2 HR 2 1
WIIEXNE. HAT, @REARGNNY,, E%
B FER HINCEP I RE ML EE TN, & & HoAh 2537 1) Fil

0.5

041 MR RSB R ETS~0.35

031 —&— NAM (NMM-12km)

R
B —&— NMM-32km
2 — @ RUC-13km
11}
0.2
0.1
0

0%~-4600 2000 3000 4000 5000 6000 7000
REMLEEBIE (<m)

B =#iEX (NAM, NMMFIRUC ) ML £ X A8 T ER
RAIIGIETESY ( BOIERTIE]20094:11 A23H—2010%4 H20H )
Fig.1 Visibility prediction verification scores for 3 models
(NAM, NMM and RUC) over Continental U.S. from 23
November 2009 to 20 April 2010
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BT, TR G0 A P bR 0 R i 222 11 0 At S )
SR o AHIAE M 45 B 11 B T R A, WINCEP
fRy A X A B IR IR A TR 1 A 28 5 T
AT AR FRAS b e R IRk 5 B T . A,
A o H AT S I TR A3 o JE D), X
FI T2 5k 8 2506 v 1 in ANCEP R 2 35 S 1k 1
BNz,
2.1 JKEEENERITR

T K RE WLEERR T H E A A, b5 ILAR R
AR KRR A O, B LM K CF i W
JE I 45 PR A G I R AL E E T2 . HATNCEP
1) DX 5kl 45 485 5K A B o A R b T KT BE AL
FIfE 5 )53 1) Stoelinga®5:19994E (SW99) K Ji#
1732, NAM LT BT A (2 B CARW_NMM Al
H Wi BT FH 16387 :UNEMS-NMMB  (Nonhydrostatic
Multiscale Model on B-grid ) JH/&X 5. 2)
NOAA ESRL/GSD (NOAA-Earth System Research Lab/
Global System Division) J53%%, GSDJ7ik2%fSW99
JRikmsudt, R T E 2 MKEEY R, B FIE T
e JE RS AR KD R I s i, IR IR RE
DLEETHEAM TR, SARSTFIE, HHET K
FHR TR 50 . H AT, NCEP L4543 R SERAP
FIHRRRH (14 0 WRF_ARWP F (1) ) GSD /7 V2.
SWOIRIGSD /7 VA B3 I TR B 2 A 7 AT Rk
Ko SWOQELRAA Bk L AR /KB EY I &K E: M
s fkKE. MAKSKE. UK (K% SKERM
T EKE. GSDI AN T /N ki (Graupel)
(RN o K BEVED T it LS (A 5% W) S e B AT D6 1)
DLIGIAIH 59 B 6 R B RE o K BEE A BT 2 K =
C (fr: glkg) SHEREB (i km™ [HECRNT
V)]

p=axC’,

FRKEEED T R Era, by TER2,

®2 FKEIEYFE & Eafnb

Table 2 Values of coefficients a and b for various hydrometeors

D)

a b
AR AR SW99 GSD SW99 GSD
%K 144.70 144.70 0.88 0.88
MiZK 1.10 2.24 0.75 0.75
K (UkZED 163.90 327.80 1.00 1.00
A 10.40 10.36 0.78 0.7776
R — 8.00 — 0.75
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JEREA AN BRI R, B BT ROk
THEKCT-RE DL o a0 A A AN 1K e ) o (R AT A —
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FIME, GINCEPHIZ 1 5 h20km. SWOQIKI /K T-HE L JE
TR 25 R AR RN S (15 o 3 KA P
SEARLAI S RN T B, AE TG Yo tblX, X
RE DL PRARA W AR . W RN, REILE
AR R L~2kma AR . 5575 42 H AiE b [ KR ) — 2
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FHRTF AR 2 o {H 35 B ECE M 55 TR AN 18 71 [ ik
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WAFEAT R CIRALD I T R 4 F T
Ti 5, AT BEORE AN S I ORI R R s 4% A R
PERIFATT S . H AT P 7 TH AENCEP I Atk 45
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M S A e A TR R, Py £, i
SR Ak g, RSB RERE R
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b 1) I 6 RBOE B A W R BE, b T A
K TAE . EEA E A0 B R AT 5 S IR
WM RBIRE IR, GSD 5 vk MR A RHE . (o)
KAGEREILEE (Vis) -

Vis=60.0 X e2°*1, (3

Hrb, g=min{80.0, (RH,/100—0.15 )}, RH, i &
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RE DL B AESkm i A o AN B IS TS RS

WAL SEH X, 6 g Y X R ANE . S A DAR
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SR LI H I 2 — )2 NS DY J2 2 ] (Z915hPad 7K
R E YA, AL mis.

M SR, RRIGE L 1T 1IF FIRasmussen’s:
HLR 1P,

Vis,, =1.69 X {(Vis/1.609)**°} X 1.609 , (5
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aviationweather.gov/taf. i/ ] F| il ADDS ¥ i 25 1) 5%
AU 1A 1 T BE L R 18N E L T -

R T fie RS 45 U HR T T, NOAATK
MDL (Meteorological Development Lab) it % & T
X A I ge i Tk, aiMOS (Model Output
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Products) Y, 3 R g5 H SR 77 A AT 6 i I RE
DL BER 4 9 PR . MOSEIAF]HINCEP [ 4 35kl 25 5
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B mSEAE CnHmd . B . KGERBFKE)
YE R TR IR 7, 000 81 f b T R DL AR A T R, A
Py L st kb AT 2 oage vk mlH,  FHAS 20 ] ) 2 200
R T g H 2E T B WE Tk . MOSRE WIS 73 I 7455
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IR AL IIGFS-MOS, & ¥ K F]1600% 4 4 vk s
IEAl, LAMPFE 23 R T 530 B 2 19 e U0 0 )
SEFIEPHE (MOSAIC) ¥kl fe)a, BT
5, LAMPIEF I 4E/NHZ AT 1R /NS B X ek 9 Rl 3k
ATAbHE.,

PLEA AR &K RE WL (Horizontal Visual
Range, HVR) , s Ra. 75 WL K&
I, KAT R B R E ET R 5 E . DL N T
B HE L Y i i WL (Runway Visual Range,
RVR) . RVREHVRIFMH A, il 7 EE M
oyiE, B 2 AR HAESUE E S HVRAY
J, AT LI Taylor I RVR-HVRZ: % ki 5 1 25 ok 4 4 2
(K2 .
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Fig. 2 The empirical relationship between runway visibility
range RVR and horizontal visibility range HVR
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A PR PUE . Qddy =V -VORIKIEAE K- T7
] EI . VO R i i KU (riom) . Q
s R TS K A, S LWCHIK A H
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(O NCEP SREFi#* /™ fii: http://www.emc.ncep.noaa.gov/mmb/wd20bz/SREF_aviation/web_site/html_212/fog.html;
NCEP NARREL-TL;#: http://www.emc.ncep.noaa.gov/mmb/SREF_avia/FCST/NARRE/web_site/html/fog.html .
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#3 NAM 25hT5i 1 it 18] 9 5/ B A st B 2m AR 43R ( RH,,, ) FNUKFBIEFIFEIHEE (RH, ) . BF12 ( Z61) FEEE
(H) . 10mKEEKE (IWCyy, ) « KERRAF=ER (BC,) . KEMFRSER (Adv) . KEMBFEE (BH
MEFTZH, Total) . immMIGFHMZRAR (KAK,) . ZHREEE (0) KIKRSW9% (Vis, ) FAIGSDi% ( Vis, )
T E R R BE L B2 BT R
Table 3 NAM 25 h hourly outputs for 2m relative humidity (RH,,,), saturation relative humidity with respect to ice
(RH,), saturated layer depth (before fog) and fog layer depth (H), ice fog water content at 10m (IWC,,,,), ice fog water
generation rate due to cooling (8C,), and moist advection(Adv), ice water total generation rate (Total), turbulent exchange
coefficient and its critical value(Kand K, ), fog boundary layer depth (5), visibility with SW99(Vis,) and with GSD (Vis,)

(Eﬁgg ) T;f)’“ FOZ; H(m) I(VE\J//?(;],)“ (gfkgjh) Adv (g/kg/h) Total (g/kg/h) K (m?/s) K. (m?s) &(m) Vis,(km) Vis,(km)
1 (1219 85.00 85.50 0 0 NA NA NA NA NA NA 20 10.428
2 (131 85.80 84.86 62.6 0 0.0421 —0.0335 0.0087 0.8706 0.2638 142.53 20 10.220
3 (15HP) 85.50 85.11 46.2 0 0.0851 —0.0191 0.0660 10.4476 0.4621 720.75 20 10.297
4 (1615 91.30 84.25 38.6 0 0.0742 —0.0292 0.0451 8.3308 0.2916 760.97 20 8.907
5 (171 90.50 83.82 442 0 0.0363 —0.0191 0.0172 7.5698 0.2208 1045.35 20 9.087
6 (18I 90.80 83.45 52.0 0 0.0378 —0.0101 0.0277 6.7604 0.3575 678.54 20 9.019
7 (1909 91.00 83.01 43.2 0 0.0267 —0.0140 0.0126 4.9333 0.1828 804.23 20 8.974
8 (20/)) 90.80 81.67 76.8 0.0531 0.0090 0.0004 0.0094 0.0000 0.3739 0.00 0.449 0.225
9 (21 90.30 81.47 747 0.0647 0.0148 —0.0004 0.0144 0.0000 0.4443 0.00 0.369 0.184
10 (22i) 90.50 81.25 72.1 0.0764 0.0156 0.0054 0.0210 0.0005 0.5081 0.04 0.321 0.156
11 (231 89.80 80.93 72.2 0.1034 0.0225 0.0158 0.0384 0.0000 0.6881 0.00 0.231 0.115
12 (00HY) 88.00 80.84 65.1 0.0585 —0.0006 0.0144 0.0138 0.0000 0.3539 0.00 0.408 0.204
13 (01H) 87.30 80.67 59.3 0.0864 0.0183 0.0155 0.0338 0.0000 0.4806 0.00 0.276 0.138
14 (02i) 85.80 80.63 61.9 0.0493 0.0022 0.0083 0.0104 0.0000 0.2849 0.00 0.484 0.242
15 (03I) 84.30 80.73 66.8 0 —0.0301 —0.0040 —0.0341 NA NA NA 20 10.611
16 (04H}) 84.30 80.73 61.8 0.0679 0.0228 —0.0029 0.0199 0.0004 0.3923 0.04 0.352 0.176
17 (05H)) 83.00 80.41 60.6 0.0549 0.0212 —0.0079 0.0133 0.0002 0.3113 0.03 0.435 0.217
18 (06IH) 82.00 80.10 58.7 0.0494 0.0205 —0.0094 0.0112 0.0010 0.2721 0.15 0.483 0.242
19 (07I) 81.80 79.88 56.1 0.0485 0.0146 —0.0032 0.0114 0.0030 0.2566 0.45 0.492 0.246
20 (08I) 81.30 79.88 53.2 0 0.0020 —0.0068 —0.0048 NA NA NA 20 11.437
21 (09K ) 81.00 79.79 49.4 0 0.0039 —0.0061 —0.0022 NA NA NA 20 11.523
22 (100) 80.00 79.81 44.2 0 —0.0005 —0.0068 —0.0073 NA NA NA 20 11.815
23 (111) 80.00 79.78 44.8 0 —0.0005 —0.0089 —0.0185 NA NA NA 20 11.815
24 (12fF) 79.00 80.20 0 0 0 0 0 NA NA NA 20 12.114
25 (130) 79.00 80.70 0 0 0 0 0 NA NA NA 20 12.114

i ARRTKEHIRRE EBIERE E; REFRTOKEHEMISEHE.

K3 —H LTI TE], B 520 0 Ak 55 1) 5
B & A2 B I 1) o NACK 24 R U R0 Bl K B R s AR
NS ARETH S . RO N —20°C e Ay, AT
SR OKAR RN AR S (BE=41]) K K/NT-100%,
I H80% AT o B T 28— /NI b T I ik B A o,
)G 22n Mt THi A X R (25 4D #BIA RGBT T
A CE=%) . Hi10m% & K EIWC,,, %W,
ZEAE200 FFUR I, EE AL T 4ho RV 208 i ET
ehith i L& M T, AR JEE (H) h40~60m,
EEEAAE K. JRERT6h, 52 FR iR A #e R
(K) KT Im S m Al 128 (KD o stk TH. 20
I, MR (KD S8REERI10°LLF, KD
TR RS . YA FIRT 3 e IR F i it 28 3 R 2K
(K, st#ETom/NTH o fEERETFHEA LT

s AR H PR K RIS & KT TP e, BTl
SRR E AR IE . B T AEO3MI -1 5L i 94 FE A1
TR EIF= AR, MBI K, 041 % LEFT K
B 155 R BE I TE B30T OB KK A1k, 4 Fr
E60M A AT . VK%K HEAE0.05~0.1g/kg. i AS e &
B (K) —H4ERE10"~10° (m?s) HIFZ%, 185
WA K. S TR, 07H, M HE, AR
A HTIN . HB100) 2 |, BEvE CIET7 K BH = 5
AEAL o mTTPRIEFE (D Th4ERefE AR A 1)
AP, KBS KR AEMNER L, T 2 L
SRR DU L BUARIX IR S S TR R S, HZE
QLI TR] PR TR R ZE Ul W, BV It A et A
(R EE A AT e AR g S R R AR R P AP AR IR 22 . 7T
W, BT S MeW b iR, e s Tk i uEmfm koK
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A Summary of Research on Sea Fog Forecasting

Shi Dedao', Wu Zhenling', Gao Shanhong?, Luo Kai'
(1 Tianjin Meteorological Observatory, Tianjin 300074 2 Ocean University of China, Qingdao 266100)

Abstract: A review of the research progress over the past few decades is presented here on the sea fog forecasting technique
based upon statistical and numerical prediction. The statistical method is a major tool except the synoptic method on the sea fog
forecast at coastal meteorological observatories in China. It improves the forecasts of sea fog but have defects of the empirical
statistics. With the rapidly development of computer technology, the numerical simulation and prediction on sea fog events are
applied widely and will become the main method. Nowadays, the sea fog numerical prediction models are developed from the
one-dimensional to three-dimensional and from the single atmospheric model to coupled air-sea model. The advanced assimilation
technique, which assimilates the satellite data to overcome the lack of marine observations, together with the ensemble prediction
in the three-dimensional numerical prediction model, which uses a higher resolution, selects the most suitable boundary layer and
physical parameterization schemes, will greatly improve the sea fog forecasts.

Keywords: sea fog, statistical forecast, numerical prediction, ensemble prediction
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Review of the Impact of Air Pollution on Fog
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(1 Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, NUIST, Nanjing 210044

2 Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters, Nanjing 210044)

Abstract: In recent decades, air pollution has become a major environmental problem following the industrialization and
urbanization in many countries and regions. Air pollutants have significant effect on the physical and chemical characteristics
of fog in urban and surroundings. This paper reviews the main progresses on the research of relationships between fog and air
pollution, including fog-water chemical compositions and their sources, the formation mechanism of chemical composition, the
factors influencing fog formation and change. Results show that: the structure and usage ways of energy sources and air pollution
control level are the main reasons for chemical composition of fog in the urban and surroundings. The urbanization, climate
change and air pollution are the three main factors that affect the formation and the long-term change of fog. Via altering macro
and micro meteorological and environmental conditions of fog, the further studies might focus on the physical and chemical
mechanism inducing long term variation of fog.

Keywords: fog chemistry, air pollution, urbanization, climate change
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Table 1 Chemical composition of fog water in different periods in domestic and foreign regions

X it 18] N pH K* Cca® Na'  Mg* NH; F cr SO% NO;
Sl 19874F4—5H 31 6.01 64.8 1851 9617  65.1 291.5 954.4 205.3 166.9
g2 19874E4H 60 5.36 145 1065 189 12.6 323.1 9.1 25.6 219.9 735
P 1984—1990%F 182 439 10199 36854 1486.4 1482.7 3307.5 1063.9 2062.3 6450 991.6
g 1993—1995% 80 6.02 510.0 6610.0 1760.0 3050.0 1630.0 550.0  480.0 8650 2530
Sy 1988tF12)] 6 32.5 44.8 577.6 1232 1332 298.8 43.2
gt 190746117 4 6.32 7733 5188 2383 1349 3211.0 27340  794.0 1113 115.0
B 8 834 3201 7841 319 324 283 2582 100.4 3305 325
HUs 19994 21 6.10 1868 2550  65.1 10.7 1299.8 786 1045 662.5 250.0
RER L 20014 36 52 1027 8183 555  26.0 82.1 7.3 9.1 687.9 8.3
[ERGe 20064125 13 563 37510 15084 25663 144.0 9485.5 539.5  993.7 5634 1567.3
¥ [H Whitetop®! 19974F 552 3.63 293 1028 142 3.90 2108 25.8 328.9 155.9
1982—19834F 25~175 5370~10520 1125~2500  3140~5140
SR I e R 1L A
2010—20114F 6.3~7.5 1000 150 580
i} [€ Daekwanreung™”’ 20024 216 4.70 1150 345 65.0 9.75 669 54 2485 481
1994—19954F 6.0 50 40 40 10 2500 180 410 120
FKAPo Valley™™™* 2001—20024F 5.9 20 30 40 10 1800 120 320 110
2010—20114F 6.9 20 20 40 20 730 70 100 450
H A Hokkaido®™ 20064 4.48 28 28 254 56 410 288 348 178
20124F 4.66 14.4 19.8 122 26 312 144 146 102
i NAREAH,
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Abstract: The environment-meteorological services in China are concerned with atmospheric environmental quality, which is
directly related to human activities and affects human health. In recent years, air pollution and other environmental problems have
attracted the nationwide attention in China, so that the environment-meteorological services have been developed rapidly. The
Environment-Meteorological Centre of the China Meteorological Administration was established in March 2014 by integrating
the resources of various national service units to provide better meteorological monitoring and forecasting services,. In this paper,
we review the developments of China’s national environment-meteorological services and highlight their current status including
major technological capabilities. We also explore future trends of the national environment-meteorological services by analysing
the capabilities, deficiencies and gaps in supply to the demands of the current environment-meteorological services.
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“In some ways we know more about Mars than our own oceans
yet they do govern everything from regional climate to economics”

e mANIM K BT RS TrRiEeGIN
iR, R BFI R AEMRIRANER ZF 007 5 @d., ”
—iEH , £EFWNKEE (the Partnership for
Observation of the Global Oceans , POGO ) &3X 7 #M
MIELRE | GEBEAYBIREE2030FRIFAISEKIENRFEIA , [
BB AUERES AR IF TN S B F T |, LAHETEF
BENER., Tikikkhs L, POGOXEE , kEEEFEH
A SEARATEIKaren Wiltshire &3k 7 LS.

“We are delighted to have been selected to work in close
partnership with Nordsee One and Veja Mate to provide timely and
accurate forecasts which will help facilitate confident, safe decision-
making during the construction of these large offshore wind farms.
Following the Met Office’s successful launch into Germany at Wind
Energy Hamburg in 2014, considerable investment has been made
to appoint local representation in Hamburg and integrate fully into
renewable energy clusters and working groups across Germany. This
helps to ensure that the Met Office fully understands and responds to
the needs of clients.”
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“Until now, no studies have documented this large-scale
phenomenon using weather radars. Our analyses are based on
detection of millions of migrating birds, as many as five million on a
single night.”
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“It’s just the few wettest days every year which determines
whether we’re in drought or flood, and those wettest days come from
these atmospheric river events. We’re sending in those data to be
assimilated by global forecast models to reduce uncertainties in the
atmospheric river water vapor content, which is the greatest source
of uncertainty in terms of predictions.”
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“Frequency compatibility has been achieved with GPS,
IRNSS, QZSS and BeiDou.”
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“More than 80% [of our climate scientists] will be cut. This is
not about myself, it’s about my people and the capability we spent
40 years to build. It will be going overnight.”
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“US type storms are rare over UK, although when they do occur
they can be high impact, so few cases to verify and assess the UM.”
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“We are honored by this recognition from CO-LABS and
the Governor, and proud of our team—which includes federal and
academic partners—for their very high-impact research on the
HRRR. They have put a high-resolution weather model in the hands
of forecasters across the country, who are using it to help save
lives and property by getting more accurate weather guidance to
emergency managers, pilots, wind farm operators and others.”
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“[Philippines’s first micro-satellite is] a giant leap for
Philippine science and technology.”
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“We have a bold vision that subseasonal to seasonal forecasts,
which look two weeks to up to a year in advance, will be as widely
used a decade from now as daily and weekly weather forecasts
are today, even if such information never matches the level of
confidence associated with tomorrow’s weather forecast, it could
still be used by individuals, businesses, and governments to make a
large array of important decisions. The path to realizing this vision
and its inherent value will require focused effort on Earth system
processes and predictions by both physical and social scientists. It’s
time to step up investment in building next-generation Earth system
prediction capabilities.”
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ARIEHHZERS (Committee on Developing a U.S.
Research Agenda to Advance Subseasonal to Seasonal
Forecasting ) F={EBangl 2.
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