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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.
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Table 1 Definition of the four flight restriction categories
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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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Fig. 2 The empirical relationship between runway visibility
range RVR and horizontal visibility range HVR
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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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