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1 By REFEZE#HE (Purpose and Scope)

iz RERAE RS (AOAWS) Rz m T (LT R AT 2 HEY B 48 RN 5
"IZEREHAULE S ) P RIEERAFN RS E D 0 AOAWS T EHEUR 240 5y JAVA
R T RS E LB~ 248 (JAVA based Multi-dimensional Display System > JMDS )

The goal of the Advanced Operational Aviation Weather System (AOAWS) “Meteorological
Products Manual”  is to introduce each weather product presented for display in the AOAWS

Project for the Civil Aeronautics Administration (CAA). The main display for the AOAWS system
is the Java-based Multi-dimensional Display System (JMDS).

AOAWS BERHYSASR ZE an B G RIRF U E R A TR i R

NI R f R 2 SR ] ~ PR R S G RE PR B PRI (TIA) & )
RREEZER - ERalUAaRiE - St mE sz S Bk -
M E R EEEY ~ MRS ~ KSR - HERE » BURERKE -

The weather products presented by AOAW system include both real time and forecast data. The
real time data includes satellite data, radar mosaics from the Central Weather Bureau and Doppler
weather radar data from Tao-Yuan International Airport ( TIA) , in-cloud turbulence mosaics,
airport surface observational data, and aircraft reports. The forecast data includes winds,
temperature, freezing level, relative humidity, turbulence and icing.
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2 MRELREESS (Gridded Weather Products)

21 BEGHE K TITAN Z&8i 2 B2 EHEE
(Radar Mosaics and TITAN Storm Tracks)

2.1.1 =¢EFZEEFE (3-D Radar Mosaic)

TR R /L GBS A RN E ERIISEREIL T —HE RS E - FER
K ERALRy dBZ » dBZ IV HAIS TR ARSARLES, °

ANV EE i By = 4EFE O > DRI BT 2 1 i [ 5 B HL o B4 s =R - P
T - HEORBEIGRE - A - AEnEE S 88 AE K EEEAIREN
R H AR R ARE T AR

—MRAER > FEEEDE AT 30dBZ B M AR LR EEEEIR S o 21K
TR eeFIEL R e B AR R A 50dBZ Y& - 2R 0 Bl AR N e HEAEE
/NS 30dBZ AV &S o AOAWS £ 48 iy BIJE gL i =R /2 i (NCAR  Turbulence
Detection Algorithm » NTDA)FIFIHED R R EH ZNERDAZRMEFBLR o sF4
LiES ¥ 5284285 % 2896 -

The CWB creates a mosaic from the reflectivity fields for the various radars operating
around Taiwan. The units of reflectivity are dBZ. The higher the dBZ values, the more
severe the associated weather is.

Since this is a 3D product, it is useful for performing cross sections through storms to
reveal their vertical structure and severity. In plan view, the maximum reflectivity is
shown. However, since the product only covers Taiwan and a limited area around the
island, it is restricted in its ability to detect storms at long range.

In general, the risk of nearby convective turbulence increases as reflectivity grows
above 30 dBZ or so, and hail and extreme turbulence may be present in regions with
reflectivity above 50 dBZ. However, turbulence may sometimes occur in regions with
reflectivity below 30 dBZ. AOAWS NTDA product uses Doppler weather radar data
to quantify in-cloud turbulence. For details, see sections from 2.8.4, 2.8.5 to 2.8.9.

212 HE4EBEZEGHERBENERPES - BREEH K FIFFTER A4
(TITAN Storm Tracks from 3-D Radar Mosaic)
iz REIAACTEE LSRRV E TIPS - BRI BIRF THER 2240
( Thunderstorm Identification, Tracking and Nowcasting > TITAN ) F2UgH o585
REEHRN =T ZGER - TITAN TJHERE R AYEEE - 0 DAYME LK 7
B [ Y JE SR 0 HH B TE R -

FE T3 2 fE

o DUREREEARATEIETR H ATHYERE -
o EOETIATR —/ NEFHY RS THE R -
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o DUmSREAHIEISE—/ N R R EHE TR AL E -
o BRI EURHYE RIS S B Ryl (knots) ©

The AOAWS TITAN system is customized to ingest the 3-D radar mosaic from the
CWB. TITAN will identify storms in this mosaic and produce short term extrapolation
forecasts for the Taiwan area.

o The gray polygons show the current storm areas.

e The yellow arrows show the 1-hour forecast movement for the storms.
e The yellow polygons show the 1-hour forecast position for the storms.
e The storm speed is printed in knots.

2.1.2a EH =T E SRR RN TITAN B EHEFEARES] - & 2.1.2b
B = MR ARSI ] -

Figure 2.1.2a shows an example of the 3-D radar mosaic along with the TITAN
storms tracks. Figure 2.1.2b shows a 3-D radar route cross section.
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Bl 2.1.2a =4 E SRR IEHEE
Fig. 2.1.2a 3-D Radar Mosaic with TITAN
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JMDS 6.2.03 (Default Configuration)

File Page V\iew Products Maps Configure Help

e ela o= zE =k ve @

REMOT
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-

2.1.2b =4ERR MR EIE
Fig. 2.1.2b 3-D Radar Route Cross Section

TITAN DUEEZE[E[Z{E 30dBZ {5 Ry iE Fe R FAVEEES - BRSBTS R E
AR YRS DL AR B R - T R R B K S S SR
T {58 7 ot 2 T SR R LA BB
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TITAN uses a reflectivity threshold of 30 dBZ for defining the storms. Experience has
shown that tracking storms using this threshold identifies the significantly strong
storms, while not cluttering up the display with weak storms.

2.1.3 4B =EAERE (2-D Radar Mosaic)

h R R E iRt 4T EGRER - ERVER R MEN SR L =4 2R
R WIS EHIEE R ER R A R - o R e R B RE A SR B4
NG E BN E HASEIRE ] -

The CWB also produces a 2-D mosaic of radar data. It has the advantage of covering
a larger region than the 3-D product, and is therefore useful for detecting storms at
longer range. This is particularly useful for typhoon situations. However, no vertical
structure is available.

2.1.3a B —4ETF A HKIE -

Figure 2.1.3a shows an example of the 2-D radar mosaic.
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| Radar 2D: Vald at 11/14/12 147

R TINLL

2.1.3a 4ETEARE
Figure 2.1.3a 2-D Radar Mosaic

214 MHHEEERESGE bR E R BRI ERIE R - FRASIEHE R Rl
TEERZ % (TITAN Storm Tracks from TIA Radar)

fizE REIRAULIEE LAY TITAN 245 R chbkE BIISES MRS B
5@3’] HEEEEERL o TITAN Al HRBERHAYEZR - W6 DAYMNIE A A Ak R
PSR 150 2 B EEE PR R S E B EHE TR -

TITAN TFHHE S i (FH A BE R RAE IMDS | o 38 TE T A fhe i THE% By A 8
T~ (off) - [ AFEEENA BER R ZE o o

£ B & E
o DUREREEEARATERIE R H AT E R -
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o BRI — N R ST -
o LIRS BT ARG — N B S S e TR fr T
o BRI E R RS B B R (knots) -

The AOAWS TITAN system is customized to ingest the 3-D radar data from the CAA
Doppler weather radar at the TIA airport. TITAN will identify storms in this data and
produce short term extrapolation forecasts for the area around the TIA airport, out to a
maximum range of 150km.

The TIA TITAN forecast products are distributed to and displayed on the JIMDS. This
product is off by default, and must be selected by the user.

o The gray polygons show the current storm areas.

e The pink arrows show the 1-hour forecast movement for the storms.

e The pink polygons show the 1-hour forecast position for the storms.

e The storm speed is printed in knots.

2.1.4a BN E Pk EBIRSET N BR G R EE ER) S s ) T [ 5] - [t
B8 TITAN JEREHETHEEIE -

Figure 2.1.4a shows an example of the TIA Doppler weather radar and a route cross-
section. This figure also includes the TITAN storms tracks.
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TiA Rada idat 11/14/12 14

Hist
< |

oss Section
iew Configure

EM DADON RENOT TOROY ANLOT [ PILOY

[ 2.1.4a =4 TIA BiEE (& TITAN ERIEHE R HE)
Figure 2.1.4a 3-D TIA Radar with TITAN Tracks and Cross Section
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2.2 ZEJASE (Cloud Top Height Image)

EHEEE (8 2.2a) EHd5EH A MTSAT #2405 MR IR1 JHE K WRF 155
BRETRUNRIMEEEIHEE - ETHSERETEIANT:

o EIIREIAGRSEL i EATINMRE TSRS (brightness temperature)
o IRBFIR] WRF B0E R DA R R B A A — B TR 2= g

it
() —fME @ EEENEESERgHEEM - At kNEESEgthE

KR TR IR -
(b) “FENTAE IR GRS - (53 A E S g LSRR
R -

Figure 2.2a shows an example of the estimated cloud top height, in Flight Level,
computed from the Japanese MTSAT satellite IR1 channel and the WRF model data.
The height is computed as follows:

o First find the IR brightness temperature for a grid point.
e Then, for that temperature, use the WRF model data to find the appropriate
flight level.

Notes:

(a) Generally, for solid cloud decks, the cloud top height will be OVER-estimated,
i.e. higher than the true height.

(b) For semi-transparent cloud decks, the cloud top height will be UNDER-
estimated, i.e. lower than the true height.
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Cloud Top Height: Valid at 11/14/12 13:14Z 2
-

B 2.20 EREEHLER
Fig.2.2a Cloud Top Height Image
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2.3 #HEZEI[E (Satellite Images)

AOAWS Z i I FL{E R ER[E2-# 2 HUS &M TS AT, Meteosat 0-degree,
Meteosat 57-degree, GOES-East [z GOES-West o Z47t[GHF HRUL LT MR 25 2 EK
HrE R ©

The AOAWS system takes in data from all 5 of the geostationary satellites: MTSAT,

Meteosat 0-degree, Meteosat 57-degree, GOES-East and GOES-West. The system
also receives a global satellite composite IR image product.

2.3.1 MTSAT Images

HAS MTSAT 2 diBfE GBI - iy AOAWS 2t 1 EHHVE B & RN -
I R T E AR E &R

e HAJHESE (VIS): 0.55-0.80 pm
e 4I4ME (IR1):10.3-11.3 um
o 4[4MF (IR2): 11.5-12.5 um

o JKASHIE (IR3): 6.5-7.0 pm

o 4[4M4E (IR4):3.5-4.0 pm

Because MTSAT covers the Taiwan area, it is the main satellite source for the
AOAWS system. The system receives raw data for each of the 5 channels on the
satellite:

Visible (VIS): 0.55-0.80 um
Infrared (IR1): 10.3-11.3 pum
Infrared (IR2): 11.5-12.5 pm
Water Vapor (IR3): 6.5-7.0 um
Infrared (IR4): 3.5-4.0 um

AR E R EEEMS (8 2.3.1a) BLUKRECFEIR H A MTSAT 2 7] BOLHH
HER - —RIME > HEEREE - ARt ERE I EREEERE -

Figure 2.3.1a shows an example of a gray-scale image representing the visible
channel from the Japanese MTSAT satellite. Generally speaking, white areas
represent clouds. The brighter the color, the thicker the cloud layer is.
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" (albedo)

2.3.1a A RtHEEIE
Fig. 2.3.1a MTSAT Visible Satellite Image

JMDS ?ZELZIWW@E‘?I%% (& 2.3.1b, 2.3.1c F 2.3.1d) #E~HA MTSAT
R ELLIME IR1 SIEER - ZIW%*EM@%MM&EJ‘% T EERE (brightness
temperature) ;  JREMEREE— YIRS B B KENEASE - EAE—H7TER ’
Frllse e R e g b E R ETER SR -

FOSRR R T = M4 [F gAY MRRAG: - [8 2.3.1b & MB (G4
HEUNMEGEATRERIRAF - [8 2.3.1c & BD fE#24% » HAEBURES KRG
JE SRR EETE S o [ 2.3.1d Sy HUAUIRPE RS - MTSAT 4LAMRAHER
a LHFrA g G -

Figures 2.3.1b, 2.3.1c and 2.3.1d show examples of images representing the IR1
channel from the Japanese MTSAT satellite as displayed on the JIMDS. The units of
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the IR channel are the so-called "brightness temperature", which is a measure of the
temperature of an object assuming that it radiates as a black body. Clouds are not
perfect black bodies; therefore the brightness temperature tends to be lower than the
actual cloud top temperature.

There are three IR images using different color scales, all used by the CWB. The MB
color image, shown in figure 2.3.1b, is the usual one and shows low-level clouds well.
The BD color scale, shown in figure 2.3.1c, is perhaps better for severe weather and
high clouds. The Gray color scale, shown in figure 2.3.1d, is the classic grayscale
image. All of the color scales are available for all of the MTSAT IR channels.

2.3.1b MTSAT IR1 &4 E EEE - MB &g
Fig. 2.3.1b MTSAT Infrared Channel 1 Image Using MB Color Scale
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| Infrared chl MTSAT BD: Yalid at 05/

i Mode

10 il -5 -10 -15 =20 2! -20 -4z 54 & =70 TE

2.3.1c MTSAT IR1 44 Mg E=EE - FH BD &g
Fig. 2.3.1c MTSAT Infrared Channel 1 Image Using BD Color Scale
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-40 -45

2.3.1d MTSAT IRL A5 Ma 2 EE -5 R
Fig. 2.3.1d MTSAT Infrared Channel 1 Image Using Gray Color Scale

2.3.1e Jz 2.3.1f R MTSAT i HAFAIfEE F MB (2fERILLIMRIHIE -

Figures 2.3.1e and 2.3.1f show the other two infrared channels available on MTSAT
using the MB color scale.
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| Infrared ch2 MTSAT MB: Valid at 05/

E History Mode

i)
;

'

B 2.3.1e MTSAT IR2 415NN EEE-EF MB &EFE
Fig. 2.3.1e MTSAT Infrared Channel 2 Image Using MB Color Scale
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2.3.1f MTSAT IR4 4[4Me i 2 EE - MB &g
Fig. 2.3.1f MTSAT Infrared Channel 4 Image Using MB Color Scale
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2.3.1g BURHA MTSAT 2K ER B gL » 2 BrHEHRR 6 2

7 WORAEGHVERST SR E Y o PRSI MR EE R - R AR R i
PRFEFERIEARUR - /KSSHIE R E B FURIE 300 - 600 hPa JEH/KIREE © it
[EREBURE R R S 22 ARz - TR REURE R R B ZE AR -

Figure 2.3.1g shows an example of a color image representing the Water Vapor
channel from the Japanese MTSAT satellite. The Water Vapor channel is derived from
radiation at wavelengths around 6 to 7 microns. The emitted radiation is converted to
brightness temperature for display purposes, as with other IR imagery. The data gives
information about the moisture in the 300 - 600 hPa layer. Warmer temperatures
indicate a dry upper atmosphere; colder temperatures indicate a moister upper
atmosphere.

-1o00 -1 20)

B 2.3.1g MTSAT IR3 /KEIEEEEEE
Fig. 2.3.1g MTSAT Water Vapor Channel 3 Image
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BT RIS # 2 S 0 AOAWS (] MTSAT IR4 J; IR1 SEEE R H 2R -
[ 2.3.1Th RyltbaE SaAyaEE] - R4 A5 o] [FIRHEUHI S & e E R R E - AL - R4

B ATELAIRE RAT - IR1 SEERIAEED T -« SRS SHE AR

W2 o R IR4 R IRL B EORARIR > FMPREDAERSE - (RN Or B AT

B o SDAMNRBRIE S B KMV RS 2 TR IR RS - B R i

s S RREEDR A - ZRIMTRATH G IR A AR GRS Er 53 - Jl

R RENRERENEE -

Along with the individual channels, the AOAWS also calculates a channel difference
field using the MTSAT IR4 and IR1 channels. Figure 2.3.1h shows an example image
of this product. The window of wavelengths the IR4 channel covers allows
observation of both high- and low-level clouds. Thus, the IR4 channel is good for
observing low-level clouds. The wavelength window of the IR1 channel observes
middle- and higher-level clouds, but it does not resolve low-level clouds well. Taking
a difference of the IR4 and IR1 channels produces a useful diagnostic by eliminating
the convection signal, while retaining lower-level cloud information. The most
advantageous uses of the channel difference diagnostic are to identify low-level
clouds or fog at night. Large uniform light white areas in the image may be low-level
clouds or fog. Deep and thick white areas interspersed with irregular and small black
areas indicate high-level clouds or well-developed convective clouds.
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HORH B
e\

E

-
|
~
T

& 2.3.1h MTSAT 4I4MEHEEREZSE (IR4-IR1)
Fig. 2.3.1h MTSAT IR Channel Difference Field Image (IR4-IR1)

2.3.2 BUNEESE B Meteosat Images

Meteosat [i {273 BIALFS 0 FEAEELR K 57 FELLELR(CRAY) - AOAWS Zfif%
WOE R B 2 m] O READIMERAGE R » WA E R RER N 2480 - £3H
FY e 2 R BIOMN ~ FEM ~ B RORPE A

There are two Meteosat satellites: one located at the 0-degree meridian and the other
at the 57-degree meridian. The AOAWS system receives visible and infrared
brightness temperature data from both of these satellites as images. These images are

converted back into data for use in the system. The images cover Europe, Africa, the
Indian Ocean and the Atlantic Ocean.

2.3.2a fz 2.3.2b BH/~ Meteosat HY ] FBERE m © [B] 2.3.2a BERALR 0 B
SRR 2 SR A 0 B 2.3.2b BURNALY 57 FER AR B 2 s m e
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Figures 2.3.2a and 2.3.2b show examples of the visible images from the Meteosat
satellites. Figure 2.3.2a shows an image from the satellite positioned at the 0-degree
meridian while figure 2.3.2b shows one from the satellite positioned at the 57-degree
meridian.

] ]
SOE &0E

{albedo) ’

B 2.3.2a firft 0 ELLRELR > Meteosat 1 E 1 ROtE EEHE
Fig. 2.3.2a 0-degree Meteosat Visible Image
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1 1 ] 1
S0E 100E 110E 120E

) {albedao) :
& 2.3.2b izt 57 FELLE LR Meteosat 2 1 ROGH 2 EH
Fig. 2.3.2b 57-degree Meteosat Visible Image

2.3.2¢ J 2.3.2d BUR Meteosat FYELA MR B M © (8] 2.3.2¢ BURALFY 0 FELETE
SEE PG ED > B 23.2d BURIN 57 BEEREE ZEGEMR -

Figures 2.3.2¢ and 2.3.2d show examples of the infrared images from the Meteosat
satellites. Figure 2.3.2c shows an image from the satellite positioned at the 0-degree
meridian while figure 2.3.2d shows one from the satellite positioned at the 57-degree
meridian.
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2.3.2c BN Meteosat #FEAF 0 FERELR 2 L /MR EEE

Fig. 2.3.2c 0-degree Meteosat Infrared Image
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] i L] i
S0E 100E 110E 120E

-49

Fig. 2.3.2d 57-degree Meteosat Infrared Image

2.3.3 ENEEZ B GOES Images

FME EREIKE GOES East 5z GOES West FFRIFEE - AOAWS Zi i IiE
W2 AT RO AN R ER R AEREIRE N 28T - 5y
LB Sy ISR BRI -

GOES images come from two GOES satellites: GOES East and GOES West. The
AOAWS system receives visible and infrared data from both of these satellites as

images. These images are converted back into data for use in the system. The images
cover South and North America, and the Atlantic Ocean.

2.3.3a ¢ 2.3.3b #/r GOES i 2 HY A ROt e ln -
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Figures 2.3.3a and 2.3.3b show examples of the visible images from the GOES
satellites.

[& 2.3.3a GOES East 21 B4 E
Fig. 2.3.3a GOES East Visible Image
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2.3.3b GOES West 2 0 RS E
Fig. 2.3.3b GOES West Visible Image

2.3.3c }¢ 2.3.3d 7w GOES # 2 VAL MR B i -

Figures 2.3.3¢ and 2.3.3d show examples of the infrared images from the GOES
satellites
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2.3.3c GOES East 5 E4IIMEE
Fig. 2.3.3c GOES East Infrared Image
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2.3.3d GOES West #2417 MRE
Fig. 2.3.3d GOES West Infrared Image

2.3.4 EIREEEE Global Satellite Images

AOAWS L& [E U 2K 2 ol G e i > A B ERHEAER T 28 -
2.3.4a BURZE ] -

The AOAWS system also receives a global satellite composite image. This image is

also converted back into data for use in the system. Figure 2.3.4a shows an example
of one of these images.
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1 1 1 1 1
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7 2 -1 -2 -5 -9 -14 -13 -25
(Ch

& 2.3.4a GOES £IRAL/MREEFG S HE
Fig. 2.3.4a Global Composite Satellite Infrared Image
IMDS Z &k s a pliiEd TRt EERE RN - Ra)EEsR - EHOREER
sAGHT - EEERNVEE N R E R EEEN - 2RV R ESE - 1
FHEEREREEEE -

The global composite satellite product is set up on the JMDS to provide progressive
disclosure of the data. That is, when you zoom in on the global image, if your zoom is
contained within a single satellite’s domain then the data from that satellite will be
displayed rather than the global composite image.
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2.4 [EIETEER (Wind Speed)

3D ESTERERIT WRE S TR « FURE R (knots) - —ARITT2
SRR BRI 60 RS SRR - B 240 BOTE AR -

The 3-D wind speed field shows the wind speed grid as forecast by the WRF model.
The units are knots. High altitude winds with speeds in excess of 60 knots generally
indicate the location of the jet stream. An example of the 3-D wind speed field is
shown in Figure 2.4a.

’ I B F 37 (P et stream color scale

2.4a B\ TH S K I
Fig. 2.4a Wind Speed and Cross Section

1) e e 1 VAR ] A A BRI DR 7 [ 2 e > F— TR dLESUR TR
TERTET A - Ptz > SmEGEEN X SRS 5 - Wt a2 75

AR AR EA FE AR
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A Y BHATACRSEDTm (WA AW R R [ERGERTHE TS mAYE -
S=H NI R EAFREEEES G R TR) - [ 2.4b BURHGRTES J7R8
VIS 2 ] T e 5] -

The wind bards on the cross section can be altered to represent the winds in an aircraft’
s frame of reference encountered along the flight path. The x-axis is aligned
longitudinally with the fuselage (positive in the direction of flight). The y-axis is
positive along the left wing of the aircraft. Figure 2.4.b illustrates the cross section
showing flight path winds.

0]

2.4b FUBTRH BT S EE
Fig. 2.4b Wind Speed and Cross Section flight path winds
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2.5 JBEMEETEER (Temperature Contours)

3D RETHES ERn) BT WRE A THERHRES « JRESIC BB - 0CEF
R GEKERE) B EEER - RS RGRIEDALEETR - B 2.5a Bx
iz an B 8 T HL A E R E s -

The temperature contours field is a 3-D forecast of temperature values generated by
the WRF model. The units are ‘C. The 0 ‘C isotherm (freezing level) is shown in

arecast Run 11/07

File View

yellow. The rest of the contours are shown in red.
Figure 2.5a shows an example of the temperature
contours field including a vertical cross-section of the data.

2.5a B FESTEER K E

Fig. 2.5a Temperature Contours and Cross Section

VAARRARAAAAATAEL £1 | Fl
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2.6 &K= ETERR(Freezing Level)

&KE TR E BN WRF BTHEA DRSS E S S EFELE - 45
IKEELIRMZEE (FL) BEAL - $5KSEHETRERE RN 0C HHERREKE
& - A WRF SR G H#FZRMSEN— [P EREKSE © EX N EERE
S SR RS IR - (o8 ErE B S A R ol DU s Y 22
1 [ A A e R SRR DR [ 2.6a BN 4 ZE A ] -

The freezing level field is a 2-D contour of the freezing level heights as derived from
the temperature field forecast by the WRF model. The units are Flight Level. The
freezing level is computed as the lowest height at which the temperature is 0°C.
Sometimes the WRF model will predict temperature inversions, so that there may be
more than one level at which the temperature is 0°C. In such regions the freezing level
product will tend to have closely-spaced contours. You can get more detailed
information about the 0°C isotherm in such regions by displaying a flight route

(vertical section) through the area and examining the temperature contours in the
vertical section. An example of the freezing level field is given in Figure 2.6a.

] Ll
11ZE 2% 114E 11EE

-1

2.6a &KEETHE
Fig. 2.6a Freezing Level
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2.7 EEFEEHR(Humidity)

D VRS PR A iR WRE HECTHERAYEEE S - B R oo EL - 18] 2.7a B
FEAnEL ] o

The humidity field is a 3-D forecast of humidity generated by the WRF model. The
units are percent. Figure 2.7a shows an example of the humidity field.

L WRF Domain2 Humidity: FL250 11/07/12 097 (Forecast Run 11/07

L Histor

File View

-‘Kﬂ |

& 2.7a @f?iﬁ%&&mﬂﬁl
Fig. 2.7a Humidity and Cross Section

%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁm FIF| |
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2.8 BLUnTHE#E(Turbulence)

2.8.1 BELATESHEE)E (ITFA Model-based Turbulence Algorithm)

AOAWS Fr{ I ITFA LA THERGREZHEH WRE EATESR DR Y -
L BLRRIE TR E E AR (W0 WRF) THSRERNEE ¥ FEH ELR A &
TSR - —MRAER - 1 4 S HBL 20 NEETEHEIERY ITFA mJRE(E A ERVEE
o ([BERRAE R FYIRTHY 6 EAERERFER > RS ERAET R E
(domain) (s FFH A [FAIFEE -

The AOAWS version of the NCAR Integrated Turbulence Forecasting Algorithm
(ITFA) computes the severity of turbulence, using data from the WRF model. Various
researchers have derived indices aimed at predicting the presence of turbulence from
numerical weather prediction model data, such as WRF. In general, the set of
indices used for 4-km domains and 20-km domains may be different; however, in this
version they share the following same set of 6 indices with weights slightly different
for the two domains:

Index 20-km 4-km
401 Brown2 0.668 0.668
425 DEF'/Ri 0.686 0.664
434 IDIVI/Ri 0.677 0.651
451 C+'/Ri 0.690 0.671
454 EDR/Ri 0.683 0.664
458 F2D/Ri 0.700 0.667

AOAWS ITFA 35 SEHR BN SR IGAER - 15 (6 B — B E nT i R FRID T RE 38
A BLARHYTRE

The AOAWS ITFA then combines these indices as a weighted sum to produce the
single number which may be interpreted as the expected turbulence intensity.

5 E4arsRt LA S alm s B EED AT ¢

The combination of indices at any given point is calculated as follows:

| F—(EFEREVREEE (Wi )BEEHSEE] (U. S) R & S & I ARl U H AR
HE(EDRY & RHEE T2 AR ERY -

1. A weight Wj is assigned to each index i based on its relative performance deduced
from comparisons to PIREPs and in situ EDR data over the U. S.
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2. 9—{Ef5% Di B2 HH WRF = TR & RUE B H K -
2. Each index Dj is computed from the WRF output.

3. F—(EHEEME AR /15t 0 B 1 ZF5%E, D*.

3. Each index is normalized to 0-1, D*;.

4. 1TFA HfE R EAER A MR AUE R AT
4. The ITFA weighted sum of indices is computed as

ITEA = 2 WiD*/ 2 Wi

HAEEARR 4 2 HEL 20 N EEEERTEEHEEE Wi weigh)s 41 £

The current weights Wi for the 4-km domain and the 20-km domain are given in the
table above.

A BLAUEE AL (E N SIFERY ITFA PIE(E (threshold) e FEA [E] 58 AT AL

Ff& (none): ITFA<0.25

BR[E (light): 0.25 < ITFA<0.370
H1fE (moderate): 0.370 < ITFA<0.675
5%l (severe): ITFA = 0.675

The specific ITFA threshold value for each intensity category is:

e None: ITFA<0.25
e Light: 0.25 < ITFA<0.370

e Moderate: 0.370 < ITFA<0.675
e Severe: ITFA = 0.675

ITFA JEEDETATRCGERA N K ZBRIRITES (B757 BIRITER ARG R EAREER
2R - EAARITESEE B757~ B767~ B777 - B747 ~ A300 - A310 + A330 -
Je A340 - B 737 R KRB RIARATES « AT B & 2o R DA A AR HIRT
PRIE Fs2E o NHI Ry ICAO ZEF

o EEH >136,000 kg = 300,000 Ibs

o HEAAEI  7,000kg % 136,000 kg

o HEAY < 7,000 kg = 15,400 Ibs
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The ITFA algorithm is tuned for large to heavy aircraft, with a B757 being in about
the center of the range. Heavy aircraft include B757, B767, B777, B747, A300, A310,
A330, and A340. A B737 is in the large or medium category. Aircraft weight is
defined by the wake vortex it generates. The ICAO categorizes aircraft as follows:

e Heavy: weight > 136,000 kg (300,000 1bs)
e Medium or Large: 7,000 kg < weight < 136,000 kg
e Light: weight < 7,000 kg (15,400 lbs)

2.8.2 3-D ITFA Model-based Turbulence Product

ARIEEL R TSR E e ITFA - (NCAR Integrated Turbulence Forecasting Algorithm)
THEAE R - DUt 0 B 1 e BE R R TEAHELAZEHY 3D Ean o A [ERVERE
FRAEMELATEE (R ~ B - o 58%Y) « ITFA Bk WRF #Hz(HY 20 A H
B 4 )\ B AT REHOIE (domain) BEORIGTEELTAVIRE © BLRZE VSR A S
AOAWS 5 /> B (#i[& —- domain 2) k¢ 15 /2 H (#i[E =- domain 3) » DA 4EREHH
R ESERENR - & 2.8.2a BN on ) H 1 H 3 &R i) -

The turbulence product is a 3-D forecast of expected turbulence levels on a 0-1 scale
as predicted by ITFA. The colors indicate the turbulence level or intensity (none, light,
moderate, and severe). ITFA is computed on both the 20-km and 4-km domains of
the WRF model. For display purposes the Turbulence product is shown on the 5-km
(domain 2) and 15-km (domain 3) domains. This is done to conserve network
bandwidth and resources on display computers. Figure 2.8.2a shows an example of
the turbulence field along with a vertical cross-section.
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rMOME

I RLR
(Light)

TINHD

R RLIA
(Moderate)

sRFUELIAT

(Severe)

Bl 2.8.2a ITFA BT FH#RZE o S Ho A
Fig. 2.8.2a ITFA Turbulence and Cross Section

2.8.3 BLAATESRBNE (ITFA Model-based Turbulence All-levels)

RLAT TR B R FH = 4 LA fn Bt L AR — ke o

ERUNMERTA I NZEE

(FL200-FL450) rrEyie KELATSRE © 45 3 Euiea ey gL TS & A B A
AT > FERLT AR INE E B RS - BEHEEE > 2R UIAE] = dEaL
S E AL > A RTE LR TR Y T E I - ] 2.8.3a BURal e

fi fe B 5 = L Ry EE A -
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The turbulence all-levels field is a 2-D turbulence composite derived from the 3-D
Turbulence field. It shows the maximum Turbulence intensity over all flight levels
from FL200-FL450. The best way to get detailed information about the forecast
Turbulence is to display this all-levels field, select a flight route through the indicated
Turbulence, and then switch to the 3-D Turbulence product. That way you will see the
vertical extent of the Turbulence forecast. Figure 2.8.3a shows an example of the 2-D
turbulence field along with a vertical cross-section of the 3-D field.

YWRF Domain3 Turbulence All Lewve

| History,

TINHO

TUMPY

MOrE

el
2.8.3a LT TR A b R L e
Fig. 2.8.3a ITFA Turbulence All-levels and Cross Section

2.8.4 NTDA BLi{EAEEE (NCAR Turbulence Detection Algorithm » NTDA)

NCAR @l EANEFANTDA) et LR 2 i R AR - ml e h gLIfHY 3D
Erin © NTDA DUBFUMBUAB(EDR) K EE AR AL H8E - EDR 2 BEfir By
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m?? s (& B RATAHAR(ICAO) K RBLMEEAESE - NTDA Bl ITFA Z R[ETER
NTDA {5 FI#B &) 8 22 BRI AR R R EE gLt < g - B E S Eli »
7 ITFA Al A WRF BRI AR R TR - RrplEimzzalin - it > B/
e R Ay -

The NCAR Turbulence Detection Algorithm (NTDA) provides a 3-D radar-based
product that identifies regions of in-cloud turbulence. NTDA provides a
measurement of atmospheric turbulence intensity called eddy dissipation rate, EDR.
EDR has units m?? s'!.and is the ICAO standard quantity for atmospheric turbulence.
NTDA differs from ITFA in that NTDA uses Doppler radar data to provide a current
picture of detected in-cloud turbulence, including convective turbulence, whereas
ITFA uses WRF model data to provide forecasts of turbulence, particularly clear air
turbulence. The two products are complementary.

B ITFA {0l > NTDA 58E T ACEREGE R K 2 EARITES (B757 BURTT
AL R EZERAFR]) - EAGRITEsE S B757 ~ B767 ~ B777 ~ B747 »
A300 ~ A310 ~ A330 ~ % A340 - B 737 HIER KE RIS TES - N5k ICAO
ZIEFE

Similar to ITFA, the NTDA intensity categories are tuned for large to heavy aircraft,
with a B757 being in about the center of the range. Heavy aircraft include B757, B767,

B777,B747, A300, A310, A330, and A340. A B737 is in the large or medium
category. The ICAO categorizes aircraft as follows:

o EM >136,000 kg = 300,000 Ibs
o KREIFFAI  7,000kg ZE 136,000 kg
o HRAU <7,000 kg = 15,400 1bs

e Heavy: weight > 136,000 kg (300,000 1bs)
e Medium or Large: 7,000 kg < weight < 136,000 kg
e Light: weight < 7,000 kg (15,400 Ibs)

2.85 =4 NCAR BL7i{E:0E S (3-D NTDA Radar-based Turbulence Product)

NTDA RBLAUE & PA 3D & B R A2 EDR (HHIEL - ZEHCFRELIT /T
Ao (i - R > R RGEAY) o INHy 3D FEhn - HEESRETEEEE 1T
B S JE R T EL AT R B BLORIE

NTDA FEfnfE i GIEH 8 R 2 #E GRER EARZ MR - Hik
RAFHIERE K 200 2 300 A5 - B PRAY & R I B 25 (B PR 2R A2
B alEEEZRPRE) ~ Si5tE « EFDCHRIER - NTDA BB EHE A
RIS BRSO E AR EE[E] o NTDA DUR i i Rk e fil A DAER 222
{HMIELA - B= NTDA EDR BRI RZ @i E & &kl - miEmaln o Nt
st NTDA {EUHIE] 2 BLIR 7 LML ITFA BE 22 BLIREE f & DR - DU iR
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NTDA {EHIE] 7 Bl - &l 2.8.5a B~ NCAR @ (12 i R H 2 B 3 i &R
# ] -

The NTDA turbulence product is a 3-D radar-based detection of EDR. The colors
indicate the turbulence level or intensity (none, light, moderate and severe). Since
this is a 3D product, it is useful for performing cross sections through storms to reveal
the vertical structure and severity of turbulence within them.

The NTDA product covers only regions within range of the Taiwan Doppler radars in
which strong and uncontaminated radar signals are returned. The maximum
detectability range of NTDA is between 200 km and 300km. A number of factors
control the maximum detectability range in real time. They include the pulse
repetition frequency (PRF), signal quality, and beam spreading of the radar. Quality
control algorithms within NTDA take these variables into account to determine the
detectability range. The NTDA display shows the black background color in regions
where the radar signal does not permit turbulence detection. The absence of NTDA
EDR data in these regions does not mean that there is no turbulence, but rather that no
information is provided there. Thus, it is recommended that the NTDA product be
viewed with ITFA Turbulence forecast contours overlaid to indicate regions of
possible turbulence not detected by NTDA, including clear-air turbulence.

Figure 2.8.5a shows an example of the NTDA turbulence field along with a vertical
cross-section.
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alid at 11/07/

MAOME

I ELR Bl sEZUELIR
(Light) (Moderate) (Severe)

[B 2.8.5a NTDA &7 &Lt K HE
Fig. 2.8.5a NTDA Turbulence and Cross Section

2.8.6 NTDA TZgLmEBIESL (NTDA Radar-based Turbulence Product All-
levels)

NTDA ZffE 2 B =4 NTDA EDR 358 &My —4EE i - BUREFTA R
(FL100-FL450) H# Ay NTDA EDR 585 o B ITFA fH{DL - B85 bhaaF4
HBLR TR S B T A2 7F NTDA e s — s - BB
& B VIR E] =4 NTDA fYE M > WL rTE HELRIVE BRI - [
2.8.0a B~ 4 NTDA 75 22 gl &z iy &) -

The NTDA all-levels field is a 2-D NTDA EDR composite derived from the 3-D
NTDA EDR field. It depicts the maximum NTDA EDR over all flight levels from
FL100-FL450. Similar to ITFA, the best way to get detailed information about the
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current NTDA EDR is to display this all-levels field, select a flight route through
regions of concern, and then switch to the 3-D NTDA product. That way you will see
the vertical extent of the turbulence. Figure 2.8.6a shows an example of the 2-D
NTDA field.

MOMNE

2.8.6a NTDA B E LB INE i
Fig. 2.8.6a NTDA Turbulence All Levels

2.8.7 NTDA TZEaLMEREEINESL (NTDA Radar-based Turbulence Product
Lower levels)

NTDA {5 17 R =4 NTDA EDR S8 &5 T B —4e 7 5 » M RAERe(s
FRAIZZ/E (FL100-FL200) 157 K] NTDA EDR 58/% - [& 2.8.7a SR 4
NTDA 252 @l (E g B Mz anfy &a ] -

The NTDA lower levels field is a 2-D NTDA EDR composite derived from the 3-D

NTDA EDR field. It depicts the maximum NTDA EDR over all lower flight levels
from FL100-FL200.. Figure 2.8.7a shows an example of the 2-D NTDA field.
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120E

MOME LGHT

2.8.7a NTDA BFERLMEEBINEST
Fig. 2.8.7a NTDA Turbulence Lower levels

2.8.8 NTDA BZERLR =B INEM (NTDA Radar-based Turbulence Product
Upper levels)

NTDA 75 &8 NI e =4 NTDA EDR S8 &ifli iy —4ErEhn - BURMER S
M2 E (FL200-FL450) fii% K NTDA EDR 58 - [& 2.8.8a B 4
NTDA 5 %2 gL 5 & B I 2 an Y Ea B

The NTDA upper levels field is a 2-D NTDA EDR composite derived from the 3-D

NTDA EDR field. It depicts the maximum NTDA EDR over all upper flight levels
from FL200-FL450. Figure 2.8.8a shows an example of the 2-D NTDA field.
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120E

MNOME LGHT

2.8.8a NTDA BFZEERLA = /BB IE S
Fig. 2.8.8a NTDA Turbulence Upper levels

2.8.9 NTDA TBZERLMEZEE (NTDA Radar-based Turbulence Product
Contours)

NTDA &5 Z gL FEGE IEFT A RN 22 @i =4 NTDA ELBIIRAVEGER -
R S SRE T R (S ~ P R ) B E 2 B4R - HC NTDA F{H 4%
A LR 2 [BR EE AT - BCHAR R BR B ARSI MER A E AR - 1
ANEEFIFI NTDA RSB i —ERHY COFEE 2 - [8] 2.8.9a R NTDA S ERLAFE
SRS AL R 2 [ R [ B DR BT - Horh NTDA S {ER AL G EEE -

The NTDA turbulence contours product layer show NDTA contours from an all-level
composite of the three dimensional product. The contour levels correspond to the
lower bounds of the values for light, moderate, and severe intensity levels. The colors
of the contours do not correspond to the colorscale used for the gridded NTDA
product. This is done because the colors fall in the range of colors used for radar
reflectivity. The contour colors are chosen to contrast with radar reflectivity, so the
contours will stand out when overlaid on radar reflectivity product. Figure 2.8.9a
shows an example of the NTDA contours overlaid on a radar reflectivity field. The
NTDA contours in the figure are highlighted with a red circle.
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dat 11/07/14

2.8.9a NTDA B2 &L FELRE LB INIE E K

Fig. 2.8.9a NTDA Turbulence contours overlaid on a gridded radar mosaic
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2.9 FEVKFEHR (Icing)

29.1 BUKEESHEEE (Icing Algorithm)
2.9.1.1 TH#RFE /KEE S (Forecast Icing Product » FIP)

FIP J& B 8 AR KR TR - HiE Bl WRF BUETHEAE A &
o AR EMES BRI T 25 Al A B AR KL BRI RRUKGSRE -

The Forecast Icing Product (FIP) is an automatically-generated forecast of icing
severity. FIP examines numerical weather prediction model output (from the WRF)
and determines the likely locations and severity of in-flight aircraft icing conditions.

PEEEVA(E 2.9.1a) EERAH s SV R ST 4E R R - ot e
AW ER > A EETERERSE @ ik AERg - WK KAEE -
— H S O] RESE A AN /KAYBE > Sel e R KAV M - 2% R R g i
(fuzzy logic)dyJ7/AZK I E A RERVIR VKB L » RErsh #EwE Fir (s FH £Y 8 H 2 (interest
maps) & DA BB B R R R - DU BB KFAERIRERAME - FF 2
i 0 S R AKE T B SRR /K i o E AR AR KRS - 4802 RKTR
(super-cooled large drop > SLD) JEZAHIFE /KHERME -

The algorithm, shown in Fig. 2.9.1a, is based on the most up-to-date cloud physics
research and principles. It analyzes the model output from a vertical column,
determines the cloud top and base heights, checks for embedded cloud layers, and
identifies a precipitation type. Once the likely locations of clouds and precipitation are
found, the physical icing situation is determined and a fuzzy logic method is used to
estimate the likely icing conditions. The fuzzy logic interest maps are based on clues
from the model output, reflecting relevance to the presence of icing. Numerous fields
from the model are used to determine the icing probability, super-cooled large drop
(SLD) potential and the resulting icing severity at each model grid box both
horizontally and vertically.
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Match data to each 3-D model grid box

YES

Determine Weather Situation/Scenario Using
Precipitation Type and Thermodynamic Structure

Multiple

Apply interest maps. Calculate initial icing & SLD potentials
Adjust using information from PIREPs, model SLW & VV.
Calculate icing severity using mapping functions and confidence weighting with liquid water
production mechanisms (LWC, VV, dq, etc.) and liquid water depletion mechanisms (CTT, radar reflectivity, etc.).

s o |

Model sounding

Clouds forecast?

¥ YES

NO

Analyze Thermodynamic/Vertical/Precipitation Structure -> 5  Scenarios

Single Single Multiple Classw Convect
cloud cloud cloud

Apply fuzzy logic interest maps (scenario dependent)

B 2.9.1a FIP EEVARIERIEE

Figure 2.9.1a FIP algorithm scientific flow chart

FIP (YFRKGREEE 0.0 2 1.0 [HRVESE(E - FLERAGETRKEERY 35 -
A5y FefERRUK ~ BUERUK ~ thERUK R EERUK -
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The icing severity output from FIP is a continuous value ranging from 0.0 to 1.0. This
continuous value is mapped to categories, which are include none, light, moderate and
severe icing.

FIP A T YIFIME(E (threshold) ZRE ZA[FIREAVIRIK -

The specific FIP severity threshold values for each level are:

o fEfF/K(None) : Severity < 0.175
o FEFE/K(Light) 0.175 <= Severity < 0.425

e IEFE/K(Moderate) : 0.425 <= Severity < 0.75

o HJUMHIK(Severe) : 0.75 <= Severity <= 1.0

2.9.1.2 BIEFf&E KEE S (Current Icing Product » CIP)

CIP HY#E(EJ7=XEL FIP 0L - {E-R[EI7A FIP 42 THSE - CIP RFRHtRK2 2
an ° NFRy CIP Ry—228r LE. > ERES e 3 Fl i K S M A i A Am K2 e
an o EEEEAERE O TETH ~ EIR ~ FoKeVEE KK A G T - 2
EEREASE A BRI S OF - DURERKIER ~ 182 R/KE(SLD)BES KK
SR [ 2.9.1b By CIP HURIEEZETRAZRE - Br T EBNERZAT - 0T #EE
ik R EE 72 (2 domain 3)ZFBUAIE RSN - BiE 2.9.1a FHE -

o

The Current Icing Product (CIP) works similarly to the FIP, but provides an icing
diagnosis rather than a forecast. Because it is a diagnostic tool it is able to take
advantage of weather observations to create its products. These observations
provide accurate information on the tops and bases of clouds along with precipitation
occurrence and type. They are combined with model output to determine icing
probability, SLD potential, and icing severity. A CIP scientific flow chart for Taiwan
is shown in Fig. 2.9.1b. It is the same as in Fig. 2.9.1a except observations from
satellite, surface stations, and radar (on Domain 3 only) are added to model fields in

the first step.



Meteorological Products Manual 51 Gridded Weather Products

Radar

Match data to each 3-D model grid box

YES

Determine Weather Situation/Scenario Using
Precipitation Type and Thermodynamic Structure

Rain ><Snow><Drizzle
Apply interest maps. Calculate initial icing & SLD potentials
Adjust using information from PIREPs, model SLW & VV.

Calculate icing severity using mapping functions and confidence weighting with liquid water
production mechanisms (LWC, V'V, dq, etc.) and liquid water depletion mechanisms (CTT, radar reflectivity, etc.).

s s v |

2.9.1b CIP AR RIZE

Figure 2.9.1b CIP algorithm scientific flow chart

Classical
FZRA

Multiple
Layers

CIP {s£ ] 8L FIP AH[E]HY =V R AF 8 S IR A - 28010 - e CIP A ST EE
&M ~ KT RE Rk DR > DUSE 43t S LRy e 2= S5y B A IGIRRE -
DIRARFAE RS e A RS IE MR IR P B K B T 2 1

All of the same cloud physics and fuzzy logic principles from the FIP are used in the
CIP. (Politovich et al 2006) However, since the CIP is able to use direct
observations of cloud properties, precipitation type, and precipitation coverage to
better represent the current icing conditions expected at a particular point it generally

quite well in terms of icing events correctly captured and volume of airspace warned
(Fowler et al 2006).

W1[E FIP BYRR/KGRIE - CIP HUE/KGREE 0.0 £ 1.0 HYESEE - FLE R
TR/KGRIERY 55 > EF I (E S CIP B8 A A (A

As in the FIP the icing severity output in the CIP is a continuous value ranging from
0.0 to 1.0, which is then mapped to categories. The thresholds differ somewhat for
the CIP.

e fEfE/K(None) Severity < 0.175
e KT Light) 0.175 <= Severity < 0.375

e 1[i¥ Moderate) : 0.375 <= Severity < 0.7

e T Severe) : 0.7 <= Severity <= 1.0
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2.9.1.3 EMFERAE:ER (Product Application Information)

FIP A1 CIP By it BT AER AR IR (S F Y S an B &R} - $15° FIP i >

T2 o SECHT AR R A L R o (A P2 T o SR 5 5 WRE A5 Ul L B e R ]

WRF A RIITIIR - 1 00Z BAtaEE 6 /NEFRIT—2K o ERIREUFERA AR
BRAATR 5 /INEFEHT - WA R A TR R 53 Al Ry 48 /INKFATL 72 /Nf - 3 CIP
e > ah E T i H AR MTSAT # 2 &RV E B - KEE 30~60
Ty $E SR > AR R Ry 1 /N

The update frequency of FIP and CIP are driven by the upstream datasets used in
creation of the products. For FIP, the frequency and output timing is controlled by the
arrival of WRF model output from the CWB. The WRF Model executes four times a
day at six hour intervals starting at 0Z. These results are not available to the AOAWS
for up to results 5 hours after model initialization. The forecast lead intervals extend
out are 48 and 72 hours for the inner and outer WRF domains. For CIP, the output
frequency is driven by the update interval of MTSAT data, which updated
approximately every 30 to 60 minutes. Results from CIP are considered valid for up to
an hour.

2.9.1.4 &7 References

Fowler, T. L., M. Chapman, A. Holmes, B. G. Brown, J. L. Mahoney, J. T. Braid, and
P. Boylan, 2006: Current Icing Potential (CIP): Probability, Severity, and SLD.
Prepared for the Aviation Weather Technology Transfer Technical Review Panel.

Politivich, M.K, C. Wolff, B. Bernstein, and F. McDonough, 2006: CIP severity
scientific and technical document. Prepared for the Aviation Weather Technology
Transfer Technical Review Panel. Report available from M. Politovich
(marcia@ucar.edu).

Wolff, C.A, F. McDonough, M.K. Politovich, and B.C. Bernstein, 2006: FIP severity
technical document. Prepared for the Aviation Weather Technology Transfer
Technical Review Panel. Report available from Cory Wolff (cwolff @ucar.edu).

2.9.2 =#EREUKEE S 3-D Icing Product

= R T (] 2.9.20) 52 b CIP(RITE R K ) 22 o FIP (TR vk
5 TEBHNEEE » FTAES b ETRE S A AUROK » K EIEE (2o AE S B Ay ]
ST KRR - BKTRIEE SE5RHTAT R ¢

- EYERUK
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REFERRIGIR LT W AL Ry DA R BRI A A B R T i B ™
FEANEIERATIR R - ARSI e 3 Ry N R I MR TR VK R R
(REAE 0.25 el 1 BN (0.6 to 2.5 cm) 2R -
- HPRERK
o R K 3 B AR 200 R F /K RREAY R R e 0 (BRI E R A — B
R SRR NSRRI TR - B AR F K - IR ER R
B/ NRFHYSMESERE /K ZRAHVEREEAE 1| BT 3 526] (2.5 to 7.5 em) Z[H]
- EHERK:
B R KA AR T3
fok e fE ok k e RAZE PRI A
FAAFEE AT BT PBR R 2 T R T
EEY IR IF T ES I E Ry ERESR SRR PN
JalE vk s
O M2 FAHNBFTE TPLURFEBHF ARBILLE g0
TRVK EREAY R RIS AR ERIERKEE A IR ARG - s
FARKE R AREIERSFZH -
The icing field is a 3-D depiction of the existence of in-flight icing as diagnosed by

the CIP or predicted by the FIP. The colors indicate the severity of the icing forecast
for a given location. An example of the icing field is shown in Figure 2.9.2a.

O O O

|

Icing severity is defined as follows:

- Light - Light Icing is often described as conditions such that no change of
course or altitude is necessary and no loss of airspeed occurs. It has been
more rigorously defined by some as a rate of ice accretion on the outer wing
between 0.25 inch and 1 inch (0.6 to 2.5 cm) per hour.

- Moderate - Moderate Icing has been typically described as ice accretion
which continues to increase but not at a rate sufficient to affect the safety of
the flight unless it continues for an extended period of time, but air speed
may be lost. This can be defined as an ice accretion rate on the outer wing of
1 to 3 inches (2.5 to 7.5 cm) per hour.

- Severe - Severe Icing has been variously described as ice accretion:

0 in which either the icing rate or ice accumulation exceed the tolerance
of the aircraft;

0 which continues to build and begins to seriously affect the
performance and maneuverability of an aircraft;

O at arate such that ice protection systems fail to remove the
accumulation of ice and ice accumulates in locations not normally
prone to icing;

0 such that an immediate exit from the condition is necessary to retain
full control of the aircraft.

The effect of icing on aircraft varies greatly with type of aircraft and type of deicing
equipment. The above definitions should be used only as a guide.
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WRF Domain2 FIP Icing: FL160 11/06/12 217 (Forecast Run 11/06/12 122)

; Mode 8 MIGOL

rOME

FEFERRIK R K HERK
(Light) (Moderate) (Severe)

B 2.9.2a FEVKFHERE fn b HoH T B
Fig. 2.9.2a Icing and Cross Section

29.3 FE/KFEZEIME (Derived Icing Products)

REVK TR B NE 2 fn(E 2.9.3a)H =4ERE /K anE 2R - HEURFTA RATZE &
PR AR KIRIE - BHS F h R H AR K PR & Sl Y A R A AR VK TR R &
sH A N _EEEE TRAT IS S ] > 28R DI HA S = SRR VKHY A B 2K G T
FRVKHYEE B3 REIR -

The icing all-levels field is derived from the 3-D Icing field. It shows the maximum

icing severity at any flight level. The best way to get detailed information about the
forecast for icing is to display this all-levels field, make a flight route through the

ARARARERAAARAE] FlFIF
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indicated icing, and then switch to the 3-D icing product. That way you will see the
vertical extent of the icing forecast. Figure 2.9.3a shows an example of this field
along with a vertical cross-section of the 3-D data.

MIGOL

File View

L] ] 1 L] L] 1 1 1 1
115E 11eE 117E 115E 115E 120E 1Z1E 122 123E

MOME LGT MOD
{Iind:=)

[ 2.9.3a  FEI/KTH B0 Az i e

Fig. 2.9.3a Icing Severity All-levels and Cross Section

WA TR AR VK ZE rn(FIPYE LA Y - CIP EL FIP 7 A] FEd = 4 7 RRUKIER
Fi % ROKR(SLD)S(F & B iE]) - [ 2.9.3b k&l 2.9.3¢ BUR =42 FUKIR
AR R - TkE 2.9.3d K lE 2.9.3e RIBUR =42 SLD P AlE e -

As stated in the algorithm descriptions, the CIP and FIP also produce icing probability
and SLD fields, both of which are 3-D fields that are also available as all-level fields.
The icing probability 3-D field is shown in figure 2.9.3b, and the all-level field is
shown in figure 2.9.3c. The SLD 3-D field is shown in figure 2.9.3d, and the all-level
field is shown in figure 2.9.3e.

AARARERARAAAE] F1FIFI |
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g FL250 11/

MIGOL

File View

WRF Dorr sin2 FIP I¢ing Probabiity: Analyss Vabd at 110612 2

2.9.3b FRIKHSAR B Bl T
Fig. 2.9.3b Icing Probability and Cross Section
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=
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File View
WRF Dorr anZ FIP lcing Probabidity: Analysis Vabd at 11/06/12 200152

B 2.9.3c Atk i & 2 il
Fig. 2.9.3c Icing Probability All-Levels and Cross Section

|

f

TRAARARAAAAAAAFLFIF
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st Run 114

2.9.3d f&/K SLD #
Fig. 2.9.3d Icing SLD
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]
11EE

[E 2.9.3e f&/K SLD $ZBBIE
Fig. 2.9.3e Icing SLD All-Levels
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3 FFRRREMR Symbolic Weather Products

f@%ﬁﬂi%%%@ymbolic Weather Products) £y BE B Isk 2 (i o AH B 78 25 B
B AR B o FFERRE &R e B E RGeS -

Symbolic Weather Products are point or area products. An image or icon is
displayed only at the location of the product, in contrast to gridded products which
cover the entire grid.

3.1 ZF;BE4% Temp Contours

FRSRBUIH EDRE BRI = 4Bk - KRBT MR ML E - EKE R
BN

Temperature Contours are 3D data that show regions of equal temperature. Most
temperature contours are red, but the freezing level is identified by yellow.

s

0

owc:ﬁ

B 3.1a IMDS |y E s

Figure 3.1a shows Temperature Contours on the JMDS.
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3.2 &E/KSE Freezing Level
GEVKEITE By /KSR ZE T 4k

Freezing Level is 2D data that shows the flight level where the freezing level occurs.

PR

=
N o

Lo
X

[& 3.2a IMDS R4S K= EE

Figure 3.2a shows Freezing Level on the JMDS
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3.3 JEEE Winds

JE\IZ5(Winds) Py =P 2 R/ A & AR > HPUEREROR « RS e m b
HIR/INEE - RO S P ki Ra iy ES & B 2 EAE L &k
H— R BT U B R S ) 2 B -

The Winds are model derived wind speed/direction represented by wind barbs.
Spacing of the wind barbs is constant on the display, so zooming in provides more
detailed wind information. Mouse over a wind barb to produce a pop-up giving
numerical values for speed and direction.

B 3.3a JMDS FHyES

Figure 3.3a shows Winds on the JMDS



Meteorological Products Manual 63 Gridded Weather Products

3.4 HRGEMPITTRAHES (MET Reports)

B BERURA M > R E R E T s TSR TAMC Frsfn Z i & it

ST S IR 5 45 (MET REPORT/SPECIAL) - BB 5L E » Skt
— I ERURSE R HCL

TAMC-generated MET and SPECIAL reports are depicted as a yellow box on the

main display when this product is enabled. MET reports will produce a pop-up with
the full raw MET text on mouseover.

ime: 09/18/14 10:057

MET REPORT RCS55 1300302

WIND WY 10 TDZ 100/2KT

VIS RWY 10 TDZ 10KH

VCSH CLD FEYY 1200FT BEKN 2000FT BKM 4000FT T25 DP21 QMNH 1002HPA

B 3.4.1a JIMDS EHJ MET Reports
Figure 3.4.1a shows MET REPORTS on the JMDS
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3.5 HEEENERIER EERRH (METARS)
351 METARs - Plot

Plot METARs DAEEARZF R EGR/E =] - DUEEFRRERE o BREAELL current
metar filtering $2¢%1] » HIEZ Y Configure->Filter Metars menu (7] £:% JMDS F-{fit

DISFREER) - BERERR L Babil — R R R A E R -

Plot METARSs have a wind barb to show wind speed/direction and a circle indicates
obscuration values. Color is controlled by the current metar filtering, which is
defined under the Configure->Filter Metars menu. (See the JIMDS manual for more
details). Plot METARSs will produce a pop-up with the full raw metar on mouseover.

a - .

o

3.5.1a JIMDS _EHyEiER A&}
Figure 3.5.1a shows METARSs - Plots on the JMDS

3.5.2 METARs - Labels

Label METARs ZEr~AHER(E] 3.5.2a #EHUR B FF9E AT METAR &k} - Label
METARs QIR IEARFEITHRT AR - NI E RS ERR A A 5 -
Label METARSs show more details. (Figure 3.5.2a describes the meanings of the

symbols used for representing METAR data.) Label METARSs will not be displayed
if they are too dense, so they will not be visible at wider zoom levels.
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26 007
ind kr
BR - e

|de.wpoint {deg O l—h— 24 RCLY ‘-‘—| station {optHonal) |

v5000m c100

| wind barb (knots) |

B 3.5.2a HEWEHIERIRTSE
Fig. 3.5.2a ‘Label’ METAR Data Symbols

CRARFAIY (weather type)” NI AR S R RGNV AES (e.g., rain,

snow, fog). °

The “Weather type” field is used to report a weather phenomenon (e.g., rain, snow,
fog).

3.5.2b JMDS EHJ METARSs - Labels

Figure 3.5.2b shows METARSs - Labels on the JMDS
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3.6 [EFEIEHE TIA EFEEBHE (Storm Tracks and TIA Tracks)

B L BRI B P 2 R R E - B =R BRI - BB
CWB &2 - TIA EFiEHE(EH TIA B2 - JHEES R 2.1 -

These products show current and forecasted location of storms. The difference
between them is the radar that is used as input. Storm Tracks uses the CWB Radar,
TIA Tracks uses the TIA Radar. Storm Tracks and TIA Tracks are described in more
detail in section 2.1 of this document..

3.6a JMDS FHYESRIERE N

Figure 3.6a shows Storm Tracks on the JMDS
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3.6b JMDS E#y TIA ESEEHE

Figure 3.6b shows TIA Tracks on the JIMDS
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3.7 All WAFS (for printing)
All WAFS BFTATEZ 2 WAFS Bkt B S - dHEnss REen 3.11 -

All WAFS is a black and white render of all of the types of WAFS data. See section
3.11 below for more details.
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2 N { 5ol “ ‘
B 3.7aJMDS E#y All WAFS(for printing)ZE i

Figure 3.7a shows All WAFS (for printing) on the JMDS
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3.8 BZE/EZRERRENAIRMET/SIGMET)

IR IEENEE KRR ERHEHTZEES - W& ZERE AIRMET —(# s LU
HfEhs > —EERIARZE R s - 1T —{ SIGMET 2 —{HEERVEIRHIATA
TR S - 22 HE S EATE R S A RN b RE3 AV e B IR
EREEN - BERKRBAAT

(EZE G ERFEAIRMET)

REBERREN B IR RER NS L > AReE %Eﬂ%&#ﬁﬂﬁﬁaﬁ
AL o AIRMETs $iRIT S EE—ERILUN ZHiAER - fa P EElR -
AR ~ HR R KRt s (> 30KT ) %5 - AIRMET S5 7%4
/NEF = AIRMETs 72 HH 2 LA 22 R G it R EE T R R i i B B o 22
AR ZERFTI T AT 2 RO

AIRMET information:

AlRmen's METeorological Information is a concise description of widespread
weather phenomena that are occurring or may occur along an air route that may affect
aircraft safety. AIRMETs are valid for flights operating below flight level 100.
AIRMETs can cover moderate—turbulence, mountain obscuration, moderate icing,
and strong surface winds (>30KT). AIRMETs generally cover six (4) hour periods.
AIRMETs are issued by a meteorological watch office for weather phenomena not
already included in the forecast issued for flights in the flight information region of
concern or sub-area thereof.

B G ERFEEN(SIGMET)

BEEERRENE U HlATA RSRIT Z 2 A RIHRRE N - BamIELR
sEFULLIEE R ~ S8EURRK ~ KK ~ BV R iE R BB P9 » SIGMET A5 A
8 4 /NEf > H R ERIZVSAEHY SIGMET AIJA] BUER Fy 6 /N

SIGMET information:

SIGnificant METeorological Information is a weather advisory that contains
meteorological information concerning the safety of all aircraft. SIGMETs can cover
severe turbulence, severe mountain wave, severe icing, volcano ash, tropical cyclone
and thunderstorm. The period of validity of a SIGMET message shall be not more
than 4 hours, but SIGMET messages concerning volcanic ash cloud and tropical
cyclones can be extended to six hours.

E&t AIRMET A1 SIGMET HYKERPEZUT ¢

The types of weather phenomena covered by a AIRMET and SIGMET are listed
below.

FEGERREN AIRMET



Meteorological Products Manual 70

Gridded Weather Products

BEGEXR

b EZE Surface wind speed

HTEIRE LSS Surface visibility

& P Thunderstorm

VK7 Hail

=& Cloud

F&PRZE Cumulonimbus clouds
5IRTEZE Towering cumulus clouds
1 & Bl Moderate turbulence

th E£fE K Moderate icing

LLIFRIEFIA 5 Mountain Obscuration
H1 & {577 Moderate mountain wave
KAFIFERNHH Unknown weather type

A& SIGMET

E S HE Tropical cyclone

i Thunderstorm

VK7 Hail

JfE4% Squall line

5% Severe turbulence
5RFIUFE K Severe icing

58511 5387 Severe Mountain wave
VD/EESE Sand/Dust storms

KILIFK Volcanic Ash

#5522 Radioactive cloud
KRFUBEARHH Unknown weather type

[& 3.8a BURAENY SIGMET ot UEAFHEE KBRS ES -

Figure 3.8a shows the data symbols that representing different AIRMET/SIGMET
criteria.
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iR
Tropical cyclone - TC

SR ETEE
TiC forecast

il e 2 ]
T outloolk

Thunderstarms

e
Hail

R

Squall line

AL

MWoderate turbulence

SETIBL

Severa turbulence

R AR

MWoderate icing

EEREES

Severe icing

i

Volcanic ash- VA

KRR

WA forecast

K IR AR
Ll LA outlook

HEERE
Limited wisibility

AR ERE ERR

Mountain obscuration

EERE
Cloud

i
Mountain wave

B

Sand/Dust storm

>

9]
£l
-
A
Ed
A
A
v
.
[=
[

FEAAETH

Linknown weather type

EWEDEW

I8 3.8a FHE KRB
Fig. 3.8a SIGMET Data Symbols
3.8b & 3.8d FTETRAYE — B R R & R E ] -

Figures 3.8b to 3.8d show examples of the SIGMET product for various view regions.
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100E 1Z0E 140E 160E 130E LEChY 140w 1200

30 35 40 43
(dBZ)

3.8b BERRERERHEEP]

Fig. 3.8b Sample SIGMETs - World view
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] 1
100E 1 120E

25 a0 45 =11}

[E 3.8c HERREABREEES
Fig. 3.8c Sample SIGMETs - Wide view
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Fig. 3.8d Sample SIGMETs - AOAWS Domain 1 view
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3.9 Rz E (Aircraft Reports)

JMDS H i =f@tg = Fi#i £5(ACARs,AIREPs 2 AMDARs) - ACARS
(Aircraft Communication Addressing and Reporting System) Zy 8B ¢ - 5 W8 2 5k
AR BRI TR Bt T R S [ (A B R B 2 SRS, © AIREPs Ry st 5 R 2 -
AMDAR (Aircraft Meteorological Data Relay) Bt 5 & R 4HAR(WMO)ZEHEEAYETE -
FIHRE R E IR R R ER -

FESE ACARs §1 AMDARSs FE B REIBNGE » /BB E AIREPs BHEE~
J[F4a &R -

Three types of aircraft reports are available for display on IMDS. ACARs, AIREPs,
and AMDARs. Aircraft Communications Addressing and Reporting System
(ACARS) is a digital datalink system for transmission of short, relatively simple
messages between aircraft and ground stations via radio or satellite. AIREPs are
automatic reports from aircraft. Aircraft Meteorological Data Relay (AMDAR) is a
program initiated by the World Meteorological Organization. AMDAR is used to
collect meteorological data worldwide by using commercial aircraft. ACARs, and
AMDARSs will produce decoded details upon mouseover. AIREPs give the raw text
of the AIREP on mouseover.

3.9a JMDS ki ACARs &:H

Figure 3.9a shows ACARs on the JMDS
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AL\
3.9b IMDS |-#y AIREPs &:f

Figure 3.9b shows AIREPs on the JMDS
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150E S0E 1:"1:|E
RNEAARE
5 27 29 3 35 37 39

3

& 3.9c JMDS EHJ AMDARs &ifi

Figure 3.9c shows AMDARs on the JMDS
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3.10 L¥ImiSISTAHRER (TAFs)

4t ES TH# (Terminal Aerodrome  Forecast » TAFS) Fufftf 2% 5 9
WZ TR » RRFESERES © “All(&E#ER)” - “Clouds(E)” -~ “Tempo
Clouds(FHHAVEE)"  ~ “Wx(KFR)" ~ “Tempo Wx(FHEAHIRR)”

“Wind(8))” F1“Gusts(FEE)" - #:{FJ77A5H 2% IMDS it

TAFs (Terminal Aerodrome Forecast) are forecasts that apply to a five statute mile
radius from the center of an airport complex. The types of weather phenomena

forecastare ‘Clouds’ , ‘Tempo Clouds’ , ‘Wx , ‘TempoWx
‘Wind" , and ‘Gusts’ . See the JMDS manual for instruction on how to display
TAFs.

3.10.1 EFITEEANYZE (Clouds & Tempo Clouds)

3.10.1a £ TAF (ZE5ER - SEEIISTHRE (REBE RS2 0% > 25% -
50% ~ 7% 100% » B s B A7 P S R LA SLFSEFIT L AT

THE R TR (5 N R P ase i HY 32 3 e 8 (9 RO B e B (2 B P 3
FME - (R RSEEE S B I - ARSI & F[E s S (R e -
Figure 3.10.1a shows an example of cloud TAF. Each circle is filled in at 0%, 25%,
50%, 75% or 100%, depending on cloud cover. The color is determined by the flight
category. The flight category at a station is computed using the ceiling and visibility
thresholds specified in the table below. If both values exceed the threshold, the flight
category will be equal to or greater that the specified category.

FRATUESH B EESEMEE Ae RS FIRE(E
Flight Category Color Ceiling Threshold (°R ft) Visibility Threshold (23 EE km)
VER 1500 5
Seagreen
B
MVEFR 500 1.6

Blue

g
[FR 0 0

orange
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& 3.10.1a E 7 &l
Fig. 3.10.1a Sample view of Clouds

3.10.2 JE(Wind)
o AR R - B KT -

Figure 3.10.2a shows an example of wind TAF. Wind is shown with a yellow wind
barb representing wind speed in knots.

& 3.10.2a & .~ #Zif
Fig. 3.10.2a Sample view of Wind

3.10.3 [EE (Gusts)
SRR - B2 KT -

Figure 3.10.3a shows an example of wind gust TAF. Wind gusts are shown with a red
wind barb representing wind speed in knots.
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[El 3.10.3a e /E < ZE
Fig. 3.10.3a Sample view of Gusts
3.10.4 RRMTEEEHIR R (Wx and Tempo Wx)
£ TAF sk 2 KR

For the Wx and Tempo Wx TAF, symbols are drawn which represent the weather
string found in the TAF. These symbols are defined in the following table:

Symbol Wx String Color

FU Red

VA Red

S DU White
SA White
S BLSA White
BLDU White
% PO White

— BR Yellow
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—_— MIFG White
R TS White
v SQ White
] r FC White
) +FC White
% SS White
DRSA White
DS White
DRDU White
% +SS White
+DS White
| BLSN White
\ DRSN White
BCFG Yellow
PRFG White
FG Yellow
’) -DZ Cyan
s DZ Cyan
o +DZ Cyan
b ]
-FZDZ White
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o\ FZDZ White
+FZDZ White
-RA Blue
o
® RA Blue
L N
a +RA Blue
o0
a
U -FZRA White
0 FZRA White
+FZRA White
E'E - SN Whlte
* SN White
¥* %
. +SN White
* %
*
& SG White
—_ IC White
° -SHRA White
é SHRA White
+SHRA White
¥ -SHSN White
Vv
% SHSN White
+SHSN White
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@ -SHGS White

SHGS White

+SHGS White

7
@ -SHGR White
v

SHGR White
+SHGR White
].Z TSSN White
A TSGR White
l TSGS White
° +TSSN White

+TSGR White

f? +TSGS White
]

UNKNOWN White

3.10.5 & HEER(AI)

EEEE AL > Ryl - R KRMEREY SRR T -

When ‘All' s selected in the TAF selector, the previously described graphics for

Wind, Gusts, Wx, and Clouds are all shown. Examples of this are shown in figures
3.10.5a and 3.10.5b.
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& 3.10.5a & ¥R EH
Fig. 3.10.5a Sample view of All
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3.10.5b IMDS £ ERFE T~ Eu il
Fig. 3.10.5b Sample JMDS view of All
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3.11 WAFS EEZEKREN (WAFS SIGWX)

WAFS SIGWX 3¢ ] ottt FRIEBKTAS A0 (WAFCs) H—ERIRIEE R s
WA Em - B

The WAFS SIGWX is a set of weather products from the World Area Forecast Centres
(WAFCs) that relate to significant weather events. These include:

® [E)F (jet streams)
BL)A (turbulence)
ZE (clouds)

KL (volcanoes)

EEFRNE (tropical cyclones)
%ET (radiation events)

Ko - SRIE RS SE IMDS Z48H1[E 7340 “volcanoes” &H -

The volcanoes, tropical cyclones and radiation events are grouped together as one
category labeled  ‘volcanoes’  on the JMDS.

LUT i Le B #UR R A [F] WAFS SIGWX 15 H HYE Rk

The images below show the data symbols that represent different WAFS SIGWX
items.

DR ¢ AR TSR E. R ER RS, S E=AP R
50 g, H—{E LR 10 M, Mgk 5 g
Jet streams: the label indicates the flight level. The fleches (feathers) indicate the

speed. Each triangle represents 50 knots, each full line represents 10 knots, and each
half line represents 5 knots.

3.11a M5t e o

Fig. 3.11a Sample view of Jet streams

AL * R RS AT TR R (B H3ER). AR Ey MR T = AR
GHEUR. mik, WGBURATARITINEH
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Turbulence: the label indicates the maximum flight level in hundreds of feet. If the
minimum flight level is available that is shown as well. Finally, any comments are

shown.

& 3.11b Bl = E Bl

Fig. 3.11b Sample view of turbulence

LRSS IR TS AV [ B ME (B FHEIR) B sk

Clouds: the labels indicate the maximum and minimum flight levels (in hundreds of
feet), and any comments.

maxFL d50

_minFL 100
“~IS0L/EMED, CEH
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& 3.11c EEHH]
Fig. 3.11c Sample view of clouds
B RE ¢ AR R R e A

Tropical Cyclones: the label indicates the tropical cyclone name.
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& 3.11d #F s i B &5l

Fig. 3.11d Sample view of tropical cyclone

KU RS REDK LY

Volcanoes: the label indicates the volcano name.

&l 3.11e K ILIEI&ES]

Fig. 3.11e Sample view of volcano

RES  AIRA RN R BT

Radiation: the label, if any, indicates the incident name.

3.11f EE5 B #E B
Fig. 3.11f Sample view of Radiation
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3.11g HURIE STy HAU A 2 -

Figure 3.11g is an example of a display showing several of these symbols.

== TO 260

[ 3.11g #i~ WAFS SiE R RENZEF T
Fig. 3.11g Image Showing Several WAFS SIGWX Objects
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3.12 FEX EE (Lightning)

IMDS HIEURPIES S B R > DU+ Fion © IRIEEE A fR R ik
R B RN HE A FEBEAR | LLEOFOR 0~5 i LRTEA - &EOFoR
5~20 Jr B LIRS A ©

The JMDS is capable of showing lightning data. Strikes are depicted as crosses, “+.”
The crosses are color coded based on the age of the strike. The strikes are colored red
if they are five minutes or less old. For ages between five and 20 minutes, the strike
color is green.

& 3.12.1a IMDS _FHIEREER
Figure 3.12.1a shows Lightning data on the JMDS



