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1 HEKFEEZ#E (Purpose and Scope)

iz REIAEZYE (AOAWS) Rz an Tt (CA N REREA T < HAY A/ 4E R FRTZE S
"R S ) P RIEBRAF RS E D 0 ACAWS T EEIR 241 F JAVA
IR A R U 240 (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).

MDS/IMDS Z7RHY R G i LG BRI & B TR i i e

AR E R R f R 2 R ]~ PR R B G R E B 5 PR E RIS (TIA) & N8
SRREEZER - ERalUAaRIE - St mE BRIz h S Bk -
M ERMETEEY ~ SRS ~ SKEE - 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 FREERSBES (Gridded Weather Products)

21 BESHEKTITAN R&G2JEREHEE
(Radar Mosaics and TITAN Storm Tracks)

211 =#F#EEEE (3-D Radar Mosaic)

R R R D A R B B O T T Al AR E - e e
firks dBZ - dBZ MYEAIE R R RAES, -

ANV EE frin Ry — SR > DRUIEE AT e R B e Bl 5 2 L o EL A SR R - P A
N BEURBEIZGRE - A AEMEAESEEAEEFEEARES - NILHE
AR R EE AR -

—fARER > BREEEDE A 30dBZ K o iR ELURNEREE SRS o ENKE
S FUEL R S HIRAE R A 50dBZ BYIEI, » 281 0 gL AR E HERAE RGN
i 30dBZ fYIEE, - AOAWS 24 HIEIEF BLR (=0HIZE fH(NCAR Turbulence Detection
Algorithm - NTDA)F|FES MNEsR R FEZNERIDLEMEFELR - s &S %
284~ 285K 286€j-

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 2.8.4, 2.8.5 and 2.8.6.

212 H=EBECHEHRERNERR - BICEHE R EIRFRE LS (TITAN

Storm Tracks from 3-D Radar Mosaic)

R RRIRAACTEE RSV E TS - BRICEHE & B TEER 224 (Thunderstorm
Identification, Tracking and Nowcasting > TITAN ) g SRR EERT) =4
EARER o TITAN AR E R HVEZR - G DVME AR E A& &8RN & E R
HAEHETHE -
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£ T 2 T
o DUREREIEEARATERIRE R H AT E R -
o EOETIRTR —/NFHY R THETH S -
o DimGREHEARRESE — NS R EFREHE AR E -
o [ERTEURHE ST RE BEAL Ky (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.

e 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.

fiE] 2.1.2a 7 = 4R 2 A RCE R FERY TITAN EE BRG] - B 2.1.20 F =
S LR T

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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2.1.2a =R ESHEREHIE
Fig. 2.1.2a 3-D Radar Mosaic with TITAN
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JMDS 6.2.03 (Default Configuration)

File Page Yiew Products Maps Configure Help

alajalo o= z[E [EEr|e Ve @

[05 21 0t | 22 0o

. 8 0 12 14 16 1ld 20 272 0 2 4 6 3 10 17 PR
9§ & o @ 8- 8 & & & ¢ § & & o £° & & § & & & 0 & 6 @ & & & & & & 9§ 4§ |
|Past |« | Now | [ = |[ ® |[»Forward || Fest |~ |

B 2.1.2b =4 E
Fig. 2.1.2b 3-D Radar Route Cross Section
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TITAN DLEE ZE[E)R 5 30dBZ i R i€ Ze B SR HERL - M ERAYE R RS (EEERE{E 1]
PR E R sR R R D ACEHE R SR 1A A R B 2 RS Rl 2 B i (5 2
anEs MBS FERLAE -

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.

213 #FEASHEE (2-D Radar Mosaic)

LSRR IR T 4ET EAEER - B ERLE SN L = 4R R
A E AN bR R R SRR A R U HEHME IR M BN RCR 4 N H
BN H SRR

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 BN 4EE 2 S IE -

Figure 2.1.3a shows an example of the 2-D radar mosaic.
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'D: Valid at 11/14/12 14Z

2.1.3a _HEEEANKE
Figure 2.1.3a 2-D Radar Mosaic

2.1.4 HEEEHSEE FNIREFEBCSEN TS - BEEIEHE K R
HZ 4 (TITAN Storm Tracks from TIA Radar)

FnZE R AU EIFE 4T TITAN 24t BRI ch Dk EIEIPRRED B SR 5 a8 (K
A =4EB 2 E0R - TITAN 3R ER P YRS T DAYNIEA AR 2E A DR B
FE [ 150 7 EEL ] A )\ T BT S T e

TITAN THSR 2 5t 7 (H A W BEEURAE IMDS I - JSTEFEMR A foe e THE B R R
(off) - ERE LTI FEBURIL M -
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£ T 2 T
o DUREREIEEARATERIRE R H AT E R -
o PALEFETHHFTIR—/ NEFIYE T THETHH -
o LUpnél&r EHEARAE ISR —/ NHR AV B RIBHE IR L E -
o [EIRTEURHYE R ERE FHAL Ry (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 JMDS. This
product is off by default, and must be selected by the user.

e 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.

[E] 2.1.4a BURHPKEEIFEESGH [ ER R & &R s S mEE e - Bt s
TITAN EZEHEFHAGENE. -

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 Radar: Valid at 11/14/12 14:50Z
-

Hi
7|

Cross Section
ge= File View Configure

EF DADGH RENOT TOROY FILC: I S AN NOK RO LEKOS [ MORSU I MOLEA

2.1.4a =4 TIA BE[E (& TITAN EEEHE K HHEE)
Figure 2.1.4a 3-D TIA Radar with TITAN Tracks and Cross Section

2.2 ZETJESE (Cloud Top Height Image)

IR A (B2.20) RARIEH AR MTSAT 24503 IRLSHE K WRF S5{20H
SRR EETRSE - ETHEENEEINEAT:

o HICIEIMRREL R R ALY MRS R (brightness temperature)

o IRRFIFH WRF BEER DU R RS Ry 2 A Il — B Ry FRATIZE 2
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et
() —f%mE » EEENEEHSEFIH N - (AatHRNEEEE L EEN
EHEES -
(b) FEHENETHS ER G KM - ST ETHS E gL ERNETHSE
& -

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.
o Then, for that temperature, use the WRF model data to find the appropriate flight
level.

Notes:

(@) 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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222 EEEEHEEE
Fig.2.2a Cloud Top Height Image
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2.3 HEZEE (Satellite Images)

AOAWS 24751 NI A E s BR [E] 5518 2 BUE &R MTSAT, Meteosat 0-degree,
Meteosat 57-degree, GOES-East 5z GOES-West - Z:47t[GHF UL ME 2B 2Bk 2
B ©

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

Fizs MTSAT i 2GS SBES, - 5 AOAWS 2% LB RN - 25
BENGK B B F B R

o H[E¢ (VIS): 0.55-0.80 (] um
o 4[4MF (IR1):10.3-11.3 [Jum
o 4IHME (IR2):11.5-125[Jum
o ZKSHEME (IR3): 6.5-7.0 (Jm
o 4IHM4E (IR4):35-4.0Jum

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:

o Visible (VIS): 0.55-0.80 (]« m

o Infrared (IR1): 10.3-11.3 [ Jum

o Infrared (IR2): 11.5-12.5Jum

o Water Vapor (IR3): 6.5-7.0 [ ]z m
e Infrared (IR4): 3.5-4.0 [Jum

o e E A (HL2.3.10) LUK GEE0R H A MTSAT 27 fgi
- LIRS » 6 R - DA SR

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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o {albedo) -

2.3.1a W Rt E EE
Fig. 2.3.1a MTSAT Visible Satellite Image

IMDS Z: 475 F414 MR 2 2B 8 7 o ([ 2.3.1b, 2.3.1¢ )5’& 2.3.1d) BURHZA MTSAT 4
BTN IRLVFHEERL o 4L4MRHER B s T 58S (brightness
temperature) ; - JREMEEE—YHS R AS K E AR V o BT REEE 0 AT
Dlsefs i gt B E TR K -

TR GE R N =HEA R CERIAL M4 - B 2.3.1b fy MB (g2 > H
BURREEHRIRYY - 18 2.3.1c & BD tufE2 e - HAEBRES KRS EEN
BER BTG4 - B 2.3.1d R RURPE RS - MTSAT KSR L EAlFr A
s -
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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 JMDS. The units of 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[5 EEE-EH MB &g
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Fig. 2.3.1b MTSAT Infrared Channel 1 Image Using MB Color Scale

= 123
e | mm |

u] -5 -10 -15 =20 25 -20 -42 S B =70 -7E

B 2.3.1c MTSAT IR1 414 MR EEE-ER BD &g
Fig. 2.3.1c MTSAT Infrared Channel 1 Image Using BD Color Scale
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- Infrared chl MTSAT Gray: Walid at O

[ 2.3.1d MTSAT IR1 4L4Marfi B 2 -5 F kP
Fig. 2.3.1d MTSAT Infrared Channel 1 Image Using Gray Color Scale

2.3.1e Jz 2.3.1f UK MTSAT i E MR A MB (A& LIMRAHE

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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2.3.1e MTSAT IR2 4[4ME G EEE-EH MB [
Fig. 2.3.1e MTSAT Infrared Channel 2 Image Using MB Color Scale
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2.3.1f MTSAT IR4 4T4ME T EEE - MB G
Fig. 2.3.1f MTSAT Infrared Channel 4 Image Using MB Color Scale
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2.3.1g BR HA MTSAT 2 /K IER G D - i BERHEHR 6 2 71
SRAEAGHERS SRR o BLEAAVILIMRE R 5 - B BCH AR R A RE R
JEAREUR - /K 2 E B EURE 300 - 600 hPa fgiy /KR E& R - JEASEUR
FER SRS Y ZE SRR o A BB R SR = e Y 22 SRR -

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.

2.3.1g MTSAT IR3 /KA EFEEE
Fig. 2.3.1g MTSAT Water Vapor Channel 3 Image
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PR T E RIS 2 A - AOAWS (] MTSAT IR4 J IRLFEIEE TR ZRY; -
2.3.1h Syt an AR - IRA SHIE T [FIRFEUAE] S E L REE - L > IR4 %
R EAVEUNEE DR + IRLBFAEAIREEN T ~ SME > FHREENEFITEEGE -
i IR4 K2 IRL B BRI > AIOMPREDENST - [FERF IR AR BRI - 405N
PR 7 oy B B R HY RS 2 P Ea H  RE R EE A - [ EL (i A A3 2 K 32
HE s R E S PG A AR A R eSS - AR e s R s
HESE

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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hannel DIff
time: 11/07

H M
b

2 & &
n b &

2.3.1h MTSAT 49 MR R EZ=5E (IR4-IR1)
Fig. 2.3.1h MTSAT IR Channel Difference Field Image (IR4-IR1)

2.3.2 EUME E R4 Meteosat Images

Meteosat i Fif#r & 77 AL 0 FEAEEELR 2 57 FEGLE4R(RLE) - AOAWS Z 4 #alfitia
Wit 2 A RO RATIMRAG AR - B EERHEAE R R4 - R AV ST
B RSEION ~ JEM ~ BRI RORPEE -

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.
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2.3.2a J 2.3.2b BR Meteosat B ] ROt Bz - (8 2.3.2a BURALRY 0 FELLELR
B Z G 0 [8] 2.3.2b BURLTY 57 AR E SR ET 2 Z f87En

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.

2.3.2a firjy 0 FEEK 4R~ Meteosat 8 1] Rt 2 EHE
Fig. 2.3.2a 0-degree Meteosat Visible Image



Meteorological Products Manual 23 Gridded Weather Products

1 ] L[] L] ]
S0E 100E 110E 1Z0E 120E

{albedo) i
2.3.2b firfA 57 B ELR 2 Meteosat 2 1] RtEEEE
Fig. 2.3.2b 57-degree Meteosat Visible Image

2.3.2¢ }¢ 2.3.2d BUR Meteosat BYRLAMRRAGUE AR © (8] 2.3.2c BURLEY 0 FELEELR
R Z G Emn 0 8 2.3.2d BURALRL 57 B EREE Z & E M -

Figures 2.3.2c 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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]
40E SOE E0E

20 15 7 2 -1 -3 -& -3 -14 -13 -25 -26 -43 -E1
[{o9]

2.3.2c B Meteosat FEALFY 0 B LR~ A[YMRSEEEE

Fig. 2.3.2c 0-degree Meteosat Infrared Image
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2.3.2d BUM Meteosat #EALF 57 B A MPREEE
Fig. 2.3.2d 57-degree Meteosat Infrared Image

=

2.3.3 EMEEREE GOES Images

FNE LB H GOES East Jx GOES West SF AT 2 - AOAWS Z&t S [
(il feg 2 Y A RO REATAMEZGE R » B R EREAE R R4 - RV &R
B Ry ~ LM BOR PR -

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.
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2.3.3a F2 2.3.3b B~ GOES 2 0] BEs R E M -
Figures 2.3.3a and 2.3.3b show examples of the visible images from the GOES satellites.

Fig. 2.3.3a GOES East Visible Image
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[}
170E ~ — 180E —

15 17.5

Fig. 2.3.3b GOES West Visible Image
2.3.3¢ } 2.3.3d B~ GOES i ZVALIMNE SR EE D ©

Figures 2.3.3c and 2.3.3d show examples of the infrared images from the GOES satellites
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f SOES East IR &

[ History

[& 2.3.3c GOES East #2445 MR[E
Fig. 2.3.3c GOES East Infrared Image
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2.3.3d GOES West 24T MG E]
Fig. 2.3.3d GOES West Infrared Image

2.3.4 ZIREEEE Global Satellite Images

AOCAWS %4 [FIfE A Bk 2 AR Bk » 1A BB BB 280 -
2.3.4a BREZ FEE cm i 5] -

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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[ 2.3.4a GOES @ BRALIMMET B G SRE
Fig. 2.3.4a Global Composite Satellite Infrared Image
IMDS ~ &3k B GG ED » IRt BB - AEEsR - BERREIKE G
0 S TOERENE BN R E M EHEN - 2RV EZEEHE - A EER
EEREETE -
The global composite satellite product is set up on the JIMDS 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 MEIBFEER (Wind Speed)

3D JR\S5 PR EE AT WRF R E(FRERAVESS - BB Ry (knots) - —fifi = > 400
RiEZE RS 60 JERNIE —EIBAEER A o B 2.4a BURZEmYEP] -

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.

File View

> I B 207 G F /et stream color scale



Meteorological Products Manual 32 Gridded Weather Products

2.4a JE5 TR B ] T
Fig. 2.4a Wind Speed and Cross Section

2.5 JEEEFERER (Temperature Contours)

3D & P A an) B WRF A FHERARIESS - MRS5S LIC REAL - 0CER
%? EEKEE) B E ORI - EAIAYFRaRALE DAL EOREUR © B 2.5 BURZEm
T H A &R HES] -

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 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.
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arecast Run 11/07

Bl 2.5a 2R REs5 TR R B S B

Fig. 2.5a Temperature Contours and Cross Section

2.6 &E/KSETEH(Freezing Level)

&K TR E B R WREF (AR S E A KESEFELR - &KS
FELURAZE g (FL) R BEAL - S5/KS ERVET R LURMR 0C RHR R KEE - 7
IF WRF A& THER ORISR —(E DA EAVEEKSIE » JEEN T S (E &S Ry % 4R
WL SR - (58 P8 TSR A A ) T DU RS B 2 1 1 [ ARAR 1R %
IR} © [B] 2.6a BURRZE ML) -

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
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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

Domainl Fr
dat 11

] ] ] ]
110E 112E 2 114E 116E

-1

freezing level field is given in Figure 2.6a.

2.6a 45 /Kr= EE THER
Fig. 2.6a Freezing Level
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2.7 FEETEEH(Humidity)

3D R TR aniE T WRE 1EUFHARAVE Y > BB R ETEE - B 2.7a BUniZ
and i 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.

JomainZ Humidity: FL250 1107 Forecast Run 11/07;

| File View
!

2.7a J52 % T K 5 i [
Fig. 2.7a Humidity and Cross Section
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2.8 Bl TE#E(Turbulence)

2.8.1 BLWTEEEEE (ITFA Model-based Turbulence Algorithm)

AOCAWS Fir{i FHRY ITFA BLR FHERGREZ A WRF STEEERIEFE TR - §F
Z Rl ZE B CASIEIEEC (U1 WRF) THEERDE S ST T EL IR Y S fE TS
o —fEARER 0 AF 4 A EEBL 20 N EAETEHEERY ITFA RIRE(ERNEAVFEE > EIE
FRASSE 2 NHIRA& TRy 6 A EIRVFE R - R A EIRYARHT EHEE (domain)fsE
FERCA [EIFVAEER -

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 DEFY/Ri 0.686 0.664
434 IDIVI/Ri 0.677 0.651
451 Cr'/Ri 0.690 0.671
454 EDR/Ri 0.683 0.664
458 F2D/Ri 0.700 0.667

AOAWS ITFA 15 ELHE BOIRE IR SRIGHERT - 2 (B — B (e ml il Ry TR T e 38 A2
RALATHYSRIE

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:

L o (EfEEAREEE (Wi )/2EERI R (U. S.) FRAHR & S &R AT ALE UM B R
(EDR)ERHEE TG 2 Z A EE R ERY -
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1. A weight W; 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.

2. F—{E5% Di &2t WRF TR ERIE R LAY -
2. Each index Dj is computed from the WRF output.

3. F—EfF R RR(LER /15t 0 82 1 7 H5%0H, D™

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

4 ITFA IIEEEEREE A MR UE R Y

4. The ITFA weighted sum of indices is computed as

ITFA = 2 WiD%/ 2 Wi

H e AR 4 B8 20 S HGEEREITEBREEE Wi weight)s e 41 E5£

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

A gL EE s E NS IRFERY ITFA PIEE (threshold) e 24 [F] 5B EHY AL

& (none): ITFA<0.25

o HKRE (light): 0.25<ITFA <0.370

o & (moderate): 0.370 <ITFA <0.675
o &%l (severe): ITFA>0.675

The specific ITFA threshold value for each intensity category is:

None: ITFA <0.25

Light: 0.25 <ITFA <0.370
Moderate: 0.370 <ITFA <0.675
Severe: ITFA>0.675
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ITFA B EDACAHE BN K 2 ERITRITES (B757 AR TEs R TEREZHA
fH) o ERIFGTESES BT57 ~ B767 ~ B777 ~ B747 ~ A300 ~ A310 ~ A330 ~ &
A340 - B 737 R KB R RIFR T TES © RITESAILR 2 € 2 DA A A= AR i
e o RFI B ICAO 2 B3

o A >136,000 kg = 300,000 Ibs
o thegA 7,000 kg % 136,000 kg
o I < 7,000 kg = 15,400 Ibs

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:

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

2.8.2 3-D ITFA Model-based Turbulence Product

ARIEEL R TEEE e ITFA (NCAR Integrated Turbulence Forecasting Algorithm) 78
&SR - DIt 0 B 1 2 S5 BUE RO R THITEL AR ERY 3D Ein - AEIFVBEEFR A
[EAY BLATEE (R ~ B~ o R 58FY) o ITFA BRAT WRF (Y 20 A BB 4 N
fe i i (domain) BRPKET R ELRAVIRE - BLAUEmIVEI A ZE AOAWS 5
7N B (#a[E —- domain 2) Kz 15 B (#i[E =- domain 3) - DAEH& 48 IH o R B S~
FIR - [ 2.8.2a BN a4 n S H E H I ETE R Y #E ] -

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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NOME

B LA
(Light)

{Indx)

LI
(Moderate)

SEZU LA
(Severe)

[ 2.8.2a ITFA LT YRS EE o0 K H i
Fig. 2.8.2a ITFA Turbulence and Cross Section
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2.8.3 BlLaTEERENE (ITFA Model-based Turbulence All-levels)

AL THEE INEDE = 4Rl A s B R 4 b - ERUNMERTATRITZE &
(FL200-FL450) iy Ralatose - BiS 2 Ehiearaiay alom PR &R A2
FE Lo PR R N B — RS > BRI B R > 2R DA S =Rl
WL A LR THER Y 2 B RN - E 2.8.3a BUrnal B IE e a = E
T BRI ERRT ©

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.
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TINHO

File View

HOME

2.8.3a B TR AR N e EL 3 T
Fig. 2.8.3a ITFA Turbulence All-levels and Cross Section

2.8.4 NTDA BLEAERE (NCAR Turbulence Detection Algorithm » NTDA)

NCAR L (OB EA(NTDA I LU HE R0 Ry 0t - s HRskE e BL 0 3D 7
5 - NTDA LUBEN S (48 EDR)SCRIE A ALY~ %1% - EDR 2 Bfify m? st
{4 BIRSEATARA(CAC) K ALY B i - NTDA B ITFA = REI/ER NTDA (#F

#0 MY A RACR L IR B R AL %+ B BHRAL ¢ 1 ITFA RIS
WRF S Z R DU AL TS - BRI - It - TR AR A i
fy -

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
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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 AL - NTDA 58S &SRl i R E BRI T a5 (B757 AUTRITE5 K
LIEAE R B BRI TR o« ERIRGT S & B757 ~ B767 ~ B777 ~ B747 ~ A300
A310 - A330 % A340 B 737 B S ILTGTES - ¥k ICAO 25 ¢
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 EEA >136,000 kg = 300,000 Ibs
o KkFE 7,000 kg Z 136,000 kg
o BAI <7,000 kg = 15,400 Ibs

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

2.85 =4 NCAR BLAR{EHIE S (3-D NTDA Radar-based Turbulence Product)

NTDA @l ErnE bl 3D & EE R fy AR~ EDR FRIZE L - ZBR R R @l 77 4k
SR - BT R o RER 3D Edn - HWEFRETEESm T - 7TE
SRt BT\ B A AR R mLAUGR T o

NTDA & i 58 H MBI 2R & 2 #iE GHyR5R H R ZHERNT8) - NTDA
DIUR GEISR R4 e A A Z BT © 6= NTDA EDR BRI R R4 e
EER - MIFmELR - ISR NTDA FUHF] 2 gL ZE o 8L ITFA W5 22 Bl
e R . DA NTDA (HHIE]Z gL - &l 2.8.5a B NCAR gLt (HHIE

o
|

an S HEE BB R HE A -
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 NTDA display shows
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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.

/13 217 at altitud

MOME

Fig. 2.8.5a NTDA Turbulence and Cross Section

LR LR R LR S
(Light) (Moderate) ?feve %ES)'L
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2.8.6 NTDA BZEELMBIIZEMS (NTDA Radar-based Turbulence Product All-
levels)

NTDA Z/jllE & H =4 NTDA EDR 810y —4E7E & BRIEFTH RefiZe
(FL200-FL450) Sz A HY NTDA EDR 58 © Eil ITFA FH{L » SEF] ttif\?éﬁimr;m/m
FHEE SR ATHEAE - 75 NTDA i _LEHE R > BEHIImE - A%
PIHAE] =4 NTDA fYZES: > WL A E HELRAYE B ERN - 18 2.8.6a BER 4k
NTDA &5 2 gL ivB Nz ey f] -

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 FL200-FL450.
Similar to ITFA, the best way to get detailed information about the 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.

alid at 11/07/13 212

KNOME

Fig. 2.8.6a NTDA Turbulence All-levels
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2.9 TEU/KTEZR (Icing)

29.1 TEKEFHERIA (Icing Algorithm)
2.9.1.1 THEAR /KE Su(Forecast Icing Product » FIP)

FIP 2B #EA KR E TR E M - BiEEiRE WRF S(EHHAAE AR &R
AR TERES EHYIR TaS AT RE B AR K i EAIFE /KGR -
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.

IUEEDA(E 2.9.1a) EERA R =Y R AT TSR R o B o B E A Y
Bk RAEETENEEEE - gk ANERE - PR KRR - —H 35
A]fEEE A BRI KATHIBERY » LR ERE KRR > R1& PSR (fuzzy logic)
077 7SR TE T HERTRE K IR © AELM 8 Py (e P A #E #E % (interest maps) /& DABUE I
A ER AR > DU IEBRE KFAERAERANE o 325U 2 B okE T
B K B RS IR KRR - 8% KK (super-cooled large drop »
SLD) JESAFIFE /KRS -

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

il

Cloudy? ]

lY'ES

Determine Weather Situation/Scenario Using
Precipitation Type and Thermodynamic Structure

Multiple . : Classical .
Layers Rain Snow Drizzle FZRA Convective

\ \ [ /

No Precip

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, dg, etc.) and liquid water depletion mechanisms (CTT, radar reflectivity, etc.).




Meteorological Products Manual 47 Gridded Weather Products

Model
soundin
’
‘ YES

Analyze Thermodynamic/Vertical/Precipitation Structure ->5 Scenarios

Multiple
cloud

Convective

Apply fuzzy logic interest maps (scenario dependent)

& 2.9.1a FIP ERANSEREZE

Figure 2.9.1a FIP algorithm scientific flow chart

FIP #yfE/K5RE 2 0.0 £ 1.0 MIRVESE - HLEHARETRKRER 8 - 7] 7
FofERRK ~ ESFERK ~ thERUK R B ERUK -

FIP (£ T 5IFIHE(E (threshold) 2 #& A [E]5&ERITRUK -

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.

The specific FIP severity threshold values for each level are:
o  fEfE ) K(None) : Severity < 0.175
o HEEFE/K(Light) 0.175 <= Severity < 0.425
e  IEfE/K(Moderate) : 0.425 <= Severity < 0.75
o  EHEfEK(Severe) : 0.75 <= Severity <= 1.0



Meteorological Products Manual 48 Gridded Weather Products

2.9.1.2 BIRERAEVKE S (Current Icing Product » CIP)

CIP #YEfE 7081 FIP 5. » {[ER[E FIP {#EHTEER - CIP HIFRMLRE KA -
R Es CIP By—2E TE. » TRES A/ R KRB R K E A2 EE S - 2L
i = ﬂj‘fmf LTEETH ~ BIE ~ KIS A KIS E A - 2t s
Ml ERE O DURERR KSR - 8% KIK#(SLD) B2 K AE /K& - & 2.9.1b
B CIP HyRIE2 ;M&l PR T EBER AT W T A~ IS R EE(E
domain 3)ZFFECHIE RN - Bl 2.9.1a tHE -

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.

Radar

Match data to each 3-D model grid box

YES

Determine Weather Situation/Scenario Using
Precipitation Type and Thermodynamic Structure

Multiple
Layers

\

Classical

FZRA
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, dg, etc.) and liquid water depletion mechanisms (CTT, radar reflectivity, etc.).

s s |

[ 2.9.1a CIP ZHrARIZERIZE
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Figure 2.9.1b CIP algorithm scientific flow chart
CIP {5 FJE FIP FH[E]HY EVEE RS ea R A1 - 28000 - By CIP M E g @ -
Ve /KT RE B[t /K s AU - DASE 4 3 S e 8 2= S BB RR/KIRRE - DU
TE DB TE R IR KB e T2 i i -
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).

4[] FIP BIFEKTRRE - CIP AYRE/KRAER: 0.0 2 1.0 Ay HE » I AR K
SRR SYNE P (EEL CIP ISR

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.

o fmfE K(None) Severity < 0.175
e K Light) : 0.175 <= Severity < 0.375
e 1f& Moderate) : 0.375 <= Severity < 0.7

e Y Severe) : 0.7 <= Severity <= 1.0

2.9.1.3 ESEREER (Product Application Information)

FIP A1 CIP B i BB AR AR AR (o0 A S A B il IR E0R - 3950 FIP s > &
i ST R A L s e (A PR i B2l WRE A=l L B IR fA] > WRE
RERITTIUR - 7€ 00Z BRLEE 6 /NPT — K - BRIRGIER IR ERIG1Z 5
NRFEECHT - R (ERSE S UEE R Y PR FE 73 Bl Ry 48 /NKRPRT 72 /1N = ¥ CIP S > A dn
SERTHIIRFE A 0 A MTSAT 5 2 BRIy BTERNG - R&E 30~60 77§ Hf—2
FEALA SR ] By 1 /NEf

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.
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2.9.2 =#REVKE S 3-D Icing Product

I = 4K T o (18] 2.9.20) 2 iy CIP (RN /K ) 2 BT o FIP(FERAE K )
FEBRTAE R - Fomfibs L AR AEIRIK - R R G R B T A
RIS - BOKIRIE R T

- K
P FE KA 48 i e By DU AR "R N B B RS TR B = T R
NEIERA TR - TS B 2 B NI S MEBERE K BRI 2R
£ 0.25 BB 1 Hk} (0.6 to 2.5 cm) 2 fH -
- HEREK
rh FERE VKA i 0 R i K B AR FE R I > (HEPRIER AR
] > WRIR 2PN ERRTTER: - HZ2 s K - HIRO#EE & AN
HFHYYME SRR /K RREHY RS AT 1 JapEa 3 Sk} (2.5 t0 7.5 cm) 2 f -
- EEREK:
B SRR KI I GRS 3]
0 FEVKER/K BN S BRI K2 ST
o FEVKIFFE BERE HEAMG B S HT B EE A MR A R TR
0 FEVKHEFETREIRMEAIER/KEBEFULALRRRK - I HEER BHKE
GEK S
0 FRERHIRYORTTES > BIZIBER EEFE/KEEE D EHY -

TR 2RV R E TR R AL SRARAE B HIBRKE A IR RHIRE (- EACARETR
TKHIERAREERSE ZH -


mailto:cwolff@ucar.edu
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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.

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
(2.5to0 7.5 cm) per hour.

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

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

o0 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 11/0

Mode & MGoL

| File view

MOME
(Inds3

BEREfRIK frEEfE K BHERK
(Light) (Moderate) (Severe)

2.9.2a TRI/KTH R EE i S ELE i
Fig. 2.9.2a Icing and Cross Section
2.9.3 FE/KFEEHRBNIE (Derived Icing Products)

TEVK TR B e 2 L (18] 2.9.3a) Fi = 4K e A H AR » HEURATA iz g+
AR AR KB - BT S LG A K TR & SR A B AR K TR i Ik A
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ke EEEETRIT ARSI E - MR VRS = SRR KAV s B ACE TR KHEE E
SRR -

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 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

| WRF Domain2 FIP Icing All: 11/08/12 21Z (Forecast Run 11/

> -
P
' . MIGOL
o

L] L] ] Ll L] 1 ] 1 1 1
115E 116E 117E 113E 113E 120E 1Z1E 12Z2E 123E 124E

0 '
NOME LGT MOD

{Indsx)
of the 3-D data.

2.9.3a TE/KFHBE N K E

Fig. 2.9.3a Icing Severity All-levels and Cross Section
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AT K S (FIP) BB » CIP B FIP 4 P RS = 4 K% R
5 AOKI(SLD) (2 B E) - 18 2.9.3b K2 2.9.3c i =4 BKieR T EA
IR » 1A 2.9.3d 2 2.9.3¢ MR =4 SLD EifIARNIME -

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.

MIGOL

=m
n! W

2.9.3b BRUKiSR K HEE
Fig. 2.9.3b Icing Probability and Cross Section




Meteorological Products Manual 55 Gridded Weather Products

st Run 114

]
11EE

2.9.3c FRUKEEFR BN B e
Fig. 2.9.3c Icing Probability All-Levels and Cross Section




Meteorological Products Manual 56 Gridded Weather Products

A [gler]

& 2.9.3d #&K SLD %
Fig. 2.9.3d Icing SLD
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]
120E

2.9.3e &K SLD 5B8hE
Fig. 2.9.3e Icing SLD All-Levels
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3 FFBRRRES Symbolic Weather Products
PR R i (Symbolic Weather Products) BB IER S it « A7 (A% BE I
BRHIFSEEEE ML R R RE M E T E ML E _ERUR G EER -

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

FRGEHEDRE S =4EE 0 - RED RS HLLE - SKSEAILIEEE
T o

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

o

\U: B
PRy

7 *’

[]
Q@\-"-‘f—"

3.1a JMDS EHYZEHRER

Figure 3.1a shows Temperature Contours on the JMDS.

2 4S/KERE Freezing Level
GEUKETE BdE /K Es 4 2 IRAZE J ) —4E &) -
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Freezing Level is 2D data that shows the flight level where the freezing level occurs.
SIS ]

9

o T 1_&‘5

0
S
i
1l N

3.2 IMDS _FHI&EKEER

Figure 3.2a shows Freezing Level on the IMDS

3.3 JEEE Winds

JE\EZ(Winds) Ryt UAT2E Y 2 VR R E R - HDURREROR - R E i LAY
KRUNETE - PRIEHORER & 12 (i B sty M & aR - BB EEUE L - gpkd—%
7 I R\ R e ) 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.
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3.3a JMDS HyEE

Figure 3.3a shows Winds on the JMDS

3.4 HmEAIER B A E R (METARS)

3.41 METARs - Plot

Plot METARs DAJESE AR R E R/ [5 » PABREZRREER - BRBE Ll current metar
filtering #2551 » ELZEFR Y Configure->Filter Metars menu (B] 2278 JMDS F-it IS ZIEF
HEE) - BESERER L FEpit— SR E R e BRI &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 JMDS manual for more details). Plot
METARs will produce a pop-up with the full raw metar on mouseover.
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- j\—\/f} e
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3.4.1 IMDS _|HyHIErEHIEHE]
Figure 3.4.1a shows METARSs - Plots on the JMDS

3.4.2 METARSs - Labels

Label METARSs ZUR4H ([ 3.4.2a i Ml [EFF5EFTAFRAT METAR &) - Label
METARS W15z I RFEATIHRF A U » L HLAPTE R HEE R R A AT &, o

Label METARSs show more details. (Figure 3.4.2a 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.

6 oor
ird kn
BR ~——— wrind gust (kno)
|dewpoint(deg [} }—-. 24 RCLY -%—| swtion (optional) |
v5000m c100

*

| wind barb (knoss) |
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3.4.2a M EUAE R R
Fig. 3.4.2a ‘Label’ METAR Data Symbols

SR FRIFAY (weather type)” S AT F AR & K RO 4655 (e.9., rain, snow,
fog). -

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

& 3.4.2b JMDS _EAY METARS - Labels

Figure 3.4.2b shows METARs - Labels on the JMDS

3.5 EFEBHEATIAEZIERE (Storm Tracks and TIA Tracks)

B U R B TR MR L E - WA RN BRI o BB
CWB &2 - TIA BFRIEHLEAH TIA S - diEis e 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
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uses the TIA Radar. Storm Tracks and TIA Tracks are described in more detail in section
2.1 of this document..

3.5a JIMDS EHYESREHER

Figure 3.5a shows Storm Tracks on the JMDS
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3.5b IMDS Ry TIA B FEHEE

Figure 3.5b shows TIA Tracks on the JMDS

3.6 All WAFS (for printing)
All WAFS EFrA T =02 WAFS &t B e - dlEE5 REeE 3.9 -

All WAFS is a black and white render of all of the types of WAFS data. See section 3.9
below for more details.
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FL -- TO 500

FL - TO 500

o

1 >A
o {;
)
JAKURA-JIMA

v
Lt

;) KO uGRE

=l
“FL .-TO 520
Ensi»

cB

FL--TO 520

3.6¢c JMDS Ay All WAFS(for printing)2E 5

Figure 3.6¢c shows All WAFS (for printing) on the JMDS
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3.7 (EZ2/EEEfEERRER(AIRMET/SIGMET)

IR IEENEE KRR ERKEHTZE S » IE ZERE AIRMET —(EhZE LT HY
fabg > —ELIRRAY Rz R S o T —{E SIGMET 2 —{E B AU AT A et
Ay - EEHAE AR S ARENES LA e A n G BRI L YRR
Bl o BERSRIAAT

RZEEE RKAENAIRMET)

RZEEERRE NS IEAR BB RS A RS b - AT RE e BRI 2 YRR T
it - AIRMETs B3R Ta e — BRI N Z AR - Baf EaLR ~ RS
A RIS E (> 30KT) 2 - AIRMET AR EEE fy 4 /N -
AIRMETSs ‘2 H2Z10A1 22 ARG 0 ST AR ELTE R R e B i BiCH BT 73 22 S R 22 7R
FtRfTEE AT Z FEOHT -

AIRMET information: AIRmen'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.

BEGE RREEN(SIGMET) :

HEGERRENCE WA RIS Z 2 A REEN - BaimflEl - i
FULLHERZ ~ SREUREIK ~ KUK ~ BV RUIE R BB P SF - SIGMET 3 5[] Ry A i 4
/NEF > AR E IR AIEHY SIGMET RIFrT DUER Ry 6 /N ©

SIGMET information: SlGnificant METeorological Information is a weather advisory
that contains meteorological information concerning the safety of all aircraft. SIGMETSs
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.

&7 AIRMET f1 SIGMET (U R R LEEWT ¢
The types of weather phenomena covered by a AIRMET and SIGMET are listed below.
HERERREN AIRMET

o HhA]JEZE Surface wind speed
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HrTEIRE LSS Surface visibility

&Rk Thunderstorm

7KZ5 Hail

=& Cloud

f&FR 2 Cumulonimbus clouds
FESIRFEEE Towering cumulus clouds
1 B Moderate turbulence

rh & /K Moderate icing
LIPRIERHAR % Mountain Obscuration
th L1457 Moderate mountain wave
KA IIEERBH Unknown weather type

BEE G ERAEN SIGMET

ZEFSAJE Tropical cyclone
i Thunderstorm
K7 Hail
Jig4z Squall line
sRFELR Severe turbulence
niFIfE K Severe icing
ﬁ%ﬂlm i Severe Mountain wave
VDIEESE Sand/Dust storms
KK Volcanic Ash
#7512 Radioactive cloud
KAIUBEAHH Unknown weather type

[ 3.7a BURA[EHY SIGMET F5tAFRA FHVEEE KRR R ERE -

Figure 3.7a shows the data symbols that representing different AIRMET/SIGMET

criteria.



Meteorological Products Manual 68 Gridded Weather Products

Rt
Tropical cyclone - TC

AR RETERR

TC forecast

HERERRER
TC outlook

Thunderstorms

RE
Hail

AR
Squall line

H L

Moderate turbulence

SEFIEL

Severa turbulence

R

Moderate icing

SETIRRk

Severe icing

SR

Volcanic ash - VA

K UTRTRER

WA forecast

KILIRF R EE
WA outloolk

ErERE
Limited visibility

(LA A B P R

Mountain obscuration

EEEE
Cloud

(LI

Mountain wave

VIS

Sand/Dust storm

>

LK

IIEEEEIII ﬂﬁ

S|

’? FaIAET
Lnkno wnweathert\_,.fpe

3.7a EERRE BN
Fig. 3.7a SIGMET Data Symbols
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3.7b Z[E 3.7d FTE RIS — BB E KR AL an B HE &R -

Figures 3.7b to 3.7d show examples of the SIGMET product for various view regions.

] ] ] ] ] ] ] [ ]
20E 100E 120 140E 1E0E 120E e 140 120W

30 35 40 45 50
(dBZ)

3.7b BERREREFHEFES

Fig. 3.7b Sample SIGMETSs - World view
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1 ] ]
100E 110E 120E

& 3.7c BEERREAESETHEEES
Fig. 3.7c Sample SIGMETs — Wide view
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3.7d BERR AOAWS Hi[H-1 B E # ]
Fig. 3.7d Sample SIGMETs — AOAWS Domain 1 view

3.8 FRpEER & (Aircraft Reports)

IMDS H B =fErs =02 et 2 (ACARs, AIREPs 52 AMDARS) < ACARS (Aircraft
Communication Addressing and Reporting System) f S5 5 » 7% i85 B sl Eai 2 AR
TR B [ BRSO R e i B 2 BHUEL © AIREPs By etk H Bh#i s - AMDAR (Aircraft
Meteorological Data Relay) Fy {t 5L R 540 4k (WMO) S ERVETES » Al e P AR S
BERAGLER] -



Meteorological Products Manual 72 Gridded Weather Products

/B ES 2 ACARSs Il AMDARS IR FEEDRARHE N - 78BS 2 AIREPs IRpREBURIR 4R
Three types of aircraft reports are available for display on JIMDS. 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 AMDARs will produce decoded
details upon mouseover. AIREPs give the raw text of the AIREP on mouseover.

3.8a JMDS FAJ ACARs &ift

Figure 3.8a shows ACARs on the JMDS
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ASTV
& 3.8b JMDS F#] AIREPs &3,

Figure 3.8b shows AIREPs on the IMDS
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11/07

AMDAR,
flight#: CHMFFYM
Issue Tirme: 2012-11-07 09:25:02
Flight Fhase: LWF.
Lat: 28 32
Lom: 115.35
Pres Al 24600.00
Ternp: -26.30
Wind Speed: 55.00
Wind Dir: 283.00
Deww Point: -3933.00
RH: -3233.00
Turb: MOME
“ertical Gust: 0.00
AMDAR,
flight#: CHFFYM
Issue Time: 2015-11-07 03:28:02
Flight Fhase: L'WVR
Lat: 22.33
Lon: 115.35
Pres Al 24600.00
Ternp: -26.50
Wind Speed: 55.00
wind Dir: 230,00
Dew Point: -3393.00
RH: -3333.00
Turb: MORME
“ertical Gust: 0.00 -

] 7 3 11 13 5 7 9 1 23 27 213

3.8c JMDS iy AMDARs &&fl

Figure 3.8c shows AMDARs on the JMDS

3.9 KImtEHTHIE (TAFs)

it vEER (Terminal Aerodrome Forecast © TAFS) Ff&is b 2K S i H N 2
TR - RRBSEEE S © "Al(EEEIR)” ~ “Clouds(3)” ~ “Tempo Clouds(F#H]
FYE)” ~ “WX(RE)” ~ “Tempo Wx(FEIHEIRE)”  “Wind(E) A" Gusts(Hifz)” -
EeR 77555275 IMDS F-iit

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 forecast are
‘Clouds’, ‘Tempo Clouds’, “Wx’, ‘Tempo Wx’, ‘Wind’, and ‘Gusts’. See the JMDS
manual for instruction on how to display TAFs.
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3.9.1 ZEFTEHEIRVZE(Clouds & Tempo Clouds)

&l 3.10.1a 2 TAF HYEEER - FEBEHVEREREMEZL ] 7 F 0% » 25% -
50% ~ 75%%k, 100% - EH O RITEUARY H S5 e fE B AE LS AT R E Z TRATTECA -

RSB TRFTEAE (o A T R PTEE MY R = (P R BRE RS (A )P I
M - B RS E S Al I mm&@%ﬁéﬂﬁmMLﬂmMﬁﬁ

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.

FRATUIESH EEE) EERSEMEE AE REFIREE
Flight Category Color Ceiling Threshold (IR ft) Visibility Threshold (23 EE km)
SgEs)
VER 1500 5
Seagreen
B
MVEFR 500 1.6
Blue
e
IFR 0 0
orange

3.10.1a &7 #f]
Fig. 3.10.1a Sample view of Clouds
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392 E(Wind)

B OEAR 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 J&E Z Fifl
Fig. 3.10.2a Sample view of Wind

3.9.3 [ (Gusts)
LEEARIEE - BEAE 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.

R

3.10.3a fEiJE 2 #Eafl
Fig. 3.10.3a Sample view of Gusts
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3.94 KRMTEHIHIKRA(Wx and Tempo Wx)

£ TAF s R Z KRR T &

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 WHx String Color
[Vv FU Red
,\1 VA Red
3 HZ White
S DU White

SA White

S BLSA White

BLDU White

% PO White
S BR Yellow

- — MIFG White

E:? SQ White

: +FC White

SS White
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DRSA White
DS White
DRDU White
% +SS White
+DS White
N BLSN White
DRSN White
BCFG Yellow
PRFG White
FG Yellow
E FZFG Yellow
. -DZ Cyan
’ DZ Cyan
34
J, +DZ Cyan
¥
6 -FZzDz White
) FzDz White
+FZDZ White
-RA Blue
L T}
- RA Blue
L
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. +RA Blue
L N
[ ]
U -FZRA White
@ FZRA White
+FZRA White
3 -SN White
5 SN White
-+
* +SN White
-+ 4
&+
e SG White
. IC White
& PL White
. -SHRA White
. SHRA White
ﬁ +SHRA White
X -SHSN White
Y
¥ SHSN White
v +SHSN White
@ -SHGS White
% SHGS White
+SHGS White
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A -SHGR White
V
A SHGR White
v +SHGR White
_|-Z TSSN White
fa TSGR White
| <l TSGS White
.|L§, +TSSN White
% +TSGS White
+TSGR White
] UNKNOWN White

395 ZIREERAID

EEEETOANT > RAE - PR KRAIERYEE B g BRI

When “All’ is 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 & BN FH
Fig. 3.10.5a Sample view of All
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30 35 40 45 50
{dEZ)

3.10.5b IMDS £ &#E~Z &l
Fig. 3.10.5b Sample JMDS view of All

3.10 WAFS EZ R R EEN (WAFS SIGWX)
WAFS SIGWX 3¢ E1 -t USSR TEH o1,y (WAFCs) Y —ERIN S R R B R
PR - S

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

® IEfT (jet streams)
® EL7 (turbulence)
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ZE (clouds)

KL (volcanoes)

EETSANE (tropical cyclones)
5 (radiation events)

KL~ BAE SRTE S BES SE1F IMDS 247 Hh[E] 7738 volcanoes 4l -

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

PN i EE E B AR A [E] WAFS SIGWX IE HBVE BT 55t
The images below show the data symbols that represent different WAFS SIGWX items.

R R IR T S A B B R R AR & =AIP A 508
I, F—{E 43R 10 g, MR 5 .
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.

3.9¢ W it Bl #E A

Fig. 3.9c Sample view of Jet streams

AL ¢ AR R AR TS EE (B H2RIR). R M TS ARt E i
HUR. Ixt%, g EURATA I IR EA
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.
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HEf 3.9 BLE B

Fig. 3.9d Sample view of turbulence

)|

£ RSN IR TS AR (E B ME (BN H5EIR) R hnE e

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

A7 maxFL 480

O

e, .minFL 100
“-IS0L/EMBD. CE

-"—"—l'-.ni._,i_ M l_..'a.l"""-"'-r

"'i

3.9a EEHEH

Fig. 3.9a Sample view of clouds

B RE ¢ AR R R e A
Tropical Cyclones: the label indicates the tropical cyclone name.
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[ 3.9b JRA Srie i 1)

Fig. 3.9b Sample view of tropical cyclone

KU BEEER DK LAY AT
Volcanoes: the label indicates the volcano name.

&l 3.9e K ILIEHEH]

Fig. 3.9e Sample view of volcano

RES  AIRA RN R BT

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

Bl 3.9f FEs EEE A
Fig. 3.9f Sample view of Radiation
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[ 3.90 TR IS LT R SLAY B 2 -

Figure 3.9g is an example of a display showing several of these symbols.

3.99 BUR WAFS BEE KR KR B i
Fig. 3.9g Image Showing Several WAFS SIGWX Objects
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