- ! . n .
"6k O e
s i
& . 5.
™ L I e
H-fi ¥

A

Xiang FANG
National Satellite Meteorological Center,
China Meteorological Administration

(NSMC/CMA)




outline

O FY-4 products using in Typhoon monitoring

O The Operational Methods in TC Analysis (DEVORAK
Technique)

O FY Satellite data use in Asian summer monsoon monitoring

and analysis

O Tropical cyclone analysis using microwave satellite imagery




1. FY-4A products using in Typhoon monitoring

Cloud type
Cloud phase
Cloud pressure/height/temperature
Atmospheric motion vector
Convective initiation
Tropopause folding (water vapor image )

Temperature profile

Water vapor profile
Instability index (K/SI/TT/CAPE)

Lightning detection

Lightning Jump Identification




Relationship between Cloud products and Tropical cyclone

The optical and microphysical cloud products from FY-4 is released every 1 hour, while
those of the previous Chinese meteorological satellite is daily.
To which extent that we could benefit from the more frequent observation on
nowcasting is unknown. To this end, the relationship between more frequent cloud

products and tropical cyclone should be explored _
Cloud Optical Depth Cloud Effective Radius
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After the landing of Typhoon "mangkhut”, the height of the cloud top was significantly reduced,
and the intensity of typhoon weakened.




FY-4 Convective Initiation(Cl) and Mature Convection detection

1.Convective targets
Identification

2.Multi Targets Trace

3.Cloud Top Cooling
Rate

Method

Detect rapid cloud top cooling
rate use 10.8uym Th. Box-averaged
method (Sieglaff et al., 2010)

Use muti-channel tests. Multi-
channel tests with reference of
MBO06 (Mecikalski and Bedka,
2006) and GOES-R CI ATBD:

v BTD=6.2u-10.8p
BTD=6.2y-7.1
BTD=8.5u-10.8
BTD= (8.5-10.841)-(10.8p-12.0p)
BTD=12.0p-10.8p
BTD=13.5p-10.8p

Cl from FY-4A regional observation mode (~5min)

The detection of convective initiation (label CI)
on 24 Sep 2017




FY-4A AMV products from AGRI

Satellite wind are derived from three successive images




Nuri 23,08,2008 satellite wind Hagupit 24,09,2008

Windward convergence at the upper level, There is obvious wind direction divergence at
causing the airflow to sink ,which is not the upper level, which is conducive to the
conducive to the maintenance of the TC development or maintenance of the TC
intensity.

intensity




divergence streamline

FYZE ir3 and AMV divergence 2 rize o> ana AMV stream 20140711_0530(UTC)
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The upper —layer wind and divergence of Typhoon “Maria”

FY—2 ir3 and 50—399hPa divergence 20180709_2330(UTC)
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FY=2 mid—upper level wind 20180/11_0300(UIC)

FY—=2 ir3 and 50-399hPa divergence 20180711_0300(UTC)
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Mesoscale wind field of typhoon center
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Water vapor image and Tropopause folding detection

Radiation contribute by the Radiation contributed
surface by the atmosphere

net radiation Radiation Radiation 4 Radiation
to the satellite emitted by absorbed by || emitted by the

in WV channel the surface water vapor water vapor

crossover effect

- -60

= =50

i when water vapor exist at mid level,
< the total radiation to satellite in

WYV channel is the smallest, and is
e the whitest part shown in the
image

Pressure (hPa)

= O

~ +10

L L i L AR
-16 -10 -5 0 +5 +10 +15
6.7 um Radiance (units of Planck function) Brightness temperature (°C)




Water vapor image is an important tool for forecasters to analyzing TCs, as
it reflects the relationship between the changes of dry and wet region and
the motions of trough and ridge.

The subtropical high and the westerly trough are the main factors affect
the TCs motion. Because their interactions and changes can |nd|cate the
change of steering flow.

Dark area can in the water vapor image ¢
atmosphere.

Dark area over the ocean mostly is the s
land is westerly trough.

The dark area shape and its changes car®
subtropical high, and further indicate th

changes of the dry and wet regions in the "
uncover the characteristics of the motio » o~

It can not detect the 80% water vapor ap~ ,'w
important to the rainfall. But the WV mf
change of gray level in WV images shows.«

N

at mid troposphere which is important tgiy




Examplel: To the north west and make landfalli

Features: The subtropical high gets darker and darker; forms a sharp horn at
the Westside and further stretches to the west. At the same time, TC is on its
southwest.

S 1 - mg&oeﬁaﬁﬂmﬁ
S - 20065087511 HOGH




Example2: To the north west , make landfall and
turn to other direction

Features: The subtropical high stretches to the west like a obtuse angle horn.
At the same time, TCis on its southwest.
N 071328

S8 - 200704
S H 6. 2007E0S




Example3: To the north west, and turn to other
direction when near the shore

Features: The location of the subtropical high is more on the east. The
boundary of the subtropical high is obscure and less dark. The boundary of the
mainland is clearer. At the same time, TC is on its southwest.

L=IFY2CIR3200805101200




In order to show the usefull information on WV images. We developed the product of

dark area

FY2E ir3 20140724_oooo(urc%

old air

FY2E ir3 20140724_2330(urc)/

gub-trdﬁical high

Sug-tropical high

90E 110E

245 248 251 254 257

90E 110E 120E 130 140E
R &=

245 248 251 254 257 260 283 286 289

Cold air and sub-tropical high are all important to heavy rainfall, tropical cyclone and

other weather system in summer.




The dark area in

images show the subttopical
high extends northwar
clearly.
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FY-4A Water vapor image animation of Typhoon “Maria”
14:00 9/7 - 14:00 10/7

SN (=R : 2018-07-10 02:15:00

o o v _» ¥ i
A=MS AR i 9: 6.25 &micro;m SERS S
_—

——




;
VI
=
| -
@)
s
(Vs
©
2
o
o
| -
_I
(T
o
c
i)
o+
©
£
c
©
Q
(o]4)
M
£
| -
@)
o
©
>
| -
Q
)
=
<
N
Y
L




High-level flow field animation from FY-4 AMV
11:30 11/08 — 13:30 12/08

110F N 140E

The dark area on the east side of “Yagi” developed into a clear inner boundary, and the inner boundary of the water vapor
rapidly moved westward. The high-altitude cold vortex on the south side of the inner boundary is conducive to the
development of the low-value system on the southeast side.




FY-4 Tropopause folding detection

Inputs: a) FY-4 Channel 9 (6.25um) brightness temperature;

b) NWP model data: temperature (T), pressure (P), potential
temperature(8) , wind (U,V)

. Upper level averaged moisture retrieval

!

. Gradient calculation and segmentation

!

. Optimization and adjustments

!

. Tropopause folding depth determination

|

5. Dangerous flight direction calculation *x;,,_,,,"

FY-4 Tropopause folding detection flow 2017-06-19 04UTC-10UTC

A helpful information for turbulence detecting




FY-4 Quantitative Precipitation(FQPE)

* FY-4A Quantitative Precipitation Product (FQPP) combines VIS/IR
and passive microwave

Y4A AGRI
UTC 20170815000000

QPE from FY-4A global observation mode (~15min)




FY-4 Quantitative Precipitation(FQPE)

* FY-4A Quantitative Precipitation Product (FQPP) combines VIS/IR
and passive microwave

Quantitative Rainfal __ A
FY4A AGRT 4
UTC 201711020030

-ﬁﬂt Al P KTH>-80 units:mm

QPE from FY-4A regional observation mode (~5min)




Lightning Event detected from FY-4A LMI

07:17

LMI lightning events about 3 hours, is displayed
over the LMI background image in June 5, 2017.
Red color indicates lightning events. The brightest
storm system is located in the south of the Yangtze
River.
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20170408 19:51:00 - 20170408 20:03:59 (BJT)
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The hourly variation characteristics of lightning observed
. by satellite and ground-based site

X 10

Number of cloud-to-ground lightning return

stroke observed by ground-based sites
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The beginning time of lightning observed by satellite is about one hour earlier than ground-

based site.
» The satellite could observe cloud-to-cloud flash and cloud-to-ground flash, but the ground-based

site could only observe cloud-to-ground flash.
» The cloud-to-ground flashes always occur later than the cloud-to-cloud flashes.
The time of lightning activity peak is also earlier than that of ground-based site.
» It fully illustrated that the proportion of cloud-to-ground flash in total flash changed over time and

enlarged along with the precipitation.



The application of Lightning Mapping Imager in Weather Services

Advantages:

=The LMI could observe mainland flashes and ocean flashes (which the
coverage of radar didn’t include)

= The LMI could observe total flashes Cinclude intra-cloud flash and cloud-to-
ground flash)

The Lightning jump and severe weather forecasting

The assimilation of LMI data using Nudging Method (using WRF model)
Improve the forecasting of Typhoon intensity

improve the precipitation estimation

The lighting activity (climate change. atmospheric chemistry)

Contour Plot of MTSAT IR3 TBB Contour Plot of MTSAT IR3 TBB & Lighting
08 11t 08 11th 16:00 2005




Lightning distributiong in Typhoon “NESAT”
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1 hr Accumulated Precipitation20170812_100000 1 hr Accumulated Precipitation20170812_110000 1 hr Accumulated Precipitation20170812_120000 1 hr Accumulated Precipitation20170812_130000
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FY-4A L2+ products from GIIRS
Atmospheric Temperature and Moisture profile
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2017-08-02-0000UTC

With LMI+AGRI+GIIRS,
what can we see?
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Skew T-InP diagram over Fangshan, Beijing
during 00:00 UTC-12:00 UTC (08:00-20:00
LST) 02 Aug 2017

2017-08-02 06:00 UTC
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Convective Available Potential Energy
(CAPE) map during 00:00 UTC-12:00 UTC
(08:00-20:00 LST) 02 Aug 2017 (grey to white
areas represent cloud observed by FengYun-4
satellite; the asterisk denotes the location of
Fangshan of Beijing)
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Application of VERTICAL Sounder data in weather analysis

0B-12-2002 1200 UTC
Radar reflectivity [DBL]

= . B - - - et vass = e r
R L

06—12-2002, 1200 UTG
Lifted Index [*C]

Radar data | GIFTS/HES/IRS

Red: extremely unstable ,
VERTICAL Sounder can detect extremely unstable
areas 5-6hrs preceding Radar detection.




GIIRS & Products in Assimilation of NWP

GRAPES-
4DVAR
Assimilation

High Temporal
and Spatial Obs. |
From FY-4

Cloud
Detection

Quality
Control

Channel
Selection

Rarefaction
Processing

Cloud Products

Direct Assimilation
with Observed BTs
from GIIRS

IR AMV
WV AMV

GIIRS Obs. /

Other Obs.

GRAPES Product & GIIRS
Regional Assimilation in

4DVAR Regional NWP
Assimilation -




Jacobians of FY-4A GIIRS
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Total cloud cover 2017/12/15/01
NWP cloud forecasts: e

High temporal
Clear sky IR sounding

M ||| ||| |II1II I|| ||r'|| 1II ||I IIIIII |

BOTH:
Full disk clear sky sounding;
China regional nowcasting

Adaptive:
Target Area
Sensitive Area
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More clear sky IR observarions, .
Higher temporal resolution. _ -j
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Date:20180605015025-001(disk)
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GIIRS “Smart Oberving Mode” based on NWP cloud forecasts

R 115k, SERME: 035, WeE: 128, %\:gup KA B, =EFEME: 0.1, JAE: 34.975%
15 T T T T T

L -
20!I- qu 30 minutes

or

. f ’?‘*n 2 '

= '
)
fw«a'q., g

TCC average less 0.1

1 Il Il 1 Il
60 80 100 120 140
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TCC average less 0.2
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Starting 08007 (Beijing Time) 10 July 2018
GIIRS provides observations every 15 minutes

2018-07-10-0000




FY-4A GIIRS humidity sounding
(Every 15 minutes)

Date:20180710000310
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Impact of assimilating high temporal GIIRS observations on
analysis: Warm core is enhanced

Lat=24N
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Impact of GIIRS high temporal observations on
Typhoon Maria forecasts (72-h)
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Assimilation of GIIRS in GRAPES 4D-Var: Typhoon Ambil case

CH3,200hPa

O - B - Bias longwave (3)
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YIN Ruoying and HAN Wei,2018




Impact of GIIRS on AMPIL forecasts: improved sub-tropical high, AMPIL
intensity and path ... 2018072214

'W

| %780 —-——‘—__’/,,f—faf—,——;—::
45N__’—’_‘_—____________5aoo
5840

40N

Black contour: AN 5 Red contour: GIIRS
without GIIRS data ~ 7 data are assimilated

25N 4
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15N \ s height 72-h forecasts.
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AMPIL's Maximum wind speed and path forecasts




Impact of assimilating high temporal GIIRS observations on
AMPIL analysis: Position is more closer to reality

Typhoon center position:20.6N, 131.7E

300 hPa

color:
GRAPES_4DVAR+GIIRS

Contour: 117E 120E 123E 126E 120E 132E 135E 138E 141E 144E

GRAPES_4DVAR T T —
-2.5 -2 -1.5 -1 -05 05 | 1.5 2 25 3

Vertical distribution of temperature departure at 11 Z on 19 July 2018 (20.6N)
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Impact of assimilating high temporal GIIRS observations on AMPIL forecasts
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2. The Operational Methods in TC Analysis
Dvorak Technique

* The primary method of TC
monitoring for more than
30 years

* Itis still used in many TC
operational center. Dvorak
technique has been more
than a critical analysis and
forecasting tool.

Vernon Dvorak in late 1970s




Basics of Dvorak Technique

* Rely on 2 kinematic & 2 thermodynamic properties
* Vorticity (kinematic): organization of clouds

* Vertical wind shear (kinematic): degree of distortion
of the vorticity

e Convection (thermodynamic): for cloud pattern
recognition & scene type assighnment

e Core temperature (thermodynamic): indicates
strength of the TC's inner core




Four Basic Patterns

1. Curved Band (VIS and IR)

In the early stage of TC, one or more cloud
bands and several spiral clouds were rotated to
a common center. When the curved cloud belt
rotates half circle, the tropical cyclone reaches
the tropical storm intensity; when the curved
cloud belt rotates 3/4 circle, a strong tropical
storm is reached; when the curved cloud belt
rotates closed, the typhoon intensity is reached.
The parameters of the curved cloud band are
described by Banding feature(BF). The value of
BF depends on the number of turns around the
center of the cloud band and the width of the
cloud band.

2. Shear

When the TC moves to the strong high-altitude
wind shear zone, the high convective cloud
system of TC is biased to the leeward side.



3. Central Dense Overcast, CDO, (VIS)

On the visible or infrared cloud image, a
dense cloud area appears at the center of
curved band or around the eye area. This is
the central dense cloud area. Its size and
boundary determine the value of the Central
Feature number. The larger the CDO, the
clearer the boundary and the larger the CF.

4. Eye or Banding Eye(VIS and IR)

The typhoon eye is a parameter that reflects
the intensity of Typhoon. The characteristics
are represented by the shape and size of the
eye, and the characteristics of the
surrounding cloud system.




Basic structure of

The horizontal
distribution of tropical
cyclones is divided into
three parts: (1) the
center is a dark cloud-
free eye area; (2) the
continuous dense cloud
area around the eye area;
(3) the spiral cloud belt
around the dense cloud
area.

tropical cyclone
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TC Patterns in Primary and development stage--- Curved Band
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The curved band type is a common cloud type in the development stage of tropical cyclones,
and consists of one or more comma-like convective clouds and high-level broken clouds .




TC Patterns in Primary and development stage--- Shear
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At the primary stage of the TC, the deep convection near the center has not been fully
established, and the high and low air flows are inconsistent around the direction,
causing the airflow to shear in the vertical direction.




TC Patterns in Primary and development stage---CDO
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In the development stage, some tropical cyclones have the characteristics of CDO. The
curved center of the curved cloud belt is completely covered by the convective cloud.




TC Patterns in mature stage---Banding eye
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Most tropical cyclones exhibit eye-shaped characteristics at the maturity stage, and
the shape of the eye area is an important indicator of the intensity of TC.
At the beginning of the mature stage, the curved band type shows a band-shaped

eye area surrounded by clouds. At this time, the TC has reached the typhoon stage.
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TC Patterns in mature stage---Irregular eye

S&r-ﬂl%”"'}ﬁ'ﬂ@fﬁ

; 2008&9523E||0 20(1t?ﬂ1|ﬂ)"‘

e :_i:_
7% HES &S
S36%."  (Kammu S ERIDES KD

31475, # % %, a6 — <2 4867 (Hagupit)

Irregular big eye Irregular small eye

The shape and size of the eye reflect the intensity of the tropical cyclone, ie the
air pressure and wind speed near the center of the TC.




TC Patterns in mature stage---Regular and smooth eye
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Severe typhoon with smooth big eye Super typhoon with smooth small eye

The smoothness and size of the eye also reflect the intensity of tropical
cyclones.




TC Patterns in weaken stage--- Central packing
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For the eye-type TC, the filling of the eye area and the irregular expansion of
the eye shape are important signs of the weakening TC intensity.




TC Patterns in weaken stage--- CDO

During the weaken stage, the spiral cloud belt
of some TC weakened, and a circular cold
cloud cluster appeared in the center and

gradually expanded

T



TC Patterns in weaken stage--- Shear

During the weaken stage, some
tropical cyclones exhibit damaging
effects of wind shear, and high-level
convective clouds deviate to the
leeward side of the lower center.
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Dvorak (1984)

10 Steps:
1. Locate

1

Dvorak Technique P

rocedure

‘'VIS' ANALYSIS

START

Locate cloud
system center.

Locate the cloud system center at the
focal point of the curved cloud lines or
bands. For initial development (T1), see
Step 1A.

v

Analyzé using pattemn
below when possible;
then go to Step 3.

When your storm pattern does not fit the
description of any of Steps A thru D, do
Steps 3, 4, 5, and 6; then return to
Step 2 if indicated.

DIAGRAM

Vernon F. Dvorak (April 19%4)

1.

2.

Eye Adjustment Rules:

Poorly defined or ragged eyes:
Subtract % for E <4.5 and 1 for

E >S.

Large : Limit T-no. to T6 for
round, well-defined eyes, and to
TS for large ragged eyes.

For MET >6, .5 or 1 may be added
to DT for well defined eye in
smooth CDO when DT < MET.

Banding Feature Additions:
6:1/11@& G\ @
@";" . 3

+0.5

center
2. Select
pattern and *°
assign Data-
T Number /

“Curved Bard" Pattern
Use spiral arc distance
along 10° log spiral.

| |
. DT 1.5:.5 0T2.5 073

Embedded
Distance

Has 24-hr old | ¥
"Eye" Pattern T-no > T2? —Ei Average
= Band
HWidth

Banding Eyes
1 'Ifl’l‘ 1

ES

HO

Step 2A or 4

Eye Adjustment?
E-no. + Eye Adj =
CF

Edge Hell-Defined

YE,
Diameter
Size

Irregular

"CDO" Pattern

{Center indicated
under +@.)

Is *Coo"
23/4° in
diameter?

1
’2‘1’1‘ 1 3,‘. ]l/‘n 3!‘. ,Isi :‘k.
1T 1717 1 1

CFS CF4 CF3 CFZ CF3 CF2
| 1| 1 ] |

) 4

Banding Feature
(BF)?
CF + BF = OT




Dvorak Technique Procedure

Dvorak (1984) 10 Steps: 3.
3. Central Cold
Cover (CCC; if

applicable)
4. Analyze 24-h
trend D
5. Assign Model
Expected T-Number 6.
(MET)
6. Assign Pattern T-
Number (PT)
7. Use DT, MET,
and PT to get Final 7
T-Number (FT) '
8. Apply FT
constraints

4.

9. Determine Current Intensity (CI)

“Central Cold {Dense) Cover"
Pattern

Rules:
hold same.

v

Determine pasl 24-<hour trend. Is

Development , Weakening, or Sama

indicated in a change of:

{a) center or aye characteris-
tics, or

(k) center's involvement with
dense overcast.

v

?Ete;mine Model Expected T-no.
MET).

v

Determine pattern T-no, Select
pattern in dizgram that best
ratches your storem picture within
one column of the MET. Adjust
HET .5 whan indicated.

When past T-no. <13, maintain model trend For 12 hours; then
When past T-na. »T35 hold T-no. same.
then go to Step 9.

Use as final Te-mp.;

£l

1 e

. 2
55 ;

--"~" CURVED BAND TYPE

—

o

=
s
Tl

|

When clowd comma is extremely small E“-’?";ﬂlél].

subtract 1 from pattern number.

T-no. Determination:

1. Use data T-no. from Step 2
when cloud features are clear-
cut.

. Use Pattern T-ro. when DT is
not clear and adjustzeat to
MET is made.

. For all other cases, use the
MET.

b 3,

Final T=number Constraints:

1. Initial classification must
be Tl or T1.5.
2. During First 48 hours of
development, T-no. <annot be
lowered at night.
24 hrs after initial Tl.
etorm's T-no. must be <T2.5.
4. Final T-no, Timits: <T4:
change of 1/2 over & hrs.
»T4: change of 1 over & hrs,
T.5 over 12 hrs, 2 over
1& hrs, and 2.5 over 24 hrs

ules:

1, Use CI = final T-no. except
when final T-no. shows change
to weakening trend, ar when
redevelopment is indicated.

For initial weakaning, hold
C1 same far 12 hours, then
role Gl % or ¥ nigrer than
T-np-a35 storm wedkens .

L. Final Teno. must = MET &1,

Z4-Hr Forecast:

Extrapolate
past trend
unless ane of
the five rules
in the
tnstructions
applies.

8.

9.

10.

10. Forecast 24-h Intensity




Key Analysis Steps

| Estimate

intensity

Cloud system
measurements

Curved Band

Model Expected T No.
24-hour change

Pattern

Shear

Eye

Covered Centre

recognition
Pattern adjusted T No.

| Choose best

estimate

A 4

Apply
constraint

A

Final
intensity

Final T No.




Step 1 - Locate the Cloud System Center

* Locate the overall pattern center
* Look for small scale features

 Compare center location with
forecast

* Compare center with previous
pattern center

* Make final location adjustments

* Looking for lowest possible center in
terms of altitude (Surface center if
possible)




Spiral Banding Curvature Fixes

* Draw Streamlines on the P e —pm————
Image. Curved Banding Pattern « ,

e Place each streamline so x
the curve lies as close as |
possible to the low level
cloud lines (LLCLS) and
convective bands.

* Follow the streamlines
to the center.




Spiral Banding Curvature Fixes

* Draw Streamlines on the [ Spiral Bandin@®attern -
Ima ge. ' Curved Banding Pattern +/,

e Place each streamline so
the curve lies as close as
possible to the low level
cloud lines (LLCLS) and

convective bands.

* Follow the streamlines
to the center.




Expected CSC Positions for
Curved Band Patterns

there are only one curved cloud band, and the axis is along the middle of the band.
So we draws a line between the head of the comma and the most concave position
of it(the tip of the wedge ). The middle point of this line is the center of TC




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head

Dry Slot -




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head




Cloud Minimum Wedge

* The center will be
halfway along a line
drawn from the tip of
the wedge straight
across the comma head




Curved Band Examples




Shear Pattern Chigher cloud is separated from low-
level circulation )

This type of cloud includes several curve cloud lines, generally,
they form the center of curvature, which lie out of the dense
overcast or nearby, as shown by the arrow .




* Figure b is the sketch map of figure A, the broken lines are
the axis of the brighten cloud bands,

* There are three bands, two wide bands and one thin band.
the dot lines are the extend of the axis. The TC center lies
in the area that the lines encircled.




Shear Example

For shear

patterns, a
good first
guess for the
CSC location is
the up-shear
side of the
strongest
convection




Eye Pattern Examples
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Eve Fixes Visual (VIS)

1. Dark cloud free spot

2. Shadowy spot for
cloud filled eye




Eye Fixes Infrared (IR)

* IR Warm spot
* Use warmest spot.

e Eye boundary (eye wall)
defined by the tightest
temperature gradient




CDO Center Examples

* VIS only

* Look for low level cloud lines
to extrapolate underneath
convection

* Look for overshooting cloud
tops - bias Low Level
Circulation Centre (LLCC)
toward tallest cloud tops!




Embedded Center Examples

* Look for a warm spot

* Look toward the edge
with the tightest
temperature gradient

* Don’t forget continuity
with past positions




CDO / Embedded Center Examples (VIS / EIR)
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There are two examples that using high-level cloud to determine the
center of TC. In figure A, we can see that there is a convective cloud top
in CDO, the center is in this area. In figure b, there is a warmer hole in the
CDO. When these features appear near the center, the center will be
located in these features and nearby area. As the arrow point.




Comparing the position between located and forecasted

After we get a center position, we should compare it with the forecasted
position according to the historic path. In this example, the first position located in A,
but the forecasted position is in B, So we must check the position again and get the
correctional position.




The factors affecting the accuracy of center
location

* Degree of storm cloud organization
* Image grid placement

 Satellite type and resolution

* Satellite viewing angle

* Subjective in the interpretation of cloud pattern
organization




Step 2 - Analysis of the TC intensity

Correspondence between typhoon cloud type and intensity index__

Banding Eye
hear
e shoar —] Banine
Iq——u Curved band m’l
1 2

3 4

- \ -
Development oé\OZQOQ SC®
stages S RO eB”
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Dvorak Output

Cl 1-minute MSW MSLP MSLP

Number (kt) (mph) (km/hr) (m/s) (ATL/EPAC) (NW Pacific)
1.0 25 29 46 13
1.5 25 29 46 13
2.0 30 35 S6 15
2.5 35 40 65 18
3.0 45 52 83 23

1009 mb

100S mb
1000 mb

1000 mb

997 mb
991 mb

3.5
4.0
4.5
5.0
3.5
6.0
6.5
7.0
7.5
8.0

S5
65
77
90
102
115
127
140
155
170

63

7S

89

104
117
132
146
161
178
196

102
120
143
167
189
213
235
239
287
315

28
33
40
46
32
39
65
72
80
87

994 mb
987 mb
979 mb
970 mb
960 mb
948 mb
935 mb
921 mb
906 mb
890 mb

984 mb
976 mb
966 mb
954 mb
941 mb
927 mb
914 mb
898 mb
879 mb
858 mb

Note: Other warning centers and basins use different pressures and wind averaging periods




Determination of typhoon intensity based on cloud image

F Central Feature

—p LOW level center is outside the dense

overcast 0.5
The relationship

Eye? — No —— between dense —=p LOw level center is at the edge of dense

overcast and low overcast 1.0
1 lever center

-—=p | ow level center is in the dense

Yes overcast 1.5

——p |rregular eye 2.0

No clear 3.0

— SMall round eye

Clear 4.0

F Central dense cloud area size

Central dense cloud area size ==p-(average distance from east to west+ average distance from
south to north)/2




Determination of typhoon intensity based on cloud image

¥ Banding feature

Spiral cloud belt? ———p NO =———p ()

!

Yes
= Semi-circle 0.5

Is there a central strong o Ng==p Type Of  —pl=——p One circle 1.0
convectioncloud belt? outer belt

== Two circle 2.0

Yes=—=p Central strong convection cloud belt 3.0

Typhoon total strength index(Cl)= Central Feature + Central dense cloud area size + Banding feature




Dvorak Analysis of TC Intensity

e Strengths

Consistent, relatively simple approach to a difficult task

Time proven, the primary technique for more than 30 years
Valid for all geographic regions

Patterns based on cloud response to vorticity

Better validation and confidence for the more intense storms

e Weaknesses

Some aspects are too subjective

“spin down” times are too uniform

poor intensity estimates of very small storms “midgets™ at night

Does not account for subtropical or extratropical transition

Does not compensate for large translation speeds (left to the forecaster)

Training and experience are very important because of the subjective nature of the method.




Limits of Dvorak technique

Dvorak technique is a measurement of cloud shape
rather than a direct observation of TC wind field,
atmospheric pressure or other meteorological elements.

Methods based on subjective analysis and .
Interpretation, it is easy to produce analytical
errors.

Restricted by the spatial resolution of satellite
cloud images, the error of Dvorak technique in
estimating some small—-scale tropical cyclones will
Increase.

Dvorak technique is mainly used for regular tropical
cyclones in the ocean. The accuracy of Dvorak
technique will be significantly reduced after landfall.

For fast moving tropical cyclones (speed >15 nautical
mlles) the Dvorak technology bias is expected to
Increase.




Objective Technique Development Timeline

2001 - 2004
Advanced Objective
Late 1980s — 1990°s Dvorak Technique
Digital Dvorak (DD) (A0DT)

technique (Zehr, 1989) (Olander et al., 2002)

1990 1995 T 2000 2005

1980s 1995 - 2001 2004 - present
Dvorak objective EIR Objective Dvorak Advanced Dvorak
fechnique outlined Technique (ODT) Technique (ADT)

(Dvorak, 1984) (Velden ef al., 1998) (Olander and

Velden , 2007)




Objective Dvorak Technique Development

O DD — Digital Dvorak
(Zehr, 1989)

v Attempt to use EIR Dvorak Technique to estimate
typhoon intensity subjectively.

O ODT — Dvorak Objective Technique
(1995 - 2001, Velden et al., 1998)

v Attempt to automate EIR Dvorak Technique
v Only for strong and greater intensities

v" Manual storm center

O AODT — Advanced Objective Dvorak

Technique (2001 - 2004, Olander et al.,
2002) )

v Developed a method to automate the positioning of
typoon




ADT — advanced Dvorak technique
F | OWC h a rt : FY4A Satellite BT measurements at

longwave-infrared channel
v

Forecast available?
v

v
(2004 - present, Olander <N>
and Velden, 2007)

Temporal interpolation/extrapolation to Get the position from history file
determine position at satellite data time ¥

v
Get the 5-degree box centered at the position | |

Analyses over 5-degree box

v’ Totally automate e ———
determine the ty p hoon | 5-degree spiral analysis torg;t maximum spiral position |

center and intensity. | . |

Eye ring analysis based on BT gradient to get the maximum position

v" Developed the method of | Final position |
. . L ¥
intensity estimation. | Read TOPO 1o |

. . v
v The accuracy of intensity Over land?

estimation is better than v

subjective Dvorak <1>
technique.

| Perform Cloud Scene Analysis
v

| Perform Eye Scene Analysis
v

| Intensity estimation

v

v

Write history file
v

Output TC analysis




ADT — advanced Dvorak technique
The typhoon positioning method:

 Step 1: The interpolation of TC center from short-term forecast is
used as the first guess.

* Step 2: Matching a digital image of brightness temperatures with a
spiral pattern is accomplished by calculating the cross product
between the image gradient and a spiral shaped unit vector field.

The formula for the spiral vector field is as follows:
ax; X y; - AYiFX;

$:(0,0) =

(@, 0) are (longitude, latitude) in the spiral score field;
S is the log-5 spiral vector field;
a is the inclination of the spiral vector field in radians;

+ means “+” in the Northern Hemisphere and “-“ in the Southern
Hemisphere, and + means the opposite.

X,y are the unit vectors for north and east, respectively;

x;,y; are offset distances in the X, y directions, respectively, where x; is
normalized to be approximately equal in spacing to y;




ADT — advanced Dvorak technique
The typhoon positioning method:

* The spiral centering is performed by application of a two-step
process :
* 1) Alarge-domain, coarse spiral score (CSS) function:

CS5(,0) = cssN™" )" |IVlog(ly) X 5,(8,0)]l — co
lEdisk
e 2) Calculatethe fine spiral score (FSS) using the following formula:

FSS = cecN-1 Z 0.62|V1og(l;) X S;(®,0)| —cy where |Vlog(l;) X $;(0,6)] >0
= ¢ss s —|V1og(I;) X §;(0,0)| — cq where|V log(l;) x $;(®,0)| < 0
1 LS
* isthe number of points in the sample disk;
* jindicates a single point inside the same disk;

* |isthe brightness temperature image;




ADT — advanced Dvorak technique
The typhoon positioning method:

o,

&x‘ {x H‘\;:" =
i ‘.“‘ *‘;‘\\ -

120 125 130

Figure of vector field of spiral and brightness Figure of the scoring field of the spiral and
temperature brightness temperature;
“+” is the highest value of the scoring field,
which is estimated typhoon center point.




ADT — advanced Dvorak technique
The typhoon positioning method:

March 27 ~ March 31

Case Test:

Typhoon Jelawat
International number: 1803
The 3rd named storm of the

Pacific typhoon season in

2018.




ADT — advanced Dvorak technique
The typhoon positioning method:

Step 3: Eye ring analysis (black circle) : which best matches
temperature gradients of the eyewall feature in the tropical
cyclone.




ADT — advanced Dvorak technique
The typhoon positioning method:

Interpolated Official

<. S-degree
Forecast Position _

Log Spiral

Four-panel image
showing various
steps, and resultant
analysis for each — e —
step, n Ring An%;g;;:;;;iﬁaﬂ
the automated — mer—
storm centering - ”

routine.

Final Position

200 2E0 &4l 268 SE0 300 328 200 220 240 £60 2&0 a00 F
Brighirrass lamparatuea, ¥ Brghtnate tamparaturs, K




ADT — advanced Dvorak technique

The typhoon intensity estimation:

« 1) Scene type determination is fulfilled by a “scene core”

determination scheme.

* The cloud type is divided into four basic categories curved band, shear, central

dense overcast (CDO), and eye, with a fifth sub-pattern called a banded eye

« 2) TC Intensity Calculation

* The algorithm intensity estimates are derived in terms of Tropical Number (T#)

and Current Intensity (CI#).

* Eye and Cloud scene types use regression based algorithm to calculate intensity..

e Curved band and Shear scene types uses non-regression intensity estimates. .




ADT — advanced Dvorak technique

The typhoon intensity estimation:

¥ % € <@
curved band \") !

FOUR PRIMARY PATTERNS , g N ’E\M
AND TYPICAL T-NO.'S :

\‘— CURVED BAND —»\
| +— SHEAR —»|

| «—— CDO —|

4
o«

BANDING EYE ——
]

PRE-
STORM —*|~TD | ¢—TS —»|¢—— HURRICANE ——»




ADT — advanced Dvorak technique

ADT Scene type determination flowchart

Perfarm Scene Analysis

DNetermine Exe and Cloud
Region Temperatuces

Perform FET Analysis on
Fye and Cloud Regions

Calculate Convective Symmetry and
Exe Region Std Deviation Yalnes

Derive Exve and Cloud Region *Scene Scores™
(hazed on various environmental analysis parameters)

Determine Scene Type

4; From Scene Scoves ¢
Cloud Scenes Eye Scenes
! v v ¥

Shear Curved Band ChO Eye
Caleulate Distance || Perform 10° Log || Measure CDO Size Determine Eye Size
to C'onvection Spiral Analysis || Embedded Center Check
Pinhole Eye Check




ADT — advanced Dvorak technique

The typhoon intensity estimation:

Convective cloud temperature: -54 C~-64 C

TC intensit timati fE dCDO't
intensity estimation ot tye an YPe Blue and dark blue of the picture

FY4A AGRI BT12 (C) 20180330 08:00 UTC enhanc Strong depends on:
: - Difference of eye temperature and temperature of the

surrounding cloud (A Temp)

Convection symmetry

scale of Eye and cloud

Auxiliary values for other observations, calculations, or inversions

T#,ye = 1.10 — 0.07 X Temppuq + 0.011 X ATemp — 0.015 X Symyua
T#c0ua = 2.6 — 0.02 X Tempioua + 0.002 X Dego — 0.03 X SYMeioua

Where T#,,,. and T#,,q are calculated intensity for eye and
cloud scene, respectively; Temp_, . is the average temperature
(°C) for cloud region; ATemp is temperature difference between
eye region maximum temperature and Tempdoud; Symdoud is the

symmetry (°C) of cloud region temperature; D, is diameter (km)

_ . _ of cloud region

-80 -70 -60 -50 -40 -30 -20 -10 0 10 20




ADT — advanced Dvorak technique

The typhoon intensity estimation:

T oug - Cloud Region Temperalure

Average cloud
tap temperatura
{degrees C)
within 80km-wide
annulus centered
on ADT-derived
final TC storm
center location

Sym. ... - Cloud Region Symmelry

Compute temperature
difference between
the average
temperatureas of
opposing 15-degree
wide sectars,

AT = .I.-mﬁ. 7 TmB
Symmetry value is
average of all
difference values
over entire 30km wide

annulus.

: Eye - Cloud Region Temperatures

Difference
between Eye
Region maximum
temperature and
Cloud Region
average
temperature.

Eve region is from
0 - 24km from
storm center
pasition.

CDO Diameter

Size of Cloud Region
Central Dense
Overcast is average
of four diameter
measurements
centered on derived
storm center
paosition.




ADT — advanced Dvorak technique

The typhoon intensity estimation:
Example of typhoon of ‘eye’ type

ADT
Best Track

1: 2018/07/03 00:0(

2: 2018/07/04 18:0(

3: 2018/07/06 18:0(

4: 2018/07/09 00:0(

5: 2018/07/10 00:0(
6: 2018/07/10 18:0(
7: 2018/07/11 12:0(




ADT — advanced Dvorak technique

The typhoon intensity estimation:
Example of typhoon of CDO type

SON-TINH

1: 2018/07/16 00:0(
2: 2018/07/17 00:0(
3: 2018/07/17 12:0(
4: 2018/07/18 06:0(

ADT
Best Track




ADT — advanced Dvorak technique
ADT- Intensity estimation

Intensity estimation of shear

The distance between the first guess and the leading edge of the main convective cloud zone
is closely related to the typhoon intensity. The farther the distance, the weaker the typhoon
strength.

>=140 km, T#=1.5

140-110 km, T#=2.0
110-80 km, T#=2.25
80-50 km, T#=2.75
50-35 km, T#=3.25

<=35km, T#=3.5 (maximum value)

Intensity estimation of curved band

This method uses a 10° log spiral to measure the amount of convection and determines the
amount of curvature.

Step 1: Calculate the number of spiral segments in the -54 to -64 degree.

Step 2: The number of spiral segments from -64 degrees to -70 degrees is calculated.

Step 3: Calculate the number of spiral segments from -70 degrees to -76 degrees.

Step 4: Calculate the percentage of segments in the step 2 and 3 to in the -64 to -76 degrees.
Step 5: Calculate the intensity from the percentage.




ADT — advanced Dvorak technique

The typhoon intensity estimation:
Example of typhoon of Curved Band type

AMPIL

5: 2018/07/25 00:0(
6: 2018/07/25 12:0(

ADT
Best Track




ADT — advanced Dvorak technique

ADT intensity estimation flowchart:
ADT Flowchart - Intensity Estimation

Calenlate Tntensity Estimates

Derive Raw T Value
(ased on analysis of cuorent image)
- Repzession Analysis for CREV Ty e Seenes
- Convective Curvidure for Carved Banrd
- Distanee to Comvection foy Shear

History File Utilized?
Yes

Apply Dyvorak Technique *Rule 8" Constraints
{to limil growth/decay of Raw T& over time)
Adj Baw T#

Caleulate Time Averaged Final 19 Values
a-fre Welghted Average and 3-Rr Average

Determine Current Intensity CI? Yalue
- Apply Dvorak Techindogree “Rele 97 Weakerning Rule
- Imiplesest Est Pacific Rapid Dissipaiion Rile

Output Intensity

Compute MSLP Latitude Bias Adjustment Fsthiate Values




3.FY Satellite data use in Asian summer monsoon

monitoring and analysis

East Asian

monsoon region
‘#‘LT:'; Q
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Asian summer monsoon S = e
onset firstly over south
Indo-China Peninsula

and south-east of BOB South China .Sea (5CS)
in climate in late April Bay of Bangle (ROR) | monsoon region

then spread westward monsoon region
nnd cacetward



Climate precipitation over the region of ( 110° -120° E)

45N

40N 7

Sl

SON A

25N 7

20N 7

LR

0.5
10N Unit: mm/d

M
JAN FEB MAR APR MAY JUN JUL AUG SEF OCT NOV DEC
The SCS summer monsoon onset in May in climate. After that, the heavy

rainfall spreads northward rapidly and has effect on south China. So there are

close relationship between SCS summer monsoon and weather in China.



The importance of satellite data in monsoon monitoring

In tropical and sub-tropical ocean where the Asian summer
monsoon happens the conventional meteorological observation

data is few. The Asian summer monsoon monitoring is limited.

The Asian summer monsoon onset is accompanied with
convective system and reverse of wind direction which can be
detected by meteorological satellite images and some derived

products.




After SCS summer monsoon onset the cloud system of a monsoon

depression over South China Sea.



The monsoon is mainly due to the thermal difference
between land and sea caused by the seasonal variation of
solar radiation. Monsoon activity monitoring index is
mainly in the following categories:

Circulation index: the index is derived from upper and
low troposphere wind.

Temperature and humidity index : the index is
derived from OLR(Outgoing longwave radiation

). TBB(temperature of Blackbody brightness )

O(potential temprature). temperature or precipitation.

Comprehensive index: using two or more

parameters to define the monsoon index.



Operational SCS summer monsoon index in National Climate Center
(NCC), China Meteorological Administration (CMA) .

Comprehensive index: low level zonal wind and potential temperature

U850>0 and #>340K (10-20N;110-120E)

Potential pseudo—equivalent temperature—340 k ( K)

.
/\/'h\ A
+

onset

é T é T T L 1T é T ! 5 T é 1 ' L 1 é
MAY JUN JUL
2014

Variation of Zonal wind and Potential pééddb—-éqﬁivdlent— -te-mperoture over monitoring region

Climate Diagnostics and Prediction Division/NCC/CMA

The SCS summer monsoon onset in the 2nd pentad of June,2014.




pentad average wind vector at 850hPa(m/s), Oct, 2013
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Before the SCS summer monsoon onset, there are easterlies at the

lower troposphere over the SCS.




The 2nd pentad average Water vapor transport at 850hPa(g/s-cm-hPa),

——lune, 2014
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After the SCS summer monsoon onset, there are westerlies and strong

water vapor transport at the lower troposphere over the SCS.



Operational Asian summer monsoon index in climate prediction
center/National Oceanic and Atmospheric Administration (NOAA),
USA.

Webster-yang Asian summer monsoon index: (u850-u200hPa)

Daily Webster—Yang Monsaon Index, OCT 07, 2014

u850-u200hPa>0 onset
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The summer monsoon index is calculated though the re-analysis data
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satellite data in SCS summer
monsoon monitoring

 AMV (atmosphere movement vector, water

vapor channel)

« BB: Temperature of Blackbody Brightness
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Before summer After summer
monsooh onset monsooh onset

ol /oy < 0 oT /0y >0

T: average temperature in froposphere

According to the thermal wind relationship

Lower levels: easterlies | |Lower levels: westerlies
upper levels: westerlies | |upper levels: easterlies

The AMVs in ir3 channel can show the reverse of zonal

wind direction at during the summer monsoon onset, so it

can be used in summer monsoon monitoring.




SatelllteIS image before the SCS Satellite VIS image after the SCS
summer monsoon onset (20110104 summer monsoon onset (20110610
0530(utc)) 0530(utc))

FY2E IR3 AMV 2011-01-04 05:30(UTC) FYZ2E 1IR3 AMV 2011-06-10 05: EO(UTC
30N 5 mﬂFﬁ* ] 30N T = =

NV N

27N 27N 1

s 7]

A

PG et o
TN s 5 24N A
P ad A
N s el S

21N ‘jj,//vv e i s . 21N A
A o e [

FEr

]
Aol
i ke ki 1
TN CTATRNR TSNS

i e

]
Y

o o o e - et
Vo o s v e~ A e of M | 18N 4

d d Lo o o o S S BTN s
//-/»/ [V EN N N BURCa PRy bitd

N -
At
4

JJ‘{JJ v o] 15N T
1 [ e
N Jd Lo o
Yy dd s 4 12N
ARXIY!
PV Yy

A

S AL
Lo A 0,

g E e L e
Nk Sk

9N

ERARAAGLY Ba el

AR WY o

E “ﬁ“‘;‘h \\\’\. B Y a0 6N ey o P
Baaddisng )1 \.W\\ R EEE R Boana A

[PEvny Iyt ENRR ]

-—HT“\,&“\\}“\, \\,) kﬁ 3N 1 s tal

s A o A
e {g/

e
E : : i : £Q : ‘ . pacbes ascacs il -
%UE 85€ 90E 95 mUE 1056 110F 115 120 125€ 130F 85 9O0FE 95 100E 105 110E 1158 120E 1258 130F

150-399hPa 400-88%9hPa 700-950 150-399hPa 400-899hPa 700—-950hPa

Satellite IR3 AMV before the Satellite IR3 AMV after the
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(20110104 0530(utc)) (20110610 0530(utc))




Before summer
monsoon onset

FY2E IR3 AMV 2011-01-04 05:30(UTC)

After summer
mohsooh onset

FY2E IR3 AMYV 2011-06—10 05:30(
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During the SCS summer monsoon onset, the regional average zonal

wind changes from west to east. This characteristic can be used in

SCS summer monsoon monitoring.




TBB can be used in convection monitoring during the

SCS summer monsoon onset.

Summer monsoon onset index




During the SCS summer monsoon onset the daily average TBB in 2013
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The SCS summer monsoon area using

satellite data monitoring
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The method of the SCS summer monsoon monitoring using
satellite derived data AMV and TBB.

lon=120°" lat=20° lev=150hPa

AMV: SCSsm_index=—( > >, D, AMVu)/m SCS monsoon index

lon=110° lat=5" lev=399hPa

m — the grid number in the region of (10 °-20 ° N, 110 °-120 ° E)
form 150 to 399hPa of the AMV data.

lon=120° lat=20°

TBB:  SCScon_index = ( Z Z TBB)/k sCS monsoon convection index

lon=110° lat=5°

k — the grid number in the region of (10 °-20°N, 110 °-120 °E)
of the TBB data.




The compare of summer monsoon index
use AMV and low level wind (u-850).
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The comparison of summer monsoon index using AMV and

850hPa wind




Shall the TBB be used as another SCS monsoon onset index?
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TBB(black) and zonal wind(red)

The SCS Summer Monsoon

monitoring in 2016

In 2016, the SCS summer monsoon

onset date is the 5th pentad, May.
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The SCS Summer Monsoon

TBB(black) and zonal wind(red)

monitoring in 2018
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the regional averaged upper level AMV
derived form IR3 channel can be used in
monsoon onset monitoring.

* The regional averaged TBB can be used in

monitoring the convection activity and

break of f during then SCS summer

monsoon season.







