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Table 1. Summary of QPF of Global Models for 28 Jun 2011 (TUE)
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Base Time |
Model Product
| 2212 Z I 23/00 Z | 2312 Z |
. Showers
Ensemble Automatic Forecast (Moderate) N/A
. Showers
Automatic Forecast (Moderate) N/A
East grid 6 mm N/A
W Table 1. Summary of QPF of Global Models for 29 Jun 2011 (WED)
Au Boe Ti
ECMWF — Model Product | ase “Tme |
@ 22112 L 23/00 Z 23/12 Z
@ . Showers Showers
NCED |@ Ensemble Automatic Forecast (Moderate) N/A T edes)
Automatic Forecast N/A _
MA g YA tem
Westgod YA [ tem
Automatic Forecast N/A _
ECMWF NW orid 22 mm 20 mm
st Table 1. Summary of QPF of Global Models for 30 Jun 2011 (THU)
NCEP Gr
— Base Time
Model Product
2212Z | 23/00 Z | 2312 Z
Ensemble Automatic Forecast N/A (Er?r:’;::c)
Automatic Forecast N/A (ISVRSZS:E)
East grid N/A 7 mm
Wt gid T —
ke W o e BT
o e T
NCEP Grid Point (22 N.114 E) N/A N/A N/A




HKO Atmospheric Integrated Rapid cycle (AIR) forecast model
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Automatic weather stations (HK and Guangdong) ™
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D Two NHM domains in AIR Forecast Model System
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MSLF (hPa)
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QPF from Meso-NHM (10 k)

Meso-NHM Forecast Time Series at Hong Kong Observatory

Farecast Time: 2011 06 26 20 HKT to 2011 06 29 20 HKT
(Base Time: 2011 06 26 12 UTC)
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Blended Rainfall <Forecast

RAPIDS-1

B trial operation since May|eges

2005

- 7" m 4 .
S O r We ’ g e ‘ ' ,eo ns Current time (HKT): 11:30:15 AM
Latest Product (HKT): 2009-06-03 11:12H
Mext run (11:18 H) to be available at: 11:36H

of SWIRLS
& NWP QPF

B phase correction

+ intensity calibration on

NWP QPF
B 6-min updating
RAPIDS-2

B SWIRLS-2 & 2-km NHM
B o launch in 2011

[7) RAPIDS - Reinstorm Amlys...

C M ¥ hip:f3web0lapids

Kong OsservaToRY

RAPIDS

System (Version 2.0; Aprit 2009)

or type date above
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Products (Click bullet inside)
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Useful Links »

Selected base time:  Product

200903051230 RAPIDS QPF

Rainstorm Analysis and Prediction Integrated Data-processing 2009_03 _05 1 53 0 H

RAPIDS T+3h 1-hour accumulated rainfall

RAPIDS base time = 20090305 0430 UTC Max rainfall = 57.468 mm
NHM base time = 20030305 0300 UTC

L1TE30%

Rainfall (mm)
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6-h QPF for HK (Issued at 18H 28 Jun 2011) - 90
M swIRLS-2 [l RAPIDS RABIDS-MNHM M Meso-NHM [l ECMwF [l IMA Elend cFo [ Obs
50 -
o, Oz Actual
£
£
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“TE 30 1
-
o
= 19
t ZD H
= 15
o)
T
(Ta] =
10 - i
D_ - = x X F X X X X XX P X X X |
29Jun00H 29JunO6H 29 Jun12H 29 Jun 18H 30 Jun OOH
(16 UTC) Forecast End Time Total
5-day mean/max (6 hourly rainfall,L1991-2010)
5-Day Mean 2.5 2.6 4.6 3.6 2.2
5-Day Max 48.8 34.7 56.2 67.2 48.8
29 Jun 00H 29 Jun 06H 29 Jun 12H 29 Jun 18H 30 Jun 00OH
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Typhoon

Nowcasting Suppore

SWIRLS Panel

B radar-based = motion field, rainfall maps, rainstorm
alerts and related severe weather

B workstation in CFO (see live demo)
Rainstorm Viewer

B raingauge + SWIRLS = probability of rainstorm
conditioned on current rainfall distribution

B web page on Wx. Info. portal (see live demo)

RAPIDS

B SWIRLS + NHM = blended QPF, rainstorm alerts,
probability of precip

B web page on Wx. Info. + SPIDASS

Committee Roving Seminar 201



Nowcasting < Lools

(cont’d)

SPIDASS

B SWIRLS Panel for Integrated Display of Alerts of
Severe Storms = one-page summary + r/f maps

B web page on Wx. Info.
B see next section and live demo

Tephi Viewer

B interactive tephigram, latest and time series of
instability indices, multi-inputs

SWIRLS-2 Portal for CFO

B one-stop shop for all existing nowcasting products

B 6-hr’'ly QPF, Interactive Tephi, Lightning Prob., R/G
data QC, co-Kriging QPE, etc.

n Commiteee Roving Seminar 2011 Topic B(2)
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Rainstormralerts

) SPIDASS - SWIRLS Panel for Integrated Display of Alerts on Severe Storms - Mozilla Firefox 3.5 Beta 4

BEE REE RO FRe IEE IAD HAG@ (aCtuaI_I_fOreCaSt)
G- ¢ % @B 6 (0| rmebiipdi Wi.l.hin 60 min

| [ SPIDASS - SWIRLS Panel for In- 3 | ) RAPIDS - Reinsiorm nalysis Inwegrater || |

Swires Paneitor Integrated Dlisplay of Mlerts on Severe Storms | v Promuer tosmein

Ra I nsfo rm - M on Smﬂs_sz CFO SWIRLS (TREC) Actual + FIC
SWIRLS-2 Aciual + FIC

re I q ‘l'e d q I e r‘i's E Reaktime alert status auto-updated at - 01:30 AM 20090604 m\:;::cim RAPIDS Rainsiom in 1 h

. Archives (offine) NHM Rainsiormin 1 h
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- auterupdated
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~20km FIC [yan <60km FiC
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Rainsion: & RL2 EIEEEIGY A AGIEIA A BGINN NN - - - - - - - - - - - - - - - Rainsiormin 1 h SWIRLS2
Aiual {accm 1 ) I Acual (acom 1 k) SWIRLS-2 GPE
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ransominh RaPiDs oy orF) [NENENEN 1 (BN (0 @ONEREIN - - - - - - - - - - - - - - - - - oo S ER A VO ERARIS sy GEF)
2ainsormin 6h - RAPIDS (3 howiy OPF) [ENEIIEEED 3 3 3 BERRECE - - - - - - - - - - - - -§- - - - -= _ - __ - - - Raingiormin 6 h  RAPIDS (3 housy GPF)

Severe weather

MENNNN- - - - - e | Pop(oreen)  RaPIDS QirarcrR)
[eoPmben)] [RAFDs Oewcrn) NIRIRIRIRNABEANINA NNNNNN - - - - - - - < -« =« - o - oo oo 1 ]
alerts -' . e —
associated with e e S | LN
I i e J
thunderstorms T T T T T ——— guick referencelon
. NNNN - ..

Gebete L ool il possiblerstatius e
—— triggering criteria

S -l- h ¥iio following aferfs apply fo the Hong Kong domain only. Click on the status icons above to see the affected locafions )

evere Weq er 2= 20 mm i 1 hour or 40 mm in 3 hours IHulIyru'lHZZOmm‘c—hg?_Tq our Hr’.m..,mainmm l&wwes\pds;.le‘g,gd:'m
' J

map available

llllwﬁuiimhed{ml,ie. C13 skes less than 10 6 min)

A rainfall = 30 mm in 1 hour or 60 mm in 3 howss lﬂﬂuﬂyrﬁﬂzmm‘aﬁgdﬁwhﬂ' Lmrlﬁlled I&mmﬂshed(wm) Lijiilgiiimhedswulyll,.c.(E‘Qika;bwmwmImilSrrﬁ)

ra'ﬂdzfﬁmm'n"nlw%miﬁm Ierﬁﬂzﬂm‘aﬁngﬂm Inﬂimdlm(zdﬂ%)dswmmil Jhours &mwmmm) {3 Lightning iniaton feat {seventy I, i.e. CB sinkes m- 2 than 100 n 6 mmn)

.
on I l oUSe CI Ick ra'ﬂdz?ﬂmmhlhuwﬂ@mmiﬁ"nls IHuﬂyrﬁﬂzmm‘aﬁngﬂm lem(zm%]dmmh;m HHilled(mya'm) Thldaﬁxmhed(lduﬁviyzﬂdﬂa
wherei= 1,23, 458 wherej=1,3, 6 |
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Prob. of RED (%) No. of raingauges (Past 1hr rainfall »= 50 mm) Lead time(min)  Prob. of BLACK (%) MNo. of raingauges {Past 1hr rainfall >= 70 mm) Lead time{min)

100 |] 200 9 200

ab 2' ' | | ‘ 150 o . 150

0 e 1 100

ED""‘;;*‘,‘ ‘Tﬁ- "* J] 6l lll'-l-lll,‘ 51]
b ‘ B Tt 1 s+« + ; 1 1t

L | : I

il 150

T 200

0510 0520 0530 0540 OF

Actual

. Urban Area

0
I]Ei1l] 0620 0630 0640 0650 0700 0710
F/C + Actual

rainstorm| probability

estimoted according|to
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actualframiall distrilbulion

SRS

T == B B e» s e s e
0510 0520 I]53I] I]5--1I] 0550 I]ﬁl]l] 1

. m M & = "
0630 0640 0650 0700 0710
F/C + Actual

rainstorm| probability

estimatediforthe nex i
hourrusing SWIRLSI@QPE
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OO

OO O OO

SASIEASRS ISR ARSIV RSV AS RIS AU USRS ARSI A A RIS ISR

1998-2008 : 20 mm
X X 1998-2008 : 30 mm [
1998-2008 : 40 mm

1998-2008 : 50 mm
1998-2008 : 70 mm
1998-2009 : 20 mm
O 1998-2009 : 30 mm
1998-2009 : 40 mm
1998-2009 : 50 mm =
1998-2009 : 70 mm

1998-2010:20 mm
——1998-2010 : 30 mm
1998-2010 : 40 mm
1998-2010 : 50 mm

1998-2010 : 70 mm

Probability of Rainstorm Warning Conditioned on 60-min Rainfall Distribution

BB B BB B B BB BB B B BB B e B B B e BBt B S B B B B S BB B BB B B e B BB e BB B S B B B B S BB e B BB B B BB BEEER
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PoP by < Lime-lagged Cnsemble

2009-03-05 1430 H [ JE—
BAPIDS T+1h 1-hour accumulated rainfall

2009-03-05 1424 H et
ARPIDS T+1h. 1-hour scsumulaed rainfal

2009-03-05 1418 H LSO

FAPIDS T+1h 1-hour accumulated raifall
9-03-05 1412 H LSO
IDS T+1h  1-hour accumulated rainfal

009-03-05 1400 H [ JE—
RAPIDS T+1h 1-hour accumulated raifall

|
2009-03-05 1354 H R
SRt TR v B -
S —
g 009-03 H
; , : AL eI
L7 . / B

2009-03-05 1330 H L 2009-03-05 1330 H p e—
RAPIDS 0-60 min Probability of Rainfall > 20mm ( GREEN ) 2APIDS 0-60 min Probability of Rainfall > 30mm ( AMBER )

Probability (%) Ag gregate
latest 10

RAPIDS QPF
according to
» | exponential
decreasing

» | weights

Probability (%

40
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Basic Principles in Radar-based Rainfall Nowcast 5

MEREWIEEREMWEEME =1 r\s\g\)

Time for microwave 1o travel from

. radar to rain area and back = t )
dynamic o’

radar-raingauge
A rainfall calibration

remote-
sensing

| o I“- . el S

) . [ \ ! .

o o ] .

Y e : s ‘,i }: FaRER

e e S LM sweather radar

.. L

L
]
0°® Se,
@ Hong Kong @Pservatory Currefft a'r‘le is 2003 0505 0848
°

storm
tracking

o o 0 Bafe o - . . f
0.0 0. .. L] ;
€ A;au BEE
Mut-proucts o* 3 Predicted
. MEBEBRER s, movement
K Rain cloud .
e i K ' ..

NT Fle ng! Disable Alay ° :

.

L]

movemeant

_y

. _y ~—
time integration ~ n -

o- ° ° * 4 -ﬁ ' N .
(Semi-Lagrangian advection) o TRl

Topic Bl2) Fast 6 minutes Row 21




& UNESCAP/WNO =)
‘ Typhoon Committee  wen  wirg ovr

Steps in Raingall Nowcast

Quantitative Precipitation Estimation

B Real-time dynamic calibration of radar reflectivity using
raingauge data

Storm Motion Field Estimation
B REC

B MOVA

Extrapolation in Time

B Non-linear extrapolation by Semi-Lagrangian
advection of reflectivity

Rainfall Accumulation
M Forecast 1, 2,... up to 6 hr accumulated rainfall
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Radar < Lracking Cxample

[0 squall line on 5 March 2009
B MOVA vectors vs TREC winds

[0 optical-tlow vs correlation-based tracking

dcaie - 20090305

: : S » i St _ ine 1348
z - -z wa-h Hen " . s -eyjef:,,p ’
1@-‘.& i ‘5 _:__‘-1 ;_;;é-'_-—:,, - e -f Calar Site : TMS
e W N i S et ot A Cumpl Altitude : 1 km
T SRR e Tenge - 128 km

e s rEC e e - 1.!"-' | —=
= *\ y’:} o = 'f_- { |

Rt o : pﬁ s 20 kmjhr
i LS A —
mﬁ-. - o :
= i ‘.‘ ﬁ'ﬁ;ﬁ f
G ,..?ﬁ..',i{t TN o _‘x“"w SR
ey e s S dBZ mrm/hr
:f;.% s P K 60 200.0
e g s = 585 150.0
'1? : _;‘;?f‘? 55 100.0
3
PN o 50 50.0
: 47 30,0
44 200
30 10.0
34 5.0

MOVA TREC s



“NOVA” QDF Exampte

squall line on 5 March 2009
B ]-hr MOVA & TREC QPFs vs acfual ralnfall distribution

Mar 5, 2009 1:48 PM
worecast One Hour

. N ';-'E”’,.w \E o
R A FLH
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Basic Principle

In rain, radar measures reflectivity, which is the sixth moment of drop size distribution:

7= T N(D)D%ID
0

While rain rate is given by:

R= cTN(D)V(D)D3dD
0

Thus, if we know the DSD with enough accuracy a relationship between
Z and R can be established.

Experience shows that a power law is a good approximation to this
relationship: Z=aR"

source: Prof. |. Zawadzki




Doppler Wx Radars

C-band.5chh
TDWR

i ]

Tai Lam Chung

=

=

\

[

UNESCAP/WMO
Typhoon Committee e

TR YN
¢ (5
@ @
S o
seNion WG oMM

bang, 40em

Tate's Caim

A&l

S

CAPPI from multi PPI
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TMS
Radar level (m) 950
Antenna diameter (m) 8.5
Beam width (deg) 0.8
Wavelength (cm) 10.6
Transmitter Klystron
Power (kW) 650
Sidelobe (dB) -31
Gain (dB) 442
Scanning strategy
Volume scan (min) 6

TCR
550
4.2
1.9
10.6

Magnetron
500
-23

39

0-34°in 12scans 0-34.7°in 12 scans

6

TDWR
59
7.6
0.55
5.3
Klystron
250
-27.7
50.1
0.6 - 6° volume/
sector scans

1




Oertical Coverage Pattern

TMS Radar

25 ~ =
Y S — 4 e A e
E s b b fo b
D
©
=)
-
=
B L T TP o T
5 _______________________________________________
3 km -/ D e e T T
0
0 50 100 150 200

Range (km)
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Kaingauge /Networ

. Hong Kong Automatic Rain Gauge Network

D31

J

—— EPC
- — D09 L"['KL D40 R34' 2 <.
B - - D3p AT e A Ty
- | N A2 AN '
i ' A @ p ot
| o S R29 SSH NOSA
\¢ : Raz N33 A
UL - 33 D20
L o LE¥ J~ A A BRI
. D42 "Rﬁ N4
S Wi R A A
g ADI0 o . @
nzs | ADOT 412 hio S.hfl)('l .\NM e R =
Ao Nao R27 A A N4L A )
A® R s RS NO9 A | Nad NTHS Ras
NO7 A > N3TA N4 Dr{?f: ibire N4 @ Tyw
- - o N =™ . o
- R21 [U"_ ~ Pty 4{ A N3 NIS[EAS ST %3
' @ nio O\ NP NI N{E g N2 A Nsu‘: o P .
KT Rah Ao TN AL T el i SO
- — r -~ L T
: o th cPH@N Al K06 K02 A® 'r‘i‘ : “’[ W 5
b d Nz~ W% NI | W A AKM K4 4 4 - 1'. .
P e K, A ‘KUG oLy LT N
~~"HKA =/ i ok B ‘Kus.lms « (Y
y @ : . HKD S\ A ke @ v
o e RI2€- PEN NHK “HORIY - r‘ ‘qxu'hlzu
5 e B .mzﬂ o A AY
SLW CANIT - 'qu‘ (= - .‘ |2 084 1107 I-#ﬂ- H'].SQK“?"\ ol o
- . 1 - [ |
RII  AN2I A - A“M.HI? m@ﬁ A AP S
D7 I Hoz®VEL Hos o ) - g &
T ° : Y U“l ~H21 scjgHz6
Ay B P
N & L ¢ ’ ; A“s ¥ @ HKO rain gauge (rainfall measurement only)
- A W NZI’:‘ Rln.‘__"‘--:"‘:_. & RI?_. ¥ A GEO rain gauge
' : CCH AN ; . _WGL ¥ @ HKO rain gauge (from multi-functional AWS;
e = 7~ ® ¥ ADSD rain gauge
v Ns1 A -

Total no. > 150, updated every 1 or 5 min, mean separation ~ 2.6 km
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1km radar reflectivity
Z: 00, 06, 12, .. Min

\\ ~,
N\ )
N\ A\ B\ t
| \ AN
N\ ¥ A
\\x\ Ry
,
,
)
S

140 rain gauges
R: 05, 10, 15, ... min

& UNESCAP/WNO @&)
Typhoon Committee  wmasmm  wig omm

é = Replectivity to Rainfall Rate

Marshall-Palmar
relation for converting
reflectivity to rainfall
rate

Z =aR"®

seek (a, b) to minimize:
140

> (dBG,—dBZ,)’
=1

where

dBG, =10 log R,

Typhoon Committee Roving Seminar 2011 Topic B(2)
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DOynamic RR-K Calibration

least square matching (Zawadzki 1987)

based on latest radar reflectivity and raingauge
data

linear regression to find a & b:

dBZ.=b10logR. +10loga :
—_— — L ~ y N ~ J

updated evety 5 min € 9

dBZ
&

11 13 17 19 21

rainfall accumulations estimated by integrating
the rainfall rates at different times

tends to underestimate

n Committee Roving Seminar 2011 Topic B(2)
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R-K Calibration Cxamples

Radar Reflectivity vs. Raingauge R/F (199809060500)

dBZ

dBG

dBZ

Radar Reflectivity vs. Raingauge R/F (9809060600)

10 15 20

05:00 HKT

‘Zl{pﬁaan Commiteee Roving Seminar 2011

dBG
06:00 HKT

32




Raingange-based QP

grid-point analysis by Barnes method

B interpolation with Gaussian weighting according
to distance between data & estimation point:

N
° Wi G; —h?
B(x,) = 2i- w; = exp( ‘)

0 2
e T
B plus correction using residuals

L is arbitrary

problems: @

B boundary
B over/undershoot w h
[0 eased by post-processing @ e
6 6)(¢)

as—
n Commiteee Roving Seminar 2011 Topic B(2)



Kadar-RKaingange Blending

& UNESCAP/WNO
Typhoon Committee

O
A
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O}:timal ,Analt[sis 6t{ co-/Criging

N, M,
co-Kriging estimate: K(x,) = Z A (x,)G, + Z A (X)R,
i=1 j=1
seek to minimize: o’ =E {[K(xo) — G(xo)]z}

Ny M,
subject to constraints: Z A(x,) =1 & Z A,(x)=0
i=1 j=1

Solution:

Ny M,
Zﬂ“i(xo)}/GG(xﬂ’xi)+Zﬂ’j(xo)}/GR(xnﬁxj)—i_ﬂG(xO) = yGG(xnax())a for n= 19”'7N()
i=1 =

N, M,
Zﬂi(xo)}/RG(xmaxi)+le(x0)7RR(xm9xj)+,uR(x0) =Yec(X,,%,), for m=1-- M,
i=1 j=1

Lyphoon Committee Roving Seminar 2011 Topic B(2) 35
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Solutions

Empirical Variograms & Cross-variogram:

1 B (h) 5
Voo (M) = —— G(x, +h)—G(x,)
o) = 5 [0+ -G )
3 j
Ve (h) = R(x, +h)—R(x,)
2P, (h) i5
1 B (h)
Vor(h) = 2P (h Z [G(xk +h)— G(xk)] [R(xk +h)— R(xk)]
() & .
Modeling Variogram: %25 [ E——
0 if h=0 g0
7(h) C0+C1(1—e"”“) if >0 577 y(h)
E ol T 2 | (km
where C, =nugget, C, =sill, a =range E’m Gyé:e (fgm) g,r(r)l,r;l) (13,6)
S 5| RR |27 [298 |13.6
GR |-19 [264 [144
. . : .
0 5 10 15 20 25 30

Lyphoon Committee Roving Seminar 2011
distance A (km)
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fhwlimtion éo Civid Analysis

rfmapGOm 200806070900.png |krigingRfmap60m_200806070900.png

LN //”’_/____,__,/ \ \ . Py /—\—
A ¢ o

L . ;/"" \—.’—\,\".

Co-Kriging Kriging
Barnes Radar QPE &

f'/,_

Typhoon Commiteed
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@)

Gridded @PEerrorsiinsmm)Ngaugersparsessiivationsid uring

verramsiormicasesinyZono

Date Mean error RMS error

(2010) Barnes  Kriging co-Kriging Barnes  Kriging  co-Kriging
22 Jul -1.02  -1.43 -0.95 9.54 9.06 8.86
28 Jul -1.37 -1.89 -1.90 10.30 9.55 7.29
5 Aug -0.94 -1.08 -1.01 6.55 6.06 6.43
10 Sep =IO L2 -0.31 8,77 2.5 7137
21 Sep -0.51 -0.90 -1.45 6.22 5.86 6.70
Mean -0.99 -1.34 -1.13 8.90 8.25 7.42




count

10000 ————— 71—

anoo -

000

7000 -

G000

5000 -

4000 -

3000 -

2000 -

1000

o

lication ¢o Raingauge Aocations

-3 =25 -20 -15 0 -10 -

remdum dB

10 15 20 25 30

& UNESCAP/WNO @
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REE@PESRESTAUGIS

O linear residual (departure):
D=G-K

O log residual:
£=10log(G/K)=10logG —10log K

O standardized residual:

E|G - K |/0' =|D |/0'

10000

anon | :
5000 :
7omo |l

gooa b

5000 -

count

4000 - .

3000 - :
2000 :

oo -

0 |
-30 25 =200 -1 -10 -5 5 1D 15 ED 25 an "
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/G Data QC cfxam;ale

~ Raingauge data QC - example of 60-
reported iy
60-min

min accumulation ending at 3:30 am
on 10 June 2010 near Lau Fou Shan
rainfall

" co=Kriging

problematic - estimate

R/G location

Typhoon Committee Roving Seminar 2011
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Searching radius:

Pixel matrix size:
Max resolvable:

Resolution:

n:.13,2:
oving Semindy 2011

& UNESCAR/WNO @ {2)
‘ Typhoon Committee it v o

é C (“Lracking o

0.5,1,1.5,2,... 5 km CAPPI

adar Echo by Correlation)

SRR ., 64, 128, 256 km range enrserm, .
"“ ..'~. ““‘ ...'0
o . . .
’0.‘ "0‘ .0.“ .’0.
. . . % o e
* Pixel matrix - # tpRECwector
’ A 7 :
""""" i et 7 H
- * : ’\ Search:i.ng radius
Lz Searc-‘hlng radius % :
. / : q: “‘ :.
" : : . :
% 1 o . S
*e 1 * e *
* 1 o . o
_____ ._.:'_'_.' R _i “""‘ 0.'~, "“‘
R T TS L ".'.. .““‘
T T-6 min

pixel matrix with
maximum correlation R

where Z, and Z, are the reflectivity at T+0 and T+6min respectively

5, 10, 20 km (64, 128 and 256 km CAPPI)
5,10, 20 km (64, 128 and 256 km CAPPI)
50, 100, 200 km/h (64, 128 and 256 km CAPPI)

S Z,(k)x Z(k) - ]IVZZAk)ZZz(k)
R = e e e
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Basic Program Flow of < LREC

consecutive
radar data
(CAPPI)

cross-correlation
{optrec.c)

QC of preliminary
TREC wind field
{(optrec.c)

A

3 times

Cressman
(cress. o)

r

TREC wind field

Typhoon Committee Roving Seminar 2011
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ULREC cfxam}ales

Asymmetric wind
distribution

(Stronger to the right,
weaker to the left)

3 km TREC wind of a heavy
rainstorm (>30mm/hr)
23 UTC 9 August 2002

SWlies with S |- =
embedded waves ARRREL IR

3 km TREC wind of Typhoon Maria
31 August 2000

Typhoon Committee Roving Seminar 2011 Topic B(2)
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Optical Flow

[0 [HS80] Horn, B.K.P. and B.G. Schunck (1980):
Determining optical flow. Al Memo 572, MIT

B “Optical flow is the distribution of apparent velocities of
movement of brightness patterns in an image ...”

[ Given I(x,y,t) the image brightness at point (x,y) at
time t, and the brightness is constant when pattern
moves:

dl(x,y,t)
dt

0
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Optical Flow (2)

[J Using chain rule for differentiation, then

ol ol 0OI
—+u—+v—=90
o0 ox 0oy
where
U= ax and v= i
dt dt

[0 N.B. u and v are retrieved assuming uniform flow
over a particular block of pixels in imagery

Typhoon Committee Roving Seminar 2011 Topic B(2) 46



Optical Flow (3)

OF can be formulated as minimization of
the following cost function to retrieve u(x,y)
and v(x,y):

J = H{—m 2 ‘ﬂ dxdy

In Lagrangian frame of reference, the
minimization can also be written as:

dl 2 . I )
J:”[E} dxdy:”[](r)—](r—vAt)] dxdy

Laroche and Zawadzki (1995)
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5moa£ﬁn¢.¢s constvrainé

HS80:

B Minimize gradient of optical flow velocities:

(81/{)2 ou . (5\))2 ov 2
— | +|—| and |—| +|—
ox oy ox oy

Thacker (1988):

B Laplacian of flow velocities:

ittee Roving Seminar 2011 Topic B(2)



Smoothness constrainé

Wahba and Wendelberger (1980)

2 2 2 2
62u 62u qu 62v 62\/ 8212
| 4| | +2 and | — | +| —| +2
ox? 8)/2 Ox0y ox? 8y2 OxQy

Typhoon Committee Roving Seminar 2011 Topic B(2)
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Dmplementation of Multiscale Optical-flow by
"Vaviational Analysis (MO OA) for vadar imagery

Given three radar CAPPI imagery at t,, t,
Clnd 1'2 ('l'i+-|"|'i - 6 min)
B Two time-level scheme:

2
min : J:H g+ug+va—[ dxdy
o ox oy _,

B Three time-level scheme:

min : J—_U 81+z,t81+v6[2 + a[-l—ual-l—vgz dxd
| o ex oy, o ax oy g

B Both schemes are implemented in MOVA
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Dssues on quality of reflectivity

To account for data quality of reflectivity
(range dependent issue, cluttered pixel,
partial block rays, etc), a multiplicative
factor is considered in cost function:

where A(x,y)=[0,1]

N.B. B(x,y) = 1.0 by default in MOVA
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Cost function in MO VA:

J=Jr+Jg

2
ol ol oI
Jr =B, ») =—+u—+v=—1_ dxd
=[] B y){at — Vay} ey

0%u ? 0%u ? 0%u 0%y ? 0%y ? 0%y
JS:;/” — | | —=| +2 | — | +|—| +2 dxdy (WW80)
ox? oy° oxdy | | ox? oy° Oxdy

2 2 2 2 2 2
(S (o o

Lyphoon Committee Roving Seminar 2011 Lopic B(2) 52
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Computation steps in /14@2),4

O Given radar CAPPI (single CAPPI in IRIS single-byte format or
a vertical layer in CAPPI volume) with dimension N on both x
and y dir (N=480).

O To compute optical flow velocities (OFV) with dimension M
(M<N):

Compute OFV for M=1 (OFV,) by minimization

Apply OFV, to translate the imagery at t, (or t, and t; in 3-time-level
case)

Repeat OFV for M=m,, m,, ..., m using different weighting factors of
smoothness constraint. Scaling guess procedure in Laroche and
Zawadzki is considered.

Final OFV:
OFV =OFV, + OFV_,

For 128 km range, M=5,10,20,40,80; » =10,100,100,200,200 ; both
can be adjustable in the optional namelist file (fort. 1)

ittee Roving Seminar 2011
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Compare with ULREC

Variational analysis:

B Include ‘physical’ constraints

B Other observation (e.g. Doppler velocity)

B Use previous retrieval or upper level wind forecast
from NWP as first guess

Optical flow can also be implemented
through many ways

MW Fourier transform

B Robust estimators

B Wavelet transform
m. ...

n Committee Roving Seminar 2011 Topic B(2)
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CAFPI
o | R_C_030_266

gl Task: PPIVOL_=
i| PRF 1576,/432
|| Height. 13,0 km
i Max Range:256 kn

108:48:00

hk_comp
CAFFI
RE_C_030_20&

gl Ta=k: PPIVOL_=
;fPRF:E?EdeE

M| Height : 3.0 kn

i Max Range:256 km

' 08: 54:26

hk_comp

CAFPPI
R_C_030_256
Taszk: PPIVOL_=
FRF :576/432
Height 13,0 km
Max Range:Z56 km

09:00:00

24 APR 2007 HKT

FAOD Bk
2000 300
1601 200
100 150 £

Sl w00 =
SO 75 =
30 10
15II EVI
10 15 &
Ei 10 -
5 7 o
3 5 £
2 LR
1 2
0,50 1
Typhoon Committee Roving Seminar 2011 0,15 0,50




1 112°E 113°E 114°E 1135°E 11&°E

s

m 2007 04 24 0900H Echo motion on 3km

ek --1-!-__“"
-]

B Rty “‘%

R 24eh

Single vector over
whole domain

e

— 229

oy Wty
DB e e =]
St i i i iy it i e i it iyt I TN
"y gty oy T i
"y ™ P ey ]
- IRy iy Py Sy
-y ey Baiy ey gy iy oy
-y iy e Sty T By

T T T e T T S
B i e Y
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e _ dBZ

10 15 20 24 28 32 34 38 41 44 47 650 53 56 58
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5x5 vectors

Typhoon Committee Roving Seminar 2011
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¢ in gqradient during minimization
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10x10 vectors

Repeat for

M=20,40 and 80
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Date : 20070703
= E? ss Time : 1400

Fadar Site : BJM
CAPP| Altitude © 2 km
Fange : 128 km

In this case MOVA, TREC and
GTrack are all similar to each other
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2007-07-08 16:50H ~ * ©

Time : 1&00

F * Radar Site - BIM
CAPPI Altitude - 3 km
Range : 128 km

. —_—

20 kmfhr . ot o s Echo mm.',?" on 3km

dBZ mm/fhr
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:_"[3 Tl vl 1.1: |1s s;ms e ! :
stalstoTsimtrT T 1T leet 1 Group echo
L p—— identification
' HE (similar to TITAN
| | algorithm)
R J|

d (major axis)

(TREC speed and direction)

X

area A= mab frequency — max50%

.. _ 2 2 E
eccentricity €=Va —b"/a max dBZ <> max . max25%
perimeter P =4ak(7/2,¢) rainfall
orientation f=tan" (b/a) ave dBZ <--> ave rainfall

oo
total intensity = S dbzxa4 2V (max30%rainfall
Typhoon Committee Roving Seminar 2011 ellipse ave (max%ig/%(galnfall) dBZ 64
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(Zracking Ca;mhlities

Based on moving speed, size, overlapping area

Searching
radius

translation merging splitting

Typhoon Committee Roving Seminar 2011 Topic B(2) 65



Two systems merging
and moving steadily
towards SE

T+18min

—— A N
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Dighiculties with Centroid “Lrackin

problematic tracking of cells undergoing
split or merging

large errors could result

B c.g. due to wrong direction

grid-based tracking offers a more robust
tracking method

B ond on average more accurate
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Storm € Lrack f/c based on MO VA

2007-07-07 11 2H . Echo motion on 3km

'E

1M5E 115*30°E 1

i a L

o,
oo =
e e =
hawammm
R e R o e

SR
Rt e 3 h_‘*""‘*““ T

R ey R e e o = e o
e T T
e e
e e T
T e A e T}
—
e s
40N — e e
e i e
e

e B Y
e e e A R R
ANRTRRNd T
e e A SN
! e e
e b B
i iy
e T T e gt
e e Pl e o o o i e o S
“*-‘5:-; S R R R R R R R

i
Y

e S I R

':“\\ e ] e R Y

R \'\“‘:\. I T i S T e ety
R Y i e e

Lo NN P R B B B B i B ety
R R b 3 2 R e Y
e e e T S S O
i i i T A

e 3E"30°N

I I I | | 10
115 115°30'€ 116 116°30°E 1179 UPNE [

B e

Typhoon Committee Roving Seminar 2011

10 15 20 24 28 32 34 3 4 4P 5 53 56 5B B

68



o
5]
£
£
S
O
c
S
o
<
E
fta

UNESCAR/WMO

&

based Storm < Lrack §/c

)

MO DA-

2008

40N ——

@ i G,
(7]
W- uh§§:4« g
o= <
: £
S SlisRRR s R s Ry nsn © L 0
_nlv . O [ ]
o
(<2
o C
-II..K- s R N [
(8 £ L B
5 £ -
............................. - ™
.w. %m. "4 -
< £ O =
"] -] 0
Nt s o £ C &
O N =
m 1T}
< o I N = = = a = e m e m . ma |
] < = U 1 8 1 8 e
[7} S © - O
= 2 %< =
(N s 5
m \aas © O c
=] < =
8 203 o~ g wmm
£ o w = — [
o £ =2 FO
S| ZE0 ol lmmm
mB el S .
........ ©
} } —— | . L e e
g = 2 » o g 8 8 8 8 °
m (uny) 40413 uoyisod uvow (wn}) 10443 UOIISOH “XDW
m AR R I R I N . R R T I R T R R R | M Oﬁ
L] I -—
L R R . R R R R R I I R )
m R R R N I I N R R
n F o® F o F T 7R R 8R4 R R E o o w
g uw L I T N I A =
mmlhi.‘\.‘“ix‘ﬁxh*nh‘h‘h.‘.‘\.‘ I—m.u
m_m_rr . n-..-n.un\‘\‘\\“\i _-I”
o - e . —
= = I B I A A4 4 A4 8 I B A
_l_Fl_u_ PR B oy PR R N ]
I R R £ A Ao p
EEE A ” F
L LR ) * o2 AEA A Im
WI\\% o .\..\_N\ -
= - : LR \\_
- . A r A
o o= "
R ” ¥
M huu\\ r - M
L » U P N I L
= R ™ # : Vv A i A =
H1 4 - ) \_M..\.\a\\.\\\\h -
A o oa .... _\n\_ AR A A R A
0_ A4 ‘.‘ ! \‘.\q SAAEAR s 5o
0 A sy k..\_\ P SAA AT
Bﬂl e _‘\H e AA A s oA L
= . s . Pl Ao \\h\-\k\q\\\\lm
Y 4 - 2 \a\n. F 5 P
8_ - . Vv L
|l B8 o+~ o+ s oa xe _\h‘& P I I I
0 ¥ I A B L P
| W
ﬂ = LI Y A i s = ¥ E N ] L
ﬂulh\\i\\i-ﬂhh iiiii . \!\“Im
Om x\ixhhhﬂ#.qi}. = A F A o oro» o_unlu
| I R LI . R N A -
? I I I I A A - LI I R
0 uumn\n\*\\hi}hh —_ EIC I I
OE A F oA 4o oA p . SR E I R R I |
2?'11\.\‘» R N I I W
- [Tu]

48

18 30 36
Forecast Range (min)

V4

dBZ

AAd A7 RO R & KR RO

15 W DA 2R 992 A TOR A

10



CAP
phoon Committee

Challenge in Kadar (Zracking

Cyphoon Commited
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Challenge in Radar (Zracking

4-M Ensemble

N T

o N Cw P,
oy ‘-'"'J't& s~

i

Pty | (s i
8,7 o
- o

Actual at 2 hours

two-hour forecast vs actual
reflectivity

“

uncertainty in motion field
due to rapid development in
thunderstorm
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‘Fovecast by Cxévapolation

B Robert scheme (3 iteration
to find origin point)

M Bi-cubic interpolation

B Flux limiter

Semi-Lagrangian Advection (SLA)

ol alalatals”

-
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S l”
|

4%
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dZ o7 oz

=0

+u

v

%)
(local max, min constraint)B Sermni- Lagranglan
B One-way nesting v Advectlon

- 44433
M resolution 1.1 km -> 0.5 K jjjj;j
JJSI14d
444444
Ax i LA
N 1 Z yyyrp,
n+1 @ ® » o . SIS LSS
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Forecast reflectivity — pure rotation
Up to 6 hr (6-min interval)

TREC wind Forecast reflectivity — TREC wind
Typhoon Commiteee Roving Seminar 2011 Up to 6 hr (6_mm;’1ﬁferva|) 74




Lby-simple-entrapolation)

« 5 May 2003

« SAF and Red RW

o SWIRLS 1-h fc (left)
 actual at 5 am (right)

R
HomG Kome OBSERVATORY

2004FS A58 0725 BE—HHMRENTRIET RN

- 8 May 2004
e Black RW
« SWIRLS 1-h fc (left)

e actual at 7:25 am
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75441 Case in 2006 . e
j j 5 ) « Red RW, Landslip & Flooding
” « SWIRLS (top), actual (bottom)




Some Replections

nowcast is good for advective type of rain
events with intensity up to, say 30 mm/h

B reflected in a high CSI for Amber
for more extreme rainfall, rapid

development of rain cells are usually
involved and nowcast loses skill

B reflected in the low CSI of Red and Flood

How to do better? with longer lead?
B consider blending with NWP QPF




&> UNESCAP/WMO
Typhoon Committee

QPFs



"Data-processing System)

O to provide 1-6 hours blended QPF

O 2-km resolution, hourly/6-min updating
O NOWCASTING component — SWIRLS

B QPF by semi-Lagrangian advection of radar echoes

O NWP component - NHM
B QPF by non-hydrostatic model

&2 UNESCAR/WMO @)
Typhoon Comnmitiee  wugSim o omm

nﬁntegrntd_

Information
onient

10 7

1 10
Forecast lead time

Rafi, ). 1)
__________ 1
1
SWIRLS | Rei, j, 1)
6-hour rairfall forecast ! S
' o |
| -C‘.I. il _\_F'Lr“ &
Re = (1-wi{l))R, + W(tRRx, ;q ;
e
S T
= |
b - | -IJ--'_= . !
:{; l-""f..._ T I:‘
iy Rl B
NHM + LAPS rainfall .70 |
forecast TR
T T
= Ryt
Typhoon Committee Roving Seminar 2011 e , | Topic Bl2) 79
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OPF(t) = (1=w(1)) x QPF, ;5 + W(t)x QPF\y,

Dynamical blending —
hyperbolic function with varying end points

Weight of NHM forecast in blending

=
'y
=

04 .

0 o, B determined dynamically by
o _ ast performance
w(T) = + [ﬂ . “j{1 + tanh[y(T - 3)]} pastp
° ‘ : 5 ' -
Forecast Time (Hours)
Typhoon Committee Roving Seminar 2011 Topic B(2) 80
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Merging Nowcasé with NVOP
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Phase-corrected SWIRLS QPF RAPIDS QPF
Model QPF
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Unied Natons

€ Do
PDhase correction based on MO VA

[0 Given NHM QPF and SWIRLS Rainfall Analysis valid at
same forecast time:

2
min : J:” 8I+u8]+v61 dxdy
Ot 0x OV |Npa—sSWIRLS

[0 A 10x10 block is used in regional phase correction
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Calibration of NFEM vaingall intensity

To match with the frequency distribution of
SWIRLS rainfall analysis

Cumulative Density Cumulative Density

0.9

05|

07

SWIRLS
Rainfall Analysis (RA) 2(

NHM Rricip

08 06 03 HR F/C RAIN 060716 0300 HKT

03 : 03 50

0.2 02 i

01 04| 3

0 4 H % [ 4 8 12 18 20 2% % a0 4 P
NHM rainfall (after phase
vrreetion) at grid point
SWIRLS rainfall analysis (x,y)

Laphoon Commiee Feng SN B 'can extend to include all rain grids overpast few hours in order to get a ‘smoother’ calibration mapping
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RAPIODS in Real Lime

2009-06-03 1136 H ©2009-06-03 1136 H N
SWIRLS T+1h 1-hour accumulated rainfall RAPIDS T+1h 1-hour accumulated rainfall

Rainfall {mm|

;\9'
[

radar-based Blended 1

<Z,, SWIRLS base time = 20090603 0236 UTC Max rainfall = 49.85 mm RAPIDS base time = 20090603 0236 UTC Max rainfall = 41.43 mm
NHM base time = 20090803 0100 UTC
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RAPIODS in Real Lime

2009-06-03 1336 H ©2009-06-03 1336 H S

SWIRLS T+3h 1-hour accumulated rainfall RAPIDS T+3h 1-hour accumulated rainfall

o g

new development Rainfall (mm;
predicted by NHM

;aw
[

radar-based blended 1

7. SWIRLS base time = 20090603 0236 UTC Max rainfall = 28.662 mm RAPIDS base time = 20090603 0236 UTC Max rainfall = 12.436 mm

NHM base time = 20080603 0100 UTC
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RAPIODS in Real Lime

HufloUp fofade)s
2009-06-03 1636 H

SWIRLS T+6h 1-hour accumulated rainfall RAPIDS T+6h 1-hour accumulated rainfall

1
AN developing and

‘4 moving| east i

Rainfall {mm

radar-
based

SWIRLS base time = 20090603 0236 UTC

APIDS base time = 20090603 0236 UTC Max rainfall = 43.55 mm
M basa time = 20080603 0100 UTC
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RAPIDS for Beijing

SWIRLS WM O /MWRP/BOBFDP Analysis figkthe Beijing 2008 Olympic Games

‘ 2008-08-14 1212 H e

RAPIDS T+3 hr accumulated rainfall

‘ actual '
- X

Rainfall (mm
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75_473@5 “CC Performance

6hr(s) lead time forecast performance from: 2009-07-18 00:00 to 2009-07-20 23:54
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TIODS on SVIRLS-2 QPF

for hourly rain or no rain f/c

B nowcast QPF more skillful, especially in 1-3 hr
B RAPIDS QPF approaching nowcast in 4-6 hr

for hourly f/c of heavy rain (~ 30 mm/hr)

B nowcast QPF more skillful in 1-2 hr

for more extreme rainfall or longer lead

B hourly QPF shows little skill
B consider longer rainfall accumulations or probability

for 3-6h rf accumulation

B sform growth/decay is important
B RAPIDS QPF out-performs nowcast up to, say 30mm
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) SWIRLS-2

SWIRLS-2 for CFO «  Real-time Forecast Verification Module
SPIDASS +

Rainstorm Viewer < 5mm threshold forecast performance from: 2010-06-22 00:00 to 2010-10-06 11:24
Verification = 08

Systems: RAPIDS(5km) &
RAPIDS(2km)
NHM(latest)
TREC
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[ Q) |3 |
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View year: 2010
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o
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1hr(s) lead time forecast performance from: 2010-06-22 00:00 to 2010-10-31 23:54
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Jhr(s) lead time forecast performance from: 2010-06-22 00:00 to 2010-10-31 23:54
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“C+6h Performance

6hr(s) lead time forecast performance from: 2010-06-22 00:00 to 2010-10-31 23:54
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Motion vectors comparion:
MOVA vs TREC vs GTrack



L. Molave — tracking vesults
2009-07-19 03:00 H
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L. Molave — radar sequence
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. Molave — centroid tvacking
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Limitations of optical flow technique



Assumptions of Optical Flow

no change in intensity

small displacement

tracking will tend to be underestimated or
even fail if:

B motion speed too fast

B ftracking time interval too wide
I resulting in little or no overlapping of images pattarn

[0 cost-function gradient becomes “flat” and minimization
algorithm difficult to get to the correct solution
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