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The Hong Kong Observatory
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"’ HoNG KONG OBSERVATORY

» Department of the Government of the Hong Kong Special
Administrative Region, People’s Republic of China

4 Branches:

— Forecasting and
Warning Services

— Aviation Weather
Services

— Development, Research
and Administration

— Radiation Monitoring
and Assessment

Founded in 1883

— 130™ Anniversary
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= Our Vision, Mission and Values
m Open Day

= 130th Anniversary Book

m HKO Mascot New
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" , On 2 March, 1883, Dr. William Doberck was appointed the first Director of the Hong
fong Kong LTSI, Kong Observatory. This year, the Observatory will celebrate its 130th anniversary
with a series of activities. Please click on the hyperlinks for details.
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Atmospheric Integrated Rapid-cycle (AIR)

Forecast Model System
QPF .. 4

Two regional domains of the

Non Hydrostatic Model (JMA-NHM)
Meso-NHMopography

-}
09-28 12:00 UTC
B 7 e

Boundary conditions from
ECMWEF IFS / IMA-GSM

JNoVA-3DVAR

Y. Cloudiness |

Meteorological Observations T oo

Conventional

Automatic weather stations (HK and Guangdong)
Aircraft (AMDAR)

Satellite - cloud motion wind, temperature retrieved profiles, PWV
Tropical cyclone bogus data

GPS -PWV

Radar — Doppler Velocity, 3-D wind retrieval & Reflectivity
Aircraft Reconnaissance Data (GFS)




» Meso-NHM - Short Range

>
SWIRLS nowcast

Meso-NHM and RAPIDS-NHM in AIR Forecast Model System

(0-72 h) Mesoscale Prediction

RAPIDS-NHM - Storm-scale Prediction (0-15h), QPF input to RAPIDS to blend with

Meso- NHM Topography

RAPIDS NHM Topography
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Operational HPC Platform at HKO

* NWP Integrated Computing
Environment (NICE)

» Linux clusters with total peak
performance at 7.7 TFLOPS

— Operation and R&D clusters

— AIR/NHM Forecast Model
System

— Pre-processing

— Post-processing and product
generation

— Environment for R&D on NWP
and its application development
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QC Obs in JNoVA

Meso-NHM 2013-09-22 00 UTC

upper temp
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Meso-NHM 2013-09-22 00 UTC

QC Obs in JNOVA satellite tpw
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RAPIDS-NHM 2013-09-22 00 UTC

QC Obs in JNOVA surface wind
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RAPIDS-NHM 2013-09-22 00 UTC

QC Obs in JNoVA upper wind
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ECMWE as Meso-NHM Boundary Conditions

 Since commencement of operation, JMA-GSM

forecast/analysis used as boundary conditions for
Meso-NHM

 Sensitivity studies conducted regarding B.C.
« TC Season of 2011 and 2012 ~ 30 TCs
» General improvements observed in F/C track errors

 Meso-NHM (ECMWE-boundary) version in

operation since 2 April 2013

« JMA-GSM version run twice daily (00 / 12 UTC) and provides
“alternative scenarios”
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Comparison of'Foreeast Track Errors
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Comparison of Forecast Track Errors

All 00 and 12 UTC runs for TCs Mawar to Sanba in 2012
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Assimilation of Radar Reflectivity Data

» Retrieval of RH profiles from radar reflectivity using Bayesian Inversion

maximum likelihood
estimate of RH state () = /EP('T = Tiruely = Yo)dz (1)
vector W

— Z Ir; Z _E:V (2)
<=> i Jgd

1 Tp—1

1DVAR minimization Wi = exp{—i[}rﬂ —h(x;)] "R "[yo — h(xi)]} (3)
estimate

y: observed h: forward operator X: model state

radar reflectivity I.e. radar simulator of cloud variables

» Retrieved RH profiles assimilated into 3DVAR
» humidity adjustment

» “create” moisture profiles at model “dry” points where non-zero reflectivity
exists



Effect of assimilation of radar reflectivity
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ase of Severe Convection on 2013-04-05
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Case of Severe Convection on 2013-04-25
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Tropical Cyclone Reconnaissance Flights

« Collaboration between HKO and the Hong Kong Government Flying Service (GFS)
« More than 10 operations conducted in 2012 — 2013

 Data collection by high-res. probe installed on fixed-wing aircraft of GFS
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128-km Radar Reflectivity (3-km CAPPI) and Doppler Velocity (1.8-deg Elevation)
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24-hourly Rainfall over Hong Kong on 23" and 24 July 2012 (HKT)

HKAWS 10-minute Mean Wind

Mean wind in the 10 minutes ending at 01:30HKT on 24 JUL 2012
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Reconnaissance Flight for Vicente (2012)

Cross-section of Flight Path
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Summary of collected wind data
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Analyses before and after assimilation of GFS data
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NHM Forecast of Surface (10-metre) Winds
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Fractional Coverage
_ Gridpointsexceeding x mm/hr

Gridpointswithin study area

« Within 250 km from Tai Mo Shan Radar
2285 NHM grid-points
* 180942 radar pixels




Vicente — Forecasts of Local Winds

10-minute mean wind, plotted every hour, recorded at Cheung Chau AWS (pink) and NHM forecast (box-and-whisker)
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Vicente — Local Rainfall Forecasts |

Recorded (red) and forecast (box-and-whisker) hourly average rainfall over the territory
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Search And Rescue

(@)
(=
(@)

%
=)
t &
=)
ST

Operation

T. Molave

2009

18 0/:00-11:30 UTC

0/

09-28 02:40-06:50 UTC

)
]
e |
—

O
_I
)
(@)
N
o)
“%
(@)
0]
—
(@)
o N
Sy
£
S
V)

3¢ .O

j?—ﬂ.?_
@
T
>
(@)
™
LO
S
(@)
=
oV
(@)

c ©
=L
[

T <
. o
V)

- O
— N



Initial Time:
2009-07-18 12 UTC

r Molave (2009)

00 hr F/C 2009-07-18 12:00 UTC

fo
Isotach (kt)

Wind Vector +
on 950 hPa

30
25
20
15

1)

3
&
2
E

w
E

- SR S S T o ]

®
o T e e e e B =+
- 1

% L.m\»\.mlmlrmrarfoﬁfh
LN
=
- r
PRPIERPA
PP
¥ ¥ & ¥ ¥
oo o ¥
(2" S 2
IR EEE ..4/*”4///
A or oK) R
AN _ﬂ/ﬁﬁ_ﬂ
R R R AR |
I AN
AN W W R
W oW oN N W oW oW Phorg
W W N N ¥ W W LR R
[ R W TPt e vt
Nwow s os s s 4 I A
F T e RN RN
Ndam e m e R AR -
e EEEEEP * o A A
P T R EREER % A O B
v o4 X a o= o ow “.u.....___,ﬁ?«éa
‘. sy o®on AoaoaA ¢t T +
TR A A oA A 0 1
A Loh ka4 ....lug_a_..A;.
Pl T EREIEIE - Ly e aﬁaba
.N.....u PRI § LS
- L4 & & ok ow PR R L L L1
. bos s & a4 v ow o wgle R OR O OE KK
Qva...ﬂA R AL S
TR a4 o« v whEW o owmow K
OB E L & % % v o« @ s s ow ..a.?ﬂ_ﬁ

_ | _

7 £ £

w s o~

o~ o4 (o]

ight

Initial Time:
2009-07-

FI

(

o 9 00 hr F/C 2009-07-18 12:00 UTC

Reconnaissance

Wind Vector +
on 950 hPa

e B e e e e il e i

L] =
e f S 4....??10\&“#1#1#...#1{.11‘.‘
e aﬂe..w_

Sat)

s
¢
¥
¥
+
¥ AR
+\ NARK
+ 4N NRR
W AR
u o ULy -
[ ﬂ L A/./ ,F.,_....
u o Tt o4 ; i
N tr ::,.//,/-ff/éfx
- iy 111 i O
T [N .. .?fr.rfj/f
- e P R ﬂwuk_.n'..l PR
2 e s EREIFY ¢ I I I T
I RS T i A
a s oo EEERERE N T4t v
v owox A oA + 1 +
R ) ERE B Tl #
a4 -.,.lﬂ ™ I
o orow 2 1 o4 4 4l * aba
€ k3 o3 a4 a4 s K L} LR}
PP S 1 LI u
P - L
PP wRR K
4 4 v x4 o4 4 o4 % R KK
P I Y = % K K
_ | _ I
7 £ £ £
& B & g




: ‘NHM + EC-BND
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Forecasts from RAPIDS-NHM (T+4h from model run at 12
UTC 18 July 2009)
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Forecasts from RAPIDS-NHM (T+8h from model run at 12
UTC 18 July 2009)




Forecast Track Error
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Vertical profiles of Meso-NHM analysis and forecast RMSE in AUG 2013
WIND du (Blas) i knot WIND dv (Blas) in knot

100 =Rt 100 =il L
200 5 ; ~ 200 - 2
e ..‘ - . L
. \ o h C
300 - \ - 300 - -
400 3 - 400 = 3
500 < ~ 500 = =
600 3 T+72h 2 000 T+72h 3
] -——-T+60n g ] --——T460n :
700 3 T+48h i 700 T+48h :
] -———-T:36h g ] --—-T436h g
800 3 T+24h - 800 3 T+24h 3
] T+12h [ ] T+12h [
900 T+0h 3 900 < T+0h 3
1000 - 1000 -
T LB I TirT I LB l'l' L L l' LU I Trr l"ll LI B ) LB I LI l"ll LI I TirrT L i
80 60 -40 -20 0.0 20 40 60 8.0 .80 -60 -40 -20 00 20 40 60 80
WIND-du (HMS) in knot WIND-dv (HMS) in knot
100 | TR BT T R T T R 100 S SRS Ly e o by T |
200 4 = 200 < -
300 = 300 = -
400 3 5 400 3 2
500 o 500 < -
600 3 T+72h  F 600 3 T+72n
E ———=T+60h [ E ———=T+60h [
700 - T+48h  F 700 3 T+48h  F
] =T +36h o h ———=T+36h .
800 7 T+24h 800 T+2ah [
] T+12h | ] T+12h  f
900 3 Ts0h [ 900 = T+0n [
1000 - 1000 4 -
T T L T T " T L T T I T T T L I T Ll T L i ) T T " T L L T " T L T T I T L T T i
0 5 10 15 20 0 5 10 15 20



-

Super Typhoon Usagi (1319)
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Super Typhoon Usagi (1319)

Meso-NHM TC Track Forecast for TD USAGI (1319)
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Looking Ahead - AIR-NHM

» EXxpansion of computational
power to support extended
domain of Meso-NHM

« Assimilation of local radar data
and regional composites into
Meso-NHM

« Assimilation of TC
reconnaissance flight data on
an operational basis



HKO-AVM - the Aviation Model
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HKO-AVM - the Aviation Model
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HKO-AVM - the Aviation Model

 Fine-resolution NWP system devised to:
— Meet emerging needs of the aviation community
— Provide enhanced aviation-specific forecast products

 Hardware:

— Linux cluster comprising

computation & pre/post- l-gl— | —
processing nodes

— 12 TFlop peak performance
« Software:

— Based on WRF-ARW
(v3.4.1/v3.5)
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Pearl River Delta (PRD) domain HK Airport (HKA) domain
dx =600 m dx =200 m
Forecast r-ange =6-9hr Forecast range =6 - 9 hr

International ‘
Airport JFS¥y
S )
s, B
° ¢ ,
H ° ®
\ 165 315 390*

# Hourly-updated forecasts up to 6 — 9 hours ahead
# Initial/boundary conditions: RAPIDS-NHM (2 km)
# laner domain: 1- or 2-way nesting
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LIDAR-based Windshear
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Initialised at (UTC):
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Terrain-induced Windshear Event
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Windshear Events due to Sea Breeze

Wind (kis)

Air Temperature & 10-minute Mean HWind Ending At 13:00HKT On 25 Feb 2011
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Headuwind speed {(knotsz})

Headwind profile simulator (HKA-AVM)
- Windshear due to sea-breeze

T+4 h forecast from 01 UTC 2011-02-25
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Headwind profile simulator (HKA-AVM)

- Terrain-induced windshear

Headuwind speed (knots)
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Looking Ahead - HKO-AVM

» Development of data assimilation system
— Current initial & boundary conditions from RAPIDS-NHM (2 km)
— “Dynamical Downscaling” in theory

— Requires separate DA (based on WRF-VAR) for leveraging high-
resolution observations in the vicinity HKIA

» Development of aviation-specific product suite

— Lowe-level windshear and turbulence
— Guidance for sea breeze onset / retreat timing, depth, etc
— Chance of sig. convection at key locations around HKIA

» Development of near real-time verification system
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Observation Network around HKIA

1st LIDAR

Wind profiler



Meso-NHM QPF Ensemble

» Apply time-lagged ensemble approach to consecutive
Meso/RAPIDS-NHM runs to generate QPF guidance
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Verification of Spatial QPF Products

 Fractional Skill Score (FSS)
— Incorporates spatial uncertainty information in model forecasts

Gridded QPE forecast
+ |+ |+ |+ |+ + |+ |+ |+ |+ FSS=1- FBS
l 1 2 2

+ |+ |+ |+ ]+ + |+ |+ |+ |+ —( P, + » P
y . N ; fest ; obs
A + |+ |+ ]+ ]+ + |+ |+ |+ |+

+ |+ |+ |+ ]|+ + |+ |+ |+ |+ 1 ,

+ |+ |+ |+ |+ + |+ [+ |+ FBS=F§(Pfcst_Pf)bS)

Griy-grid Comparison FSS — “good correspondence at +/- 2 grids”



Verification of Spatial QPF Products

« JAXA Global Rainfall Watch Data (GSMaP)

* Near-real-time hourly rainfall rate based on MW-IR algorithm

— Incorporating TRMM TMI, Agua AMSR-E, DMSP SSM/I and SSMIS,
NOAA-19 AMSU, MetOp-A AMSU and GEO IR data

» Data available at 0.1-deg resolution

e Similar to Meso-NHM (at 10 km x 10 km)
' JAXA Global Rainfall Wq’rch

>> Japanese Last up date: Zollif\pr.lli 16:00:12 L"VI”CV

_.ﬂ.i,-;J 5. G DY
_ ] ]

I
Rain 01 05 10 20 30 50 100 150 200 250 30.0 [mm/hr]



Verification of Spatial QPF Products

« Data period: 1 April - 30 Nov 2012

* Meso-NHM QPF ensemble (3-hr rainfall)
— 6 choices:
 ensemble mean (all and rain-grid)
* 75 percentile (all and rain-grid)
* median
* max

e “Ground Truth”: JAXA GSMaP
 Metric: FSS




Sample FSS Scores for Meso-NHM
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Sample FSS Scores for Meso-NHM

FSS (75-th percentile)
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RAPIDS-NHM

Verification area confined to within TMS 256 km range;
radar based QPE using static Z-R relationship: verification period: Apr - Nov 2012
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raction Skill Score as function of lead time (Meso-NHM)

FSS (forecast hr = 15)
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