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Weather forecasting

* Nowcast (0-6h)

* Very short-range ( =< 12 h)

Short-range (12-72 h)

Medium-range (3-10 days)

Extended-range (10-30 days)

Long-range ( >30 days)
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Numerical Weather Prediction (NWP) Model

Governing equations of the atmosphere
(including land-surface processes, ocean coupling, etc ...)

computer codes to solve numerically

the future states of atmosphere
Observations to

prescribe initial Boundary condition
condition of model — > —
forecast
From very-short-
Prediction of wind, temperature, range to long-
pressure, humidity, cloud amount, ... range forecasts
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NWP Model Process

« NWP is an initial value problem

time step

Xni1 = Xn + At x F(X, 1)

dynamics and

state of physics
. current state of
atmosphere in

) atmosphere pressure gradient force, vertical
next time Step acceleration, radiation, cloud
process, energy exchange
between atmosphere and
land/sea surface ...

BEXRXXE
_ HonG KONG OBSERVATORY



Physical Processes in NWP models

scattering by aerosol

emission from
clouds

solar radiation

absorption by reflection/absorption
atmosphere by clouds

deep

emission from convection

Earth’'s surface

reflection/absorption
at Earth’s surface

condensation

snow

snow turbulence €vaporation
cover

sensible
 heat flux

"'ﬁ:'bography -
soil water=.

|

soil properties

Credit: COMET/UCAR
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Operational Mesoscale NWP Model system at HKO
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Nowcasting

Observation-based
 Weather radar data
* Automatic weather station data

 Lightning data

Conceptual models

Empirical models

Rapid updating mesoscale numerical model
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Short-range Warning of Intense Rainstorms and Localized Systems

(SWIRLS)
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Airport Thunderstorm and Lightning Alerting System (ATLAS)
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« 12-min forecast updated every min
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= = 08:50 08/06/2007 - 08:55 08/06/2007

L s  Actual lightning data updated every sec
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Aviation Thunderstorm Nowcasting System
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CLP Lightning Nowcasting System
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CLP Lightning Nowcasting

FCST. 05/068/2010 19:48.00 HKT

Piev || | [ Realtime mode | [ Pastmode |

Data Available: 20100800

Control Panel
4 JL 4 L [ D [(INr-
Cverlay: | | BT v| Versign: | B1km v|
[ Marh ...
42y ] Oess . .
375
A Narth ..
33
o
204 st
25
210
1680
1267
34 I
aa
e o 8 o 8 o B o o
0 11 4 36 48 80 72 8 05 108 120 (mn)
Howcast min'mean/max CursorValuss
ForecastH-| 18:00 18:12 18:24 18:36 18:48 19:00 16:12 10:24 1936 19:48 20:00 Latitude : 22 15424
Horth 2 & 40 404 |37 30 4 |20 374 | 4) 618 (137281 82 |36/ 53/140| 51/ TT/120(67/ 051120 96 /126 (171171481182 | | |ongitude : 114.13135
East 0 ofo/0 (0000 D OFY | OF 404 | 0F05 [P35 4 |20 5013 | THA1046 | BP0 24 | 80160 28 . )
Refleciivity (3km): 0 dbZ
Horth 4 6 FIT4B O|BMBMT S5M 6 |30 405 (20305 42021/ 33|33 497101571 91 1177 837128 1217108/ 161/ 244 I
West 1 orQfo [Qrofr0 |00 OF1 |OF 181 |20203 |20 304 |204085 |102i85 |208/8 |[5/9i23 Lightning: 0 strokes

Mo trend (realtime)

http:7192.1688.13. T4/clpniiclp_nomap swi
Linear trend (case)

hittp:/i192. 168.13. 7Slclpn_tremd/elp nomap.swi
Monlinear trend (case)}

hittp:/7192.168.13. 74/clpn2iclp_nomap. swi

» 2-h forecast updated every 6 min
» 48 ensemble members : 16(multi-scale TREC winds) x

3(no/linear/non-linear intensity change based on lightning intensity)
BEXNE

HonG KonGg OBSERVATORY



Ensemble Approach to Nowcasting

* To assess how close or how far the forecast is deviated
from the actual rainstorm status (i.e. forecast uncertainty)

* To predict rainfall distribution and hence occurrence of
rainstorms in the form of probability distribution

* instead of deterministic “yes/no” signal

« Method: conduct multiple runs of the nowcasting system
each to start with slightly different initial conditions and
forecast configurations

e for motion: by perturbing parameters of the radar-echo
tracking algorithm

« for intensity: from past rainstorm statistics
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Case: Red Rainstorm on 29 April 2012
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Nowcasting + NWP
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Aviation Model (AVM)

PRD domain dx= 600 m won| HKA dOmdl
Forecast range = 9 hr Forecast ran
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Targets of AVM
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Computational Fluid Dynamics (CFD) modeling
to evaluate building effect on low-level winds

F 4

Airbrone

\/\,\_\
e

F 4
/




Climate Forecast

e Climate prediction
e Seasonal
e Monthly

* Projections of future climate
 Temperature
 Rainfall
o Sealevel
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Past and projected annual mean temperature anomaly for Hong Kong
(based on IPCC AR4 annual mean projection data)
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Note : there are uncertainties in the model simulation for the future climate, depending on the future
forcing emission scenarios, local urbanization effect , the model characteristics/performance, etc.
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Past and projections of rainfall Hong Kong
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Figure 5. Projected changes in mean annual rainfall in Hong Kong based on different
models for all three scenarios (i.e. A1B, A2 and Bl). The rainfall change is with
reference to the 1980-99 average of 2324 mm. The dark line joining the black dots
denotes the average of the multi-model ensemble mean of the three emission scenarios
(see Figure 4). For the decade 2000-2009, actual observations for 2000-2007 and
projected values for 2008-2009 are used.

Note : there are uncertainties in the model simulation for the future climate, depending on the future
forcing emission scenarios, local urbanization effect , the model characteristics/performance, etc.
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Sea level in Hong Kong
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In the long run, likely to be close to the global average, rising by 0.18 to 0.59 m
at the end of 21st century relative to 1980-1999 according to IPCC ARA4.
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Global climate projections

Global Climate Models / < Human factors
General Circulation Models (GCMs) (Greenhouse gas, aerosols,
and land surface changes, etc.)

Intergovernmental Panel on Climate Change

Future climate (IPCC)

Geographical pattern of surface warming

» multi climate model experiment — 23 models
used in IPCC Fourth Assessment Report (AR4)
in 2007

« different greenhouse gas emission scenarios

005 1152253354455 556657 7.5
(*C)

HEEXE
HonG KonGg OBSERVATORY



Statistical / Dynamical Downscaling of GCM
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Density

Statistical Downscaling

Annual rainfall forecast

Gamma Regression Model using Empirical Orthogonal Function
(EOF) coefficients of NCEP Climate Forecast System data
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Dynamical Downscaling

HKO Global-Regional Climate Model

» Adapted from Experimental Climate Prediction Centre (ECPC) in 2006
* Global model — T62(~200 km), 28 levels
* Regional model — 60 km, 28 levels

Topography
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or NCEP GFS output
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Regional climate model forecast charts
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Temperature anomaly forecast Rainfall anomaly forecast
Red: +ve anomaly (above normal temperature) Blue: +ve anomaly (above normal rainfall)
Blue: -ve anomaly (below normal temperature) Orange: -ve anomaly (below normal rainfall)

Unit expressed in standard deviation
0.5 being classified as near normal

Temperature and rainfall anomalies (every 3 months)
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High Performance Computers in HKO

NICE
Galactic SuperBlade 186 CPU
60 CPU 2,120 GB RAM
1BM Regatta 60 GB RAM 7,700 GFLOPS
IBM SP 32 CPU 452 GELOPS
CRAY SV1 44 CPU 48 GB RAM
16 CPU 25 GB RAM 140.8 GFLOPS
8GB RAM 66 GFLOPS iy /

Wy

19.2 GFLOPS

B SHEEXE
, HonG KONG OBSERVATORY



Operational Nowcast Server for HKO Nowcasting System

Physical locaton: L/G F,
HKOHQs

reserved reserved

GPU1 | GPU2

Legend

reserved

GPU3 | GPU4
CPU7
CPUGB CPU3
Console KVM Console KVM
CPU5 CPU2
CPU4 CPU1
UPS (8000VA) UPS (8000VA)

CPU servers
1 for SWIRLS-2, 1 for co-Kriging,
1 for I/O, 1 for f/c verification,
4 for ensemble trial

CPU+GPU servers

2 for ensemble R&D,
2 for QPE/QPF R&D

| Console keyboard-video-mouse kit

| Uninterruptible Power Supply |

space reserved for future expansior

~1.3
Tera-FLPOS

~6.8
Tera-FLPOS
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Thank You
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