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Numerical Weather Predictions
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Numerical Weather Prediction
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Numerical weather prediction (NWP) is a method of weather forecasting that employs a set of equations that describe the flow of fluids. These

equations are translated into computer code and use governing equations, numerical methods, parameterizations of other physical processes and

combined with initial and boundary conditions before being run over a domain (geographic area). The most important tool for weather forecasting

around the world.
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Numerical Weather Forecast Model
(governing equations)
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Momentum equations Mass continuity equation
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What is HPC?

e Definition: High-Performance
Computing refers to the use of
supercomputers and parallel
processing techniques to solve
complex computational
problems.

* Key Points:

* Enables solving complex problems
faster.

* Used in various fields like
weather forecasting, drug
discovery, and engineering
simulations.
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Supercomputer Examples L

*Location: Oak Ridge National Laboratory
— Tennessee, U.S.

*Performance: 1,194 petaFLOPS (1.2
exaFLOPS) =

*Components: AMD EPYC 64-core CPUs
and AMD Instinct MI250X GPUs

*First online: August 2022

1 petaFLOPS is equal to 1,000,000,000,000,000 FLOPS

Supercomputers can be one million times more processing power than the fastest laptop.

Your laptop might have one central processing unit (CPU) and one graphics processing unit (GPU), but one,
supercomputer may have thousands upon thousands of CPUs and GPUs b}’}’
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Supercomputer Examples L
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Basic Principals in NWP
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m\ nanonik The models divide the area of interest into a set of grids, the
N importance of the number of discrete grid points in
W" EEEEEa000 order for the model to best represent the atmospheric
N [ e | e | e Idv structures. There are different grid shapes used in numerical
— models; e.g., rectangular, triangular, and hexagonal
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.° b ® ' A grid point model's resolution is defined as the average

distance between adjacent grid points with the same

| I T I | variables.
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mean orographic height of GME for grid points close to Mont Blanc LM orographic height field within GME grid points around MontBlanc

OME =192 mean height1987, range: 428, — 4570, std: 743, GME =192 mean height:1999. range:1023. - 3404, std: 577. Orography is a fundamental aSpeCt
gt b e i B Lkm of NWP that significantly influences
AU - - 7 km o 400 3 4000 weather patterns and forecasting
| A o ' accuracy, particularly in regions with
L. complex terrain. Advances in model
4000 2500. s020f

resolution, parameterizations, and
Computational capabilities continue to
improve the representation and impact
of orography in weather prediction
models.

Constant Data
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Domain and Boundary Conditions

Model domain refers to a model's area of coverage.
Limited-area models have horizontal and vertical
boundaries, whereas global models, which by nature
cover the entire earth.

Boundary conditions are a function of surface physics
parameterizations.

The COMET Proglam.
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A model cannot resolve any of these local flows, swirls, or
obstacles if they exist within a grid box. The method of
accounting for such effects without directly forecasting
them is called parameterization.
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AM“ssljkL"fs.tpRg NWP models are representations of the atmosphere. They
= 24 forecyt- JaUrCBacetine: IS0 opreeant . are always wrong. The issue is not whether or not a model
2. Is 100% correct, but they have skill.
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Base Date
Bureau of Meteorology

Smaller numbers indicate greater skill
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Initial Data 4 ¥ clilud)

The actual situation used by the model to start integrate equations.

It is created by techniques called data assimilation.

The information used to create initial data are:
* GTS data (Conventional observations) :
SYNOP, SHIP, BUOY, TEMP, PILOT, AMDAR,...)

The process of initial data creation (analysis and data assimilation) is more complicate

than the forecast model itself, and more consumer in term of CPU time.

Geo-stationary satellites
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‘&4 motion vector Chant
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Radiances

Polar-orbiting satellites

AIRCRAFT Dropsondes
e Buoys -
SYNOP - Ship Drifting Lot
Moored
EE]
SYNOP - Land

METAR
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ECMWF data coverage (all observations) - BUOY
ECMWF data coverage (all observations) - RADIOSONDE 2022011 0291 t(o 2022011103 )
2022011021 to 2022011103
Total f = 1987
Total number of obs = 1078 otal number of obs = 198
() DROP Sonde (24) & Land TEMP (487) J\, High Reso land (522) W High Reso sea (6) . DRIBU {49) Q MOORED BUOYS {314) A DRIFTING BUOYS (1624)

BUFR TEMP DESCEMNT (39)
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ECMWF Data Coverage (All obs DA) - SYNOP/SHIP ECMWF data coverage (all observations) - AIRCRAFT
11/SEP/2010; 12 UTC 2022011021 to 2022011103
@ AIREP (3975) # AMDAR (7876) A ACARS (82) TAMDAR {4380)
» WIGOS AMDAR (160818) B Mode-S (248980) @ ADSC {15716} # AFIRS (5916)

®  1zssz SWNOP 2665 SHIP @  12420METAR
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1. Errors in initial conditions 6 u?y‘ bl § slas] 1

. : Olduo O
o Inadequate spatial density éé yJ\ d U|Mjf-‘)ﬁ’ =
o Instrument error/data transmission problems Jai 3 JRSVESIIR RHE ;&j o
o Quality control errors 5392l g’;b‘ i
2. Errors in the model a3y (oda)l Zigaddl 3 sl 2
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o Inadequate terrain representation (385 e Guylad! Jisd o
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24hr Total Accumulated Rain

Valid for 00:00 30 Sep 2024 (Monday) UTC

Valid for 04:00 30 Sep 2024 (Monday) MCT local

© Data based on DGMET NWP model Oman/OM ICON 7, Run 00:00 29/09
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NWP Maps Basics

NWP Maps basics information:

on S AP A A

Parameter Name + unit
Layer Height

Run Time

Validity Time

Model Name and Resolution

Colour Scale (if applicable)
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»Ocean Models

» Tsunami Models

» Flash Flood Models
»Search and Rescue Model

» Dispersion Models

Directorate General of Meteorology



Lianll glphall s

CIVIL AVIATION AUTHORITY

Weather Models

o Temperature

o Wind

o Precipitation

o Humidity

IB Maximum/Compaosite radar reflectivity/atmosphere/27.10.2014 12:00->27.10.2014 12:00 [+0

* Provide many outputs for Tropical Cyclone:

Possible Tracks

Tropical Cyclone strength

Arrival time

Rainfall amounts
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Sea and Ocean Models

Numerical models provide detailed predictions of sea
conditions, such as: wave height, surface wind speed,
and the time period between waves.

It directly serves fishermen and maritime traffic, as
well as all maritime activities such as competitions and
others.

*Special models for Tropical Cyclone:

* Storm Surge

* |nundation

Directorate General of Meteorology




Tsunami Models

Numerical models of tsunamis simulate the
wave from the deformation through
propagation until it reaches the coasts.
These models can calculate:

* Wave height at the coast
* |nundation Area/distance

* The arrival time of the wave

Directorate General of Meteorology
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Flash Flood Models

The flash flood prediction
system is an indicator of the
possibility of a flood
occurring in a specific area
during the next 6 hours, by
calculating the total volume
of precipitation that is
sufficient for a flood to
occur.

X Final submission by December, 2024
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Search and Rescue

OpenDrift - Leeway (LIFE-RAFT-NB-1)
2024-07-21 06:00:00 UTC

S

20.25°N 20.25°N

20°M

19.75°N

19.75°N

19.5%N

19.25°N 19.25°N

T T
0.0 01 0z . . .
['s_sea_water_velocity”, "y_sea_water_velocity']
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Gives Forward trajectory
and Back trajectory for:

Missing ships

Drown people
Oil spills

X Is not operational yet
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Search and Rescue

Output of the Opendrift model
for missing boat with 2 fishermen
onboard.

Date: 6-8-2024
Location: NE Qurum
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OpenDrift - Leeway (SKIFF-1)
2024-08-06 14:00 to 2024-08-11 14:00 UTC (121 steps)
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Fire Plume and Dispersion Model

One of the important needs of air
quality modeling is to develop further
integrated modeling systems that can
be used to understand the impacts
from aerosols and gas-phase
compounds emitted from urban sources
at/on the regional and global climate.

o> akslas
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Fire Scenario

‘Configuration

Static Data

Land Use
Terrain
Land-see mask




NWP Models Available in DGMet iyl sblagll daglaa ‘
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NWP Models Available in HORITY
DGMet Resolution Forecast Days Run Time Start (Local) Finish (Local)
Model
COSMO Regional 7 km 7 days 00,12 06:43 AM, PM 07:54 AM, PM
COSMO Local 2.8 km 3 days 00, 12 06:44 AM, PM 07:23 AM, PM
WAM-4 Regional 14 km 5 days 00, 12 07:44 AM, PM 07:46 AM, PM
WAM-4 Local Oma n L| mlted Area MOd el 00,12 07:49 AM, PM 07:50 AM, PM
ICON-OM Reci | —aavs 00, 12 07:46 AM, PM 09:13 AM, PM
- egiona w4 ot . “ o, “ o
Saill 33 paas diles Agaie z 3l 06, 18 12:56 PM, AM 01:37 PM, AM
00,12 07:50 AM, PM 09:13 AM, PM
ICON-OM Local 2 km 3 days
06, 18 12:59 PM, AM 01:23 PM, AM
7 days 00, 12 09:24 AM, PM 09:48 AM, PM
WAM-6 Regional 7 km
3 days 06, 18 01:44 PM, AM 01:55PM, AM
00,12 09:20 AM, PM 09:32 AM, PM
WAM-6 Local 2 km 3 days
06, 18 02:35 PM, AM 02:50 PM, AM
.. 00,12 06:45 AM, PM 07:30 AM, PM
UAE COSMO
UAE leltEd Area MOdeI 06, 18 12:40 PM, AM 01:05 PM, AM
10 days 00, 12 09:40 AM, PM 12:06 PM, AM
ECMWF (EU) 9 km
3 days 06, 18 05:30 PM, AM 07:30 PM, AM
) 7 days 00,12 08:35 AM, PM 08:55 AM, PM
UNIFIED (UK) -
| | GIObaI Model 3 days 06, 18 02:30 PM, AM 02:40 PM, AM
ICON (GR) —— s 6 days 00,12 08:30 AM 9:30 AM
GFS (US - I 10 days 00,12 07:28 AM 08:34 AM
(US) - daddle GJLA.\ Y
WATCHIII (US) - 16 days 00 09:45 AM 10:15 AM
00 07:22 AM 08:56 AM
EGRR (UK 35k 3d
oo (UK) m s 12 07:21PM 08:54 PM
NEMO Ocean 10 km 7 days 00 10:00 AM 03:00 PM
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