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NCAR is not an operational center

This talk is based on my 
time at the Met Office 
1997-2023

Not talking about how atmospheric, ocean or land models 
work… But how they are used and developed for NWP

Some slides from my seminar 
here but mostly different stuff…
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The purpose of NWP



1854:	Founded 1859:	FitzRoy’s	interprets	
October	storm

1922:	Director:	Lewis	
Fry	Richardson

1949:	First	televised	
weather	chart

1959:	First	computer 1987:	The	“hurricane” 1990:	Met	Office	
Hadley	Centre	opens	

2021:	$1.6B	investment	
in	Microsoft	HPC

A	potted	history	of	the	Met	Office
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Richardson was the first not only to suggest numerical 
integration of the equations of motion of the atmosphere, but also 
to attempt to do so by hand, during the First World War. 



NWP
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Timescales for NWP and a 
“seamless” model



What timescale is NWP?

Initial value problem for a numerical model

Nowcasting  
(other methods)

NWP (glob) timescales

NWP (reg) timescales



A “common” modelling framework for use: 
- Across time scales (hours to centuries) 
- Global and regional 
- Representing fine scales or courser scales to 

allow increased complexity etc…

Unified modeling 
- Have things the same unless you need them 

to be different 
- Know the differences  
- Have a reason for them 

- I do not need/cannot afford that level complexity 
- I do not need a global configuration  
- I need to represent the carbon cycle and long runs 

but cannot afford convective scale 
- My global land scheme doesn’t work well at high res 

regional scales – I will work on it…

“Unified” modeling



Why: “Unified” modeling

• Capture and analyze biases in short runs 
• Model looked at in detail every day (in forecasts) 
• Consolidation of effort in development of the system 
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Ensembles in NWP to support 
services



Deterministic	
model

1	Single	narrative	products

Added	uncertainty	info	from	
Postprocessing	such	as	

neighbourhood	processing

In	this	example	I	will	assume	a	
lagged	ensemble	is	just	an	
ensemble…	

Added	uncertainty	info	from	
Op	met	“climatological”	

knowledge	of	typical	model	
uncertainty

Product “narratives” from a single realization 



1.	Single	narrative	products	
from	“control”	

using	a	single	member

4.	Narrative	and	products	with	likelihood,	risk,	extremes	etc…	

2.	Single	narrative	products	
using	processed	ensemble

3.	Narrative	from	cleverly	
selected	member

Four ways to use an ensemble



Ensemble exploitation

Four ways to use the ensemble

1	is	not	exploiting	an	ensemble.	However,	it	allows	
us	to	use	an	ensemble	system	to	deliver	existing	
services	without	(much)	work.		
2	is	exploiting	ensembles.	From	end	user	
perspective	its	just	a	more	accurate	single	
narrative.		
3	is	exploiting	an	ensemble.	This	is	not	really	
something	we	know	how	to	do	automated	at	this	
point.		
4	is	exploiting	ensembles	in	perhaps	the	way	we	
most	commonly	think	of.



Ensemble exploitation

Challenges of ensembles from service (downstream) perspective

Large	amounts	of	information	to	deal	with	in	the	
forecasting	process	related	to	risk/uncertainty	etc…

Lots	of	data:-	management	and	
processing	of	it	all	

Post	processing

Po
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Standardisation Ca
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ul
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Influencing	users	to	
take	information	on	
uncertainty

Getting	the	usable	
products/data	to	users	that	
want	uncertainty	info	



This material is based upon work supported by the National Center for Atmospheric Research, which is a major facility sponsored by the National Science Foundation under Cooperative Agreement No. 1852977.

Defining an NWP system
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Ensemble	exploitation
Through	the	chain

Physical	model	modelling	
systems	representing	the	

atmosphere,	ocean	and	land	as	
well	as	we	can

Services:	Taking	the	NWP	data,	
making	it	more	accurate,	usable	and	

then	providing	the	advice

Data	Assimilation	
ingest	as	many	

observations	as	we	can	
for	best	initial	conditions



Research	&	development

Prediction	
Process	

observations	
Gather,	quality	control	
and	process	observation	
ready	for	assimilation

Assimilate	
Observations	

Data	Assimilation	(DA):	Make	
analysis	by	combining	model	
background	and	observations

Run	
forecast	
Run	ensemble	
systems	for	
days	ahead

Process	NWP	
output	

Post	processing:	Standardise,	
calibrate	and	extract	decision	
relevant	information.	

Advise	
users	

Utilise	tools	to	
deliver	user	specific	
advice

Understand	
Advance	our	knowledge	of		
fundamental	processes.	Develop	
novel	and	new	methods.		
Science	and	social	sciences.

Develop	and	optimize	
Translate	understanding	into	systems	and	
tools	that	are	used	above.	Improve	the	
systems	for	performance	and	efficiency.	
Science,	software	engineering.

Evaluate	and	engage	
Test	and	understand	systems.	Engage	
users	to	understand	user	needs.	Identify	
areas	for	improvement.		
Science;	social	science,	testbeds.

Components of an NWP system
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Postprocessing	our	ensemble
IMPROVER
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Running an NWP system 

Some nitty gritty
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Operational	NWP	systems
OS45	–	Operational	June	2022

Other	Models:	
– 4.4km	(without	DA)	
– 70	vertical	levels	(40km	top)

Global	NWP:	
– 10/20km	deterministic/ensemble	
– 70	vertical	levels	(80km	top)	
– Hybrid	4D	Variational	Data	Assimilation	(DA)	
– Forecasts	to	T+48	or	T+192hr	every	6	hours	
– Coupled	to	¼	degree	ocean	(weakly	coupled	DA)
UK	NWP:	
– 1.5/2.2km	deterministic/ensemble	
– 70	vertical	levels	(40km	top)	
– Hourly	4DVar	DA	+	Radar	via	Latent	Heat	Nudging	
– Forecasts	to	T+12	-	120hr	every	hour	
– Hourly	updating	ensemble	(up	to	T+120hr)	
– Time	varying	SSTs	from	1.5	km	regional	ocean	model	



Why regional and why global?

- A regional model can give be run at higher resolution  
- There are step changes in impact information as we approach 1 km grid length 
- We can run more them far cheaper so we can afford to have 

- The finer scales 
- More ensembles 
- More rapid refresh (1 hour vs. 6) 
- Assimilate more/different obs (more locally available obs such as from  ground based radar) 

- Regional DA is not good at constraining larger scales so links to global DA are needed 
- In UK this is done by blending global and regional tendencies 
- IN US a regular (e.g. daily) reset is done to use global analysis as Ics (cold start) 

- But a global model is needed to provide the drivers of the regional model 
- So you either have it as part of your system or use someone else's 

- Note that the scheduling becomes delayed and you have less flexibility if it is not your’s 
- Global ensembles and spread are needed as regional model moves to longer lead times  

- depends on domain size but let’s say 2 days  

- Regional models are usually run out to 2-3 days (US) but as far as 6 days (UK) 
- Beyond this detail loses any relevance 

- In terms of global models – most skill is lost between 5 and 7 days now but we improve at a days lead time 
every 10 years of development 
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DA cycling and the forecast
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Data Assimilation cycle
Data Assimilation is the process of 
absorbing and incorporating 
observed information into a 
prognostic model 

NWP definition: 
process to estimate “optimal” 
initial conditions (or best analysis) 
that lead to  best numerical 
forecast 

Optimal in a statistical sense: 
minimises errors and/or 
maximises probability of the 
analysis

o The observations are used to correct errors in the short forecast from the previous analysis time (every 6 
hours for global NWP, more frequently for higher resolution limited areas models) 

o Every 6 hours about ~5 millions of observations are used to correct ~109 variables that define the model’s 
atmosphere 

o This is done by 4D-Var, a 4-dimensional adjustment in space and time  
o The model is an integral part of the analysis algorithm, it carries information from past observations into the 

current analysis – the better the model the more accurate the background trajectory!



WMO Integrated Global Observing System

Number of satellite sensors for NWP



Main GM forecast only



Main GM forecast only

60-95% of 
atmospheric obs 
assimilated 
 



Update GM forecast only

Nearly 100% of 
atmospheric obs 
assimilated



Main and update 
GM forecasts



It’s a bit more complicated than that…

Coupled model  
background

Ocean DA  
3D-Var (NEMOVAR) 

Land DA 
EKF (SURF)

Coupled model  
initialisation and forecast

Atmosphere DA 
Hybrid 4D-Var (VAR) 

• The ensemble system relies on the deterministic model	

• The global model is coupled ocean-atmosphere and needs to 
ingest Ocean obs with come in slower than the atmospheric obs 

• We use weakly couped DA… 



Main and update 
GM forecasts

Only ~40% and 
~80% of ARGO 
and altimeter obs 
assimilated 



Additional  
catch-up cycles



Additional  
catch-up cycles

~85% and ~98% 
of ARGO and 
altimeter obs 
assimilated



Full system as of 
Op Suite 45  
incl. ensemble
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Developing an NWP system 



Balancing the HPC demands

Weather	vs.	
Seasonal	vs.	
Climate	

Research	vs	
operations



Competing for HPC time

Survey of users/developers in weather and climate



Ensemble exploitation

Science push vs user needs

25yrs ago the first operational, ensemble forecasts were 
issued ... a paradigm shift in weather prediction: for the first 
time, forecasters and users could have reliable and 
accurate estimates of the range of possible future 
scenarios, and not just a single realization of the future. 
… Their use will continue to increase, provided that we can 
help users to take decisions using probabilistic 
information…

• Errors	and	uncertainty	at	all	lead	times	and	scales		
• Show	likely	scenarios	and	less	likely	ones	(but	all	possible)	
• Show	variations	in	predictability	beyond	the	obvious	
• More	reliable	single	story	
• Provide	uncertainty	in	a	range	of	useful	ways

HPC node hours on 
Operational NWP

13%

21%

14%

34%

18%

Global 
Global Ens
UK det
UK ens
Away frrom UK
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Development	timeline
A	focus	on	our	ensemble	systems	for	weather	prediction

2021	

PS45

Porting	
 GEN1

12 km grid
120 levels?

Ocn: Ensemble	

T+14 days LFRic Coupled NWP

1.5km
120 levels

LFRiC 
RAL5

Current

2.2 km grid length	

70 levels; 5 days	

3 members/hour	
18 member lagged 

20 km grid length	

70 levels; 7 days	

18 members/6 hour	
36 member lagged 

New physics	

90 levels

Gen  1a	
Go-Live

Gen 1b	
Go-Live

Larger 
domains

Blended DA; Assim 
reflectivities

Physics updates 

UK ensemble

Global Ensemble

PS46 PS47 PS48 PS50PS49 PS51 PS52 PS53

Gen 2
Go-Live

Porting	
 GEN2

Porting	
 GEN1b

|2022 |2023 |2024 |2025 |2026 |2027

NG-OPS

NG-OPS

NG-VER

NG-VER NG-DA

NG-DA

Observing 
platforms

MTG-I1	(FCI) MTG-S1	(IRS)

EPS-SG	(IASI-NG,	MWS,RO)

300m 
London

1-300m 	
On demand

Ocn:AMM1.5 
forecast as LBC

Ocn:	AMM1.5	
ensemble	as	LBC



Are we doing the right R&D?

Demand and science push

Develop	the	
national	capability
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Demand:	Engage	
and	understand	
all	users	needs

Science	push:	Identify	new	
methods/tools/changes	
that	users	may	not	
recognise	as	needed	

Agree:	Engage	and	agree	
underpinning	R&D	
priorities.	Shorter	and	
longer	terms.	But:	responding	to	all	users	

needs	and	science	push	
may	not	be	practical

Review:	Ensure	plans	align	with	
an	overall	service	portfolio	that	
works	from	a	user,	data	and	
technology	perspective	



Recap

- Today I have focused on delivering services with an NWP system. 
- This included  

- What NWP systems are for 
- They key role of ensembles now and in the future 
- The components of an NWP 
- Scheduling a system 
- How we make development decisions  
-   
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