ated o
systems for meteorolo
atmospheric composition

Adrian Simmons
European Centre for Medium-Range Weather Forecasts

> ECMWF



Integrated observation and modelling systems

Alntegration through data assimilation

I lllustrated for aspects of the hydrological cycle from the
ERA-40 (1973 - 2001) and ERA-Interim (1989 - present) reanalyses

and from directly gridded observational datasets

Alntegration of systems for meteorology and atmospheric
composition

i llustrated by the atmospheric core service being developed for

Europeds environment al monitorin
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1987-1997: Ten years of research and operational activities with the
Integrated Forecasting System (IFS)

Introduection
In 1987 the development of a new forecasting syvstem
started at ECMWF. the Integrated Forecasting System (IFS)

Seientifiec motivations for starting the IFS

The main scientific motivation for starting a new svstem
in 1987 was the desire to start working on a 4D varia-
tional assimilation (4D-Var) system.

Jean Pailleux (Météo-France)




4D-Var data assimilation:

Background
_ T forecast

ADetermines the model state ; | |

. . : . — W

that best fits observations _ -7 -

: : - FeYoNeWBComNe OB Rl ST e

throughout a time window .- i Fo0

o : :

= ’ - s
T 12h for ERA-Interim - Analysis Analysis

AModel carries information : 1 N

1 =5t
from earlier observations 12UTC 18UTC 00UTC 06UTC 12UTC
forward in time and spreads it in space

AModel spreads information from one variable to another

I to humidity from observationsofsea-s ur f ace t emper at
I to rainfall from observations of many other variables

I to ozone and secondary aerosols from observations of their precursors

.



Anomalies in humidity and sea-surface temperature
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From HadCRUH dataset of
gridded anomalies of near-
surface specific humidity (g/kg)
from synoptic observations
(Willett et al., 2008)

Mean over sea

Column water vapour (kg/m?)
from SSMI (RSS version 6;
Wentz, 1997),

and saturation specific
humidity (g/kg) from the
Had/NCEP/OSTIA SST analyses
used by ERA

(cf Trenberth et al., 2005)

12-month running averages
relative to 1989-1998 mean
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From HadCRUH dataset of
gridded anomalies of near-

| surface specific humidity (g/kg)

from synoptic observations
(Willett et al., 2008)

Mean over sea

Column water vapour (kg/m?)
from SSMI (RSS version 6),
and saturation specific
humidity (g/kg) from the
Had/NCEP/OSTIA SST analyses

AMIP-style run with ERA-40
model forced by SST analyses

12-month running averages
relative to 1989-1998 mean
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— HadCRUH SEA
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gridded anomalies of near-

| surface specific humidity (g/kg)

from synoptic observations
(Willett et al., 2008)

Mean over sea

Column water vapour (kg/m?)
from AMIP-style model run

and SSMI (RSS version 6)

12-month running averages



— HadCRUH SEA
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From HadCRUH dataset of
gridded anomalies of near-

from synoptic observations
(Willett et al., 2008)

Mean over sea

Column water vapour (kg/m?)
from ERA-40, AMIP-style
model run and SSMI (RSS
version 6)

12-month running averages



— HadCRUH SEA

| surface specific humidity (g/kg)
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From HadCRUH dataset of
gridded anomalies of near-

from synoptic observations
(Willett et al., 2008)

Mean over sea

Column water vapour (kg/m?)
from ERA-40, ERA-Interim,
AMIP-style model run and
SSMI (RSS version 6)

12-month running averages



——HadCRUH LAND —— HadCRUH SEA
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From HadCRUH dataset of
gridded anomalies of near-
surface specific humidity (g/kg)
from synoptic observations
(Willett et al., 2008)

Mean over land and sea

From HadCRUH,

ERA-40 (1973-1988) and
ERA-Interim (1989-2009)
reanalyses of SYNOP
observations and from the
Had/NCEP/OSTIA SST analyses |

12-month running averages
ERA sampled as HadCRUH
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Temperature anomalies over
land from ERA and CRUTEMS3
(Brohan et al., 2006)

Mean over land

— HadCRUH — ERA

Relative humidity anomalies
1 over land from ERA and
HadCRUH

12-month running averages
ERA sampled as
CRUTEM3/HadCRUH
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