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ECMWEF atmospheric reanalysis projects
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* ERA-40 (1957-2002):
Very large user base; science and downstream applications
* ERA-Interim (from 1979 onward):
Near-real time updates; better trends; better data services
* ERA-CLIM: An EU project to prepare the next generation reanalysis
Longer period; higher resolution; better input data; uncertainty information
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ERA-Interim

Anomaly correlation of 500hPa height forecasts

Southern hemisphere ___ ECMWF forecasts: 1980 — 2010

Northern hemisphere
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Access to reanalysis data at www.ecmwf.int/research/era

Public data server:
~7000 registered users

Data products are
updated monthly

By summer 2011:

* Full resolution

e Data on model levels
e Dates from 1979

Climate change
monitoring tools in
development
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ERA-Interim is the latest ECMWF global atmospheric reanalysis of the period 1989 to present.
ERA-Interim products can be retrieved from MARS (class=ei, expver=1) or downloaded from
the ECMWEF Data Server. Please see the ERA-Interim archive document for a full description
of the available products. When using the data server, please refer to our list of frequently
asked questions.

ERA-Interim products on MARS and the data server are normally updated once per month,
allowing a two-month delay for quality assurance and for correcting technical problems with the
production, if any. Product updates will be announced here as soon as they occur.

Product availability as of 2 September 2010:
ERA-Interim data are now available for dates from 1 January 1989 to 30 June 2010.

For technical questions related to the modeling and data assimilation system used to produce
ERA-Interim, please consult the [FS Cy31r1 documentation. We are aware of several known
quality issues with ERA-Interim data.

NEW: Climate monitoring products
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et ) Time series of global 2m-temperature anomalies, and
: il ’z. ok ||+ many other climate indicators produced from
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B < ERA-Interim data shown are provisional and therefore
" subject to change.
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Time series of monthly averaged products
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Large-scale circulation indices
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Additional climate monitoring products in development

* Two-dimensional time series (height/latitude/longitude)

* Global maps of Essential Climate Variables and climate anomalies
e Comparisons with other available reanalyses (JMA, NCEP, ...)

* Comparisons with other observational products (GPCP, CCl, ...)
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Observations used in ERA-Interim:

Instruments

Radiances from satellites
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Observations used in ERA-Interim: Data counts
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Variational data assimilation

* The model equations are used ) Background forecast
to fill gaps and to propagate gl :
information forward in time T ., ol Forecast
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constrain the model state Analysts :

* Additional parameters may be :
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used to adjust for data biases . . . :
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Variational bias adjustments for satellite radiances

Globally averaged bias estimates, for all AMSU-A channels used
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Independent verification of MSU bias estimates

Record of on-board warm-target temperature changes for NOAA-14, due to
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How accurate are trend estimates from reanalysis?

Global mean temperatures, for MSU-equivalent vertical averages:
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Time series of 2m land temperature anomalies (K)

Differences of monthly values from CRUTEM3
ERA-15 * ERA-40 * ERA-Interim
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Climate change monitoring

ERA-Interim Hadley Centre

Two-metre temperature anomaly (C; relative to 1989-2009) for July 2010
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BAMS State of the Climate

Stratospheric Temperature Cloudiness

Growing use of reanalysis
for climate monitoring
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Larger uncertainties in precipitation trends

— ERA-Int — ERA-40 — GPCP

All Oceans

Comparison of monthly
averaged rainfall with 3.8

combined rain gauge and | JM
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Larger uncertainties in precipitation trends

Decadal trends in precipitation, from GPCC estimates and from ERA-Interim:

Mean precipitation difference ((2000-2009) - (1990-1999)) (mm/day)
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14

Monthly precipitation rates for 19x1° grid boxes
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maxima for mountainous regions of Wales,
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Stratosphere

Topics:

e Stratospheric circulation

* Response to Pinatubo

 Temporal consistency of the upper stratosphere
e Effect of model biases

e (Ozone assimilation
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Particle dispersion

Are stratospheric winds
produced by data
assimilation good
enough for long-term
transport calculations?
(Schoeberl et al. 2003)

Particle distributions after 50 days of backward
kinematic trajectories using TOMCAT CTM
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Figure updated from Monge-Sanz et al. 2007
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Stratospheric circulation

Mean age of air at 20km

e ERA-A0 TOMCAT
e ERAANterim TOMCAT

Evidence of improved Brewer-Dobson °r -
circulation (too strong in ERA-40)

Likely due to 4D-Var and VarBC

1 L 1 1 A I 1 L 1
-80 -60 =40 -20 0 20 40 60 20

Equatorial (10N-10S) specific humidity ERA-Interim
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Response to Pinatubo eruption

ERA-40: Excessive precipitation over tropical oceans — worse after Pinatubo

Tropical-mean oceanic TCWV (kg/(m*m))

T Era-40 —— ERA-Int JRA-25
a4 = RSSV6
429 / \
40- N ,/'\/ A/ V"/\ N‘ //
38 -
1989 1990 ' 191 1992 ' 1993 1994 ' 1995 1996 1997 ' 1998 ~ 1999 * 2000 ' 2001 ' 2002 * 2003 ' 2004 = 2005
Tropical-mean oceanic precipitation rate (mm/day)
7 4 —— ERA-40 ERA - Int JRA-25
——— RSSV6 —— GPCP

1989 ' 1990 ' 19p1 ' 1992 ' 1993 1994 ' 1995 ' 1996 1997 ' 1998 ' 1999 ' 2000 ' 2001 ' 2002 2003 ' 2004 2005

Pinatubo eruption
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Response to Pinatubo: HIRS Ch1l

Bias corrections for HIRS Ch11 (tropical averages)

a) NOAA-10
1.7
e N
14 th\ ——— | Volcanicaerosols in the lower
5 stratosphere:
0.9 ﬁv
0.8

1989 1990 1991 1992 1993 1994~ 1995 1996 1997 ® Cooling effect on radiances

b) NOAATT e Not in the radiative transfer model
e ERA-Interim: Change the bias
correction
e ERA-40: Change the humidity
increments
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¢) NOAA-12 _ ]
13 Bias corrections for NOAA-12:

1.2 - .
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§:§3 (N = W I WL” ¢ |n ERA-Interim, correct initialisation
§§ - followed by gradual recovery

1989 1990 1991 1992 1993 1994 1995 1996 1997 ® In ERA-40, bias was held fixed
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Response to Pinatubo: MSU Ch4

Bias corrections for MSU Ch4 (tropical averages)

a) NOAA-10

Volcanic aerosols in lower stratosphere:

Nomat 1995/ * Microwave radiances are insensitive to aerosol, but

correctly measure warming of the stratosphere

e The effect of aerosol changes on radiation is not
accounted for in the forecast model (biased cold)
1989 1990 1991 1992 1993 19'94/@5 1996 1997 e This causes a (false) bias adjustment for MSU

c) NOAA-12

2]

gég The result is a slight damping of the Pinatubo signal in
31 ERA-Interim

11 :

0_

1989 1990 1991 1992 1993 1994 1995 1996 1997

Yololololot== Y=
N hWN=O
A

O

S0, 000000
WN=—=00NOUNA

OO0 000000

Still the best option, given large variations in the MSU
biases

Fundamental limitation of variational bias correction:

e bias parameters are used to minimise mean departures, regardless of the cause
e variational bias correction may not work well in poorly observed regions with large model biases
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More on VarBC:

Interaction with model bias

Mean temperature [K] 120-hour forecast errors for experiment 1112 : Antarctica
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How to constrain model biases in the upper stratosphere?
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Variational bias correction
of SSU Ch3 would result in
large temperature biases
near the stratopause

The top of the model must be constrained by uncorrected observations:
SSU Ch3 (available until 2006), AMSU-A Ch14 (available from 1998)

Global mean temperature increments above 40hPa
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The constraints provided by each
sensor are fundamentally different
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Both sensors result in systematic (but partial)
corrections to the model background
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Shifts in upper-stratospheric temperatures

Global mean temperature anomalies in the upper stratosphere
a) 1 hPa

44 JRA-25

The transition from SSU Ch3 to AMSU-
A Ch14 is clearly visible in global mean
temperatures at 5hPa and above

ERA-Interim
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Introduction of GPSRO (COSMIC)

(a) Temper. diff. NH land RS

minus ERA-Interim (in K), Pressure layer 60-40hPa
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Ozone assimilation
Can ozone data be used to infer stratospheric winds?

Total ozone from TOMS ERA-Interim
(August 1996) (TOMS + SBUV + GOME)

NEUMAYER (Lat = -70.7, Lon = -8.3)
Month = 199608
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Ozone observations contain information 0]
Assimilation of
about the flow £ 2 .
) 2 o GOME profile
4D-Var should be able to extract this S o data in ERA-
. . . . o 2 .
information, since it uses the forecast o Interim leads
model as a dynamical constraint - to much
o improved
400 vertical
How well does this work in practise ? 004 distribution
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Introduction of GOME ozone profile data in ERA-Interim
Ozone and temperature increments in the upper stratosphere

Mean ozone mixing ratio [mg/kg] analysis increments for experiment 1189 : N_Pacific
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4D-Var ozone-only analysis experiment
Ozone observation locations on 4 July 1995, 0 UTC

g0*N

s0*N

30°N |

20S

Blue: GOME 15-layer profiles (~15,000 per day)
Red: SBUV 6-layer profiles (~1,000 per day)
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4D-Var ozone-only analysis experiment
The impact of the ozone data on the ozone analysis at 10S

Cross section of 0z mass mix rat 19950703 1500 step 0 Expver 1195
Analysis increment due to GOME data using 12h 4D-Var (Exp 1195)
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4D-Var ozone assimilation
The impact of the ozone data on the temperature analysis at 10S

Cross section of temp 19950703 1500 step 0 Expver 1195
ysis increment due to GOME data using 12h 4D-Var (Exp 1195)
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Ozone assimilation
Can 4D-Var infer stratospheric winds from ozone data?

* Assimilation of ozone profile data causes large and unrealistic T/U/V
increments near the stratopause to accommodate the observed discrepancies
between background and data

* Alarge part of these discrepancies are due to biases (in both data and model)

e |tis natural for 4D-Var to make adjustments to the flow where constraints are
few:

— Lack of wind observations
— Large background uncertainties

e Ashort-term fix disables this feature for the assimilation of ozone and other
trace gases (use the background flow for ozone transport during
minimisation)

 Comprehensive ozone bias correction (as for radiances) will help.
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ERA-Interim total ozone, March, NH

ERA-Interim Analysis

March Monthly Mean

Total Column Ozone
[Dobson Units]
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Estimates from KNMI

1981 [MSR]

1979 [MSR] 1980 [MSR] 1982 [MSR] 1983 [MSR] 1984 [MSR] 1985 [MSR]

March monthly mean assimilated total ozone
[MSR 79-08, SCIAMACHY 09-11]
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The ERA-CLIM Project

 ERA-CLIM: European Reanalysis of Global Climate Observations
* A 3-year collaborative research project (2011 - 2013)

* Funded by EU research FP7 (Environment)

* Total cost €4.9M; EC contribution €3.5M

* 9 partners, 59 person-years, 50 deliverables

Consortium:
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’/ ,. « EUMETSAT
€?§ | é\ * Univ. Bern

ngy:
\‘. * Univ. Lisbon
\\}\(\\\\\\\\\\\“‘ \‘g g o U . V.
A N w:(-.“ , niv. Vienna
.“.,\v- | oo 5 Q'o ) ° Météo_France
e ﬁfﬂwfé ~ * RIHM (Russia)
9 \\ \jﬁ 3 <:_\\‘\/£
:nséltunolzlr:‘pamcl ting ~ ) A

P - DMC (Chile)

9

N
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ERA-CLIM Objectives

Addressing ENV.2010.4.1.2-1:

Building observational datasets for the predictability of global atmospheric, oceanic
and terrestrial processes using reanalysis techniques

Key objectives:

* Improvement of the observational record for the early 20t century

* Preparation of satellite observations, boundary conditions, and forcing data for a global
atmospheric reanalysis of the 20" century

* Production of pilot case reanalyses and data quality information
 Development of an Observation Feedback Archive for reanalysis

e Assessment and reduction of data uncertainties

Additional goals:
* Improving access to climate data, data quality, and transparency

 Developing a sustainable capability for data recovery and reanalysis
 Meeting requirements for future GMES climate services
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Key deliverables

Objectives

Deliverables

Development of the
observational record

Inventories; database for metadata, web-based digitising tools

uncertainties

Tools for quality assessment of reanalysis products

for the early 20t Digitized, quality-controlled instrumental records for the early 20t century WP1
century 3 0 c q
Access to observations and metadata via international data centres
Preparation of Reprocessed satellite data sets for input to reanalysis; early satellite records
reprocessed satellite
observations, Ensemble of consistent sea-surface boundary conditions for the 20t-century | WP2
boundary conditions,
and forcing data Atmospheric forcing data (solar, aerosols, GHG, land surface...)
Development of an
Observation Feedback | Database facility for input observations with quality feedback from reanalyses
Archive (OFA)
i . A series of long test reanalyses at various resolutions WP3
Production of pilot
reanalyses and data . . . . . .
o . All reanalysis products and input observations available via web services
quality information
Homogenized in-situ data and bias correction techniques
Assessment and
reduction of data Improved ocean observations for reanalysis WP4
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WP1: Data recovery and digitisation

Objectives Deliverables

Development of the Inventories; database for metadata, web-based digitising tools

observational record 1
for the early 20t Digitized, quality-controlled instrumental records for the early 20t century WP

centur . e . .
y Access to observations and metadata via international data centres

Pa rtners: Map of historical data (pre-1957) to be recovered by ERA-Clim
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60N 9 . France Former Soviet Union (RIHMI)
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* Meteo-France 15 A O Maririque O METFR Cambodia,
- Ver?jee ‘Llaos.
fietnam
0 (FFCUL) ports
e RIHM French | Madagascar  (METFR). - METFRI
Guyana Guinea (METFR) . ; o
155 OCEAN (METFR) Bissau O INDIAN  EastTimor
« DMC O (FFCUL)/3 o 0 o (FFCUL)
) O Chile Bolivia & saoTome” (FFEUL) La Réunion Nouvelle
305 Eenci Roynesa Easter Coastal neighbouring & Principe (METFR) OCEAN Calédonie
(METFR) lsland  Stations athas (FFCUL) mgéauni;:ique (METFR)
455 (DMC) (DMC) (UBERN) UK Merchant ships, cruise ships, fri
- - and airships log books South Africa
. . | Chilean Navy ships log books (UKMET, ACRE, UBERN) (UBERN)
Leverage on many existing  «s (DN U, Ao pntarctic
Peninsula
(DMC)
data recovery efforts 7S
NCDC, ACRE, IEDRO i
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D Approximate extent of the recovery effort for in situ data W Locations of early spectral atmospheric transmission measurements
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Key deliverables

Objectives

Deliverables

Development of the
observational record

Inventories; database for metadata, web-based digitising tools

uncertainties

Tools for quality assessment of reanalysis products

for the early 20t Digitized, quality-controlled instrumental records for the early 20t century WP1
century 3 0 c q
Access to observations and metadata via international data centres
Preparation of Reprocessed satellite data sets for input to reanalysis; early satellite records
reprocessed satellite
observations, Ensemble of consistent sea-surface boundary conditions for the 20t-century | WP2
boundary conditions,
and forcing data Atmospheric forcing data (solar, aerosols, GHG, land surface...)
Development of an
Observation Feedback | Database facility for input observations with quality feedback from reanalyses
Archive (OFA)
i . A series of long test reanalyses at various resolutions WP3
Production of pilot
reanalyses and data . . . . . .
o . All reanalysis products and input observations available via web services
quality information
Homogenized in-situ data and bias correction techniques
Assessment and
reduction of data Improved ocean observations for reanalysis WP4
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WP3: Data integration (global reanalysis)

Partners:

ERA-CLIM pilot reanalyses:
« ECMWEF (lead)

* Univ. Vienna
ERA-20C: 3D atmosphere from 1900 (125km)

* Univ. Bern
ERA-20CL:  Land surface only from 1900 (25km)

* RIHM

ERA-SAT: 3D atmosphere from 1979 onward (40km)

Development of an

Observation Feedback | Database facility for input observations with quality feedback from reanalyses

Archive (OFA)

. . A series of long test reanalyses at various resolutions
Production of pilot

reanalyses and data

o . All reanalysis products and input observations available via web services
quality information

WP3

Observation Feedback Archive:

A new web-based facility for access to raw input observations,
including uncertainty estimates from reanalysis
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ERA-Interim 1979-1988 extension

Equatorial (10N-10S) specific humidity ERA-Interim
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Equatorial (10N-10S) specific humidity ERA-Interim
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Zonal mean O3 (10S-10N)
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Zonal mean Q (10S-10N)
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Zonal mean T (10S-10N)

Temperature ('C) 10°S-10°N
1510

Pressure(hPa)

JAN FEEMAR APRMAY JUN JL ALG SEP OCTNOV
1989

1510 anomali

MN FEBMAR APRMAY JLN J.L NJG &EPOCT NW
1929

ERA-Interim

ERA-Interim

cCOh LW N

-

883 58 B

000
JAN FEBMAR APR MAY JUN JUL ALG SEP OCT NOV

AnomaIX

1989

. -Interim anoma

-
cCON LW R

20
30
m ™
80
20
0

JAN FEB MAR ﬁPRMAYJLN .ILLNJG&E’OCTNOV
1929

BB3ysssbbaany

Diff.
1510 ERA Interim

80+ 041
oo <,
109 o=

-1

2004 15
300+ 25
4004 25
600~

8007

1000 L] I L L] L L) L ) L 1

JAN FEEMAR APRMAY JUN JL AUG SEP OCT NOV

1989

< ECMWF



Zonal mean U (10S-10N)
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Climatology: ERA-Interim 1989-2001
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