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ERA-Interim: Key facts

Data products:
— From 1979 to present, continuing with monthly updates

— 6-hourly upper-air, 3-hourly surface, monthly averages, diagnostics
— Products available at www.ecmwf.int/research/era

Background
Assimilating model: r4 forecast 1
$ =W
— ECMWEF IFS Cy31r2 (Dec 2006) -~ smEa

— T255 spectral fields; ~79km global _ -
— 60 levels, top at 0.1hPa

Analysis Analysis

A nda |yS I Sm et h O d : 12IUTC 18lUTC OOlUTC 06lUTC 12.UTC :t

_ 4D—Var Wlth 12—hour analysis WindOW 4D variational assimilation as used in ERA-Interim

— Static background error covariances using wavelets

— Variational bias correction of satellite radiances
— 1D+4D-Var assimilation of SSM/I rain-affected radiances
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ERA-Interim: Model input data

Surface conditions:
— SST: 5 different products used! Clear shift after 2001.

* Prior to 2001 as in ERA-40 (HadISST1 then NCEP)
* After 2001 as in IFS (NCEP then OSTIA)

— Fixed vegetation (USGS GLCC + AVHRR) '| — easst — Hadchuts median
— Snow cover from NESDIS, from July 200:°*

Atmospheric forcing: o5 PV

— Solar constant 1370 W/m? 1 1g75 1980 1985 1990 1995 2000 2005 2010
— Prognostic ozone, but not coupled to radiation

— Ozone in radiation: Annual cycle based on climatology

— Greenhouse gases: Linear trend from IPCC AR2

— Aerosols: Annual cycle based on climatology + constant background; no
evolution of volcanic aerosols

Room for improvement: Presentation by Hans Hersbach
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ERA-Interim: Observations

OBSERVATIONS ASSIMILATED IN ERA-INTERIM
1991 1993 1995 1997

TROSN
MU Nomacmmmmm—— -
NOMA7
NOAA-

ERA-40 input until 2002, but: e —

* Direct assimilation of SSM/I clear-sky TR B

radiances s
* Use of SSM/I rain-affected radiances T N

NWP input (GTS) after 2002, but: e
« AIRS radiances since April 2003 e
* No data from TMI, IASI, ASCAT B -
Some reprocessed satellite data: T ——— | iy
 ERS-1,2 wave height data -
* A subset of AMV retrievals from ~ =

EUMETSAT ——
* Ozone profiles from GOME on ERS-2 . T —

 GPS RO bending angles from CHAMP ” — e

More on this: Presentation by Paul Poli

% ICR4 — Status and Plans 'wECMWF




New data server: www.ecmwf.int/research/era

Home YourRoom Login Contact Feedback Site Map Search:

Gridded fields:

About Us Products Services Research Publications News&Events
= . Overview Forecasts Computing Modelling Newsletters Calendar
5 /' Getting here Order Data Archive Reanalysis Manuals Employment
° . f 1 Weal Committees Order Software PreplFS Seasonal Library Open Tenders
ERA-Interim from 1979

ERA Interim, Daily Fields >

ERA Interim, Daily Fields

i Da ta a t fu I I h or | Z0 nta I reso I u t'i on Type of level Note: In order to retrieve data from this server, you first have to accept the conditions of use.
Model levels ' E Ouecti
Potential Select date [ ECMWF Data Freq y Asked
and On mOdel |€V€|S :ﬂ’&l“"’ O Select a date range betwee Most Frequently Asked Questi \\
otential vorticity
3 H . :Le:::ere lovels Start date: | 1979-01-01 4 ; What is MARS? 2 A
b s the format of the data:
e Options for regional selection and _ 3 Shats e nat ot e cata? \
] @ Select a list of month: 5. Grid for retrieval \
H H 6.
regridding, GRIB or NETCDF Your Requests an b Mar ooy sun st 7 —
190 0000 &Ea o
. L. oy Data usage 900000 ®0
¢ Less restrictive use conditions Condlfions ss00000®0 "
10 0000 0d0
Bes 2o w0 0000 O0® 0o
e Al O OO0 COo00
Data Services MO 0000 &®00
. . GRIB decoder 19930 O 000000 |
Coming soon: NS coosced :
1997 0 0O 00 ¥ 000 - T 1
- H 199 0 000 ™O000 i
* Observation Feedback Archive mMo0000O000 . A
200 000000 e
(O FA) 200 O 00 O0OO0O0O00OO 5 |
2000 0O 0000000 4 y
. . . w90 000 C — >
® Dyn a m IC Se | ectl O n Of I n p Ut 20000 | 27. Where can | find general documentation of ERA Reanalysis data? .
Jan Feb Mar Apr May 28. What is the resolution of ERA data?
. 29. Where can | find documentation on the scientific aspects of ERA data?
Select All or Clear ) . . | ?
observations by date, source, 5 gt S e SRS
. Select Time 32. What observations were assimilated in ERA-Interim?
I n St ru m e nt’ O b S e rva b I e O 00:00:00 O 06:00:00 O AN :IneIE':Aelnter":\ec?Ol\:’a:I)::!] et the monthly means of the daily means of accumulated
34. What s the accumulation period in ERA-40?
ilteri 1 QcC = 36, Which sateles are used n assimiation for ERA-407
° FI terlng Optlons (e.g. ) > = - ilgich sate ?iareie n assimilation for ERA-40?
° Ba S | C p | OtS ( ma pS tl me se ri eS) If you experience any difficulties, please check our data FAQ first
7
i : B
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www.ecmwi.int/research/era

The ERA-Interim reanalysis: configuration and performance of

the data assimilation system E R A re po rt S e rl e S

D. P. Dee**, S. M. Uppala?, A. J. Simmons?, P. Berrisford?, P. Poli?, S. Kobayashib, . .
U. Andrae®, M. A. Balmaseda?, G. Balsamo?, P. Bauer?, P. Bechtold?, A. C. M. Beljaars®, 1 The ERA-Interim archive
L.van de Bergd, J. Bidlot*, N. Bormann®, C. Delsol?, R. Dragani®, M. Fuentes?, A. J. Geer?,
L. Haimberger®, S. B. Healy?®, H. Hersbach?, E. V. H6lm?, L. Isaksen?, P. Kéllberg®,
M. Kohler®, M. Matricardi?, A. P. McNally?, B. M. Monge—Sanzf, J.-]. Morcrette?, B.-K. Parké,
C. Peubey?, P. de Rosnay?, C. Tavolato®, J.-N. Thépaut® and F. Vitart*

Version 2.0

. Paul Berrisford, Dick Dee, Paul Poli, Roger Brugge, Keith Fielding,
Q. J. R. Meteorol. Soc. 137: 553597, Apl'l.l 2011 A Manuel Fuentes, Per K3llberg, Shinya Kobayashi,

Sakari Uppala and Adrian Simmons

Berrisford, P., P. Kallberg, S. Kobayashi, D. P. Dee, S. Uppala, A. J. Simmons P. Poli, and H. Sato, 2011:
Atmospheric conservation properties in ERA-Interim. Q. J. R. Meteorol. Soc., 137, 1381-1399.

¢ Poli, P., S. B. Healy, and D. P. Dee, 2010: Assimilation of Global Positioning System
Radio Occultation data in the ECMWF ERA-Interim reanalysis. Quart. J. R. Meteorol.
Soc., 136, 1972-1990.

e Simmons, A. J., K. M. Willett, P. D. Jones, P. W. Thorne, and D. P. Dee, 2010: Low-
frequency variations in surface atmospheric humidity, temperature and precipitation:
Inferences from reanalyses and monthly gridded observational datasets. J. Geophys.
Res., 115, D01110, doi:10.1029/2009JD012442.

« Kobayashi, S., M. Matricardi, D. P. Dee, and S. Uppala, 2009: Toward a consistent
reanalysis of the upper stratosphere based on radiance measurements from SSU and
AMSU-A. Quart. J. R. Meteorol. Soc., 135, 2086-2099.
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ERA-Interim: Fit to observations
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ERA-Interim, ERA-40

ERA-Interim vs ERA-40:

* Reduced background
departures

e Reduced analysis
increments

* More uniform in
space/time/variables
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ERA-Interim: Bias correction schemes

e Surface pressure observations:
— Sequential bias estimation using background departures
— Separately for each station, ship, or buoy
— Attempts to prevent impact of model bias

 Temperatures from radiosondes:

— Off-line break-point adjustments based on ERA-40 departures
(RAOBCORE 1.4)

— Sequential estimation of radiative biases, for groups of stations

e Satellite radiances:
— Bias estimates updated using the variational analysis (VarBC)
— Separately for each instrument, channel
— Based on simple predictor models —i.e. a few parameters per channel
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Surface pressure bias corrections

1990 420
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Radiosonde temperature bias corrections

* Daytime (OOUTC) and *

nighttime (12UTC) 2t
bias corrections for g of
50hPa temperatures |

at Bethel, Alaska

* Large radiation
errors at high

latitudes, low solar € of
elevation (annual 2 f

cycle)

e Large shifts in 1989
and 1995 due to
equipment changes

- 00UTC Bethel, Alaska 50hPa
AN A o
\\/\/\/U\f\_/\[
. 19;0 ‘ . I . 1;95 . l . 2050 ZObS l ‘ . I 2010

ol

4 -

2f

2010

More on this: Presentations by Leo Haimberger,
Marco Milan

&b
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Satellite radiance bias corrections

Global mean background departures from radiosonde temperature observations (275-775hPa)

_0.5 . . . . . . . .
1982 1986 1990 1994 1998 2002 2006 2010
05 Global mean blackground departures for MSU channel 2 radiance observations
0 lw Sl
-0.5 :

1982 1986 1990 1994 1998 2002 2006 2010

Global mean bias correction for MSU channel 2 radiance observations

NOAA-14 recorded warm-target
temperature changes, due to
orbital drift (Grody et al. 2004)

Jan 1989: Transition between
two production streams
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ERA-Interim extension: 1979-1989

1989, stream 2
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ERA-Interim extension: 1979-1989

Equatorial (10N-10S) specific humidity ERA-Interim

i
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Extension stream Original production stream (from 1 Dec 1988)
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Spurious shifts in global mean precipitation

Precipitation - evaporation anomaly (mmday**-1) The entire Globe
ERA-40 +12h ERA-Int +12h
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e Shifts are mainly due to 1D+4D-Var assimilation of rain-affected radiances
* This has been experimentally verified, and is now fully understood (Geer et al. 2008)

* The introduction of clear-sky SSM/I does not appear to affect the global mean
* Good prospects for improvement
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A fundamental limitation

——— ERA-40 —— ERA - Interim
Global temperature anomalies from NN @ ; i
ERA-Interim and ERA-40 > 4 -
2 a 2
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Upper stratosphere: Large model bias,
only partly constrained by SSU prior to
1998, then by AMSU-A
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A spurious shift is inevitable in this case

Model biases can be corrected in data
assimilation — but that requires
accurate observations
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Ultimately the accuracy of a reanalysis is
limited by available observations
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Mass conservation

Total column dry air (Kg/m**2)-10000 The entire Globe
ERA-40 +00h NRA2 +00h JRA-25 +00h ERA-Int +00h
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Variations in mass generally within 0.04%
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Hemispheric mass variations

Hemispheric mass ERA-Int (kgm**-2) The entire Globe
NHM +00h SHM +00h
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Inconsistencies in the mass budget

Cross-equatorial mass fluxes computed in two ways:

e using tendencies of the hemispheric mass fields (NH, SH)
* using convergence of vertically integrated mass fluxes

Cross equatorial fluxes ERA-Int (kgm**-1s**-1) The entire Globe
XEMF +00n NHMT +00h SHMT +00h
80 80
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Evidence of improvement

Consistency much better in ERA-Interim than in ERA-40
Discrepancy is due to poorly constrained tropical divergent winds
Improves with time, with the quality of the observing system

Cross equatorial mass flux (kgm**-1s**-1)
ERA-40 +00h ERA-Int +00h

The entire Globe
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Current work at ECMWEF: The ERA-CLIM project

ERA-CLIM: A 3-year collaborative research project coordinated by ECMWF,
supported by the EU’s FP7

Goal: Prepare input observations,
model data, and data assimilation
systems for a global atmospheric
reanalysis of the 20t century — to
begin production in 2014

Work plan:

1. Data rescue efforts (in-situ upper-air and satellite observations)
2. Incremental development of new reanalysis products

3. Use of reanalysis feedback to improve the data record

4. Access to reanalysis data and observation quality information

Qﬁﬁﬂ 25 Oct 2011 WCRP 0SC SCECMWF



Data rescue: Surface weather observations

Major data collections: ICOADS; ISPD (from 1755); ISD (from 1901)

ISPD stations on a random date in 1900 ISD station counts over time

[ I T I I T T T I I I I ]
[0 Non-US station
I W US station

'?900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

* Poor coverage outside Europe and North America
* Many data not yet in digital form: could easily disappear

* Sub-daily weather observations over land are not well '\
) International
organised (ISTI?) W“N
. . Tem%:erature p

* More on this: Presentation by Hans Hersbach |
nitiative
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Data rescue in ERA-CLIM: In-situ observations

Focus on upper-air weather observations in poorly covered regions

Data rescue, digitisation, and preliminary quality control

Map of historical data (pre-1957) to be recovered by ERA-Clim
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Data rescue in ERA-CLIM: Satellite observations

* Can we extend the usable satellite record back to the 1960’s?
* Datarescue; development of observation operators; first screening

*  More on this: Presentations by R. Saunders, J. Schulz
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ERA-CLIM reanalysis development

First step: An ensemble of (atmospheric) climate model integrations

* Atmospheric forcing based on CMIP5 input data
* An ensemble of SST/sea-ice estimates from HadISST2

HadISST2 will provide any number of equally plausible SST reconstructions

Fraction of Measurements from each Type in ICOADS
N ' ' - ' UnKfibw.
08~ Wooden Buckets e

Key uncertainties
arise from unknown
error characteristics
of SST measurements
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ERA-CLIM reanalysis development

Next: A succession of new reanalysis products

e ERA-20C: 20t Century reanalysis using surface pressure observations only
 ERA-SAT: A new reanalysis of the satellite era (to replace ERA-Interim)

ERA-20CM Ensemble of model T159
integrations, using 10 members
HadISST2 and CMIP5 forcing
ERA-20C Reanalysis of surface T159 Available
pressure observations 10 members mid 2013
ERA-20CL Land-surface only; T799 Available
forced by ERA-20C 10 members mid 2013
ERA-SAT New reanalysis of the T511 Available
satellite era To replace ERA- mid 2014
Interim
%ﬂ ICR4 — Status and Plans SCECMWF




TOA radiation balance
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