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Considerations for Verification and Confidence

David Tan and colleagues
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Reanalysis Uncertainties - Key Points

They exist

Comprehensive
characterization

Expertise and
information

Best-practice

Outlook

((Dh Core
= Climax

Tan, Reanalysis Uncertainties, ISDA 2014

For a variety of reasons

Is a big challenge
Many geophysical parameters & spatio-temporal scales
Reference-quality observations are scarce

Is widespread and increasing
Often scattered amongst user community
Not always easy to access/interpret

Is in a phase of significant change
Develop ways to use uncertain datasets confidently
Whether from reanalysis or other sources

Is positive
Needs community effort involving producers & users
Be open to new ideas on what to do (and how to do it)

2
ESECMWF



Reanalysis Uncertainties — Major Sources

e Physical parametrizations - convection, GWD, ... e Estimates of bias corrections
* Boundary/forcing fields — SST, GHGs, ... e Estimates of error covariances

Forecast- Assimilation

model
Uncertainty

system
Uncertainty

e Random, systematic,
space/time-correlated

Observational

Uncertainty

Reanalysis

e Instrumental uncertainties U ncertal nty e Formal error/uncertainty propagation is
impractical (high-dimensional system,
sensitive dependence on initial conditions)

¢ Rarely worse than “climatology”

e Can be reduced in successive reanalyses —a

((3 top-down/holistic life-cycle approach
h Core Tan, Reanalysis Uncertainties, ISDA 2014 3
= Climax £ ECMWF

e Indirectness (especially remote sensing)
 Incomplete spatial/temporal coverage
e Reference-quality observations are scarce




Iterative progress: the reanalysis life-cycle

Diagnostics are essential
Permit improvements to
be devised & recognized

Quality of “raw” products, Quality of “post-processed” products,
consistency with observations? consistency with observations?

Strengths & weaknesses

Work done by Understandin of reanalysis systems
imilation scheme? = '

assimi & Reducing and observations?

Uncertainties

Production

Climate-quality reanalysis systems &
climate-quality observations?

(pa Core Tan, Reanalysis Uncertainties, ISDA 2014 4
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Diagnostics for Quality, Uncertainty & Confidence

INTERPRETATIVE METADATA
Abundant but much waiting to be discovered
Can be disjointed (grey-literature), not easy to synthesize

Quality of “raw” products, Quality of “post-processed” products,
consistency with L1/L2 observations? consistency with L2/L3/L4 observations?

Forecast scores Monthly means

Bias corrections Trends & anomalies

Analysis departures Budgets, e.g. energy/water cycles

Understanding

Analysis increments Ensemble statistics

Background departures Downstream data, e.g. hydrology,

Cost function diagnostics renewable energy, agriculture, health

Work done by Strengths & weaknesses
assimilation scheme? of reanalysis systems
Climate-quality reanalysis systems &  3nd observations?
climate-quality observations? Intercomparison projects,
e.g. S-RIP

|f_f.
%(’_‘; Core Tan, Reanalysis Uncertainties, ISDA 2014 5
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Info on Reanalysis Uncertainties

Peer- reviewed e Good public access
. ¢ Unlikely to become fully comprehensive
llteratu re e Supplemented by Maturity Matrices? See next slides

e Technical reports
Private sector, e.g. wind/renewable energy industry
More sharing of data and insight?

Grey literature

E.g. reanalysis.org (see later slide)
Discussion forums, preferably moderated

Websites

e Application-specific investigations
e Customized diagnostics, sensitivity studies
e More sharing of techniques, community toolboxes?

Could be part of an Environmental Service?
Needs a larger “expert community” — capacity-building
Interpretation of Maturity Matrices?

Consultancy
advice?

((:)h Core Tan, Reanalysis Uncertainties, ISDA 2014 6
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CORE-CLIMAX System Maturity Matrix

Is the Are the data What is the Are data well

software and methods trueness of used and user
robust and well the data? feedbacks

maintainable? documented? taken care of?

. Public Access
Software User Uncertainty '
readiness Metadata documentation | Characterization | ' ccapackand Usage
Update
Do the metadata
Are the codes meets Are the formal Are the suﬂ‘rrfétij:tz'n 41 wi d":e i?ag?ntathe
compliantwith international documents and uncertainties documen;:s aci:nﬁfic and
standards, stable, standards, and peer-reviewed assessed ublicly available decisinn‘an d
portable and allows papers up-to-date | systematicallyin a P and fe ularl olicy makin
reproducible? provenance and public? standard manner? J - ¥ poticy mar %
A updated” communities”

*  Evolved from Bates approach (NOAA) by Eumetsat (Joerg Schulz) and DWD (Andrea Kaiser-Weiss)
* Does the Dataset Production follow best-practice in Science and Software Engineering?
*  Coupled with Application Performance Matrices/Indices

= Climax ESECMWF



Core-Climax System Maturity Matrix

- PUBLIC ACCESS,
Ma ¥ L ), A ), - A
Maturity SOFTWARE EEADINES & METADATA TESER DOCTMENTATION TNCERTAINTY CHARACTERIS ATION FFEDBACK, I.'PDA'i'E TSAGE
Linsted scientific description of the methodology
1 Comreprusd develop maz Yoze e et = oms Fsstrictsd mvaibibilify &rom P1 s
e Standard uncartainty nomenciymurs i idanitified or defined Eaagarch: Bancefits for applications
mwthodology, imited validation, and Eneited _— D rabiable from P foedback throwgh scentific escbongs, B
1 Fassarch grade code Hasaarch grade K. Tepert on e, s B Horitod validarinn dome; limited information on uncartainty waw = iy s sdantifiod
product nser geids avaibble from PL pape ca availab mreguiar updatas by PI D55 Potantial R
mxthodelogy is sumitted for pear-roviow ) )
Bassarch code with partialty apphed . .
. Score 2 + paper on methodology published: P . - .
s(mdzds.cnbmm’.mmih:a:d fingd cr'i tome wive walidation report mvailsble from PLand 2 Score 2 s(mdmdnnmcb:na]]pmil_ahﬂn:lmnt_md.c ) ] ) Rasasch: Banohibs o pplications
comnents, and 2 README fie; PI F . ~ i — £all product datz coveram, comprebamice ndnrmmtion oo Drata and documantation peblially swilable fo PL fesdback R
3 — = amd endarstand the data and eemact Sscovary papa on valideticn & submitted; comprebensive user - — N S . . = = " damoztrated.
affimes pertability, mumarical N .. uncaerainey aradsbk; method: for amtenred mozfioring through soiamit achoamge, mumiler updates by PI . .
— . matadara Eids i padlable from PL Linsited description of Di55: Use coouring and ozt amareng
reprodacibility and oo security N defined
. opsratiom: cocspt availzhis from PI
probisos
Score 3+ dmft seftwars I icaly mplisd: Score 3 + compprabamaie scientific desaiption padable | Score 3 + procedmes to sstabisk Sl traceability o dafmed: Soom 3 +
installation zear manual mailable; 3nd — i;rm‘:.a::cna's'." .i i Eocr]‘mﬁa — frops data providar, mport on fvter comp arisen availsbio | (meurcoeperizon apinct comecponding CDES (othar mothods., [Data rocord and docunsestation svadlishle from data providor and]  Eeecarch: Citations on product msage in
4 party affim portability amd N 1.d:"- - 1 - dl o from PT. papar on validtion published; user gnide modals, wc);, quamticative sstinsnes of encertainty provided | endar data provider's veriicn control; Data provider establishes comuzing
mumerical eproducibilsy ;: passes data 'AT:‘-_ = — wraibble from dafa providar; conprehansive description|  within the preduct chamacterizing mwers or ks moartan data faedback mechamism; regnlar updates by PT DI5E: secistal and economical bansdits
Pprovwiders secmTity reviea = of oparaticas conospt mailskls from PI podmts; mtommited moadtoring partilly mplemanted Ssrussed
Score 4 + opematicaal code following Soore 4+ conprehansive scantific dsaipiica Score 4+ 5] tracealdlity parily established: data providar Scome 4+
standerds, actioes to achiers full Sooee 4+ flly compliomt with standards; mimtaned by data provider, repost on data 2ssescment participated i one Eter-nations data assessmant; Score 4+ sowre code archived by Data Provider; feedback | Resserch: product becommes refarence for
5 complance are defined; sofrwars | complote discovery metadata: complete bocation | results ; user geida is regalarly updated with copsprehansive validetion of the quntitattre sncartainty meckomize and miwnational data quality assesiment 2w cartain app beations
installaticnquser ol coplete: 3rd leml moradara updatos on product and validation; desaiption ca evtimmtes: aztommed quality momitoring fully fmplamented (all | considared in paricdic data record updates by Data Providar | DES: Socistal and econeesic banefir. are
paty mstalls the codo op ericnalhy practical fp lementation & avaibshle om &ata providar producticn kuals) damcnstraced
Scom 5 + 5l traceabdliny established; data providar participabed Scome 5+
Scom 5+ jozmal papen ox product updrte 2re amd I peektiple mber-rational data assesumant and moorporating Faasarch: Prodect and its 2pp Beations
6 Soome § + fully comp ot with E 5+ eulerhy updared more comprehenive vabidetion and validation of feedtacks mte the product devalopment coycle: teppomal and | Score 5+ sounos code avadbibls to the public and capabdkty for | becomses references i pmiriple ressanch
standords; Ty Systam v qUAntiATe Enosrtainty evtimtes ame published; spatial aror covarimnce quamtified: Auromared peniroring i contimsom data providoms established (ICDE) Siald
opetions concept regibriy updsed phce with resulis fod back to other accessible mformoation, sg D&5: Inflaence on decision and pobicy
meta data or docursentation mzking demonstrated
. . .
* Maturit d fter dataset I d
aturity Can increase (or aecrease) arter aataset IS release
. . . .
O |ly for Satellite-based Climate Data Record
riginally 1or >atellite-pase Imate Data hecords
e C tly bei tended to R I d In-situ Dataset
urrently peing extended to heanalyses anad INn-Situ vatasets
[ ]

Not to be applied in “beauty contests”

Core
- Climax
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ECMWEF Interim Reanalysis (ERA-Interim)
CORE-CLIMAX System Maturity Matrix

ERA-Interim Top-level maturity (Jan 2014)

maturity level as of Jan/14/2014

Maturity SOFTWARE READINESS METADATA

Research grade code

Research code with partially applied
standards; code contains header and

comments, and a README file:PI Standards defined or identified; sufficient to use

USER DOCUMENTATION

Score 2 + paper on methodology published;
comprehensive validation report available from PI and a

UNCERTAINTY CHARACTERISATION

Score 2 + standard nomenclature applied; validation extended to
full product data coverage, comprehensive information on

enhanced discovery metadata; limited location

numerical reproducibility; passes data| evel metadata

providers security review

available from data provider; comprehensive description
of operations concept available from PI

E affirms portability, numerical e S pape.r oq Va"d.a“on 5 suhm|tledioompreh.e ns.lve user uncertainty available; methods for automated monitoring
o N metadata quide is available from PI; Limited description of n
reproducibility and no security N " defined
operations cocept available from Pl
problems
Score 3 + draft software N " Score 3 + comprehensive scientific description available | Score 3 + procedures to establish SI traceability are defined;

. Ny " Score 3 + standards systematically applied; s N " 2 n

installation/user manul aveileble; 3rd | o ctandards for the data set: | O™ Gata provider; report on inter available | (inter against DRs (other methods,
4 party affirms portability and ! from P1; paper on validation published; user guide models, etc); quantitative estimates of uncertainty provided

within the product characterising more or less uncertain data
points; automated monitoring partially implemented

PUBLIC ACCESS,
FEEDBACK, UPDATE

Data record and documentation available from data provider and
under data provider's version control; Data provider establishes
feedback mechanism; regular updates by PI

Score 4 + operational code following
standards, actions to achieve full
5 compliance are defined; software

Score 4+ fully compliant with standards;
complete discovery metadata; complete location

Score 4 + comprehensive scientific description
maintained by data provider; report on data assessment
results exists; user guide is regularly updated with
updates on product and validation; description on
practical implementation is available from data provider

Score 4 + S| traceability partly established; data provider
icipated in one inter-national data 3
comprehensive validation of the quantitative uncertainty
estimates; automated quality monitoring fully implemented (all
production levels)

Score 4+ soure code archived by Data Provider, feedback
mechanism and international data quality assessment are
considered in periodic data record updates by Data Provider

installation/user manual complete; 3rd level metadata
party installs the code operationally
6 Score 5 + fully compliant with Soore 5 + regularly updated

standards; Turnkey System

Score 5 + journal papers on product updates are and
more comprehensive validation and validation of
quantitative uncertainty estimates are published;

operations concept regularly updated

Score 5 + S| traceability established; data provider participated
in multiple inter-national data assessment and incorporating
feedbacks into the product development cycle; temporal and
spatial error covariance quantified; Automated monitoring in
place with results fed back to other accessible information, e.g.
meta data or documentation

Score 5 + source code available to the public and capability for
continuous data provisions established (ICDR)

™

#

3 Core
Climax

J

Mature on usage (including decision-making)
Feasible to improve (given enough resources)

Slide 9

Mix of research-capability and initial-operations (see sub-categories)
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Uncertainty characterization

Maturity UNCERTAINTY
CHARACTERISATION
1 None
Standard uncertainty nomenclature is
2 idenitified or defined; limited validation done;

limited information on uncertainty available

Score 2 + standard nomenclature applied;
validation extended to full product data
3 coverage, comprehensive information on
uncertainty available; methods for automated
monitoring defined

Score 2 + Standard uncertainty nomenclature is
applied

Score 3 + procedures to establish SI
traceability are defined; (inter)comparison
against corresponding CDRs (other methods,
models, etc); quantitative estimates of
uncertainty provided within the product
characterising more or less uncertain data
points; automated monitoring partially
implemented

Score 3 + Procedures to establish S traceability are
defined

Score 4 + Sl traceability partly established;
data provider participated in one inter-
national data assessment; comprehensive
validation of the quantitative uncertainty

implemented (all production levels)

estimates; automated quality monitoring fully

Score 4 + Sl traceability partly established

Score 5 + Sl traceability established; data
provider participated in multiple inter-
national data assessment and incorporating
feedbacks into the product development
cycle; temporal and spatial error covariance
quantified; Automated monitoring in place
with results fed back to other accessible
information, e.g. meta data or documentation

Score 5 + Sl traceability established

Feasible to improve — easier for some ECVs than others

Validation

Uncertainty quantification

Comprehensive information on uncertainty arising
from systematic and random effects in the
measurement

Automated Quality Monitoring

Methods for automated quality monitoring
defined

Score 3 + quantitative estimates of uncertainty
provided within the product characterising more
or less uncertain data points

Score 3 + automated monitoring partially
implemented

Score 4 + temporal and spatial error covariance
quantified

Score 3 + monitoring fully implemented (all
production levels)

Score 5 + comprehensive validation of the
quantitative uncertainty estimates and error
covariance

Score 5 + automated monitoring in place with
results fed back to other accessible
information, e.g. meta data or documentation

Some aspects linked to improvements in reference/baseline observations

/9y Core
— Climax
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Core-Climax Application Performance Matrix

Is there
sufficient level
of detail ?

a Application Performance Matrix \

How does the
quality vary in
time ?

((f’* Core

Coverage Sampling Uncertainty Stability
Are the record length | Does the spatial and | Does the random and
and spatial coverage | temporal sampling systematic Iﬁlﬁ n:ee:‘tpxl
meeting the application’s | meet the applications | uncertainties meet the :
: : : requirements?
requirements? requirements? requirements?

.

I

= Climax
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Reanalysis resources on the Web

reanalysis.org

UCAR/NCAR Climate Data Guide

@ & s reandyses ang v

B fouge “}

Home  ContactUs  LoginRegister

Advancing Reanalysis

ABOUT  ATMOSPHERE OCEAN  OBSERVATIONS ~ MEETINGS REPORTS

Reanalyses.org Home Page

Welcome to the
Reanalyses site.

Nembers wll need o login

fothe site o see more
information.

Recent Updates

nds for

Using a collaborat

content pro

here- 011032014

Climate Variabify-
Ooanot

cMaiedaaeses- News (4 December 2013): Please take part in the Reanalysis User and Application Survey (closing 31 January 2014)

o Oues cument Top'cs
aimaspheric rzanalyses -
i

+ Reanalyses.org Home
Page- 12042013

+ Upper-air- 12022013

v€ Bvc

| ClimateDataGuide
CLIMATE DATA  ANALYSIS TOOLS MODEL EVALUATION = EXPERT CONTRIBUTORS = ABOUT

ATMOSPHERIC REANALYSIS: OVERVIEW & COMPARISON
TABLES

ATMOSPHERIC REANALYSIS:
OVERVIEW & COMPARISON
TABLES

Mainvarizbles

ReanalysTs a systematic approach to produce data sets for Dataset collections
climate monitoring and research. Reanalyses are created via an
unchanging ("frozen") data assimilation scheme and model(s) ) : |
whichingest all available observations every 6-12 hours over the Type of detaproduct
period being analyzed. This unchanging framework provides a R
dynamically consistent estimate of the climate state at each
time step. The one component of this framework which does vary
are the sources of the raw input data. This is unavoidable due to ABOUT THE EXPERTS

the ever changing observational network which includes, but is
not limitedto, radiosonde, satellite, buoy, aircraft and ship
reports. Currently, approximately 7-9 million observations are
ingested at eachtime step. Over the duration of each reanalysis
product, the changing abservation mix can produce artficial variability and spurious trends. til, the
various reanalysTs products have proven to be quite useful when used with appropriate care.

KEY STRENGTHS:

« Global datasets, consistent spatial and temporal resolution over 3 or more decades, hundreds of
variables available; mode! resolution and biases have steadily improved

« Reanalyses incorporate millions of observations into a stable data assimilation system that would
be nearty impossible for an individual to collect and analyze separately, enabling a number of
climate processesto be studied

o Reanalysis data sets are relatively straightforward to handle from a processing standpoint
(although file sizes can be very large)
KEY LIMITATIONS:
« Reanalysis data sets should ot be equated with *observations” or ‘reality”

Some replies to questions about accuracy/reliabilit

*  “Well, the answer to your question isn’t so straightforward ...”

*  “There is no easy answer to your question ...”

Slide 12
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UCAR/NCAR Climate Data Guide

Assessing the quality of reanalysis data

Please visit http:/fwww.ecmwf.intjresearchjera for up-to-date information about ERA-Interim
production, data availability, quality issues, documentation, etc.

Reanalysis data are often used to represent the "true state of the atmosphere according Lo
observations." In actual Fact, reanalysis combines inaccurate and incomplete observations with
imperfect models, using methods and procedures that are technically and scientifically
complex. Limitations and caveats of reanalysis data mainly result from:

Lack of observations. The atmosphere is not now, nor ever has been, fully observed.
Errors in the observations, and lack of information about those errors.

Shortcomings in the assimilating model, and lack of information about model errors.
Shortcomings in data assimilation methodology.

= Technical errors and mistakes.

= Computational limitations (e.g. limitations in spatial and temporal resolution)

Several of these items have to do with a lack of information. They represent fundamental

limitations that are not restricted to reanalysis but play a role in any observational data set.
(Mote:replacing a skillfull forecast model by straightforward spatial interpolation does not
solve anything - it is tantamount to removing, not adding, information).

To assess uncertainties in specific variables produced by reanalysis requires answering the
following questions:

= How strongly is the variable constrained by observations? Is it directly or indirectly
observed?

= What is the spatial and temporal distribution of the observations? How does this change in
time?

= How accurately can the model represent the variable? Does the model have skill in
extrapolating and/or predicting it?

Users interested in the quality of low-frequency variability and for trend estimates need to

consider these aspects throughout the time period in question. Temporal variation in the

observational conskraint can produce artificial shifts in the reanalysis time series, especially if

the assimilating model has systematic errors. See Section 8 in Dee and Uppala (2008) for a

stratospheric example of this problem.

Given the continuous changes in the observing system, and the Fact that all models have some
systematic errors, users should be cautious when using reanalysis data for climate studies. It is
necessary (but not always possible) to verify trend estimates by comparing with independent
data sets, e.g. as in Simmons et al (2010).

Most users do not have access to the information needed to answer the difficult questions
listed above. On the other hand, producers of reanalysis data do not have the resources (nor
the application-specific knowledge) to answer them either. The challenge is to provide better
tools and information to support users in making their own uncertainty assessments. In
particular, it should be made much easier for a user to get detailed information about the
observations used in reanalysis, including the quality assessment and bias adjustments
produced by the reanalysis process itself.#

Slide 13
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E.g. 1a: Compare with co-located observations

1. OBS-BG at the obs locations

e Combined observation and
reanalysis uncertainty

* Typically better agreement than
climatology

e Remember to account for effects
of representativity

Histograms of Area averaged statistics

0001 LWDA 2014012200-2014022200(12)
Ground-based GPS Atm. path delay N.Hemis
passed fg check APD
Background departure {o-b)
6535869 rms- 0.99

Analysis depariura [o-a)
n - .091E-0 b S535868 ms=  0.254E-02
mean= 0.536E-02 sid= 0.834E-c2 mean= 0.433E-02 std= 0.861E-02
min= -0.265E-01 max= o.26s5E-01 mi . oE-01  m: Q.650E-01
—a— _—
1.2m 400 1 120498 1
- | - i
maoa 2mea i
e | - Il
BaaCe H sacca i
1 i
300000 | i | S0 i
L L
. i ags wra amm 4 nom aas nees

0001 LWDA 2014012300-2014022200(12)
Ground-based GPS Atm. path delay Tropics
passed fg check APD

o T, T e
2. Limitations T e m o e e asr
* Incompleteness - confined to Ej s Efj
observed parameters and - | . |
locations e i
3. Trade-off between assimilating = === 2000
the Obse rvatlons and keepin g B e -nihamer mmc baesEol B me aSaiEar wme  DasEa
them as reference 1 1 ] N
Tan, Reanalysis Uncertainties, ISDA 2014 14
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E.g. 1b: the spatial variation
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Eg 1c: the time-dimension

Monthly Timeseries Global PMSL observations e2/ENDA/ERA20C/OFB 1899123100-2009083100

1. Time-series OBS-BG T I M~=::::::,//
- ] e

 Random, systematic, =
correlated in time?

2. Lessons

e Reveal uncertainties in the
underlying observations

 Some insight into how
these propagate to
reanalysis M ]

3 F l l rt I I e r WO r k 1904 1903 1914 1919 1924 1929 1934 1939 1944 1949 1954 1959 1984 1969 1974 1979 1954 1989 1994 1399 2004 2009
[ ]

* Feedback loop to data o Bl -
i d;g,;, 'MWM’%;&‘#_ PPOT YT o . o .
providers T e A e

e |Improve historical datasets

1904 1209 1214 1912 1924 1929 1934 19329 1944 1949 1954 1959 1954 1969 1974 1979 1954 19589 1994 12999 2004 2009

Mean Obs.

1204 1202 1914 1912 1924 1929 1234 19329 1944 1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009

1904 1209 1914 1912 1924 1929 1934 19329 1944 1949 1954 1959 1984 1989 1974 1979 1984 1989 1994 1999 2004 2009

1204 1202 1214 1912 1924 1929 1934 1939 1944 1949 1954 1959 1964 1969 1974 19792 1984 19589 1994 1299 2004 2009

. o Used SigD
Sy AAAIAMIN- |
ez 1 30A1909,1914,1.915,1 924 1929 1934 1939 1944 1949 1954 1959 1964 1969 1974 1979 1954 1989 199 {1 g9eep04 2009

=
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Example 2: Analysis increments

1. Convolution of the
departures with gain matrix

* From observation space to
model space

2. Lessons
* Need careful interpretation

* Influenced by uncertainties in
the underlying observations

* And details of how these
propagate to reanalysis via the
data assimilation system

3. Further work

* Encourage community to
integrate both perspectives,
i.e. observation- and model-
space

Qﬁm A Sere
—  Climax

Analysis temperature increments

E20C ensemble
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Example 3: Use of ensembles

1. Relatively new
* EnKF, EDA, sample sizes are still small

2. Lessons
* Need careful interpretation
e Simple standard deviation may be insufficient

3. Further work

* Develop community understanding and best-practice
for this approach

’, ' Core Tan, Reanalysis Uncertainties, ISDA 2014 18
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Example 4: Inter-comparisons

;\ ErlﬂnITiiiflﬂnITiii
: . iﬂ'}!l‘"tﬂl“h‘l?nl‘liﬂﬂ

ﬂ"rlﬂ*

1. SPARC Reanalysis
Intercomparison

S-R2IP

Reanalysis/Analysis

Intercomparison

S P A R C Project

Project

* Emphasis on
stratosphere down
to UTLS

2. Further work

e Extension to full

troposphere?

sparc-climate.org/activities

nalysis;

Home = Activities > reanalysis

v @ Ev SPARC

Home | Contact | Newsletter | Vacancies | Sitemap | Links | Login

Activities

CCM initiative
gravity waves
solar influgnce

dynamical variability

trace gas cimatologies

data assimilation
water vapour (II)
ozone profile (11)

assessing predictability

e halogen gases

temperature trends

reanalysis

stratospheric sulfur

emerging activities

links to other projects

previous activities

S-RIP - SPARC Reanalysis Intercomparison Project

Activity leaders

Description of activity
Published results

Website for further information

Activity leaders
Masatomo Fujiwara
Holkaido University
Japan
fuji@ees.hokudai.acjp

David Jackson

Met Office

UK
david.jackson@metoffice.gov.ulk

Description of activity

The SPARC community has used reanalysis and analysis data sets to understand
atmospheric processas, variability of the stratosphere and upper troposphere, and to
validate chemistry-climate models, With the availability of several global reanalysis data
sets, it is now time to start a coordinated activity to compare all (or some of the newer)
reanalysis data sets for various "key" diagnostics, to understand the causes of the
differences, to use the results to provide guidance on appropriate usage of various
reanalysis products in scientific studies, and to connect such activities with future
improvements of the reanalysis products, The "key" diagnostics include both those for the
middle atmosphere science and those with large impact on the reanalysis improvements.

The SPARC Reanalysis Intercomparison Project (S-RIP) will include a co-operation
between analyses centres and scientists from SPARC and other groups. Two to three
dedicated workshops are planned for 2013 and 2014, with a final SPARC Report

Tan, Reanalysis Uncertainties, ISDA 2014

SPARC
General Assembly 2014

www.spare2014.org

Latest News

21 February 2014 |
Science Update: A
satellite perspective of
the interaction
between the QBO and
gravity waves

18 February 2014 | New
deadlines: CCMI
meeting, Lancaster,
May 2014

17 February 2014 |
Science Update:
Identification of
downward propagation
of Artic stratospheric
climate change over
recent decades

14 February 2014 | Thank
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Reanalysis Uncertainties - Key Points

They exist

Comprehensive
characterization

Expertise and
information

Best-practice

Outlook

((Dh Core
= Climax

For a variety of reasons

Is a big challenge
Many geophysical parameters & spatio-temporal scales
Reference-quality observations are scarce

Is widespread and increasing
Often scattered amongst user community
Not always easy to access

Is in a phase of significant change
Develop ways to use uncertain datasets confidently
Whether from reanalysis or other sources

Is positive
Needs community effort involving producers & users
Welcome new ideas on what to do (and how to do it)

Tan, Reanalysis Uncertainties, ISDA 2014 20
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Reanalysis uncertainty: way forward

Better and more comprehensive observing networks
Reference-quality, traceable to Sl standards (GRUAN)
Reprocess observational datasets to reduce uncertainties

Improve observations

Improve forecast models
and assimilation systems

Synergies with NWP
Reanalysis adds emphasis on consistency over time

Build confidence in use e Accept uncertainty as a part of life
of uncertain products e Communicate it and manage it responsibly

Uncover and report  Help others to understand the implications in user-specific
uncertainties applications

e Share knowledge and approaches

e Always remember that quantitative measures need
careful interpretation. Make methods & data transparent

((Dh Core Tan, Reanalysis Uncertainties, ISDA 2014 21
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Co-operate as a
community




Additional slides
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ECMWF’s OFA
(Observation Feedback Archive)

Overview

* Key vehicle for providing information about observation
quality

* Quantitative components
— departures, observation-model

— bias corrections, typically derived during the assimilation
process

e Qualitative components

— Flags, e.g. indicating reasons for rejection by the assimilation
system

e User-friendly tools
— For access and manipulation

(fru Slide 23
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Observation Feedback Archive:
Current Status

* Different elements in place (see following slides)

— Archiving/retrieval from MARS, interactive web-
based user-interface(s)

— Manipulation and visualization, e.g. with Metview4

— Selected observational datasets + model datasets
* Ops + Ops
e |[COADS + 20CR

* Some gaps to be filled
— Model = ERA-Interim

% \ TaPAR€GOTIgsis Uncertainties, ISDA 2014 Slide 24
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Observation Feedback Archive:
Web-MARS

apps.ecmwf.int/datasets

G apps.ecmwf.int/datasets/ ve. ll-'lv Google

WEMWF Home Myroom Contact Feedback Sitemap  |Search ECMINE David Tan | Sign out

About us  Products  Services  Research  Publications  News & events

Downloadable datasets

Datasets
LA » DEMETER Project
Batch access b ENSEMELES project

» GEMS Reanalysis and Near Real-time

Data FAQ
Data Servers

Data Services
GRIB decoder

Global Reanalyses

B ERA-Interim {Jan 1979 - present)

F ERA-Interim/LAND (Jan 1979 - Dec 2010)

F ERA-40 (Sep 1957 - Aug 2002)

F ERA-15 (Jan 1979 - Dec 1993)

¥ ERA-20CM (Jan 1900 - Dec 2010): Climate Madel Integration (experimental)

Observation Feedback

B ISPD 2.2

b |COADS v2.5.1 with interpolated 20CR feedback

~Top of page copyright & ECMWF
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Observation Feedback Archive:
Selection by Parameter/Platform

~@| [*gvc

A -
WEMWF Home My room Contact Feedback Sitemap  |[Search ECMWE David Tan |
About us Products Services Research Publications News & events
s ICOADS v2.5.1 with interpolated 20CR feedback
Conditions
About m Mote: In orderto retrieve data from this server, you first have to accept the cond
Use the slider or enter dates to select an interval between 1662-10-01 and 2011-12-31
Datasets
Job et
Batch access 4 I IIP
Data FAQ Select observed parameter
Data Servers Characteristic of pressure tendency Cloud base height lee
Data Services lee code type lee thickness Low cloud amount
GRIB decoder
Original time period of rain obs. Past weather Past weather 2
Present weather Rain liquid part Seawater temperature
Ship direction Ship speed Surface pressure
Surface pressure tendency Surface wind direction Surface wind speed
» Ten-metre meridional wind « Ten-metre zonal wind Total cloud amount
Two-metre dew point Two-metre temperature Type of high clouds
Type of low clouds Type of middle clouds WVisibility
Wave direction Wave height Wave period

Select All or Clear

Select observation platform

Coastal Or Island 5tation

Coastal-Marine Automated Network ChAN

{1 DRIBU

DRIEU-TESAC

Expandable Bathythermograph XBT

Fixed Ocean Platform Or Rig

High Resolution Conductivity Temperature Depth CTD And XCTD

Mechanical Or Digital Or Micro Bathythermograph MET

' Tab;R@Dq-IEsis Uncertainties, ISDA 2014 Slide 26
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Observation Feedback Archive:
Meteosat?7 vs Operational Model

{1 apps.ecmwfint/s Imars/?stream=enda&numbe=08&ex

s/mars/catalogue/

=1&month=jul&

year=20138&type=ofbéclass=oc

ve

'.-'lv Google

ECMWF

Home Myroom  Contact  Feedback  Sitemap  |5earch ECMWE David Tan | Sign out
About us Products Services Research Publications News & events
Job list o
Date Time Observation platform
(7 values) (2 values) (93 values)
20130701 ~ | | 00:00:00 - | Land TEMP a
2013-07-02 12-00:00 METAR
2013-07-03 METEOSAT 7 Al
201 04 METEOSAT 7 GECS Radiances
2013-07-05 METEOSAT 8 AV
2013-07-06 METECQSAT 10 AMY
2013-07-07 METEOQSAT 10 GEOS Allsky Radiances
METOP-A AMSUA Radiances
METOP-A AMSUA Radiances All-sky
- ~ || METOPR-A AMY e

View node in the old webmars.

» Check for availahilivy
L

» Estimate download size
» Retrive the selection i

185 MB in ODB format

Note about availability

Some of the fields may not be archived at all levels or all forecast time steps. Before retrieving or plotting data you may want
to check the availability of the requested fields. For that, follow the Check for availability link.

Retrieving and plotting

In order to retrieve or plot data, yvou must select at least one item in the lists abowve. You can select more than one item in
each list

Current selection:

manth  jan, feb, mar, apr, may, jun, jul

year  2011.2012,2013
type 4y, af.al,an, ea,ef, em, es, fo,mib, ofb, ses
expyer 1.47.50.51,53, 55, 38, 60,62, 9047, 9033, 9038, 3060, 3150, 3260, 3460, 9358, 9362
stream amap , amme, cher, ovao, deda, doww, edzw, efhe, efho, efhs, efov, egrr, ehmm, enda, enfh, enfo, enwh, esmm , ewda, enhe,
ewho , fgge , kwbc, , mfhm , mfhw , mfwm, mhwm , sa, mmsf, mnfc, mnfh, mnfm, mnfw , L mofo,
sens, stmm, upd. swmm, Toga, waef, wamf, wamo, wast o IEhs
tlass - at, 5, de ke, dm, dt, 22, ed e, el em,en, er, es,fr e, it la, me, e, ms, nl,no,ed, pt, e, rd, se et 1o

;'ilg uk, yt

|@, Recemalysis Uncertainties, ISDA
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Observation Feedback Archive:
Visualization with Metview4

X Metview 4.3.9 susel13 (2013-05-14) @ karma @ & &

File View Tools Faolders Helpl

|

5 X @ Jdat/ofa @ & &

UTl

tarted File wiew Tools  Folders Helpl
J =

Gemng

.n\

Examples

ops_OF A_meteosat?_amy_20130704_12Z odb CDE Filter

README |

BE—— 5] ]
{ Basic \( Data Access fBasm Y Data .f-\ccess Y Fllters \{ Macrus Y Mudules Data) }’ Mudules (Plotting) Y Vlews }’ Yisual Definitions \

/l,:‘r
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Observation Feedback Archive:
Information about the “columns”

X & Metview @ karma g & &
File View Tools Folders Help ]
g
‘\:‘ X e dat/ofa 9 & &
Getting Started File View Tools Folders Help |
{%;’, ™
\\P S mw . Metview - ODB Examiner
Examples . . .
4 ops_OF A_meteosat?_amv_20130704_12Z.0db RGNS VR Se g AT
e
README | X Metview YO File: /var/tmp/tmpdir/dat/jtmp.6326/mv.27922. dat/marsLV7 IF
’ % |EODB Fiter ' Permissions: -rwxr-x--- Owner: dat Group: rd Size: 177MB Modified: 2013-07-08 13:45
= i.T?N‘:E Columns | SET Variables | Data | § §
—e_E] ‘Name £ IType IConstant Min Max Missing value Table
-1 Odb Filename = an_depar@enda_10 float n -128.369 80.4588 -2.14748e+09 enda_10
an_depar@enda_2 float n -132.463 75.6637 -2.14748e+09 enda_2
1 Odb Data — ODE File an_depar@enda_3 float n -132.523 74.0547 -2.14748e+09 enda_3
= an_depar@enda_4 float n -129.206 73.4494 -2.14748e+09 enda_4
an_depar@enda_5 float n -123.963 72.9362 -2.14748e+09 enda_5
an_depar@enda_B float n -118.055 77.4564 -2.14748e+09 enda_6
0ps_OF A_meteosal7_amv_20130704_122.cdb an_depar@enda_7 float n 124034 713839 -2.14748e+09 enda 7
® Odb Query T N an_depar@enda_8 float n -128.319 72841 -2.14748e+09 enda_8
an_depar@enda_9 float n -124.328 70.5884 -2.14748e+09 enda_9
an_sens_obs@body float y 0 0 9.31664e+193 body
andate int y 20130704 20130704 N/A
antime int y 120000 120000 1.24603e+190
biascor@body float y 0 0 0 body
7 biascor@enda_1 float y 0 0 N/A enda_1
= . biascon@enda_10 float y 0 0 N/A enda_10
biascorn@enda_2 float y 0 0 N/A enda_2
1 Odb Nb Rows o biascor@enda_3 float y 0 0 N/A enda_3
g biascor@enda_4 float y 0 0 N/A enda_4
biascon@enda_5 float y 0 0 N/A enda 5
biascorr@enda_6 float y 0 0 N/A enda_6
- biascor@enda_7 float y 0 0 N/A enda_7
biascorr@enda_8 float y 0 (0] N/A enda_8
& i biascorm@enda_9 float y 0 0 N/A enda_9
/ Tem biascorr_fg@body float y 0 0 3.47668e-310 body
biascorr_fg@enda_1 float y 0 0 N/A enda_1
’ m’ M C1:Steydpen %' biascorr_fg@enda_10 float y 0 (0] N/A enda_10
—~ biascorr_fg@enda_2 float y 0 0 N/A enda_2
“_— e Yooy f = S biascorr_fg@enda_3 float y 0 0 N/A enda_3
/ / Basic /' Data Access | Filters \Macrus} Modules (Data) ) Modules (Plotting) / Views /V_ls biascorr_fg@enda_4 float y 0 0 N/A R
biascorr_fg@enda_5 float y 0 0 5.1506e-317 enda_5
biascorr_fg@enda_6 float y 0 0 N/A enda_6
biascorr_fg@enda_7 float y 0 0 N/A enda_7
biascorr_fg@enda_8 float y 0 0 N/A enda_8
biascorr_fg@enda_9 float y 0 0 N/A enda_9
bufrtype@hdr int y 5 5 N/A hdr

(.
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Observation Feedback Archive:
Information about the flags

i karma @ @ &
File  View Tools Folders Help |
]
]tf X @ Idatfofa g @ &
Getting Started File  View Tools Folders Help |
= ™~
tr - 1) Metview - ODB Examiner
Examples : .
? ops_OF &_metensaty_amy_20130704_122.0db Elle Bl By Eelig el
README | i i ang 2 = | File: Aartmptmpdiridat/jtmp. 6326/my 27922, dat/marsLiv7 IF
=P N Permissions: -rwxr-x-—- Owner: dat Group: rd Size: 177MB Modified: 2013-07-08 13:45
‘ % |ﬁODB Filter
Columns ET Variables | Data |
elp ,
T ‘Name / |Type |Cunstanl Min Max Missing value Table
- Odb Filename £ datum_event1@enda_3 bitfield n /A NIA A enda 9
assim_cld_flag Pos: 0...
1 O Data. —0DB File bad_practice Pos: 0
- - combined_flagging Pos: 1
- contam_aerosal_flag Pos: 2...
ops_OF A_metensat?_amy_20130704_12Z.0c S 1 Gl IPEEE 2
contam_rain_flag Pos: 2...
- datum_redundant Pos: 1
# O ery Eelect « I - depar2hbig Pos: 0...
- duplicate Pos: 1...
fg2hig Pos: 0...
- fg_missing Pos: 0
- level_redundant Pos: 11...
7 - level_selection Pos: 1...
= T levels2many Pos: 1...
-~ not_analysis_vamo Pos: 1
1 Odb Nb Rows [y ~ obs_errorZbig Pos: 0...
F1 .
4 - obserror_increased Pos: 2...
obsvalug_missing Pos: 0...
- rdb_rejected Fos: 0
- - report_rejected Pos: 1
- varqe_performed Pos: 2...
= | vertco_consistency Pos: 1.
Templates vertco_missing Pos: 0.
- vertco_type_changed Pos: 1
| MI EI - Stay open %I | - vertpos_outrangs Fos: 0.
] = [} datum_rdbflag@bady bitfield i /A NAA A body
e " " . datum_status@body bitfield n A MAA A body
Basic /' Data Access / Filters " Macros | Modules (Data) © Modules (Flotting) | Views & datum_status@snda 1 bitfeld n NIA NIA NIA snda 1
- active Pos: 0.
- hlacklisted Fos: 0.
passive Pos: 0...
- rejected Pos: 0
-+ use_emiskf_only Pos: 0.
G- datum_status@enda_10 bitfield n /A A MNEA enda_10

P
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Observation Feedback Archive:
Examining selected columns

X @ Metvi 3.9 susell3 14) @ karma
File Wiew Tools Falders mw o Wletview - ODB Examiner
— ™ File Edit View Settings Help
I
X File  ‘iew Tools
Gefting Started)
7 File: /var/tmp/tmpdir/dat/jtmp.6326/mv.27922. dat/mars3sAjdz
Exanples - Permissions: -rwxr-x--- Owner: dat Group: rd Size: 3.5MB Modified: 2013-07-08 14:21
ops
" || Tables | Columns | SET Variables I Data l
— |Row / |date |datum_evenﬂ .depar2hig |datum_status active datum_status.rejected fo_depar |Iat |Ion |time |vertco_reference_1 ;1
README | xi 1 20130704 0 0 1 -2.14748e+09 -15.4651 787061 133000 75000
% I;ODB Fiter 2 20130704 0 0 1 -2.14748e+09 -15.4651 7B.7061 133000 75000
- ) 20130704 0 0 1 6.1317 -15.4651 78.7061 133000 75000
4 20130704 0 0 1 -5.42705 -15.4651 78.7061 133000 75000
5 20130704 0 0 1 4.05794 -15.4651 78.7061 133000 75000
- Odh Filename 6 20130704 0 0 1 -2.14748e+09 -15.4847 ¥7.0638 133000 75000
7 20130704 0 0 1 -2.14748e+09 154847 770638 133000 75000
4 Odb Data. [i} 20130704 0 0 1 2.95733 -15.4847 ¥7.0638 133000 75000
9 20130704 0 0 1 -2.82107 -15.4847 77.0638 133000 75000
10 20130704 0 0 1 2.90982 -15.4847 77.0638 133000 75000
1 20130704 0 0 1 -2.14748e+09 -15.4337 757502 133000 75000
12 20130704 0 0 1 -2.14748e+09 -15.4337 757502 133000 75000
® Odh Query 13 20130704 0 0 1 1.98717 -15.4337 757502 133000 75000
14 20130704 0 0 1 -2.10101 -15.4337 757502 133000 75000
15 20130704 0 0 1 0.935811 -15.4337 757502 133000 75000
16 20130704 0 0 1 -2.14748e+09 -15.0668 73.9798 133000 V5000
17 20130704 0 0 1 -2.14748e+09 -15.0668 739798 133000 75000
18 20130704 0 0 1 0.45114 -15.0668 739798 133000 75000
19 20130704 0 1 0 -0.314005 -15.0668 73.9798 133000 75000
[ 20 20130704 0 1 0 0.945732 -15.0668 739798 133000 75000
21 20130704 0 0 1 -2.14748e+09 1507 73.0683 133000 68810
1 Odb Mb Rows 22 20130704 0 0 1 -2.14748e+09 1507 730683 133000 68810
23 20130704 0 0 1 8.49507 -15.07 730689 133000 68810
24 20130704 0 0 1 15.0164 -15.07  73.0689 133000 68810
25 20130704 0 0 1 -5.95004 -15.07  73.0689 133000 G8810
26 20130704 0 0 1 -2.14748e+09 -15.3693 71.441 133000 92020
27 20130704 0 0 1 -2.14748e+09 -15.3693 71.441 133000 92020
e — ] 20130704 0 0 1 -0.5634929 -15.3693 71.441 133000 92020
29 20130704 0 1 0 0.717306 -15.3693 71.441 133000 52020
Apply Hesetl al] 30 20130704 0 1 0 0655521 -15.3693 71441 133000 92020
= 20130704 0 0 1 -2.14748e+09 153449 70.0082 133000 75000
|~|: 32 20130704 0 0 1 -2.14748e+09 -15.3449 70.0082 133000 75000 @
=] 33 20130704 0 0 1 3.0643 -15.3449 70.0082 133000 75000
- / Basic | Data Access I | [I'I]
/ Basic ) Data ACCeSsyrrmersyEsT

_ Total number of rows: 387470
- __" &
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Observation Feedback Archive:
Meteosat7 active data valid at 12Z

mw e Metview - uPlot @ o ®

File View Animation Zoom Tools Help

e = 100% e & speed <] Q Q Q| w9kl @

(=] [ Frames Layers | Data

|T_n|e

x Titles

QdhDatabase: fvartmptmpdir/datftmp. 6326/imv. 27822 dat/marsxGLEmM o @! Coastlines
Min: 0.000552551 Manc: 915104 (1304 points) :
OdbDatabase: ivartmpimpdiridat tmp 6326/mv 27922 datimarsmF1FpE

Min: -10 2658 Max: -0.00153057 (1648 points)
160"W  140°W  120°W  100°W 80w BO"W 40w 20°W 0°E 20°E 40°E B0°E B0°E 100°E 120°E 140°E 160°E

Odb Visualiser Active 127 Fgdepar positive

80°N = 2_{__44—— —F = - = | P -

TN Cm%%sé%&n_ — e I ol 470
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W : ’ “% 5 L e
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Observation Feedback Archive:
Ongoing work

 Development and evolution

e OFA for Model = ERA-Interim

— Largely a technical exercise, format conversions

— Quality control during the conversion process
* E.g. how to treat unrealistic values?

— Some decision-making & problem-solving needed

* Feedback from users, e.g. data providers, is welcome

— Subject to some restrictions, there is scope to evolve the
content, e.g. add more “columns”
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Climate Monitoring
External Website (current) ...

(.?i © www.ecmwfint/products/forecasts/dfinspect/catalog/research/eraclim/timon/
GEMWF Home Your Room Login Contact Feedback Site Map Search:
| =5 About Us Products Services Research  Publications News8Events
e | Dverview Forecasts Computing Modelling Newsletters Calendar
" 2 ;.{" % Getting here Oreler Data Archive Reanalysis Manusals Ernployrmernt
pr@hlu gusts Committees Order Software PreplFs Seasonal Library Open Tenders

ECMWE graphical product catalogue = Research = Eraclim = Monthly mean time series=

Monthly mean time series

Other charts Single-level analysed parameters
Monthly mean time -| Global and regional monthly mean time series of single-level analysed

- parameters

series wim | T
O

* pre-defined plots EEEEE o

hd VvVa rlo us Ieve I S :;de;:::iew Pressure-level analysed parameters ¥
. : .| Glabal and regional monthly mean time series of pressure-level

¢ various pa rameters Your raom

analysed parameters
. . Add all products
¢ variousregions

Circulation indices ¥
e geve ral pe r|ods ] . .| Monthly mean time series of various circulation indices
Single-level accumulated forecast parameters +
T Global and regional monthly mean time series of single-level

: I*#M' .| accumulated forecast parameters
.-l“,:,MII -

@ 05032012 @ ECMWE
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Climate Monitoring
... becoming more interactive

Products:

Domain name

Euro_Russia  Congo  Amazon

|

Done Potential extensions
e Pre-defined data  More data, e.g. daily or 2D
* User-defined plots e Overlay user data for plotting

= Toolkits, e.g trend/breakpoint analysis
%ﬂ' :: Core Tan, Reanalysis Uncertainties, ISDA 2014 35
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Opportunities & Challenges

1. Raw products, Diagnhostics & Tools
* Easy to access, development by the community

2. Collating and sharing Interpretative Metadata
* Beyond peer-reviewed literature
 Web-forums (e.g. reanalysis.org), meta-databases
* Education and training

3. Widening participation

* Bringing together expertise in Observations,
Reanalyses, Earth-System Science, Downstream
Applications

4. Climate-quality Observations & Renanalyses

&0 > o
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Reanalysis Diagnostics - Key Points

1. Contribute to all stages of the Reanalysis Life-Cycle

* Production, evaluation, feedback to inform preparation &
improvement of future reanalyses

2. Cornerstones for assessing Quality & Uncertainty
e Of both Reanalysis Products and Observational Record

3. Growing & dynamic activity
* Ripe for new ideas on what to do (and how to do it)

* Needs more collaboration to combine/extend insight on
Observations, Reanalyses, Earth-System Science &
Downstream Applications

* Involve the whole community in its widest sense, producers
and users all have something to offer

&0 > o
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Diagnostics in the reanalysis life-cycle

Quality of “post-processed” products,
consistency with observations?

Quality of “raw” products,
consistency with observations?

Strengths & weaknesses
of reanalysis systems
and observations?

Work done by
assimilation scheme?

Understanding

Preparation of

Production

Improvements

Climate-quality reanalysis systems &
climate-quality observations?

(()h Core Tan, Reanalysis Uncertainties, ISDA 2014 38
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Diagnhostics to assess Quality & Uncertainty

INTERPRETATIVE METADATA
Abundant but much waiting to be discovered
Can be disjointed (grey-literature), not easy to synthesize

Quality of “raw” products, Quality of “post-processed” products,
consistency with L1/L2 observations? consistency with L2/L3/L4 observations?

Forecast scores Monthly means

Bias corrections Trends & anomalies

Analysis departures Budgets, e.g. energy/water cycles

Understanding

Analysis increments Ensemble statistics

Background departures Downstream data, e.g. hydrology,

Cost function diagnostics renewable energy, agriculture, health

Work done by Strengths & weaknesses
assimilation scheme? of reanalysis systems
Climate-quality reanalysis systems &  3nd observations?
climate-quality observations? Intercomparison projects,
e.g. S-RIP

I"I|_,_.-"
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